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Abstract: A phytochemical study on the Potamogeton pusillus L. led to the isolation and identification of a novel
biflavonoid, pusillin A (1) with known seven compounds, including rosmarinic acid (2), luteolin-7-sulfate (3),
eriodictyol-7-sulfate (4), chrysoeriol-7-sulfate (5), eriodictyol (5), luteolin (7) and chrysoeriol (8). Their structures
were elucidated based on spectrometric analysis, including LC-Q-TOF/MS and NMR. All compounds were
screened for in vitro antidiabetic activity using the spectrophotometric method. Sulfated flavones (1, 3, 4, and 5)
exhibited prominent a-glucosidase inhibitory activity, and compounds 2, 6, 7, and 8 showed moderate inhibitory
activities. All isolates were reported for the first time from the plant material.
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1. Introduction

Diabetes mellitus (DM) is characterized by an absolute or relative deficiency in insulin secretion
by pancreatic S-cells and is one of the world's most serious public health problems of the world. The
International Diabetes Federation announced that there are approximately 415 million people, the
majority of whom are diagnosed with type 2 (non-insulin-dependent) diabetes. It is estimated that the
number of diabetic patients will reach 642 million in 2040 [1]. The major therapeutic strategy for the
treatment of type 2 diabetes is the maintaining of blood glucose levels as normal as possible by the
inhibition of carbohydrate hydrolyzing enzymes: a-glucosidase and a-amylase enzymes [2]. The a-
glucosidase breaks down dietary oligosaccharides into glucose units causes to promoting blood glucose
levels in the small intestine [3, 4]. Therefore, preventing or delaying the decomposition of
oligosaccharides helps suppress blood sugar levels in type 2 diabetes patients by reducing the absorption
of dietary carbohydrates [5, 6].

Today voglibose, acarbose, and miglitol, commercially available oral drugs, are used as a-
glucosidase inhibitors [7]. These drugs have many side effects such as flatulence, diarrhea, and
abdominal distention [8]. Because of these side effects, many patients abandon or reduce their regular
drug use [9]. As a result, much effort must be expended in the pursuit of more potent and safer a-
glucosidase inhibitors.

Aquatic plants (macrophytes) are primary producers and provide habitat and food to aquatic
organisms and animals in the water. The macrophytes are important for livable water ecosystems and
water quality due to their ability to filter excessive nutrients and hold heavy metals, sediments, and
some environmental pollutants [10]. They can also help regulate the water flow of rivers and lakes and
sedimentation properties [11]. In addition, it was reported that macrophytes contain a variety of
secondary metabolites such as alkaloids [12], steroids [13, 14], phenolics [15, 16], and flavonoids [17-
19]. These reports suggest that the macrophytes could be used as bioactive chemical sources.
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Potamogetonaceae is the most prominent aquatic plant family in the world, containing about
100 species growing in various habitats [20]. Potamogeton has the most ecological importance of all
aquatic plants [21]. The genus Potamogeton is represented by 72 species and 99 hybrids in Tirkiye [22].
Potamogeton pusillus is known in Turkish under the name of "su kili." The uses of P. pusillus have not
been yet reported as food or traditional medicinal purposes. Furthermore, secondary metabolites isolated
from macrophytes have become extremely important after recognizing their antioxidant [23, 24],
antiproliferative [14, 17, 24, 25], antimicrobial [26, 27], and antifungal [28-30] activities. In this study,
the secondary metabolites were isolated from the methanolic extract of P. pusillus, and in vitro a-
glucosidase inhibitory properties were evaluated for the first time.

2. Materials and Methods
2.1. General

NMR and mass spectra were recorded on a Bruker Avance Il 400 MHz and Agilent Technologies
600 MHz spectrometers, and a Shimadzu 5040 LC-Q-TOF/MS spectrometer, respectively. Separations
were achieved using Sephadex LH-20 column chromatography (CC) and a semi-preparative Shimadzu
Prominence instrument.

2.1. Plant Material

Potamogeton pusillus samples were collected from water canal Eksisu, Erzincan, bearing mineral
water, in June 2021. The plant materials were washed at the collection site with the canal water to
remove epiphytes, sand, bugs, and shells, and finally, with deionized water in the laboratory. Plant
material was taxonomically identified by Prof. Dr. Koksal Pabugcu and, a voucher specimen was
deposited in the herbarium of Erzincan Binali Yildirim University (EBYU 11578), Erzincan, Turkiye.

