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Ultrasound-Assisted Extraction of Verbascoside from Clerodendrum
glandulosum Leaves for Analysis of Antioxidant and Antidiabetic
Activities
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ABSTRACT: Verbascoside (VER) is a phenylethanoid glycoside
compound found in Clerodendrum species and is an important part
of traditional medicine. It is found in the leaves of Clerodendrum
glandulosum, which is taken as a soup or vegetable and also utilized
in traditional medicine by the people of Northeast India, especially
against hypertension and diabetes. In the present study, VER was
extracted from C. glandulosum leaves using ultrasound-assisted
extraction through the solvent extraction method (ethanol—water,
ethanol, and water). The ethanol extract had the highest phenolic
and flavonoid contents, viz., 110.55 mg GAE/g and 87.60 mg QE/g,
respectively. HPLC and LC—MS were used to identify the active
phenolic compound, and VER was found to be the main
component present in the extraction with a molecular weight of
624.59 g/mol. NMR ('H, 2D-COSY) analysis showed the presence of hydroxytyrosol, caffeic acid, glucose, and rhamnose in the
VER backbone. Further, different antioxidant activities and antidiabetic and antihyperlipidemia enzyme markers’ inhibition against
VER-enriched ethanol extract were evaluated. The results showed that ultrasound extraction of polyphenols using ethanol from C.
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Antioxidant activity
1. Radical scavenging assays
2. Total antioxidant capacity

Enzyme inhibition potentials
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2. a-Glucosidase

3. Pancreatic lipase

HPTLC

glandulosum could be a promising technique for the extraction of bioactive compounds.

B HIGHLIGHTS

1. Verbascoside was extracted by ultrasound from Cleroden-
drum glandulosum leaves.

2. HPLC revealed that verbascoside content was the
highest (20.14%) for ethanol extracts.

3. NMR analysis revealed the presence of hydroxytyrosol,
caffeic acid, glucose, and rhamnose in verbascoside.

4. Verbascoside exhibited antioxidant activities and differ-
ent enzyme inhibitions.

1. INTRODUCTION

Polyphenols are secondary metabolites synthesized by plants
to protect against pathogen invasion and hostile environmental
conditions.” Polyphenols are composed of phenylpropanoids
that have an aromatic nucleus along with one or more —OH
groups.” It has a wide range of medical applications like
lowering reactive species (oxygen and nitrogen), transferring
free radicals, activating antioxidant enzymes, improving
oxidative stress, and preventing diabetes and other cardiovas-
cular diseases.” Because of the high applicability in disease
management, polyphenols have been continuously explored as
a potential medicine against specific comorbid diseases. Plant
metabolites are also rich in polyphenols and serve as healthier
alternatives to artificial and synthetic antioxidants.” Extraction
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of polyphenols from plants involves different techniques (viz.,
Soxhlet, maceration, percolation, etc.) that are effective for
obtaining enough amounts of compounds. However, conven-
tional techniques have different disadvantages as they require
longer durations, higher solvent quantities, and lower
extraction yields. Therefore, ultrasound-assisted extraction
(UAE) has emerged as a nonconventional technique that
extracts polyphenols from plants more feasibly and econom-
ically.” UAE is an effective technique for enhancement of
polyphenolic content by 32—36% as compared to conventional
techniques using a low amount of solvent.”’

Clerodendrum glandulosum (CG), belonging to the family
Lamiaceae, is enriched with polyphenols and major marker
compounds that exhibited effective therapeutic properties.®
CG serves as a food (as a soup or vegetable) and traditional
medicine for the people of Northeast India.” Verbascoside
(VER), a phenylethanoid glycoside, is one of the most
widespread and potent among the reported polyphenols.'’
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VER was reported to attenuate cytotoxicity induced by
elevated glucose levels and to reduce oxidative stress by
downregulation of PKC/HMGBI1/RAGE/NFkf signaling."'
Recently, VER isolated from Odontonema strictum in an
aqueous medium showed effective free radical scavenging
activities.'” Extraction of polyphenols by UAE has been
reported from plants such as Jatropha dioica, Flourensia cernua,
Turnera diffusa, and Eucalyptus camaldulensis by using
ethanol.'”> UAE enhanced the polyphenolic contents as
compared to maceration and thermal extraction from Acacia
confusa."* A similar result was reported in the case of
polyphenol extraction from Eucalyptus marginata L. where
higher phenolic contents were obtained in UAE (~210 mg
GAE/g DW) than maceration (~150 mg GAE/g DW)."”
Several studies have been conducted on VER from different
leaf extracts of CG and found that it was an effective
compound against hypertension and hyperlipidemia.'®"”
Previous reports on CG have utilized conventional methods
of extraction such as maceration, Soxhlet, and decoction. This
study aims to understand the extraction of polyphenols from
CG using ultrasound-assisted technology from a limited
sample size and within a stipulated time period. Extraction
was performed by different solvents to understand the
importance of each solvent followed by characterization of
the main polyphenol compound (VER) using HPLC, HPTLC,
LC—MS, and NMR methods. Different antioxidant assess-
ments (ABTS**, DPPH, and phosphomolybdenum assays) and
enzyme inhibition (a-amylase, a-glucosidase, and pancreatic-
lipase) potentials of VER-enriched extracts were evaluated.

