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Abstract

Diabetes mellitus is a metabolic disorder characterized by elevated blood sugar levels, which result from
impaired insulin excretion or sensitivity. Among the various medicinal plants utilized by the Indonesian
population, roselle (Hibiscus sabdariffa L) stands out as a potential remedy for several diseases including
diabetes mellitus. This study aims to assess the inhibitory potential of roselle on a-amylase enzyme activity.
The roselle calyx extraction method was performed through multilevel maceration using n-hexane and ethyl
acetate solvents. Testing the activity of inhibiting the a-amylase enzyme was carried out in vitro using
acarbose as a comparison. The findings revealed that the n-hexane extract of roselle calyx exhibited potent
a-amylase enzyme inhibition with an ICsg value of 20.43 pg/mL. Similarly, roselle calyx ethyl acetate extract
demonstrated strongl a-amylase enzyme inhibitory activity, characterized by an ICso value of 10.13 pg/mL.
Meanwhile, acarbose exhibited robust a-amylase inhibitory activity, possessing an ICso value of 4.04 pg/mL.
It is worth noting that all these substances displayed a-amylase enzyme inhibitory activity in the very active

category, although their efficacy was not equivalent to acarbose.

Keywords: Acarbose, Antidiabetic, a-amylase, Hibiscus sabdariffa L., Roselle

1 Introduction

According to the from 2018 Indonesian
Ministry of Health's National Health Survey, the
prevalence of diabetes among children under the
age of 15 was estimated to be 2%. This prevalence
varied across different regions in Indonesia, with
the rates observed in DKI Jakarta, Yogyakarta,
Kalimantan Timur, Sulawesi Utara, and Jawa
Timur. Genetic and epigenetic factors were
identified as the contributing factors to the higher
prevalence in these regions [1]. However,
concerning projections, the International Diabetes
Federation in 2021 predicted a significant increase
in the number of individuals with diabetes in
Indonesia. The IDF estimated that Indonesia
would have 19.47 million people living with
diabetes. This represents a notable increase of
1.6% from the initial prevalence rate of 6.9% to a
projected rate of 8.5% [2].

One of the mechanisms employed by
commercially available anti-diabetic
pharmaceuticals involves the inhibition of the a-
glucosidase enzyme, which comprises the a -
amylase enzyme. The o-amylase enzyme is

responsible for catalysing the breakdown of a-1,4
glycosidic bonds, converting polysaccharides into
a mixture of smaller oligosaccharides. In other
words, the o -amylase enzyme plays a crucial role
in starch hydrolysis. This process contributes to
the accelerated carbohydrate degradation,
potentially leading to increased postprandial
hyperglycaemia [3]. The mechanism of the a-
amylase enzyme inhibitor has the same
mechanism as the a-glucosidase (acarbose)
mechanism. However, it is important to point out
that long-term use of the drug acarbose has been
associated with a range of side effects, such as
gastrointestinal disorders including flatulence,
malabsorption, stomach ache, diarrhoea and
bloody diarrhoea, severe constipation to cause
impaired function and can cause the patient to
bruise or bleed easily [4]. Given the limitations
and side effects associated with synthetic o-
amylase and o-glucosidase inhibitors like
acarbose, there is growing interest in exploring
natural alternatives derived from medicinal plants.

Indonesia is blessed with an abundant array
of medicinal flora, among of which is Hibiscus
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sabdariffa commonly known as roselle, stands out
due to its notable anti-diabetic pharmacological
effects. Roselle's potential as an antidiabetic was
demonstrated by testing its effects on diabetic
animal models using dried, aqueous, or ethanolic
extracts. Overall, the administration of dried
roselle, aqueous, or ethanolic extracts at doses
ranging from 30 to 500 mg/kg bw has the potential
to lower blood glucose levels in test animals that
have been stimulated by alloxan or
streptozotocin.[5] Interestingly, extracts and water
fractions derived from red roselle flower calyx
have demonstrated a-glucosidase enzyme
inhibitory activity, while white roselle flower
calyx exhibits o-amylase enzyme inhibitory
activity [6]. However, there appears to be a dearth
of available information in the existing literature
concerning the specific activity of o-amylase
enzyme inhibitors derived from red roselle calyx
extracts using n-hexane and ethyl acetate.
Extraction using non-polar (n-hexane) and semi-
polar (ethyl acetate) solvents aims to extract
metabolite compounds [7] that have the potential
to inhibit the a-amylase enzyme, for example
terpenoids borapetoside C and borapentol B in
non-polar solvents [8] and flavonoid compounds
luteolin in semi-polar solvents [9].

