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Abstract

The synthetic antidiabetic and antiobesity agents are associated with well-
established health complications. The plants may serve the purpose being rich in
antioxidants, a-glucosidase and lipase inhibitors. The inwitro inhibition of a-
glucosidase and pancreatic lipase is an expedient tool to assess the antidiabetic
and antiobesity attributes which depends upon the phytochemicals. However, the
extraction optimization is the most vital step to explore the full medicinal
potential of plants. In current study various methanol compositions including
pure (FUS-1), 80% (FUS-2), 60% (FUS-3), 40% (FUS-4), 20% (FUS-5) and
aqueous (FUS-6) were used for extraction optimization from Heliotropium
strigosum (H. strigosum). The extraction process was aided by freeze drying
assisted ultrasonication to improve the extract yield, antioxidant activity, inwitro
aglucosidase and pancreatic lipase inhibitions. The total phenolic contents and
total flavonoid contents were also determined in this work. The highest extract
vield of 22.46 + 0.751 % was obtained for FUS-2 being statistically significant
having p<0.05 as compared for employed extracts. The FUS-2 extract also
exhibited highest phenolic (143.4 + 0.794 mg Gallic acid equivalent per g of
extract) and flavonoid contents (87.30 = 1.1 mg Rutin equivalent per g of
extract) . The FUS-2 exhibited highest DPPH radical scavenging % (94.94 +
1.04) arglucosidase inhibition % (84.50 + 0.45) and pancreatic lipase inhibition
% (44.57 £ 0.37). A strong correlation (R = 0.9166) was observed between
antioxidant activity and a-glucosidase inhibition % emphasizing the role of
antioxidant potential and inwitro antidiabetic capacity of H. strigosum.
Conclusively, H. strigosum use to treat diabetes mellitus type-2 in traditionally
practiced phytomedicine system was confirmed. The antiobesity attributes of H.
strigosum remained moderate as compared to antioxidant and antidiabetic

properties. Howewver, further studies may be performed on metabolite
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fingerprinting and activity guided isolation from H. strigosum for more authentic

and rational information for medicinal use and functional food feasibility.

Introduction

The reactive oxygen species (ROS) are produced by
metabolic activities and human exposure to
various exogenous factors like pollution, smoke,
smog, chemicals and antibiotics. The sedentary life
style and high caloric dietary intake also
contributes significantly towards overproduction
of ROS (Ozougwu, ].C., 2016).

The antioxidant defense system of body
comprising of superoxide dismutase, catalase, and
glutathione peroxidase with many others entities
mitigates the hyper production of ROS to
maintain homeostasis (Birben, et al., 2012).

The disproportion between the quantum of ROS
and antioxidant based defense system of body
upshot the state of metabolic disturbance known
as oxidative stress. The development of oxidative
stress and its persistence results in many
significant implications at metabolic level leading
to disorders including diabetes mellitus type-2
(DM-2) and obesity. The molecular damages to
biomolecules and altered metabolic process due to
oxidative stress is well established to cause DM-2
(Bhatti et al., 2022; Abu Khadra et al., 2024).
Similarly, oxidative stress also affects the lipid
metabolism and suppresses AMPK and PPAR-a to
cause insulin resistance and obesity development.
The phenomenon of obesity can be recognized as
a condition where excessive fat accumulation
occurs in body. The oxidative stress operated by
ROS reduces the adipokines production to disturb
lipid metabolism causing obesity development
(Patil et al., 2025).

The synthetic drugs used to treat diabetes and
obesity are well known for their side complications
and heavy cost. The alternate therapy is the use of
plant extracts or products which are much safer,
relatively cheaper and associated with overall
boosting of antioxidant defense system of body.
Medicinal plants are rich in polyphenolic
compounds associated with numerous therapeutic
impacts. The phytochemicals and plant based
metabolites may act as good a-glucosidase
inhibitors as this enzyme hydrolyses the complex
carbohydrates like starches into glucose to increase

the post prandial blood glucose level (Pan et al.,
2024).

