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. Inhibiting  a-glucosidase  activity
could retard the absorption of glucose and
consequently control postprandial rise of
blood glucose levels.

. To date, no studies have investigated
the inhibitory effect of brown algae from
the Persian Gulf (Colpomenia sinuosa,
Sargassum acinaciforme, lyengaria
stellata,  Sirophysalis  trinodis,  and
Polycladia myrica) on a-glucosidase
activity.

. Colorimetric assay showed a strong
inhibitory effect of 80% methanol extracts
of lyengaria stellata on a-glucosidase with
the IC,, value of 0.33 pg/mL.

. Administration of Sirophysalis trinodis
extracts reduced postprandial blood
glucose levels in diabetic rats compared to
the control group.

Abstract |
Background: Brown algae have gained worldwide attention
due to their significant biological activities, such as antidiabetic
properties. In the present study, the antidiabetic properties of six
brown algae from the Persian Gulf were investigated.
Methods: An experimental study was conducted from 2017 to
2019 to examine the inhibitory effects of six brown algae against
the a-glucosidase activity. Methanol (MeOH) and 80% MeOH
extracts of Colpomenia sinuosa, Sargassum acinaciforme,
Iyengaria stellata, Sirophysalis trinodis, and two accessions
of Polycladia myrica were analyzed. The effect of 80% MeOH
extracts of Sirophysalis trinodis on blood glucose levels in
streptozotocin-induced diabetic rats was evaluated. Chemical
constituents of brown algae were analyzed using thin-layer
chromatography and liquid chromatography-mass spectrometry
techniques. Data were analyzed using SPSS software, and
P<0.05 was considered statistically significant.

Results: The 80% MeOH extracts of Iyengaria stellata
(IC,;=0.33+0.15  ng/mL) and  Colpomenia  sinuosa
(IC,;=3.50+0.75 pg/mL) as well as the MeOH extracts of
Colpomenia  sinuosa (1C,;=3.31+0.44 ug/mL) exhibited
stronger inhibitory effect on a-glucosidase than the acarbose
(IC,,;=160.15+27.52 pug/mL, P<0.001). The 80% MeOH extracts
of Sirophysalis trinodis reduced postprandial blood glucose
levels in diabetic rats compared to the control group (P=0.037).
Fucoxanthin was characterized as the major antidiabetic agent in
most of the algal extracts.

Conclusion: Sirophysalis trinodis is recommended as a novel
source for isolation and identification of potential antidiabetic
compounds due to its high in vivo and in vitro antidiabetic effects.

Please cite this article as: Moheimanian N, Mirkhani H, Sohrabipour J,
Jassbi AR. Inhibitory Potential of Six Brown Algae from the Persian Gulf on
a-Glucosidase and In Vivo Antidiabetic Effect of Sirophysalis Trinodis. Iran J
Med Sci. 2022;47(5):484-493. doi: 10.30476/IJMS.2021.91258.2245.

Keywords e Diabetes mellitus e Streptozotocin e Blood glucose
e Hypoglycemic agents e Alpha-glucosidase

Introduction

Type 2 diabetes mellitus is an abnormal rise in postprandial blood
glucose levels, commonly known as postprandial hyperglycemia.
One of the best treatments to control postprandial hyperglycemia
is to inhibit carbohydrate hydrolyzing enzymes in the digestive
system. In humans, salivary amylase initiates the degradation
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of starch into shorter oligomers. Then,
pancreatic a-amylase completes hydrolysis
by breaking down oligosaccharides into
smaller units. Finally, intestinal a-glucosidases
hydrolyze oligosaccharides into absorbable
monosaccharides, such as glucose and
fructose.' The a-Glucosidase enzyme plays a
key role in catalyzing the hydrolytic cleavage
of oligosaccharides into glucose molecules in
the small intestine. Inhibiting a-glucosidase
activity could retard the absorption of glucose
and consequently control postprandial blood
glucose levels.?