Considering the possible effects of non-polar
and semi-polar extracts of roselle calyx, it is very
important to conduct research on the effects of
these extracts, which can later add information on
their potential for the treatment of diabetes
mellitus. Therefore, this study was conducted as
an initial screening of the effects of n-hexane and
ethyl acetate extracts of roselle calyx as a-amylase
inhibitors.

2 Method
2.1 Chemical materials

Acarbose BPFI, a-glucosidase enzyme from
Saccharomyces cerevisiae (Sigma Aldrich®), p-

nitrophenyl-a-D-glucopyranoside (Sigma
Aldrich®), DMSO (Merck®), Dragendorff's
reagent, Mayer's  reagent, Liebermann-

Bhouchard's reagent, 10% vanillin-sulfuric acid
reagent, iron (III) chloride, potassium hydroxide,
concentrated sulfuric acid, 2N hydrochloric acid,
chloroform, ether, dilute ammonia, amyl alcohol,
magnesium powder, 1% gelatine solution,
potassium  dihydrogen phosphate, sodium
hydroxide, phosphoric acid, ethyl acetate, n-
butanol, formic acid.

2.2 Roselle flower calyx collection,

characterisation and extraction

Roselle flowers used in this study were
obtained from the Gombong area, West Java. A
comprehensive characterization and
phytochemical screening examination was carried
out on red roselle calyx simplicia [10]. The
extraction of red roselle calyx (Hibiscus
sabdariffa L) was carried out using maceration
with increased solvent polarity.

The first level of extraction was carried out
by soaking 100 g of roselle calyx simpliciain 1 L
of non-polar solvent (n-hexane) for the first 6
hours, with regular stirring every hour, followed
by an 18 hour period of maceration. After this, the
macerate was collected. The second level of
extraction was carried out by soaking the residue
from the first level of extraction in 1 L of semi-
polar solvent (ethyl acetate). Similar to the first
extraction, the roselle calyx was soaked in ethyl
acetate for the first 6 hours, stirred hourly, and left
to stand for up to 18 hours before collecting the
macerate. Each process was repeated three times.
Subsequently, each macerate obtained using the
same solvent was collected and concentrated using
a rotary evaporator, employing at a temperature of
50°C and a pressure of 20 psi. After that, the
concentrated extract was evaporated in a water
bath at 70°C to obtain a thick extract.

2.3 o-Amylase Enzyme Inhibition Test

The concentrations of n-hexane extracts used
were prepared at 10, 40, 60, 80 and 100 pg/mL,
while the concentrations of ethyl acetate extract
used were set at 4, 6, 10, 20 and 40 pg/mL.
Acarbose was used as a reference, with
concentrations of 2.5, 5, 10, 40, and 60 pg/mL.

The a-amylase enzyme inhibition test was
carried out in twos replicates, with the following
procedure being followed: (1) a total of 200 uL of
control solution/each concentration variation of
the test solution (acarbose, n-Hexane extract or
ethyl acetate extract of roselle calyx) was
dispensed into separate containers; (2) to each of
these containers, 200 uL of a-amylase enzyme
solution was added. The mixture was then
incubated for 10 minutes at 37°C; (3)
subsequently, 200 uL of substrate was added to
each test solution, and the mixture was incubated
once more again at room temperature for 3
minutes; (4) after that, 200 pL of 3.5-
dinitrosalicylic acid (DNSA) reagent was added to
stop the reaction, then heated for 10 minutes at
95°C; (5) after that, the absorbance of the mixture
was measured  using a  UV-Visible
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spectrophotometer at a wavelength of 540 nm; and
(6) the percentage of a-amylase inhibition was
calculated using Eq. 1.

o — amylase inhibition (%) = K;—U x 100%
(Equation 1)

K = Absorbance of enzyme activity without
sample; U = Absorbance of enzyme activity with
the addition of the tested sample.