The inhibition of a-glucosidase enzyme in
intestinal brush border lines results in less
conversion of carbohydrates into glucose hence
inhibition of this enzyme is considered as an
efficient route to assess or screen the antidiabetic
impact of plant extracts (Rahman et al., 2021).
Similarly, pancreatic lipase enzyme converts the
fats present in diet into free fatty acids and
monoglycerides which are absorbed in intestine to
become the part of body (Liu et al., 2020). The
inhibition of pancreatic lipase restricts the
digestion of fats consequently less fat deposition in
body leading to less chance of obesity
development. The in-itro assessment of plant
extracts for antiobesity properties may be
determined by measuring the pancreatic lipase
inhibition (Patil et al., 2022).

To explore the full pace therapeutic potential of
medicinal plants, the extraction process must be
optimized for better extract vyields and
consequently higher phytochemical amounts. The
most vital aspect to deal with the extract
preparation, extraction methodology must be
designed comprehensively including solvent
choice. In modern day extraction, freeze drying
and ultrasonication assisted extraction has gained
significant importance in extract preparation from
plant sources as evident from previously published
scientific information (William et al.,, 2018;
William et al., 2019).
Among medicinally important plants,
Helliotropium strigosum (H. strigosum) is well known
member of Boraginaceae plant family. The plant is
well believed for its antioxidant and medicinal
potential including antimicrobial, antioxidant,
antibacterial, and antifungal. The plant was also
reported to treat arthritis, jaundice, and also to
purify blood. H. strigosum is widely used in local
medicinal system of Pakistan to treat diabetes and
obesity (Ahmad, et al., 2014; Khurm et al., 2016;
Hussain et al., 2010).
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The H. strigosum is locally used to treat diabetes
and obesity but sound scientific evidences are
lacking to support the medicinal potential of this
plant. A previous work reported the hyporglycemic
impact of crude methanolic extract of H. strigosum
on blood glucose level of mice confirming its
antidiabetic potential. However, the aspect of
extraction optimization using varous solvents was
missing (Aslam, et al., 2017).

Another study explored the antidiabetic and
antioxidant potential of crude methanolic extract
and fractions prepared by hexane, ethyl acetate,
chloroform and water. The findings explored that
methanolic extract exhibited relatively better
results (Qayyum et al., 2016). Another report
mentioned methanol as an optimal solvent choice
for extraction having potential to extract higher
phytochemical contents and antioxidants
(Truong, et al., 2019).

These studies highlighted the extraction potential
of methanol as most suitable solvent choice to
make extraction from plants. The polarity
variation based upon composition may also
influence the extraction process for better output.
Various composition of methanol prepared by
adding aqueous medium was reported to improve
the extraction yields (Riyadi et al., 2023).
Similarly, the use of freeze drying assisted
ultrasonication emerged as an excellent tool to
improve the extraction from various plants and
their parts to get maximum extract yields for better
antioxidants and medicinal properties (Mokaizh,
et al., 2024; Miki, et al., 2024)). The use of
ultrasonication in the extraction from plant
materials has numerous benefits including
minimize use of organic toxic solvents, maximum
recovery of biologically active metabolites posing
as eco-friendly technique (Shen, et al., 2023).
However, the local practitioners do not use
sophisticated and modern extraction technology
to get maximum benefits from the plants. In this
context a study was designed to optimize the
extraction from H. strigosum using various
compositions of methanol solvent and freeze
drying assisted ultrasonication (FUS). The impact
of extraction conditions was also studied on
phenolic and flavonoids, antioxidant, inwitro

antidiabetic and antiobesity properties of H.
strigosum.

Materials and Methods

Plant Sampling

The fresh and healthy H. strigosum plants were
sampled from its natural habitat of Potohar region
(Jhelum District) of Punjab, Pakistan. The material
was subjected to dust removal and immediately
quenched in liquid nitrogen for long term
conservation of plant metabolites.