The World Health Organization ranks
diabetes among the top 10 causes of death
and has predicted a 70% prevalence increase
in 2030 versus 2000.% In addition to synthetic
drugs, it is suggested that certain dietary habits
(e.g., consuming algae as a source of nutrition)
may lead to a reduction of postprandial blood
sugar levels. ® The antidiabetic effects of
algae are attributed to their unsaturated fatty
acids, polyphenolic compounds, and dietary
fiber contents.® It has been reported that the
antidiabetic properties of brown algae are due
to their inhibitory effects on a-amylase and
a-glucosidase.”® To demonstrate this, the effect
of two brown algae on insulin concentrations was
clinically evaluated in diabetic men and women. It
was shown that ingestion of 500 mg brown algae
altered the modulation of insulin homeostasis
after a meal, while it had no significant effects on
plasma glucose levels.® Recently, the bioactive
effect of marine natural products has attracted
worldwide attention due to their significant
antidiabetic, antibacterial, anticancer, antifungal,
anti-inflammatory, and antiviral properties.'
Different secondary metabolites have been
found to be responsible for antidiabetic activity
in algae, such as dieckol (a phlorotannin isolated
from brown algae) and fucoidan (a sulfated
polysaccharide)." 2 Additionally, carotenoids
are a group of secondary metabolites with
antidiabetic properties affecting metabolic
enzymes.'®

Previous studies reported various biological
effects of different brown algae, such as
Colpomenia sinuosa (C. sinuosa), Sargassum
acinaciforme (Sar. acinaciforme), lyengaria
stellata (I. stellata), Sirophysalis trinodis (S.
trinodis), and Polycladia myrica (P. myrica).
It showed that the polysaccharide extracts
of C. sinuosa exhibited potent cytotoxic and
antioxidant activity. An aqueous crude
extract of C. sinuosa, collected from the coast
of Lebanon, exhibited high antioxidant, anti-
inflammatory, and fair antimicrobial activities.'
Among the examined algal species in our study,
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samples of S. trinodis and P. myrica from the
Persian Gulf inhibited a-amylase with inhibitory
concentration (IC,)) values of 0.42 mg/mL
and 0.72 mg/mL, respectively.'® Furthermore,
another study evaluated ethanolic extracts of
the Egyptian P. myrica using in vivo antidiabetic
assays and suggested the alga’s ability to
improve diabetes by reducing insulin resistance
and glucose concentration.'” A recent animal
study has also reported the antidiabetic effect
of phlorotannins, extracted from Cystoseira
compressa, as it reduced glucose levels in
rat serum."®

In the present study, for the first time, the
inhibitory effects of the above-mentioned
algal extracts (collected from the coast of the
Persian Gulf) on a-glucosidase were evaluated.
Additionally, to examine their in vivo antidiabetic
potential, we selected one of the active algae for
further analysis using liquid chromatography-
mass spectrometry (LC-MS) and thin-layer
chromatography (TLC) techniques.

Materials and Methods

The present experimental study was conducted
during 2017 to 2019 at the Medicinal and
Natural Products Chemistry Research Center
and Department of Pharmacology of Shiraz
University of Medical Sciences, Shiraz, Iran.

Chemicals and Reagents

Acarbose, a-glucosidase (EC 3.2.1.20),
streptozotocin  (STZ), and p-nitrophenyl-a-D-
glucopyranoside (PNPG) were purchased from
Sigma-Aldrich Chemie GmbH (Germany), and all
the solvents were purchased from Merck chemicals
GmbH (Germany). Accu-Chek blood glucose
meter was purchased from Roche Diagnostic
GmbH (Germany). Analytical and preparative
TLC experiments were carried out using Silica
Gel 60 F,,, glass plates (20x20 cm) with a gel film
thickness of 0.25 mm (Merck, Germany). All other
reagents were of analytical grade.

Algal Samples

Algal samples were collected in March 2015
from various locations along the Persian Gulf
coastal region (Bushehr Province, Iran) (table 1).
P. myrica was collected from two villages (Owli-
ye-jonubi and Ziarat) along the coast of Bushehr.
Collected algae were approved by a taxonomist
(third author).

