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Abstract

Background: Inhibition of enzymes involved in carbohydrate digestion, coupled with improvement of -cell function,
represents a primary objective in the development of antidiabetic medications. The plant Onopordon leptolepis (cot-
ton thistle) exhibits high therapeutic potential due to its phenolic and flavonoid compounds. The aim of this study
was to investigate the inhibitory effects of the hydroalcoholic extract of cotton thistle on the enzymes a-amylase, a-
glucosidase and Protein Tyrosine Phosphatase 1B (PTP1B), as well as its effect on cell viability, insulin secretion and
expression of genes related to B-cell function.

Materials and Methods: A hydroalcoholic extract of the plant was prepared, and its antioxidant activity was
measured. The inhibitory effects of the extract on the activities of a-amylase, a-glucosidase and PTP1B enzymes
were evaluated. RIN-5F cell line was cultured under standard conditions to assess the effect of the extract on cell
viability, insulin secretion and expression of INS I, INS II, IRS-I, IRS-Il and IRS-IIl genes.

Results: Cotton thistle extract reduced the activity of free radicals in a concentration-dependent manner (p <
0.05). Significant inhibition of a-amylase, a-glucosidase and PTP1B enzyme activities was observed (p < 0.05).
Furthermore, treatment with the extract at concentrations of 25 and 50 pg/ml increased insulin secretion (p <
0.05). Also, the expression of INS I, INS II, IRS-I, IRS-Il and IRS-III genes significantly increased after treatment with
the extract (p < 0.05).

Conclusion: Cotton thistle hydroalcoholic extract shows significant antidiabetic effects by inhibiting key glucose-

regulating enzymes, reducing free radicals and enhancing the function and expression of genes related to B cells.
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Extended Abstract

Introduction: Diabetes mellitus is one of the most
important metabolic disorders worldwide, characterized
by chronic hyperglycemia and disruptions in
carbohydrate, lipid, and protein metabolism. Persistent
hyperglycemia can lead to the development of numerous
long-term complications in various organs, including the
cardiovascular, renal, ophthalmic and nervous system.
One of the major drivers of type 2 diabetes pathogenesis
and progression is impaired tissue sensitivity to insulin
and the gradual decline in pancreatic B-cell function.
Therefore, identifying natural compounds that can
simultaneously reduce carbohydrate digestion and
absorption, improve insulin sensitivity, and enhance
B-cell function is of considerable importance.

During carbohydrate digestion, the enzymes a-amylase
and a-glucosidase play essential roles. a-Amylase
facilitates the initial stage of carbohydrate digestion by
breaking down polysaccharides and starch into
oligosaccharides and  smaller = compounds
Subsequently, o-glucosidase  converts = complex
carbohydrates and disaccharides into simple sugars,
particularly glucose. Inhibition of these two enzymes can
attenuate the rate of glucose release and absorption
following food consumption, thereby preventing glyce-
mic spikes. Therefore, inhibitors of these enzymes
represent compelling therapeutic targets for diabetes
management.

Moreover, protein tyrosine phosphatase 1B (PTP1B) is
an important regulator of the insulin signaling pathway.
Increased activity of this enzyme can reduce insulin
sensitivity by decreasing the phosphorylation of proteins
involved in insulin signal transduction. Therefore,
inhibition of PTP1B may represent a potential strategy
for improving insulin signaling and controlling metabolic
disorders associated with diabetes.

In recent years, medicinal plants and natural compounds
have attracted considerable attention from researchers
due to their diverse array of bioactive constituents,
including polyphenols and flavonoids. In addition to their
antioxidant activity, these compounds may modulate
enzymes involved in carbohydrate metabolism and
signaling pathways associated with insulin. Onopordum
leptolepis, known in Persian as Kharpanbeh, belongs to
the Asteraceae family and, owing to the presence of
phenolic and flavonoid compounds, may possess
considerable biological and medicinal potential. Given
the importance of identifying new natural resources for
diabetes management, simultaneous investigation of the
effects of this plant on carbohydrate-digesting enzymes,
PTP1B, and pB-cell function may provide valuable
information.
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Objective: The aim of the present study was to investigate
the antidiabetic effects of the hydroalcoholic extract of
Onopordum leptolepis by evaluating its antioxidant activity;
its inhibitory effects on a-amylase, a-glucosidase, and
PTP1B, and its effects on cell viability, insulin secretion,
and the expression of genes associated with B-cell
function, including INS I, INS I, IRS-I, IRS-II, and IRS-III.