2. MATERIALS AND METHODS

2.1. Chemicals. All the chemicals were procured from
Sigma Aldrich (USA). All solvents and other reagents (HPLC
grade) were purchased from Merck Limited (Mumbai, India).

2.2. Plant Collection and Identification. Fresh leaves of
CG were collected from the medicinal plant garden of the
Institute of Advanced Study in Science and Technology
(IASST), Assam, India, situated between 25°43’ to 26°53’
north latitude and 90°39" to 92°11" east longitude. The plant
specimen was authenticated by Dr. Chaya Deori, Scientist-D &
HOD of the Botanical Survey of India (BSI), Laitumkhrah,
Shillong. An herbarium specimen (No. BSI/ERC/Tech/2019/
614) was submitted to the Life Sciences Division, IASST,
Assam, India, for future reference. The collected leaves of CG
were washed, shade dried, ground into a coarse powder, and
kept in an airtight container for further use.

2.3. Preparation of Extracts. Dried CG leaf powder (50
g) was dissolved in different solvents (500 mL, 1:10 w/v) for
1S min in an ultrasonic bath (JSGW, India, model no. 21773-
1236/3). Three solvent systems were selected for the study,
namely, ethanol, ethanol—water (1:1), and water. The extract
was filtered and dried in a rotary evaporator (BUCHI
Labortechnik AG, catalog no. 1000170673) and subsequently
in a lyophilizer (LABCONCO, catalog no. 710612070). The
dried extract was stored at —20 + 2 °C in the dark for further
use.

2.4. Extraction Yield of Extracts. The yield of extract for
three solvents was calculated using the formula described in ref
18:

Y(%) = 100 M/m,

where Y is for yield of extraction (%), M is the mass of the
extract after the evaporation of the extraction solvent (mg),
and m is the mass of the plant sample (mg).

2.5. Quantitative Phytochemical Analysis. 2.5.1. Total
Phenolic Content (TPC). The total phenolic content was
estimated using the Folin—Ciocalteu colorimetric method with
slight modifications."”

2.5.2. Total Flavonoid Content (TFC). The total flavonoid
content of extracts was evaluated according to the earlier
established method with slight modifications.”

2.5.3. Identification and Quantification of VER Using
HPLC. Qualitative and quantitative analyses of polyphenols
were conducted in a Waters Breeze QS manual injector HPLC
system (Waters Corporation, Milford, Massachusetts, USA)
equipped with Waters 1525 binary HPLC pumps connected to
a Waters 2998 photodiode-array detector (PDA) and the
Breeze software. Chromatographic analyses were carried out
using a C18 column (80 A, S ym, 4.6 X 250 mm) at 25 °C
using 1% acetic acid in water (A) and methanol (B) as a
mobile phase.”’ The flow rate was maintained at 1 mL/min,
and 20 pL of the sample was injected. Extracts were
investigated for VER at 335 nm wavelength.

2.5.4. HPTLC Analysis of UAE Extracts. Plates were run on
CAMAG HPTLC instruments, and data were collected using
the VisionCATS software. Samples (5 uL) were applied on a
clean TLC plate (10 X 10 cm) using CAMAG LINOMAT $
under a flow of N, gas with a dosage speed of 200 nL/s. The
plate was then transferred to the TLC running chamber lined
with a filter paper and presaturated with the mobile phase
[ethyl acetate/water/acetic acid/formic acid
(8.5:0.5:0.5:0.5)].>> After the run, the plate was removed
from the mobile phase and air-dried for S min. The plates were
visualized using the CAMAG TLC scanner 2 and analyzed by
the CAMAG TLC scanner 4. The wavelength of maximum
absorption (4,,,,) was determined after recording UV spectra
from 200 to 700 nm with a scanning speed of 20 mm/s, slit
width (4 X 0.3 mm), and data resolution of 100 mm/step. The
specificity of the method was confirmed by comparing the R;
value and UV spectrum of the samples and the standard, VER.
Subsequent analysis of the reference compound was performed
at its A, with the following conditions.