Inhibition Concentration 50 (ICsp) value
represents the concentration of a substance that
can inhibit the activity of the a-amylase enzyme
by up to 50%. To calculate the ICso, a linear
regression equation derived from the calibration
curve between the percentage of inhibitory
activity and the concentration of the sample is
utilized to obtain the concentration of the extract
with inhibitory activity against the o-amylase
enzyme. The linear regression equation is y = ax +
b, where x is the concentration of the test sample
and y is the percent inhibition. So ICsp can be
calculated using Eq. 2.

50—a
b

ICsy = (Equation 2)

a = The intercept of the x and y axis plots, b =
Slope plot of the x and y axes

3 Result and Discussion

At the beginning of the study, the simplicia
characteristics were examined to ensure its quality
[11]. The results of this characterization process
are presented in Table 1.

Table 1 Results of Examination of the Characterization
of Roselle Flower Calyx Simplicia (Hibiscus sabdariffa
L)

Parameter Result
Water content (%ov/w) 7.70+0.14
Water Soluble Content (%w/w) 14.93+0.61
Ethanol Soluble Content (%ow/w) 16.76+0.35
Total Ash (%w/w) 5.51+0.20
Water Soluble Ash (%w/w) 4.53+0.29
Acid Insoluble Ash (Yow/w) 0.22+0.03

Data presented in mean+SD

In this extraction procedure, a sequential
extraction method using two solvents with distinct
polarities was applied, beginning with a non-polar
solvent and then proceeding with a semi-polar
solvent. The rationale behind this sequential

approach lies in the notion that the two solvents,
with their differing polarities, can yield extracts
containing  diverse  secondary  metabolite
compounds. The polarity of these secondary
metabolites can greatly impact their efficacy as a-
amylase enzyme inhibitors [12]. Thus, this method
facilitates the identification of which secondary
metabolite compounds play a role, or exert a more
pronounced effect, in inhibiting the a-amylase
enzyme. The results of secondary metabolite
screening for each extract are tabulated in Table
2.

Table 2 Results of Phytochemical Screening of
Simplicia, n-hexane Extract and Ethyl Acetate Extract
of Roselle Flower Calyx (Hibiscus sabdariffa L)

Roselle n- Ethyl
Parameter Flower hexane Acetate

Calyx Extract Extract
Flavonoids + - +
Alkaloids - - -
Tannins + - +
Saponins + - +
Polyphenols + - +
Steroids + + +
Triterpenoids - - -
Monoterpenoids- + + +
Sesquiterpenoids
Quinone + + +

(+) Secondary metabolites were detected
(-) No secondary metabolites were detected

A review conducted by Kashtoh and Baek
(2023) showed the potential of various types of
polar, semi-polar and non-polar extracts that are
effective in inhibiting a-amylase. The group of
compounds that inhibit o-amylase include
flavonoids (luteolin, isoquercitrin, epicatechin
gallate, tricetin, rutin), triterpenoids (glochidon,
ligularoside A), phenolic compounds (ellagic acid,
chlorogenic acid), tannins (chingiitannin A) [13].
Phytochemical screening (Table 2) showed that
the n-hexane extract contained steroids, terpenoids
and quinones, while the ethyl acetate extract
contained  flavonoids, tannins,  saponins,
polyphenols, steroids, terpenoids and quinones.
This shows the potential of the compounds
contained in roselle extract as oa-amylase
inhibitors.