Materials and Methods: A hydroalcoholic extract of
Onopordum leptolepis was prepared, and its antioxidant
activity was evaluated using an appropriate free-radical
scavenging assay. To investigate the potential capacity
of the extract to modulate carbohydrate digestion, the
effects of different extract concentrations on the activit
ies of o-amylase and a-glucosidase were examined
Enzyme activity in the presence of the extract was
compared against a control group to determine the
percentage of enzyme inhibition.

In addition, PTP1B activity was assessed to investigate
the effect of different concentrations of the extract on a
key regulator of the insulin signaling pathway. A
reduction in enzyme activity compared with the control
group was used as a measure of inhibitory potency of
the extract.

In the cellular part of the study, the pancreatic RIN-5F cell
line was used under standard cell culture conditions.
Following treatment with different concentrations of the
extract, cell viability was evaluated to determine whether
the concentrations used exerted any significant adverse
effects on cell survival. Subsequently, the effect of the
extract on insulin secretion by RIN-5F cells was
evaluated to directly investigate its ability to enhance the
secretory function of B-cells.

Finally, to investigate molecular changes induced by
treatment with the extract, the expression of the INS |,
INS I, IRS-, IRS-Il, and IRS-lll genes was evaluated.
Changes in gene expression following treatment with the
extract were compared with those in the control group.
Al experiments were performed under standard
laboratory protocols, and data were analyzed using
appropriate statistical methods. A P < 0.05 was
considered statistically significant.

Results: The antioxidant activity assessment showed
that the hydroalcoholic extract of Onopordum leptolepis
exhibited a considerable capacity to reduce free-radical
activity. This effect was concentration-dependent,
meaning that the ability of the extract to scavenge free
radicals increased with increasing extract concentration.
This finding may be attributed to the presence of
phenolic and flavonoid compounds in the extract, which
are established contributors antioxidant activity. By
mitigating oxidative stress-—a primary driver of g-cell
dysfunction and insulin resistance-these antioxidant
properties may contribute to the beneficial metabolic
effects of the extract.
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Assessment of digestive enzyme activity also revealed
that the hydroalcoholic extract of Onopordum leptolepis
significantly inhibited a-amylase and o-glucosidase
activity (P < 0.05). Inhibition of these enzymes is
expected to reduce the rate of carbohydrate breakdown
and consequently decrease the rate of glucose release
during digestion. Therefore, the inhibitory effect of the
extract on these enzymes may represent one of the
possible mechanisms underlying its antidiabetic activity.
Furthermore, the results of the PTP1B activity assay
demonstrated significant inhibition of this enzyme
(P = 0.05). Given the role of PTP1B in regulating the
insulin signaling pathway, PTP1B inhibition may be
biologically significant and may potentially contribute to
improved insulin signal transduction. The concurrent
inhibition of o-amylase, a-glucosidase, and PTP1B
suggests that the potential effects of the extract are not
limited to a single metabolic pathway.

In the cellular experiments, treatment of RIN-5F cells with
the extract demonstrated that the concentrations tested
had beneficial effects on B-cell secretory function.
Specifically, treatment with concentrations of 25 and 50
ug/mL resulted in a significant increase in insulin
secretion compared with the control group (P < 0.05).
This finding suggests that the Onopordum leptolepis
extract, in addition to affecting extracellular enzymes and
pathways associated with glucose metabolism, may
directly influence the secretory function of p-cells.