2.5.5. LC—MS Analysis. LC—MS analysis was performed
using the ExActive Plus Ultimate 3000 UHPLC (Thermo
Scientific) in negative ionization mode. A Hypersil Gold C18
column (150 X 2.1 mm, 1.9 ym particle size) was used for
compound separation at 25 + 2 °C temperature. Acetonitrile
(A) and 0.1% (v/v) formic acid (B) was used as elution. The
gradient was initiated at 5% A and 95% B to 25% A and 75% B
(after S min) followed by 40% A (10 min), 60% B (60 min);
45% A (15 min), 55% B (15 min); and 5% A (20 min), 95% B
(20 min). Solvent system B was injected with a flow rate of 0.2
mL/min. The mass spectrometer was operated in the range of
100—1000 m/z, and N, gas was used as a nebulizer. Drying gas
flow rate was 8 L/min at 325 °C and nebulizer gas at 25 psi
with a fragmentor voltage of 150 V. The Xcalibur analysis
software package (Thermo Fisher) was used for the analysis of
the peak data, and detected compounds were validated based
on the molecular formula, molecular mass, retention time, and
m/z ratio.

2.5.6. NMR Analysis. 'H and 2D COSY (*H-'H, correlated
spectroscopy) NMR was performed for the ethanol extract
containing verbascoside, and NMR spectra were recorded in an
AVNeo 400 MHz spectrometer (Bruker, Germany) at IIT
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Figure 1. Ultrasound-assisted extraction (UAE) of different bioactive compounds from CG leaves. (A) Total phenolic content (TPC, mg GAE/g),
(B) total flavonoid content (TFC, mg QE/g), and (C) extraction yield (%) using three different extractions, viz., ethanol—water, ethanol, and
water. Values are expressed as mean and SD (n = 3) with significant variation at **p < 0.005 and ***p < 0.001, respectively.

Guwahati, India. Dimethyl sulfoxide (DMSO) was used for
internal reference. "H NMR spectra of the sample were phased,
baseline corrected, and characterized by the TopSpin software
(4.1.4, 2022 Bruker BioSpin GmbH), and chemical shifts were
recorded in § units (ppm).

2.6. In Vitro Antioxidant Activity. 2.6.1. DPPH Radical
Scavenging Assay. The DPPH radical scavenging assay was
adapted from an established method.*

2.6.2. ABTS** Radical Scavenging Assay. The ABTS**
radical scavenging assay was performed according to an earlier
reported method.”*

2.6.3. Phosphomolybdenum Assay (PMD). The antioxidant
activity of VER enriched extract was evaluated by the PMD
method according to a previous report.”

2.7. Enzyme Inhibition Assays. 2.7.1. a-Amylase
Inhibition Assay. Inhibition of a-amylase is an important
therapeutic target for regulating postprandial increase in blood
glucose in diabetic conditions. In vitro, the a-amylase
inhibition assay was carried out using the 3,5-dinitrosalicylic
acid (DNS) method using 1% soluble starch (Merck, catalog
no. 101257, Darmstadt, Germany) as substrate with slight
modifications.*®

2.7.2. a-Glucosidase Inhibition Assay. The a-glucosidase
inhibition assay was performed according to the established
method with slight modifications.”’

2.7.3. Pancreatic Lipase Inhibition Assay. The pancreatic
lipase enzyme (EC 3.1.1.3) inhibition capacity of the extracts
was ezsgtimated using an earlier report with minor modifica-
tions.

3. STATISTICAL ANALYSIS

All the results are expressed in mean =+ standard deviation. All
statistical analyses were performed in the GraphPad Prism 5.0
software. One-way ANOVA was performed that was followed
by Turkey’s multiple comparison tests.