Sequential extraction was selected due to its
ability to yield high quantity extracts. The extract
obtained from 200 grams of red roselle flower
calyx simplicia with n-hexane solvent yielded
2.67 g of thick extract (yield 1.34% w/w), whereas
ethyl acetate solvent produced 8.98 g of thick
extract (yield 4.48% w/w).
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In vitro testing was carried out to determine
the functioning of the o-amylase enzyme in
degrading starch as simpler sugars, such as into
maltose and glucose. In testing a-amylase enzyme
inhibitors, we adopted the DNSA method, a well-
established approach in enzymology. In this
method, DNSA functions as an oxidizer agent,
which undergoes reduction when interacting with
test samples, ultimately forming 3-amino-5-
nitrosalicylic acid. Simultaneously, the aldehyde
group in glucose undergoes oxidation by 3,5-
dinitrosalicylic acid leading to the formation of
carboxyl groups occurring in an alkaline
environment. The resultant colour changes
observed in the reaction solutions are primarily
attributed to the formation of 3-amino-5-
nitrosalicylic acid. This compound exhibits the
remarkable property of absorbing strong
electromagnetic wave radiation within a specific
wavelength, typically falling between 540 nm to
550 nm [14]. In our experiment, cassava starch
served as the substrate for the a-amylase enzyme.
Phosphate buffer pH 6.9 was used to sustain the
enzyme stability and ensure its proper functioning
during the testing process, because the optimum
pH for the a-amylase enzyme is in the range of
5.6-7.2. The incubation process involving heat can
alter the structure of the a-amylase enzyme and
halt its activity; consequently, the hydrolysis
reaction of the a-amylase enzyme will cease due
to a change in the enzyme's configuration. The
3,5-dinitrosalicylic acid reagent will change
colour from yellow to orange after the reaction is
complete, based on the concentration and percent
inhibition of the being tested extract [15].

Several variations in the concentration of
each test substance were used to determine the
percent inhibition, which was then used to
calculate the ICso value when testing the activity
of a-amylase. The ICso value was calculated to
ascertain the concentration at which 50% of
enzyme activity is inhibited. The graph of the
results of the a-amylase inhibition measurements
at each concentration can be seen in Fig. 1. Based
on the resulting linear regression equation, the ICsg
value can be calculated, the results can be seen in
Table 3.

The test results revealed that the ICsq values
for the active substances—namely acarbose, n-
hexane extract and ethyl acetate extract—stood at
4.04, 20.42 and 10.13 pg/mL, respectively.
Despite having a lesser yield, ethyl acetate extract
is more effective at inhibiting the a-amylase
enzyme, as seen by its lower ICso value (10.13
pg/mL) as compared to n-hexane (20.42 pg/mL).
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88 _x-ﬁ:

The variation in solvent polarity has a significant
impact on the type of drug extracted: more polar
ethyl acetate extracts polar compounds with
potentially stronger inhibitory effect, whereas n-
hexane extracts non-polar compounds. Although
the higher yield of ethyl acetate (4.48%) indicates
a bigger amount of substance extracted overall, the
potential activity is dependent on both the amount
and the potency of the active component present.
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Table 3 Results of a-amylase inhibitor test

. ICs

Compound Equation (ug/mL)
Acarbose y=0.6021x+47.566 4.04
n-hexane y=0.5499x+38.768 20.42
Ethyl Acetate  y=0.9095x+40.786 10.13

All test materials showed ICsy values below
50 pg/mL indicating a very strong a-amylase
inhibitory ability [16]. Acarbose and compounds
in the extract are thought to be able to compete
with the enzyme’s substrate, binding to the
enzyme’s active center and thus preventing the
conversion of the substrate into glucose.