2.2. Extraction and Isolation

Fresh biomass (700 g) was extracted with 70% methanol (5 L) at room temperature for 24 hours.
The azeotropic mixture was concentrated under a vacuum to give a dark yellow slurry crude extract
(62.5 g, 8.85% yield) and then the crude extract was solved in 4 L of water, and insoluble parts were
removed by filtration. The filtrate was partitioned with n-hexane, ethyl acetate, and n-butanol,
respectively. Each organic layer was concentrated to dryness to give 2.1 g of n-hexane, 12.9 g of ethyl
acetate, and 22.1 g of n-butanol fractions. The HPLC chromatograms showed that the ethyl acetate and
n-butanol fractions contained the highest concentrations of detectable compounds (Figure S1).

Semi-preparative HPLC was used to purify these compounds. The separations were performed on
EMR C18 (250 mm x 20 mm, ID, 10 um) column at ambient temperature. Deionized water (A) and
methanol (B) were used as mobile phases. The mobile phase program was as follows: 1 min 100:0 (A:
B), 29 min linear gradient from 100:0 to 0:100, and finally 5 min 0:100. Total run time was 35 minutes
at a flow rate of 8 mL/min. The extracts were loaded to the column in 100 mg per injection using a 2 ml
sample loop. The elution was monitored at 280 and 340 nm, and peak collection was done automatically
according to absorbance at 280 nm. The separation process was repeated ten times for each extract.

The prep-HPLC elution and collection profile of EtOAc and ButOH extracts were given in Figure

S1. Each collected peak was further purified over a manually packed Sephadex LH-20 column using
methanol as a mobile phase. The eluants collected from Sephadex LH-20 were applied to TLC analysis.
The main spots were combined according to the TLC basis and evaporated to dryness. The individual,
purified metabolites were eluted from the analytical C18 (150 mm x 4.6 mm, ID, 5 pm) column and
monitored at 280 nm to check purity with the same mobile phase program used in prep-separation with
the 1 mL/min flow rate (Figure S2).

2.3 Invitro a-Glucosidase Inhibitory Assay

The isolated metabolites were dissolved in DMSO: phosphate buffer (0.1 M pH, 6.8) in a 1:20
ratio. The a-glucosidase inhibitory activity of isolated molecules (1-8) was carried out on a 96-well-
based spectrophotometric method [31] with slight modification. Briefly, 50 pL buffer solution, 10 pL
enzyme solution (0.1 U/mL), and 20 pL isolate solution (1, 2, 5, 10, 25, 50, 75, and 100 uM) were
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mixed and incubated at 37 °C for 5 min. Then, 20 pL of p-nitrophenyl-a-glucoside (3 mM) was added,
and the final solution was incubated at 37 °C for 30 min. After incubation, 50 pL Na2COs; (0.1 M) was
added to terminate the reaction, and the absorbance of the final mixture was measured using an Elisa
reader at 405 nm. Acarbose was used as a positive control. The results were expressed as I1Cso in pM.

3. Results and Discussion
3.1. Structure Elucidation

There are currently no published data on P. pusillus in the secondary metabolite profile. The
preparative separations led to the isolation and characterization of a novel biflavonoid pusillin A (1),
rosmarinic acid (2) (7.2 mg) [32], luteolin-7-sulfate (3) (5.4 mg) [33], eriodictyol-7-sulfate (4) (6.9 mg)
[34], chrysoeriol-7-sulfate (5) (8.0 mg) [35], luteolin (6) (8.3 mg) [33] from the ButOH fraction and
eriodictyol (7) (6.8 mg) [36] and chrysoeriol (8) (9.8 mg) [37] from EtOAc fraction of P. pusillus
(Figure 1). The NMR data of all known compounds (2-8) were identical to previously published studies.
Compounds 1-8 were for the first time isolated from P. pusillus, which would enrich our knowledge
about phytochemical constituents of the genus.

-

OH
RO@M\
OH O OH O
Ri=-SOjH Ry,=H 3 R=-SO;H 4
Ry=H R=H 6 R=H 7
Ri=-SO3H R,=-OCH; 5
Ry=-H R=H 8

Figure 1. Chemical structures of isolated molecules (1-8).