4. RESULTS AND DISCUSSION

4.1. Extraction Yield of Extracts. Extraction yield (mass
of extract/mass of dry matter %) was used as an indicator of
the efficiency of the extraction conditions. UAE yields of CG
leaf extracts prepared using water, ethanol, and water—ethanol
are shown in Figure 1C. Results showed that ethanol—water
(17.52 + 0.24%) and water (16.57 + 0.14%) extracts had
similar extraction yields followed by the ethanol extract (5.71
+ 0.11%). Similar results were reported by Dhanani et al.
where Withania somnifera extracted by UAE had the lowest
extraction yield for ethanol (3.17%) compared to water
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(10.27%) and ethanol—water (9.08%) extracts.”” Extraction
yield is significantly dependent on the moisture content and
nature of the plant material. The presence of water as a solvent
might lead to higher extraction yields of the plant extract.”
The highest extraction yield (16.97 w/w %) was obtained from
leaves of Prunus laurocerasus when water was used as a
solvent.’” This result is consistent with the extraction yield of
other medicinal plants such as Severinia buxifolia, Passiflora
caerulea L., Physalis peruviana L. and Solanum muricatum.”"*>

4.2. Quantitative Phytochemical Analysis. 4.2.1. Total
Phenolic Content (TPC). Phenolics are a group of secondary
plant metabolites produced under stressful conditions that play
an important role in the prevention of certain illnesses. UAE
extracts showed phenolic contents of 92.01 + 3.52 (ethanol—
water), 110.31 =+ 1.92 (ethanol), and 45.71 + 2.11 (water) mg
GAE/g, respectively (Figure 1A). The ethanol concentration in
UAE played a major role in extracting higher amounts of
phenolic compounds. The ethanol extract showed the highest
phenolic (11031 + 1.92 mg GAE/g) contents, and the
extraction trend was ethanol > ethanol—water > water. Salih et
al. reported higher TPC in ethanol compared to water in the
seed extracts of Juniperus procera.”® Another study reported
lower polyphenolic contents in the water extract obtained by
maceration and decoction of different parts of Passiflora
caerulea L., Physalis peruviana L., and Solanum muricatum Aiton
as compared to their hydroethanolic extracts.” These results
were attributed to the lower polyphenol extraction yield
obtained when water was used. This may be due to the fact
that water as a solvent is suitable for the extraction of highly
polar bioactive compounds. On the other hand, ethanol or
ethanol—water solvent is suitable for the extraction of
compounds with a broad range of polarity.’* Seasonal
variations of the CG leaf extracts for TPC levels were also
performed, and higher TPC levels were obtained for the
summer and monsoon seasons (Figure S1). The increase in
phenolic content in the flowering period has been reported in
several studies, irrespective of the solvent used.”>*® The high
TPC observed in the ethanol extract of the preflowering and
flowering stages might be a result of nutrient depletion in the
soil as the plant approaches maturation.”” Phenolics increased
significantly during the reproductive phase and were higher
during inflorescence maturity, indicating that the synthesized
phenolics play an active role in the flowering season.”® Castro
et al. also reported high phenolic contents at the beginning of
flowering geriods in Baccharis myriocephala that declined
thereafter.’

4.2.2. Total Flavonoid Content (TFC). Flavonoids are a class
of phenolic compounds that protect the plant from stresses
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Figure 2. HPLC analysis of different extracts using ultrasound-assisted extraction. (A) Standard (verbascoside), (B) ethanol—water, (C) ethanol,
(D) water. The principal compound verbascoside had a retention time (R,) of around 3.6 min.
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Figure 3. Identification of active molecule present in the extract. (A) HPTLC analysis of extract where lanes 1 to S show different concentrations of
pure verbascoside and L6 to L8 were ethanol—water, ethanol, and water (Rf = 0.382), respectively. (B) 3D graph of HPTLC analysis. (C) LC—
MS/MS analysis of ethanol extract. The predominant ion at m/z 623.20 (at R, = 11.84 min) was later designated as verbascoside. (D) 'H NMR

spectra of the ethanol extract.

such as UV damage, help in counteracting oxidative stress in
plants, and also act as growth regulators.””** TEC from CG
leaves using UAE was highest for the ethanol extract, 87.12 +
0.45, followed by ethanol—water, 70.01 + 0.44, and water,
27.09 + 0.14 mg QE/g, extracts, respectively (Figure 1B).
Similar to our findings, Backes et al. also reported maximum
recovery of flavonoids (anthocyanins) from Ficus carica L. peel

20363

using UAE to yield 3.82 mg cyanidin 3-rutinoside/g from
100% ethanol extract.*' In the present study, TFC levels were
2.58 times higher for ethanol—water as compared to water
extract. Ethanol extracts showed the highest TFC contents in
the leaves and seeds of Juniperus procera.”” Several studies
confirmed that ethanol added to water when used as an
extractant resulted in the extraction of the highest amounts of
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total flavonoids from different plants.”** It has been suggested
that ethanol and ethanol—water at different proportions were
often used for the extraction of polar flavonoids.*