Preparation of Algal Extracts

Maceration was used to obtain extracts with
two successive solvents, methanol (MeOH) and
80%MeOH, atroomtemperaturefortwodays.The
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Table 1: Details of the brown algae collected along the Persian Gulf coastal region, Bushehr, Iran

Species Source

Latitude and longitude Voucher number

Colpomenia sinuosa
Sargassum acinaciforme
lyengaria stellata
Sirophysalis trinodis
Polycladia myrica (1)
Polycladia myrica (2)

Shoghab park, Bushehr City

Ziarat, Bushehr Province
Ziarat, Bushehr Province

Ziarat, Bushehr Province

Owli-ye-jonubi, Bushehr Province

Owli-ye-jonubi, Bushehr Province

28°54'51”N / 50°48'51”"E Pc-93-6-3-1.1
27°5003"N / 51°5355"E Pc-93-6-2-1.1
28°1032"N / 51°1638"E Pc-93-6-8-1.1
28°1032"N / 51°1638"E Pc-93-6-9-1.1
27°5003"N / 51°5355"E Pc-93-6-12-1.1
28°1032"N / 51°1638"E Pc-93-6-12-1.2

resulting extracts were concentrated at 240 °C
under reduced pressure.

Liquid Chromatography (LC), Diode Array
Detection (DAD), Electrospray lonization (ESI),
and Mass Spectrometry (MS) Conditions

The algal extracts were analyzed using
Shimadzu LCMS-2010EV (Kyoto, Japan),
equipped with an ESI mass ionization source
(#) and an SPD-M20A DAD. A Shim-Pack
XR-ODS column (2x50 mm) was used with the
mobile phase at a flow rate of 0.25 mL/min. The
mobile phase included MeOH and water (9:1)
running for 20 min. The LCMS was injected with
5 yL of the sample solutions (1 mg/mL). The MS
analytical parameters were MS detector voltage
+1.5 KV, curved desolvation line (CDL) voltage
+10 V, interface voltage +4.5 KV, Q-array RF
voltage +£150 V, scanned mass spectra range
of m/z 100-1000 D, and nebulizer gas (N,) with
a flow rate of 1.5 L/min. Finally, the heat block
and CDL temperatures were set at 230 °C and
275 °C, respectively. The DAD-UV spectra were
recorded at a wavelength (A) of 190-600 nm.

a-Glucosidase Activity

The a-glucosidase inhibitory activity of
MeOH and 80% MeOH algal extracts was
measured using the modified colorimetric
method as described in a previous study.'
Briefly, 5 pL of algal extract or acarbose solution
at different concentrations was added to a 20
ML a-glucosidase solution (0.25 U/mL) in 0.1 M
potassium phosphate buffer (pH 6.8) followed
by 90 uL of the buffer. Then, the mixture was
incubated at 37 °C in the dark for 10 min in
96-well microplates. In the next step, 15 yL of
PNPG solution (2.5 mM) of the buffer was added
to the incubated solution and further incubated
at 37 °C for an additional 30 min. Finally, 80
pL of 0.2 M Na,CO, was added to each well
to stop the reaction. Then, the absorbance of
the solution in each well (A) was measured at
A=405 nm using a microplate reader (model
680, Bio-Rad Laboratories, Inc.). The control
solution contained 5 L buffer solution instead
of the extracts or standard drug. The inhibition
percentage of a-glucosidase was calculated
using the following formula.
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%Inhibition=(A
where A

control
and A is the absorbance of the sample.

extract

IC,, (concentration of the samples thatinhibited
50% of the enzyme activity) was calculated from
a linear correlation between the %inhibition and
their respective concentration using CurveExpert
1.4 software (Hyams Development, Chattanooga,
TN, USA). The kinetic of the enzyme was
evaluated by drawing a Lineweaver-Burk plot of
one of the potent a-glucosidase inhibitors from
the algal extracts measured at different substrate
concentrations of PNPG (1-10 mM).20. 2!