Compound 1 (pusillin A) was obtained as a yellowish amorphous solid. Its molecular formula
was established as C31H20017S; by the LC-Q-TOF/MS data m/z 729.0224 [M+H]", (calculated 729.0222
for Cs1H21017S2). The IR absorption bands at 3374 cm™ and 1644 cm™ indicated the presence of the
hydroxyl group and olefinic group, respectively. The bands revealed at 1260-1200 cm™ especially
attributed more information about the occurrence of sulfate groups [38]. When compared to the carbon
and proton values in both luteolin (6) and chrysoeriol (8), the downfield carbon shifts for C6/C6" and
C8/C8", as well as the notable downfield shifts of H6/H6" and H8/H8", strongly indicate the presence of
an electron-withdrawing sulfate group at C7 and C7" of compound 1 [33]. The *H-NMR spectrum
revealed the signals of two distinct ABX systems having close chemical shifts which separated each
other COSY interactions corresponding to 7-sulfated chrysoeriol and luteolin moieties of 1, [7.53 (dd,
J=8.4, 2.2 Hz), 6.88 (d, J=8.4 Hz), and 7.46 (d, J=2.2 Hz)] and [7.40-7.29 (m), 6.77 (d, J=8.2 Hz, 1H)],
respectively. Additionally, two AX systems corresponding to H6-H8 interactions of both moieties
resonated at 6.98 (d, J=2.1 Hz), 6.93 (d, J=2.1 Hz, 1H), and the other signals of AX systems resonated
as a multiplet at 6.52-6.50 ppm according to deep COSY interpretations. H-H backbone of compound 1
was established from H6 (6.52-6.50) -H8 (6.98), H2"(7.40-7.29 )-H6"(7.40-7.29), H5"(6.77)-H6 (7.40-
7.29), H67(6.52-6.50)-H5"(6.98)/H2"(7,40-7.29), H6""(6.52-6.50)-H8"" (6.93), H2"""(7.46)-H6 " (7.53),
H5"" (6.88)-H6""" (7.53) and H6 ""(7.53)-H5"" (6.88)/H2"""(7.46) COSY interactions supporting the
structure of 1. H3 signals were observed at 6.66 and 6.85 ppm as singlets. The signal at 3.98 (s, 3H) was
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linked to methoxy protons. The C NMR spectra showed 31 carbon signals carbons containing 18
guaternary, 12 methines, and 1 methyl correspondingly to HSQC spectra contain H3 (6.85)-C3 (102.93),
H6 (6.52)-C6 (102.53), H8 (6.98)-C8 (98,35), H2" (7.40)-C2" (113.83), H5" (6.77)-C5" (117.04), H6
(7.40)-C6” (119.52), H3"" (6.66)-C3"" (102.70), H6"" (6.52)-C6™" (102.52), H8" (6.93)-C8 " (98,12),
H2""" (7.46)-C2""" (110.32), H5"" (6.88)-C5"" (116.61), H6"""(7.53)-C6”"" (121.41), and 3.83/56.20
correlations. All **C assignments of 1 were similar to luteolin-7-sulfate (3) and chrysoeriol-7-sulfate (5)
except C4” and C4""". About 4 ppm up shifting of C4~ and C4""" prove that the esterification pattern is
C4-C4"". The HMBC correlation H5"-C4""" was the key correlation (Figure 2) of the connecting site.
Thus, 1 is characterized as O-linked 3 and 5 at the C4"-C4""" position. The other HMBC correlations are
given in Table 1. Additionally, two molecular ion signals in MS spectra of 1 at m/z 367.0115 and
381.0225 corresponding the protonated chrysoeriol-7-sulfate and luteolin-7-sulfate were proved
esterification. Lee et al. (2015) isolated esterified flavone at the 3°-4""" position from Quintinia
acutifolia leaves [39]. Moreover, acidic hydrolysis [40] of 1 gave luteolin and chrysoeriol aglycons
which were corrected by TLC. R¢ values were calculated as 0.3 for 1, 0.45 for luteolin (6), and 0.52 for
chrysoeriol (8) in the 95:5 EtOAc: MeOH system. TLC analysis showed an O-linkage pattern of (1) and
hydrolysis of sulfate groups in acidic media.

Table 1. *H and *C-NMR assignments of 1 (600 MHz, in DMSO-ds)

No. H 13C HMBC No. H B3C HMBC

2 - 165.12 2" - 165.41

3 6.85 () 10293 C2,C1,C4 3 6.66 (s) 102.70 cz", c1, c4"
4 - 182.23 4 - 182.34

5 - 160.96 5' - 160.94

6 6.52-6.50 (m) 102.53 C5,C7,C10 6" 6.52-6.50 (m) 102.52 cs", Cc7", C10"
7 - 159.77 7 - 159.72

8 6.98(d, 2.1) 98.35 C7, C9, C6, 8 6.93(d, 2.2) 98.12 Ccr", Ce", C10"
9 - 156.79 9 - 156.73

10 - 106.14 10" - 106.08

1 - 119.62 1" - 119.42

2' 7.40-7.29 (m) 113.83 C1,c4 2 7.46 (d, 2.2) 110.32 c1™, C5™

3 - 147.46 3 - 149.06

4 - 154.47 4™ - 153.66

5' 6.77 (d, 9.0) 117.04 C4’,C3, C4" 5 6.88 (d, 8.4) 116.61 C4™, C5", C4’
6' 7.40-729 (m) 119.52 C1, C% 6 7.53(dd, 8.4,2.2) 121.41 C1", Cc4™

-OCHs 3.83(s) 56.20 c3"