4.2.3. HPLC Analysis. VER, a phenylpropanoid glycoside, is
a hydrophilic compound that has potent biological activities
such as antioxidant, anti-inflammatory, antineoplastic, wound
healing, neuroprotective, etc.** The standard for VER (Figure
2A), as well as the UAE extracts (Figure 2B—D) of CG, was
analyzed by HPLC-PDA and successfully identified by this
method with a retention time (R,) = 3.6 min and A, = 335
nm. UAE extracts showed VER contents of 107.37 (10.737%,
ethanol—water), 201.41 (20.141%, ethanol), and 83.46
(8.346%, water) ug/mg, respectively. Lee et al. reported the
highest VER contents in the 100% ethanol extract of
Osmanthus fragrans flower (ie, 13.86%). A total of 162.11
mg/g (ie, 16.211%) of VER contents were reported from
ethanolic extracts of Abeliophyllum distichum.”* The retention
time, UV spectra, and co-chromatography of the peak were all
consistent with the VER standard. The chemical identity of
VER was further confirmed by HPTLC, LC—MS, and NMR.

4.2.4. HPTLC Analysis. The A, obtained from the UV
spectrum was 332 nm for VER. The plates developed after
elution were observed under 366 nm with R; = 0.382 as shown
in Figure 3A. The 3D presentation of the TLC plate is shown
in Figure 3B. VER contents of UAE extracts were quantified as
395.42 (ethanol—water), 433.71 (ethanol), and 319.71 (water)
#g/10 mg. The yield of VER was the highest in the ethanol
extract, i.e., 1.35 times that of the water extract, which had the
lowest yield as confirmed from the HPTLC data. Gupta et al.
reported that the amount of VER contents available in the
leaves of CG extracted by maceration in methanol extracts
ranged between 2.17 and 2.26% using the same HPTLC
method.”” In the present study, VER contents ranged between
3.19 and 4.33%, indicating higher VER yields by UAE in
comparison to maceration.

4.2.5. LC—MS Analysis. Tentative metabolite assignments
were conducted via comparing molecular ions of [M — H]™ in
the negative ionization mode in addition to lower m/z
fragment ions resulting from MS/MS fragmentation. VER, a
phenylethanoid glycoside, is composed mainly of a sugar
skeleton of f-glucose and rhamnose monosaccharides, whereas
the caffeoyl and hydroxyl phenylethyl aglycons replaced the
hydroxyl groups of C4 and C1 of S-glucose, respectively, as
shown in the structure in Figure 3C. The total ionization
chromatogram in the negative mode (TIC) of ethanol extracts
revealed the presence of VER at an R, of 11.84 min.
Identification of VER through its fragmentation was observed
in the presented fragmentation as shown in Figure 3C and the
daughter ion spectrum as shown in Figure 3C. Spectroscopy
data showed the presence of a predominant ion at m/z 623.20
(Cy9H;350,5)” for VER [M — H] that likely corresponds to
the deprotonated molecule of VER and the corresponding ions
at 179.03 [CyH,0,]7, a characteristic ion peak of the caffeic
acid, and at m/z 461.15, representing [M — H — hexose
sugar]” due to loss of a hexose sugar (—162 m/z), observed in
the negative mode with R, of 11.84 min. The ions m/z 461 and
179 along with m/z 623 have previously been reported in the
LC—MS spectra of VER isolated from Euphrasia rostkoviana.*
Similar characteristic ion peaks were observed by Attia et al. at
m/z 623 for VER [M — H]™ and its daughter ions m/z 161
[caffeic acid — H — H,0]™ and m/z 461 [M — H — hexose
sugar]” as characterized in Plantago psyllium and P. afra.*®