A YA x100

control © “extract control

is the absorbance of the control

Animals and Ethical Guidelines

A total of 30 healthy adult male Sprague-
Dawley rats weighing 180-220 g were
obtained from the Center of Comparative and
Experimental Medicine, Shiraz University of
Medical Sciences (Shiraz, Iran). Animals were
fed a standard rodent diet and water, and kept
in a regime of a light-dark (12:12 hour) cycle.
The animal experiments were carried out in full
accordance with the guidelines published by the
Iran National Committee for Ethics in Biomedical
Research.?? The study was approved by the local
Ethics Committee of Shiraz University of Medical
Sciences (code: IR.SUMS.REC.1399.279).

Induction of Diabetes

After seven days of the quarantine period
and 10 hours of fasting before injection,
diabetes was induced in animals through a
single intraperitoneal injection of 50 mg/Kg of
STZ. The STZ solution in citrate buffer (0.1 M,
pH 4.5) was prepared fresh before injection.
Five days after STZ injection, a blood sample
of each animal was taken from the tail vein and
plasma glucose concentrations were measured
using the glucose meter. Rats with blood sugar
levels higher than 300 mg/dL (more than 90% of
injected animals) were considered as diabetics.?
No exogenous insulin treatment was given.?*

Measurement of Blood Glucose Levels
STZ-induced diabetic rats fasted overnight

and were randomly divided into three groups,

namely diabetic controls (received deionized
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water), positive controls (treated with acarbose
(30 mg/Kg) as a standard antidiabetic drug),
and diabetic rats (received 80% MeOH extract
of S. trinodis, 30 mg/Kg). Half an hour after the
above-mentioned treatments, the rats were
orally administrated a sucrose solution (2 g/Kg).
The plasma glucose samples were prepared
at 0, 30, 60, 90, and 120 min after the sucrose
administration, as described in a previous study.?®
The blood glucose levels of the above samples
were measured using the glucose meter.

TLC Analysis

The MeOH and 80% MeOH extracts of all the
algae were analyzed using silica gel TLC and
optimized separation of various mobile phases.

Statistical Analysis

The data of more than nine replicates were
expressed as mean+SEM (standard error of
measurment). Microsoft Excel 2016 software
(Microsoft Corporation, USA) was used for
statistical analysis, andIC, values were evaluated
using CurveExpert 1.4 software. The data were
analyzed using SPSS software version 16.0
(SPSS Inc., Chicago, USA). One-way analysis
of variance (ANOVA) followed by Dunnett's
and Tukey’s tests was performed to evaluate
the difference between different datasets and
their significance. P values less than 0.05 were
considered statistically significant.

In Vitro a-Glucosidase Inhibition
The inhibitory effect of algal extracts against

Antidiabetic effect of brown algae from the Persian Gulf

a-glucosidase was determined using PNPG as
the substrate in a colorimetric assay. Maximum
a-glucosidase inhibition was measured for the
80% MeOH extractof /. stellatawith IC, =0.33 ug/
mL. Other extracts had IC,, values <30 ug/mL,
namely C. sinousa (IC,,=3.31 ug/mL for MeOH
and IC,,=3.50 ug/ml for 80% MeOH extract), P.
myrica (2) (IC,,=18.83 ug/mL for MeOH extract),
S. trinodis (IC,,=25.38 ug/mL for 80% MeOH
extract), and Sar. acinaciforme (IC,=28.06
pg/mL for 80% MeOH extract) (table 2).
The MeOH extract of P. myrica (1) had the
weakest enzyme inhibition potential (IC,,>1000
pg/mL). Acarbose was used as a standard
inhibitor and exhibited an IC,, value of 160.15
pg/mL. The results showed that most of the
tested algae had significant inhibition versus the
acarbose (P<0.001).

a-Glucosidase Inhibition Kinetics

A Lineweaver-Burk plot of a-glucosidase
inhibitory activity of the 80% MeOH extract of S.
trinodis at 0 and 1.2 mg/mL stock solution and
at different PNPG concentrations (1-10 mM)
was drawn (figure 1). The results showed
that an increase in extract concentration did
not affect K , and it remained about 2.7 mM,
whereas V__ decreased by 0.09 and 0.02 mM/
min, respectively. This indicated that the extract
inhibited a-glucosidase in a non-competitive
manner.