HO~ X

OH O O OH
Figure 2. Key HMBC correlation of Compound 1

3.2. a-Glucosidase Inhibitory properties

The a-glucosidase enzyme inhibition patterns of isolated compounds are given in Table 2. To date,
no report exists that evaluated a-glucosidase inhibitory activities of pusillin A (1), luteolin-7-sulfate (3),
eriodictyol-7-sulfate (4), and chrysoeriol-7-sulfate (5). Their activities were first reported in the current
study. According to the results, the inhibition capacity of non-sulfated aglycons was found to have good
activity, while sulfated ones have excellent activity ranging from 1.37 to 18.88 pM. A similar activity
trend was reported by Alhassan et al. (2019) [41]. Alhasan et al. reported the sulfation of the hydroxy



505

Aksit H., Rec. Nat. Prod. (2023) 17:3 501-508

group drastically increase the activity (ICso in uM is 5.75 for 5,7-dihydroxyflavone-O-8-sulfate and is
>500 for 5,7,8-trihydroxy flavone). The current study supported that the presence of sulfate was
essential for inhibiting the investigated enzyme with various binding orientations on the active site of
the enzyme.

The activity of 1 was found to be less than that of the two sulfated compounds (3 and 5) to which it
was esterified. The reduction in activity can be ascribed to the extension of the molecule and the loss of
a hydroxy group during esterification.

Table 2. In vitro a-glucosidase inhibitory activity

of isolated compounds (1-8)

Compounds ICso (M)

1 18.88+1.02
8.43+0.08
5.02+0.22
4.03+£0.11
1.37+0.05
25.48+1.92
12.89+0.89
27.89+0.98
Acarbose 22.07+1.72

CONO O WN

Several studies reported the occurrence of rosmarinic acid (2) in the Potamogetonaceae family [42].
2 has a remarkable a-glucosidase inhibitory effect compared to positive control acarbose in different
studies [43-46] supporting the current study.

There was limited data in the literature about in vitro a-glucosidase activity of sulfated flavone
derivatives. The isolated compounds including rosmarinic acid (2) [47], luteolin (6) [48], eriodictyol (7)
[47], and chrysoeriol (8) [49] were previously reported to have a-glucosidase inhibitory activity in vitro
and/or in silico. Wang et al. (2010) reported that the free 3-position from the hydroxyl group was a
critical function of flavonoids for the inhibition of the a-glucosidase enzyme [50]. In addition, the
inhibitory activity was enhanced significantly with the increasing number of substitutions of the B-ring.
When compared to the chemical structure of 6 and 8, which has the same hydroxylation pattern, the
methyl substitution did not significantly contribute to the activity consistent with the literature [51]. The
fact that 6 and 8 possessing the 3’,4'- disubstituted exhibited good inhibitory effects on a-glucosidase
was fully consistent with the literature [50]. When comparing the activity of 6 and 7 with the same
substitution pattern, it was observed that 7 with a flavanone skeleton had higher activity. In contrast to
our findings, Tadera et. al. (2006) showed that the 4'-hydroxylated flavone (apigenin) has greater
activity than 4'-hydroxylated flavanone (haringenin) [52]. In addition, Zeng et. al. (2016) supported our
findings as 3'.4'-dihydroxylated flavanone (eriodictyol) has more activity than 3',4'-dihydroxylated
flavone (luteolin) [53].

Chrysoeriol-7-sulfate (5) was the most active inhibitor among the tested molecules. The
occurrence of 5 in the seagrass Zostera marina [19] was previously reported. It was determined that the
replacement of hydroxyl with sulfate group on the flavone skeleton drastically decreased antioxidant
properties [54]. In contrast, our findings depicted that the sulfated flavones were found to be most active
in inhibiting a-glucosidase compared to non-sulfated ones. To our knowledge, the a-glucosidase activity
of 5 was not reported previously. Moreover, the enzyme inhibition activities of sulfated flavones, such
as aldose reductase [55] and AChE [56] were previously reported.

Sulfated flavonoids are usually described in plants found in slurry or near aquatic areas. It is
assumed that there was a strong correlation between plants growing rich in mineral salts and the
biosynthesis of sulfated flavonoids for ecological adaptation to the environment. The production of
sulfated flavonoids and other sulfated secondary metabolites from 3’-phosphoadenosine-5'-
phosphosulphate and specific precursors can catalyze by the cytosolic sulfotransferases [57].

Sulfation of flavonoids can enhance the interaction with many biological targets by improving
water solubility and the negative charge. Thus, it was suggested that the sulfated flavonoids can be a
promising option in discovering novel medications for the treatment of type 2 diabetes. Further research
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using more sulfated naturally occurring or semi-synthetic sulfated flavone derivatives is needed to
understand the structure-activity relationships of sulfated flavonoids as a-glucosidase enzyme inhibitors.
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