Optimized Extraction

The plant materials was ground to fine powder
using mortar and pestle with continuous pouring
of liquid nitrogen. The obtained powder was
freeze dried for 48 hours at temperature of -68 °C
for maximum removal of water contents. After
freeze drying, the plant material were submerged
in pure methanol (FUS-1), 80% (FUS-2), 60%
(FUS-3), 40 %( FUS-4), 20 %( FUS-5) and aqueous
(FUS-6)). The prepared samples were stored for 24
hours in dark, followed by orbital shaking for two
hours. The samples were subjected to
ultrasonication at 20 Khz for 30 min time period.
The plant debris was removed from the solutions
through filtration assembly and extra solvents were
removed under vacuum to get extract which were
stored at low temperature for further utilization.
The extract yield % was calculated from following
relationship by simply dividing the mass of plant
material taken and amount of extract obtained.

Extract Yield %
Yield of extract in mg

~ Amount of plant material taken in g

Total Phenolic Contents

Folin-Ciocalteu reagent based well reported
method was adopted for estimation of phenolic
contents. For the purpose, Folin-Ciocalteu reagent
(90 ul) was added by about 20 pl of plant extract
prepared previously. The 10% Na,CO; was
prepared and added to Folin-Ciocalteu reagent
already having plant extract and stayed for a
specific time period. The absorbance at 726 nm
was noted using LABOMED, INC spectro UV-
VIS double beam, UVD- 3000. As standard

compound, the gallic acid was used and the
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observations in gallic acid equivalency (mg/g) were

calculated (Siddiqui et al., 2017).

Total Flavonoid Contents

An established method was used to determine
TFC for H. striggsum extracts with little
modifications. Extracts of H. strigosum were used
to prepare reaction mixture in methanol by adding
about 0.10 mL of NaNO2 (0.5M) solution. After
that, AICL;.6H,0 was added and made the volume
upto 200 pL using methnaol. Kept the reaction
mixture for 5 min at ambient conditions for
stabilization followed by addition of NaOH. The
consequent absorbance at wavelength of 510 nm
was noted for each sample on spectrophotometer.
Final observations were presented as milligrams of
rutin equivalent for each gram of plant extract
used in study. The rutin was utilized as standard
flavonoid compound for spectrophotometric
calculations to compute the results (Orsavova et

al., 2023).

Antioxidant activity

Different antioxidant assays like DPPH and FRAP
were used to evaluate the antioxidant potential of
H.strigosum extract.

DPPH Scavenging

DPPH scavenging activity was measured by using
slight modifications in an already well reported
method (Mensor et al., 2001).

The prepared extract samples (10 pg-100pg) were
taken and suspended in DPPH solution. The
mixture was mechanically shacked on shaker for at
least 10 min for thorough mixing. The incubation
of the reaction mixture was done for 25 min at
25°C in the dark. The value of absorbance was
measured at wavelength of 517 nm as
recommended protocol. Following expression was
used for calculation.

DPPH Scavenging %
_ Abs of Ctr — Abs of Smp
Abs of Ctr
x 100

Where, Abs of Ctr and Abs of Smp represented
the absorbance of control and sample used in the
study.

Ferric reducing antioxidant power (FRAP) assay
The TPTZ (2,4,6-tripyridyl-s-triazine)  and
FeCl;.6H,0 based reported method was used to
determine the FRAP activity which is based upon
the reduction of Ferric complex to Ferrous
complex of blue color by plant extract (Benzie et
al., 1996).

An acetate buffer was prepared with pH 3.6 for
suitable conditions for complex formation. The
slightly acidic TPTZ (2,4,6-tripyridyl-s-triazine)
solution was also prepared and further added by
of 20 mM of FeCl;.6H,0 to prepare the reaction
mixture. The mixture obtained was then allowed
to mix with previously prepared acetate buffer.
The reaction mixture was then incubated at 37°C
for the completion of reaction. The plant extract
and Trolox in measured quantities were added to
determine the FRAP activity. The change in color
indicated the formation of complex. The complex
formation was checked spectrophotometrically at
593 nm. The findings were expressed as Torolox
equivalent (TE mM/mL) as it was used as
reference which an analogue of vitamin E.