In Vivo Bioassay

Since the majority of algal extracts exhibited
high enzyme inhibition, the 80% MeOH extract
of S. trinodis was selected for in vivo tests on

Table 2: IC,; values of a-glucosidase inhibition of the algal extracts and acarbose

Algae

Enzyme inhibition IC,; (ug/ml)*

Mean*SEM
C. sinousa (MeOH) 3.31+0.442
C. sinousa (80% MeOH) 3.5040.752
Sar. acinaciforme (80% MeOH) 28.06+3.88°

Sar. acinaciforme (MeOH)
I. stellata (MeOH)

I. stellata (80% MeOH)

S. trinodis (80% MeOH)
S. trinodis (MeOH)

P. myrica (1) (MeOH)

P. myrica (1) (80% MeOH)
P. myrica (2) (MeOH)

P. myrica (2) (80% MeOH)
Acarbose (standard)

316.25+47.25°
114.64+20.25¢
0.33+0.15°
25.38+4.36°
133.90+34.94¢
>1000
232.82+29.83°
18.83+2.29°
49.88+2.70°
160.15+27.52°

*IC,, values were calculated using linear regression and their significance difference (P values) were compared using one-way
ANOVA-Tukey. Same letters represent no significant differences (P>0.05) between the IC, values, whereas values with different
letters have P<0.05 (i.e., statistically significant). 2P=0.80-1, ®°P=0.29-0.98, P=0.62-0.54, ¢P=0.23; P value between groups: a
and b (P=0.00-0.01), b and c (P=0.001-0.008), c and d (P=0.000-0.009), d and e (P=0.007-0.023). Values are expressed as
meanSEM of three replicates. At least five serially diluted solutions of each extract were tested to calculate the IC, values.

Different letters represent significant differences (P<0.05).
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Figure 1: Lineweaver-Burk plot analysis of the kinetics
of a-glucosidase inhibition measured in the presence

of 0 and 1.2 mg/mL of 80% MeOH S. frinodis extract.
a-Glucosidase=0.25 U/mL and pH 6.8 at room temperature.

STZ-induced diabetic rats. The selection was
made based on its medium inhibition potential
and enough extract to perform the tests. The
effect of the alga on blood glucose levels of
STZ-induced diabetic rats was investigated after
a meal. Postprandial blood glucose levels of
rats administered algal extract were lower than
those of the control group (figure 2). The blood
glucose levels increased up to 78% at 60 min
after sucrose administration and decreased
thereafter. When the STZ-induced diabetic rats
were administrated with algal extracts, the upward
trend of the percentage change in postprandial
blood glucose levels was significantly reduced
at 30, 60, 90, and 120 min with a percentage
change of 20.38+4.83, 17.2+4.21, 9.1+0.58, and
7.9+3.97%, respectively (P=0.05 for the blood
glucose level at 30 min compared to levels at 90
and 120 min). Such a decrease in blood glucose
levels indicates that S. frinodis could retard
carbohydrate digestion.

The results showed that the percentage
change of relative blood glucose level at 60
minutes after sucrose administration was
significantly different for the acarbose and algal
treated mice compared to the control group
(P=0.007 and P=0.037, respectively). Whereas,
the values obtained for the other groups were

100 4 —a— Control
—4— Sirophysalic Trinodis
—8— Acarbose

80

60 o

40

20

%A Blood Glucose

220 4

Time

Figure 2: The percentage change (%A) of blood glucose]
levels was calculated after administration of 80% MeOH
extract of S. trinodis in STZ-induced diabetic rats. Control

(deionized water), S. trinodis extract (30 mg/Kg), and
acarbose (30 mg/Kg) were co-administered orally with
sucrose (2 g/Kg). Data are expressed as meantSEM.

similar (P=0.783) (table 3).