4.2.6. NMR Analysis. NMR analysis (‘H and 2D COSY)
was used to determine the molecular identity and structure of
VER. The UV spectrum of ethanol extract showed the
hydroxytyrosol [5: 6.69 ('H, d, J = 2.31 Hz), 6: 6.75 ("H, d,
J =84 Hz), s: 651 (*H, dd, ] = 1.8, 7.9), 6: 2.79 (*H, m), &:
(*H, 4.06, dd, ] = 7.02, 14.32)], caffeic acid [8: 7.06 (*H, d, ] =
1.98),6:6.75 ("H, d, ] = 8.42), 6: 6.99 ('H, dd, ] = 1.71, 8.24),
5: 625 (d, ] = 8.3)], glucose [8: 4.36 ('H, d, ] = 7.9), &: 3.36
("H,d,7=7.9),6:3.83 ("H,t,]=9.5), 5: 4.89 ("H, t, ] = 9.16),
5: 3.82 ("H, m), &: 3.68 (*H, m)], and rhamnose [§: 5.05 ('H,
d, J=79),8:3.90 ("H, m), §: 3.11 ("H, m), &: 3.34 ("H, m), &:
3.48 ('"H, m), 6: 1.16 ('H, d, ] = 7.0)] moieties (Figure 3D) as
these are the main structural moieties of phenylethanoid
glycoside VER. '"H NMR chemical shifts and the coupling
constants of VER are shown in Table 1. NMR analysis of crude

Table 1. 'TH NMR of VER in the Ethanol Extract”

Oy, mult. Oy, mult.
moiety position  (J in Hz) moiety position  (J in Hz)
hydroxytyrosol 1 caffeic acid 1"
2 6.69, d 2" 7.06, d
(2.31) (1.98)
3 3"
4"
5 675, d s 675d
(8.4) (8.42)
6 6.51, dd 6" 6.99, dd
(1.8, (1.71,
7.9) 8.24)
7 2.79, m 7" not
resolved
8 4.06, dd 8" 625, d
(7.02, (8.3)
14.32)
glucose 1 4.36, d rhamnose 1” 5.05,d
(7.9) (7.9)
2 336,d 27 390, m
(7.9)
3 383t 37 31Lm
(9.5)
4 489t 4" 334, m
(9.16)
s 382,m " 348 m
6 3.68, m 6" 1.16, d
(7.0)

“Sy. chemical shift (in ppm) for 'H NMR, mult.: multiplicity (J in
Hz), d: doublet, dd: double doublet, M: multiplet, T: triplet.

extracts for confirming the presence of active polyphenols has
been reported previously in several studies.””** Zou et al.
utilized "H NMR to characterize the chemical profile of plant
extracts of Cistanche deserticola and confirmed VER as one of
the active marker compounds.” Confirmation by NMR of
phenylethanoids (VER) has been reported earlier from
Rydingia michauxii extracts.”” NMR in combination with
LC—MS data was adopted to elucidate the structural basis of
different classes of polyphenols in case of a metabolomic
study.”” 'H and 2D-NMR spectra of crude methanolic extract
of Stachys thracica led to the unambiguous assignment of 15
individual compounds including VER.*® In the present study,
principal signals showing the 'H resonances and principal
homonuclear correlations obtained by 2D-COSY spectra have
led to the assignment of the different moieties of VER in the
ethanol extract on the basis of previously published compound
assignments.”’ >
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Figure 4. Antioxidant assay. (A) DPPH radical scavenging, (B) ABTS™ scavenging, and (C) total antioxidant assay. Activities of three different
extracts, viz., ethanol—water, ethanol, and water extracts, were evaluated. Values are expressed as mean and SD (n = 3) with significant variation at

*p < 0.05, **p < 0.00S, and ***p < 0.001, respectively.

4.3. Antioxidant Assays. 4.3.1. DPPH Radical Scaveng-
ing Assay. The DPPH (2,2-diphenyl-1-picryl-hydrazyl-hy-
drate) free radical method is an antioxidant assay based on
electron transfer that produces a violet solution in ethanol.
These free radicals are stable at room temperature and reduced
in the presence of an antioxidant molecule. The VER-enriched
ethanol extract had higher DPPH radical scavenging activity
(ICs of 39.51 + 0.51 pug/mL) than ethanol—water (ICy, of
50.62 + 2.06 ug/mL) and water (IC, of 52.51 + 1.54 ug/mL)
(Figure 4A). This is in correlation with the presence of higher
VER contents in the ethanol extract, which showed 63.09 +
1.47% DPPH radical scavenging at 50 ug. Similar results were
reported where ethanol (100%) extract from Limnophila
aromatica showed DPPH radical scavenging activity of 70.06
+ 1.0 pug/mL.>* Georgiev et al. reported VER to be an effective
free radical scavenger.”* The scavenging ability of VER is due
to the involvement in proton and/or electron transfer to/from
the free radicals.” Studies confirm that VER has a significant
radical scavenging potential as shown by the following
reports.”"’ Burgos et al. reported a higher DPPH radical
scavenging ability (58.1 = 0.6 yM) in VER compared to
ascorbic acid (284.9 + 1.2 uM).”° It was reported that VER
isolated from Abeliophyllum distichum exhibited significant
DPPH radical scavenging activity with an ICy, of 8.81 ug/
mL.>" Therefore, the presence of higher amounts of VER in
the ethanol extracts correlated significantly (p < 0.01) with the
DPPH radical scavenging activities. VER metabolites are
reported to enhance the activities of major antioxidant
enzymes (catalase, glutathione peroxidase, and glutathione
reductase) in model systems as compared to VER.>®