The a-glucosidase inhibition assay

Plant extract was allowed to suspend in phosphate
buffer (70 uL of 50Mm) solution. The optimal pH
6.8 was confirmed and enzyme a-glucosidase in
concentration of 1 unit/mL of was added. An
incubation was performed for few minutes at
temperature of 37°C for homogenization. As
substrate, p- nitrophenolglucopyranoside (5 mM)
was added to mixture and reaction was carried out
for half an hour time. For results computation, the
absorbance was for each sample was noted at
specific or recommended wavelength of 405 nm
for p-nitrophenol freed from substrate by
enzymatic cleavage (Jabeen et al., 2013).

The readings on spectrophotometer were taken for
the samples in triplicate manner. From the
absorbance, the enzyme inhibition % were
calculated through the equation given below.

a — glucosiadse inhibtion %

Abs of Blank — Abs of Extract
= ( ) x 100
Abs of Extract

Acarbose was also used as reference standard.
Where Abs is absorbance.

The pancreatic lipase inhibition assay
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The pancreatic lipase inhibition activity was
checked by already reported protocol to assess the
antiobesity properties of plant extracts (Fukumoto
et al., 1963). Briefly, extract was suspended in to
0.01 M Tris-HCI buffer following by supplement
dose of enzyme (pancreatic lipase). The substrate
was prepared by taking olive oil (as fatty acid
source) and gum Arabic as dispersing agent in
measured amounts and dissolved in 0.1 M Tris-
HCl buffer already enriched with calcium chloride
and sodium chloride.

About 100pg of plant extract was added with 0.2
mL of lipase solution. The resultant solution was
stayed for a time period of 30 min at
approximately 4°C. Then, 2 mL of substrate
prepared in the previous step was mixed with the
reactants and further incubated for 30-35 min
time at most suitable temperature of 37°C. The
reaction started so far needed termination, for
which a mixture of pure ethanol and acetone in
equal amounts was added. The free fatty acids
(FFA) produced by the enzymatic action were
titrated against 0.02 M NaOH with continuous
monitoring of pH until it reached of 9.4 as end
point. Standard drug Orlistat was used as
reference anti-obesity agent. The % inhibition of

enzyme was noted using following mathematical
equation.
Pancreatic lipase inhibition %
= 100% — [VS — VC] X 100

The value for control enzyme was 100% which is
a predetermined factor indicating activity of
control where enzyme faced no restriction in
performance. The Vs and Vc represented the
NaOH amount by volume consumed for sample
and control during acid base titration.

Results and Discussion

Extract Yield

The extract yields were calculated for each solvent
composition given in Figure 1. The results
elaborated that the composition
significantly influenced the extract yields and
marked remarkable response. The FUS-2 (80%
methanol) exhibited highest extract yield of
22.46£0.75% being significant in statistical term
having p<0.05 when compared as indicated by one
way-ANOVA. However, statistically speaking there
was no difference in extract yields produced by
FUS-1 and FUS-3. Trend indicated that extract
yields significantly declined with further reduction
in methanol content of solvent and relative
increase of aqueous portion.

solvent

25
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X
©
° 15
>
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®
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w

5

0

FUS-1 FUS-2 FUS-3 FUS-4 FUS-5 FUS-6
Extract Types

Figure 1. Extract Yields % of H. strigosum using various methanol concentrations. The non-sharing of
alphabets (A-E) highlighted the statistical significance based on difference of means with p<0.05 and vice

versa
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Most suitable reason for relatively higher yields
might be the role of solvent composition which
mechanistically interplayed with the plant matrix
to extract maximum. The role of methanol was
promising to get higher yields due to its polarity
which probably enhanced the solubility of
phytochemicals with similar nature. Pragmatic
role of methanol or solvent polarity in improving
extract yields from plant sources was reported by

Total Phenolic and Flavonoid Contents

many researchers (Lee et al., 2024; Setiawansyah et
al., 2025). The significance of extract yields was
well established as it might be responsible for
better amounts of phytochemicals. The high
contents of phytochemicals like phenolics and
flavonoids  consequently  rendered  higher
antioxidant and medicinal activities Nawaz et al.,

2020; Raza et al., 2020).