Gene expression analysis also showed that treatment
with the extract significantly upregulated the expression
levels of INS |, INS II, IRS-I, IRS-Il, and IRS-Ill compared
with the control group (P =< 0.05). Increased expression
of insulin-related genes may be associated with an
enhanced capacity of B-cells to produce and secrete
insulin. On the other hand, changes in the expression of
IRS family genes may indicate a potential effect of the
extract on molecular components involved in insulin
signaling pathway. Collectively, these findings suggest
that the effects of the extract may result from the
interaction of multiple cellular and molecular
mechanisms.

Conclusion: The findings of the present study
demonstrate that the hydroalcoholic extract of
Onopordum leptolepis possesses a range of biological
activities associated with glycemic control. First, the
antioxidant activity of the extract and its ability to reduce
free-radical activity may be of particular importance.
Oxidative stress is associated with cellular damage and
impaired B-cell function, and its reduction may contribute
to the preservation of normal B-cell function.

Furthermore, inhibition of a-amylase and a-glucosidase
indicates that the extract may modualte carbohydrate
digestion at the gastrointestinal level. Reducing the
activity of these enzymes may decrease the rate at which
complex carbohydrates are converted into absorbable
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sugars and thereby prevent postprandial glycemic
spikes. Such a mechanism is relevant to the
management of postprandial hyperglycemia.

Inhibition of PTP1B represents another critical finding.
As a negative regulator of the insulin signaling pathway,
its inhibition may be instrumental in enhancing cellular
responses to insulin. Therefore, the concurrent effects of
the extract on digestive enzymes and PTP1B may
indicate that the extract may act via multiple pathways
to regulate glucose homeostasis.

The data obtained from RIN-5F cells further highlight the
extract’s impact on B-cell function. The increase in insulin
secretion at concentrations of 25 and 50 pg/mL, together
with increased expression of the INS | and INS Il genes,
indicates that the extract may influence B-cell function.
Furthermore, increased expression of IRS genes
suggests a potential effect on molecular pathways
associated with insulin responsiveness.

However, further studies at the protein level, involving
cellular signaling pathways and animal models, are
necessary to determine the precise mechanisms
underlying these effects. Overall, the findings suggest
that the potential antidiabetic activity of Onopordum
leptolepis may result from a combination of
antioxidant activity, inhibition of enzymes involved in
carbohydrate digestion, inhibition of PTP1B, and
enhancement of B-cell function. Given the nature of
the experiments performed, the present findings may
be considered preliminary evidence of the antidiabetic
potential of this plant, and further studies are required
to confirm its efficacy and safety.

Based on the findings of the present study, the
hydroalcoholic extract of Onopordum leptolepis
possesses multiple biological activities that may be ef-
fective in managing diabetes-related disorders. By
reducing free-radical activity and inhibiting a-amylase, o-
glucosidase, and PTP1B, the extract affected several
important targets involved in glucose regulation. In
addition, increased insulin secretion in RIN-5F cells and
increased expression of the INS I, INS II, IRS-I, IRS-Il, and
IRS-IIl genes indicate a potential effect of the extract on
B-cell function and its molecular regulation.

In  conclusion, Onopordum leptolepis represents a
promising natural source for the identification of
bioactive compounds with applications in diabetes-
related research. Nevertheless, further investigations are
warranted to identify the compounds responsible for
these activities, elucidate the underlying molecular
mechanisms, and evaluate their efficacy and safety in
animal models and, ultimately, in human clinical trials.
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Fig 1. Effect of the hydroalcoholic extract of Onopordon leptolepis on antioxidant activity as assessed by (A) ABTS and

(B) DPPH assays at different concentrations. Free-radical scavenging activity increased in a concentration-dependent

manner. Data are presented as mean + standard deviation (Mean + SD) from three independent experiments. *** indi-
cates a statistically significant difference compared with the control group (P<0.001).
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Fig 2. Effect of the hydroalcoholic extract of Onopordon leptolepis on the activity of (A) a-amylase, (B) a-glucosidase,
and (C) PTP1B at different concentrations. Enzyme inhibition increased in a concentration-dependent manner. Data are
presented as mean + standard deviation (Mean + SD) from three independent experiments. *** indicates a statistically
significant difference compared with the control group (P<0.001).
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experiments. *** indicates a statistically significant difference compared with the control group (P < 0.001).
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