4.3.2. ABTS** Scavenging Assay. The ABTS*" [2,2/-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)] radical is
generated by oxidation of ABTS with potassium persulfate
and reduced in the presence of antioxidants.”* ABTS®*
scavenging activities of UAE ethanol extract showed a
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scavenging effect of 27.70 + 0.61 ug/mL (ICs,) followed by
ethanol—water (ICs,, 42.38 + 0.54 ug/mL) and water (ICs,
61.55 + 1.78 pg/mL) (Figure 4B). VER and its derivatives
may undergo multiple pathways to exert their antioxidant
action. These antioxidant pathways are involved in electron
transport and H* transfer but not by radical adduct
formation.”” VER and its derivatives exhibited significant
ABTS®" scavenging activities in a concentration-dependent
manner with an ICy, value of 12.5 + 1.9 uM.”” Jang et al.
reported that VER isolated from Abeliophyllum distichum
exhibited ABTS®" scavenging with ICs, of 6.47 ug/mL.”’
Therefore, it was confirmed that the radical scavenging
potential of the UAE extracts was highest for the VER-
enriched ethanol extracts with a radical scavenging activity of
81.29 + 0.19% for 50 ug.

4.3.3. PMD Assay. The PMD assay is an antioxidant assay
that involves the reduction of Mo(VI) to Mo(V) by
antioxidant compounds. The ECg, value of VER present in
ethanol UAE was lowest at 90.58 + 2.09 pug/mL, and it was
highest for water (ECs,, 433.71 + 5.02 pug/mL) (Figure 4C).
The antioxidant activities of VER are due to the sequential loss
of proton to yield a single electron transfer known as the
SPLET (sequential proton loss electron transfer) pathway.
This pathway proceeds by deprotonation of VER (H*-transfer)
yielding an anion that donates an electron to form a phenoxy
radical. These phenoxy radicals impart the antioxidant activity
through p-z conjugation.”® VER-rich Stachys germanica extracts
showed PMD activity with an ECy, of 1.68 mg/mL, which was
comparatively lower than this report.”’ VER-enriched ethanol
extracts showed 100% total antioxidant activity at a
concentration of 207.81 ug.

4.4. Enzyme Inhibition Assays. 4.4.1. a-Amylase
Enzyme Inhibition Assay. a-Amylase enzyme inhibition is
considered an important therapeutic target for the regulation
of postprandial blood glucose increment in diabetic patients.’!
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Figure S. Enzyme inhibition assay. (A) a-Amylase, (B) a-glucosidase, and (C) porcine pancreatic lipase. Activities of three different extracts, viz.,
ethanol—water, ethanol, and water extracts, were evaluated. Values are expressed as mean and SD (1 = 3) with significant variations at *p < 0.0,

**p < 0.005, and ***p < 0.001, respectively.

CG leaves have been proven to have an effective antidiabetic
potential earlier.””®® In this context, it was observed that the
VER-enriched ethanol extract exhibited significant a-amylase
inhibition (ICs,, 346.39 + 5.04 ug/mL) compared to the
standard a-amylase inhibitor (acarbose, ICy, 460.65 + 2.38
ug/mL). Ethanol—water (ICy, 454.09 + 29.43 pig/mL) extract
inhibition was also comparable to acarbose. a-Amylase enzyme
inhibition of CG leaf extracted by UAE is shown in Figure SA.
Earlier, a hydromethanolic extract of CG leaves obtained by
maceration was reported for a-amylase inhibition with an ICg,
of 87698 + 11.58 mg/mL.8 The VER-enriched extract from
Marrubium vulgare showed an antidiabetic effect of around a
50% decrease in blood glucose at 100 mg/kg dose.* Molehin
et al. reported a-amylase inhibition with ICs, of 0.58 mg/mL
against Clerodendrum volubile extract.”> We also investigated
the seasonal variation of the @-amylase inhibitory activity of
CG leaf and found that samples inhibited the activity,
increasing in a concentration-dependent manner in winter
and summer (Figure S3).