The values obtained for TPC and TFC were reported as Figure 2 and Figure 3, respectively.
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Figure 2. TPC of H. strigosum using various methanol concentrations. The non-sharing of alphabets (A-
E) highlighted the statistical significance based on difference of means with p<0.05 and vice versa.
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Figure 3. TFC of H. strigosum using various methanol concentrations. The non-sharing of alphabets (A-
E) highlighted the statistical significance based on difference of means with p<0.05 and vice versa.
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The values of TPC (143.4 + 0.794 mg /g GAE) and
TFC (87.30 + 1.10 mg /g RE) were reasonably
higher for FUS-2 sample and significantly
different from other extracts with p<0.05). The
high values of phenolics and flavonoids for FUS-2
were apparently due to the high extract yield. A
study reported that 80% methanol yielded high
amount of extract from Rhus wulgaris which
accordingly exhibited higher phenolic contents
and powerful antioxidant activity confirming the
role of extract yield in generating substantial
concentrations of phytochemicals (Belew et al.,
2025). The good extraction strategy including
solvent choice might be responsible for improved
extract yields with generous phytochemical output
(Noorhashim et al., 2025). It might be inferred
from the trends in values of TPC and TFC, that
higher extract vyield corresponded to good
amounts of polyphenols.

A previously published report on H. strigosum
reported that its crude methanolic extract
contained 84.50 + 0.06 pg GAE/ mg phenolic

contents which were very less than the findings of

current work (Qayyum et al., 2016). There might
be many factors behind such difference in
phenolic contents. The use of ultrasoniction for
extraction in present work could not be ignored as
ultrasonication is more often recommended for
better extraction of phytochemicals. The
ultrasonication based cavitation effect was
reported as key mechanism for maximum
rupturing and interplay within the plant matrix
resulted in huge recovery of metabolites (Mokaizh
et al., 2024; Wang et al., 2022).

Besides extraction, some other factors like habitat,
environmental factors, stress, and immediate
treatment after plant collections also reported to
influence the extract yields and phytochemical
contents for same plant (Bautista et al., 2016;
Zargoosh et al., 2019).

Antioxidant and Medicinal Properties

The antioxidant activity was measured by DPPH
radical scavenging assay and FRAP in comparison
with standard synthetic antioxidant BHA (Table
1).

Table 1. Values of DPPH assay, FRAP assay, a-glucosidase and pancreartic lipase enzyme inhibition by

various methanolic extracts of H. strigosum.

Extract DPPH FRAP Value (TE | a-glucosidase Pancreatic lipase
Scavenging % Mm/mL) inhibition % inhibition %

FUS-1 82.55 + 1.25" 12544 +2.11° 72.05 £0.55¢ 43.73 +0.83"

FUS-2 94.94 + 1.04* 156.10 + 3.05* 84.50 +0.45" 4457 +037"

FUS-3 72.35+0.85¢ 124.28 + 2.14" 71.77 £ 0.83¢ 33.22 £0.44¢

FUS-4 70.14 £ 0.72°¢ 88.05 +1.95¢ 72.28 £ 0.74¢ 31.18 £0.24¢

FUS-5 54.13 + 0.66° 68.91 +1.31° 60.25 +0.55° 17.15+0.15°

FUS-6 56.44 +0.62° 66.72 + 2.24° 58.73 +0.33" 15.61+0.11°

Standard BHA = 95.21% ND Acarbose = 96.63 + | Orlistat = 92.97 £ 0.17*
Compound | 0.304 0.21%

The results of DPPH assay revealed that FUS.2
showcased excellent DPPH scavenging % which
was non-significant when compared to BHA
(p>0.05) but significantly higher among all other
extracts. Similarly, FRAP values were also found
higher for FUS-2 extract being significantly potent.
Such antioxidant potential was amazing and
added significant importance to H. strigosum as
potential source of strong antioxidants. The
antioxidant activity of FUS-2 could be linked with

high phenolic and flavonoid contents presents in
the extract. The structural features of plant
phenolics were considered as of immense
especially when talking about
potential. The phenolics and
flavonoids of plants were reported to have
excellent activities. The plant
phenolics exerted antioxidant or antiradical
potential by donating proton or electron transfer

importance
antioxidant

antioxidant
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mechanism or oxygen quenching process (Kumar
etal., 2019).