As mentioned earlier, the n-hexane extract of
red roselle flower calyx contains steroids,
monoterpenoids-sesquiterpenoids, and quinones,
whereas the ethyl acetate extract contains
flavonoids, tannins, saponins, polyphenols,
steroids, monoterpenoids-sesquiterpenoids, and
quinones. Salacia oblonga contains phenols,
flavonoids, alkaloids, terpenoids, tannins, and
saponins that have a-amylase inhibitory properties
[17]. The competitive relationship between
polyphenol and a-1,4-glucosidic bonds in terms of
enzyme binding was responsible for a-amylase
enzyme inhibition. Thus, the variation in substrate
concentration altered the quantity of o-1,4-
glucosidic bonds that served as effective binding
sites for o-amylase, which in turn altered the
likelihood of enzyme-polyphenol binding [18].
Even though flavonoids are effective a-amylase
inhibitors, the results were weaker when
compared to o-glucosidase activity. The diverse
inhibitory effects of flavanol’s on human -
glucosidases depend on their structure, the source
of the enzyme, and the substrates used. C6-OH A
ring hydroxylation and reduced B ring
hydroxylation are two crucial structural
components of flavonoids for a-glucosidase
inhibition enhancement in humans [19].

Based on data taken from the KNApSAcK
database (https://www knapsackfamily.com/),
compounds contained in the rocelle plant include
eugenol, myricetin, trigoneline, 3,4-
dihydroxybenzoic acid, ergosterol, spinasterol,
quercetine, gossypetin, hibiscetin, hibiscetin 3-
glucoside, delphinidin 3-sambubioside, citric acid,
apha-terpineol, daphniphylline, and malic acid.
The limitation of this study is that the
identification of compounds contained in n-
hexane and ethyl acetate extracts was not carried
out. Therefore, one of the next steps is to
determine the compounds in each extract using
LC-MS/NMR.

It is necessary to conduct in vivo research on
the anti-diabetic effects of n-hexane and ethyl
acetate extracts, as in vitro assessment of their
anti-diabetic properties is a limitation of this
study. In vivo testing can be performed on alloxan
or streptozotocin induced animal models. It is
believed that secondary metabolite compounds
present in n-hexane and ethyl acetate extracts of
red roselle flowers can also reduce blood glucose
levels in vivo. In addition, its mechanism of action
as a cellular and molecular antidiabetic requires
extensive investigation. The reference to
Tinospora crispa's alkaloid, flavonoid, and
steroid/triterpenoid components highlight the
multifaceted nature of plant-derived metabolites
in releasing insulin from the pancreas and
lowering blood glucose levels [20]. Referring to
research on Gongronema latifolium Benth., it is
known that several steroidal pregnane compounds
(e.g.: marsectohexol, 3-O-[6-deoxy-3-O-methyl-
B-D-allopyranosyl-(1—4)-B-D-oleandropyranos-
yl]-11,12-di-O-tigloyl-17p-marsdenin, and their
derivatives) are able to inhibit the a-amylase
enzyme in vitro and in vivo [21]. The potentials of
alkaloids, phenols, flavonoids, saponins, tannins,
terpenes, and steroid to influence cellular and
molecular pathways involved in glucose
metabolism is a promising opportunity for further
exploration. Their capacity to protect pancreatic
beta cells, correct insulin signalling abnormalities,
reduce oxidative stress and inflammation, activate
AMP-activated protein kinase (AMPK), and
modulate carbohydrate digestion and absorption
suggest a multi-functional approach in addressing
diabetes at multiple levels [22]. In addition,
computational chemistry approaches (e.g., basic
docking or interaction prediction targeting AMPK
or GLUT4 pathways.) or bioautographic analysis
can be carried out to enrich information on the
working mechanisms of compounds contained in
roselle extract.

4  Conclusion

The n-hexane and ethyl acetate extracts
inhibited a-amylase activity with ICso values of
20.42 and 10.13 pg/mL, respectively. These
results indicate a significant anti- a-amylase effect
for both extracts, although they were less potent
compared to acarbose (ICso 4.04 pg/mL).
However, further in silico, in vitro or in vivo
studies are needed to support this hypothesis and
gain a deeper understanding of the specific
compounds responsible for the observed effects.
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