TLC Analysis

Fingerprint analysis was performed on silica
gel TLC plates to detect chemical constituents
of the algal extract. Orange spots with the
retention factor (R.) of about 0.46 were present
in most of the extracts, identified as fucoxanthin.
The compound was then separated using
preparative TLC. The best TLC solvent system
was developed using petroleum ether:ethyl
acetate:acetic acid (6:1:1) (figure 3).

LC-MS Analysis

The LC-DAD-ESI-MS technique was used to
characterize the chemical structures of isolated
compounds separated by preparative TLC.
ESI-MS was carried out in positive ion mode,
and two quasi molecular and daughter ions were
detected at m/z 659 ([M+H]*, 681 [M+Na]*, 641
[M+H-H,OJ*, and 581 [M+H-H,O-AcOH]*. The
UV spectrum exhibited A _ =448 nm, which is
comparable with those reported for fucoxanthin
(figure 4).

Among the examined algal extracts, C.
sinuosa, Sar. acinaciforme, |I. stellata, and S.

Table 3: Statistical analysis of the differences in blood glucose levels between the control, acarbose, and algal-treated rats

Treated rats (l)

Treated rats  Blood glucose level (mg/dL) P value

95% Confidence interval

() meantSEM Lower bound Upper bound
Control Acarbose 192.97+59.57 0.007 47.15 338.78
S. trinodis (80% MeOH) Acarbose 43.48+56.65 0.783 -95.18 182.14
S. trinodis (80% MeOH) Control -149.48+58.27 0.037 -291.66 -7.31
Acarbose Control -192.97+59.57 0.007 -338.30 -47.63

Data were calculated using one-way analysis of variance (ANOVA) followed by post-hoc Dunnett’s test (dependent variable: time
point at 60 min). Blood glucose levels are expressed as mean+SEM.
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Figure 3: Silica gel TLC chromatograms were eluted with petroleum ether:ethyl acetate:acetic acid (6:1:1). The left chromatogram|
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trinodis exhibited a strong inhibitory effect on
a-glucosidase activity. S. frinodis was selected
for in vivo testing. After the administration of
algal extracts, the results showed reduced blood
glucose levels in diabetic rats compared to the
control group. Furthermore, fucoxanthin from
S. trinodis was isolated and identified through
its ESI-MS and PDA-UV spectra, and then the
data were compared with those published in the
literature.?- 2

Brown algae have attracted the attention
of many researchers due to their antidiabetic
properties. For instance, the inhibitory effect of
MeOH extract of S. trinodis (1C,,=0.42 mg/mL)
and ethyl acetate extract of P. myrica (IC,,=0.72
mg/mL) on a-amylase® was in accordance
with  their stronger inhibitory effects on
a-glucosidase activity (low IC, values in table 2).

Iran J Med Sci September 2022; Vol 47 No 5

This suggests the effect of solvent polarity in
extracting active antidiabetic agents. Their
use is thus recommended in future research,
since compounds with strong inhibitory activity
against a-glucosidase, more than a-amylase,
has superior antidiabetic effect, as it lowers
absorbable monosaccharide levels in the gut.?®
Among the reported antidiabetic properties
of algal species, similar to those in our study,
a methanolic extract (1 mg/mL) of the brown
seaweed C. sinuosa (collected from the Korean
island of Jeju) showed a-glucosidase inhibitory
activity of >90%.2° In another study, ethanolic
extract of Sargassum serratifolium, from the
coast of Busan in South Korea, was reported
to inhibit a-glucosidases with an IC,  value
24.16+0.31 uyg/mL compared to a positive control
acarbose (108.74+2.96 ug/mL).%° A recent study
reported that an ethanolic extract of the Egyptian
P. myrica lowered postprandial glucose levels in
alloxan-induced diabetic rats."”