4.4.2. a-Glucosidase Enzyme Inhibition Assay. a-Glucosi-
dase inhibitors block the enzymatic degradation of complex
carbohydrates in the small intestine and lower postprandial
glucose. Acarbose is one of the most used a-glucosidase
inhibitors in T2DM therapy.’® In the present study, the VER-
enriched ethanol extract showed a-glucosidase inhibitory
activity with an ICg; of 195.13 + 3.26 ug/mL, which indicates
better inhibition potential compared to that of the standard
inhibitor. All the extracts inhibited a-glucosidase in a
concentration-dependent manner as shown in Figure SB.
Previously, CG leaf extract indicated a-glucosidase inhibitory
activity (ICs, of 104.11 + 0.36 mg/mL) as shown by Deb et
al.® VER isolated from Monochasma savatieri exhibited
significant a-glucosidase inhibitory activity (ICs, of 0.5 =+
0.03 mM) compared to the standard (acarbose, IC, of 14.4 +
0.3 mM).”” In a report, VER from Cistanche tubulosa inhibited
postprandial blood glucose in mice and increased glucose

20366

tolerance.’® VER isolated from the dried roots of Clerodendrum
bungei exhibited stronger a-glucosidase inhibitory effects (ICs,
of 24,5 + 0.03 mmol/L; acarbose, ICy, of 14.4 + 0.3 mmol/
L).

4.4.3. Pancreatic Lipase Enzyme Inhibition Assay.
Pancreatic lipase is considered a target for the prevention
and treatment of obesity as it is responsible for the hydrolysis
of triglycerides to fatty acids and glycerol.”” VER-enriched
ethanol and ethanol—water extracts exhibited significant lipase
inhibition with an ICy, of 757.28 + 13.22 and 734.80 + 20.17
pug/mL as shown in Figure SC. Docking-based studies showed
that the numbers of hydrogen bonds and phenolic hydroxyl
groups play an important role in the binding process of VER
with lipase leading to its inhibition.”' Wu et al. reported the
inhibitory activity of VER (ICg, 2.17 + 0.13 pg/mL) on
porcine pancreatic lipase isolated from leaves of Ligustrum
purpurascens.”" A significant lowering of total lipid, triglyceride,
and total cholesterol levels was observed in Wistar rats when
treated with VER-rich Marrubium vulgare extracts.”* Phenolic
hydroxyl groups present in VER had lipase inhibitory
potentials based on the number and position present.”

5. CONCLUSIONS

Ultrasound-assisted extraction was effective for the extraction
of polyphenols, mainly verbascoside, from C. glandulosum
leaves. Among the three solvents used for extraction, ethanol
was found to be better than the other solvents (ethanol—water
and water). HPLC and LC—MS confirmed the presence of
verbascoside among the main polyphenol compound. Different
backbone moieties (hydroxytyrosol, glucose, and rhamnose)
were confirmed by the proton NMR ('H) and 2D COSY
("H-'H, correlated spectroscopy) analysis. Results suggested
that UAE of verbascoside using ethanol from C. glandulosum
might be an ideal alternative source for large-scale extraction of
verbascoside that exhibited efficient antioxidant and anti-
diabetic activities.
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B LIST OF ABBREVIATIONS

ABTS:2,2 -azinobis-3-ethylbenzenothiazoline-6-sulfonic acid;
CG:Clerodendrum glandulosum Lindl; COSY:correlated spec-
troscopy; DNS:3,5-dinitrosalicylic acid; DPPH:1-1-diphenyl-2-
picrylhydrazyl radical; EDTA:ethylenediaminetetraacetic acid;

GAE:gallic acid equivalent; HMGB1:high mobility group box
1; HPLC:high-performance liquid chromatography;
HPTLC:high-performance thin layer chromatography; IC50:i-
nhibitory concentration 50%; LC—MS:liquid chromatogra-
phy—mass spectrometry; NFxB:nuclear factor kappa-light-
chain-enhancer of activated B cells; NMR:nuclear magnetic
resonance; PKC:protein kinase C; PMD:phosphomolybde-
num; QE:quercetin equivalent; RAGE:receptor for advanced
glycation end products; Rgretention factor; R retention time;
SPLET:sequential proton loss electron transfer; TPC:total
phenolic content; TFC:total flavonoid content; UAE:ultra-
sound-assisted extraction; VER:verbascoside; UV:ultraviolet;
Amax:maximum wavelength
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