The antiradical and antioxidant potential of plants
surely depended upon the quantity and quality of
these natural metabolites especially in context of
structural nature as revealed by numerous
investigations. The plant phenolics were given the
status of best naturally available tonic for human
health (Imtiaz et al., 2025; Belew et al., 2025;
Ciupei et al., 2024).

Stronger antioxidant activities are often associated
with some high value compounds as many
metabolite characterization and identification
studies based upon modern analytical techniques
like liquid chromatography equipped with mass
spectrometry have unveiled the reality in real time
manner (Farooq et al., 2020; Raza et al., 2022).
The values of a-glucosidase and pancreatic lipase
inhibition were also given in table 1. The values
for inhibition of both enzymes by various
methanolic and aqueous extracts showed that
FUS-2 was the most potent there in. The statistical
analysis also revealed that the FUS-2 extract was
most effective regarding o-glucosidase inhibition
% as indicated by statistical analysis (p <0.05).
Most importantly, %age inhibition of a-
glucosidase activity by FUS2 was quite
comparable with standard antidiabetic agent
acarbose being statistically non-significant. The
finding emphasized that the FUS-2 extract of H.
strigoum might have metabolites responsible for
antidiabetic potential executed through a-
glucosidase inhibition.

Reports has already established the inhibition of
a-glucosidase enzyme as a potential indicator
especially where inwitro antidiabetic activity
assessment of plant extracts involved, probably
through individual or synergic mechanism (Lianza
et al., 2022; Dirir et al., 2022). The results of
present work highlighted a reasonably positive
correlation between DPPH radical scavenging %
and o-glucosidse was observed with R* value of
0.9166 and might be inferred that antioxidant
activity showed strong connection with a-
glucosidase activity loss.

Scientists have elaborated the mechanism for a-
glucosidase enzyme activity loss or reduction by
plant based phytochemicals or metabolites. The

most probable mechanism was the interaction of
plant metabolites with amino acid moieties of a-
glucosidase  to  impart some  structural
modifications resulting in activity loss of enzyme
(Sakulkeo et al., 2022; Nadeem et al., 2019).
However, the inhibition of pancreatic lipase by H.
strigosum extracts used in this study was not
promising as given in table 1. The FUS-2 extract
displayed only 44.57 + 0.37 % pancreatic lipase
inhibition which was far less than the standard
drug orlistat having 92.97 = 0.17 % enzyme
inhibition. The orlistat inhibited the pancreatic
lipase to significant extent with p>0.05.

The findings also revealed that although the FUS-
2 extract exhibited highest antioxidant activity, o-
glucosidase and pancreatic lipase inhibition
among all other extracts. However, the H. strigosum
was proved as workable option for diabetes
mellitus management but moderate to low
regarding obesity prevention. The findings
confirmed the ethnomedicinal use of H. strigosum
for diabetes mellitus treatment but not supported
the reasonable antiobesity attributes. Further
investigation may be performed for a rational
metabolite profile based approach to explore new
therapeutic agents and functional food
developments.

Conclusion

The various methanol based solvent compositions
were used for improved extraction from H.
strigosum for enhanced antidiabetic and antiobesity
attributes. The FUS-2 extract (80% methanol)
provided much better extract yield, antioxidant
activity and o-glucosidase and pancreatic lipase
inhibition. However, the a-glucosidase inhibition
was more pronounced as compared to pancreatic
lipase and comparable with standard acarbose.
The results confirmed the antidiabetic use of H.
striggsum  in  traditional medicinal system of
Pakistan. Further studies on metabolite profiling
and activity guided route may be opted for more
comprehensive outcomes to develop safe nature
based antidiabetic approach. The findings of
current work may also act as base line information
about H. strigosum for interventions in functional

foods.
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