In a previous study, the inhibitory effect of five
edible brown and red algae on a-glucosidase
activity was investigated, among which acetone
extract of Undaria pinnatifida was reported to
have the strongest effect with I1C, =0.08+0.002
mg/mL.%" Brown algae contain better antidiabetic
nutraceuticals than red algae. Fucoxanthin, the
main carotenoid in brown algae, has been shown
to have many biological functions.®> HPLC-
guided purification of the algal extract showed
fucoxanthin as an active a-glucosidase inhibitor
agent with an IC,; value of 0.047+0.001 mg/
mL and a mixed-type inhibition mechanism.®'
In an animal study, fucoxanthin was reported to
significantly improve insulin resistance, blood
glucose level, and lipid concentration in mice.
Therefore, fucoxanthin is recommended as a
potential functional food and suitable drug for
type 2 diabetes mellitus.3?

The MeOH extracts of the two accessions
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of P. myrica (collected from the villages Owli-
ye-jonubi and Ziarat along the coastal area
of Bushehr) showed different a-glucosidase
inhibitory activities, depending on the location,
where the samples were collected. In addition,
most of the aqueous 80% MeOH extracts
exhibited better activity than those of the MeOH
extracts. It seems they have various secondary
metabolites, responsible for the biological activity
due to their local adaptation or genotype.3
Varying amounts of fucoxanthin were detected
in almost all algal extracts in our study (figure
3). It has many biological activities including
anticancer, anticholesterol, anti-inflammatory,
and antidiabetic properties as well as inhibiting
tumor cell growth.5 % Fucoxanthin has attracted
the attention of researchers and industries for its
application in food and cosmetic products.®” In
addition to its potential to inhibit a-glucosidase,
fucoxanthin (isolated from edible brown algae
such as Eisenia bicyclis and Undaria pinnatifida)
inhibits different enzymes in diabetes pathways
such as rat lens aldose reductase (RLAR),
human recombinant aldose reductase (HRAR),
advanced glycation end-product (AGE)
formation, and protein tyrosine phosphatase
1B (PTP1B).*® A previous study showed that
fucoxanthin exhibited strong inhibitory activity
against a-amylase and a-glucosidase (with IC,
values of 0.68 and 4.75 mmol/L, respectively)
and suggested its usefulness in preventing
diabetes.?® In addition to fucoxanthin, based
on in vivo and in vitro studies, phenolics and
carbohydrates such as fucoidan from different
brown algae are reported to exhibit major
antidiabetic activity.*% 4’

S. trinodis extract and fucoxanthin seem to
have different enzyme inhibition mechanisms.
This difference could be due to an inadequate
amount of fucoxanthin measured in S. trinodis
extract (see A1 in figure 3) and the presence of
other bioactive compounds in the extract. Further
phytochemical investigations are required
to confirm the presence of other antidiabetic
secondary metabolites. In addition to issues
related to phytochemical analysis, there are
other challenges involved in developing drugs
from algal extracts. Overcoming the limited
availability of algae and the quality of their
extracts to obtain sufficient material for clinical
studies is of great importance.

Conclusion

For the first time, we report a strong inhibitory
effect against a-glucosidase activity by six brown
algae obtained from the Persian Gulf coastal
region, namely, C. sinuosa, Sar. acinaciforme
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and /. stellata, S. trinodis, and two accessions of
P. myrica. Considering their inhibitory potential
against a-glucosidase and a-amylase.'® Further
studies are recommended to confirm these algae
as a suitable candidates for the development
of diabetes drugs. Among these, S. frinodis
and P. myrica'” lowered postprandial blood
glucose levels in diabetic rats. Fucoxanthin,
as an effective antidiabetic nutraceutical, was
detected in most algal extracts. However, other
secondary metabolites could also be responsible
for the marked antidiabetic activity of the studied
algae. Further studies are recommended to
identify additional bioactive agents, phenolic
or polysaccharides, especially from aqueous
methanol extracts of S. ftrinodis and Sar.
acinaciforme, and methanol extracts of P. myrica.
These algae are suggested as a valuable source
for further isolation and identification of active
antidiabetic compounds. However, it requires
multidisciplinary collaboration for the cultivation
of bioactive algae, exploring their potential as
food products, and subsequent extraction and
purification on a semi-industrial scale.
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