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Abstract. The primary factor leading to insulin resistance (IR) and type 2 diabetes mellitus (T2DM) is oxidative
stress. Despite its liver-protecting, enzyme-lowering, immune-regulating, and antiviral effects, the impact of
picroside I on oxidative stress, glucose utilization, and IR has not been investigated yet. In vitro studies were
conducted to evaluate the antioxidant properties of different concentrations of picroside 1. The results showed that
picroside I effectively suppresses a-glucosidase and a-amylase with ICsy values of 109.75 pg/mL and 160.71
pg/mL in the range of 50-500 pg/mL. Additionally, when IR-HepG2 cells were treated with 80 pg/mL of picroside
I, it was found to have little effect on cell viability, increase glucose consumption, decrease the levels of the free
radical metabolite malonic dialdehyde, and increase superoxide dismutase activity. These findings indicate that
picroside I has the potential to regulate oxidative stress in IR-HepG2 cells, potentially improving IR and exhibiting
anti-T2DM activity.

Keywords: Picroside I; oxidative stress; insulin resistance (IR); glucose consumption; HepG2 cells.

Resumen. El factor principal que conduce a la resistencia a la insulina (IR) y a la diabetes mellitus tipo 2
(T2DM) es el estrés oxidativo. A pesar de sus efectos protectores del higado, reductores de enzimas,
inmunorreguladores y antivirales, ain no se ha investigado el impacto del picrosido I sobre el estrés oxidativo,
la utilizacion de glucosa y la IR. Se realizaron estudios in vitro para evaluar las propiedades antioxidantes de
diferentes concentraciones de picrosido 1. Los resultados mostraron que el picrosido I suprime eficazmente la
a-glucosidasa y la a-amilasa con valores IC50 de 109,75 pg/mL y 160,71 pg/mL en el rango de 50 -500
microgramos/ml. Ademas, cuando las células IR-HepG?2 se trataron con 80 pg/mL de picrésido I, se encontrd
que tenia poco efecto sobre la viabilidad celular, aumentaba el consumo de glucosa, disminuia los niveles del
metabolito de radicales libres dialdehido maldnico y aumentaba la actividad de la superéxido dismutasa. Estos
hallazgos indican que el picrésido I tiene el potencial de regular el estrés oxidativo en las células IR-HepG2,
mejorando potencialmente la IR y exhibiendo actividad anti-T2DM.

Palabras clave: Picrosido I; estrés oxidativo; resistencia a la insulina (RI); consumo de glucosa; células HepG2.
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Introduction

T2DM is a metabolic disorder defined by elevated blood glucose levels and decreased function of the
B-cells in the pancreas. This condition arises from a combination of genetic and environmental factors, insulin
resistance, and inadequate insulin secretion [1-4].

Oxidative stress refers to an excessive accumulation of reactive oxygen species (ROS) in the body,
which results in an imbalance between oxidation and protection. This leads to tissue, cell, and biological
molecule damage, such as to nucleic acids and proteins [5,6]. ROS, including superoxide anions, oxygen
radicals, hydrogen peroxide, and lipid peroxide, are powerful oxidants generated in eukaryotic cells through
normal metabolism. The lipid peroxidation of biofilm-bound unsaturated fatty acids results in the formation of
malonic dialdehyde (MDA), conjugated diene, and 4-hydroxynonenal [7]. Among these, MDA can combine
and cross-link with proteins and enzymes on the cell membrane, altering its fluidity and permeability and
impacting physiological and biochemical reactions. Therefore, MDA serves as an indicator of lipid peroxidation
and oxidative cell damage [8]. The presence of elevated free radicals can worsen diabetes [9,10]. The body's
defense against oxidative damage is aided by the enzyme superoxide dismutase (SOD), which can neutralize
superoxide anions and protect cells [11-14]. The SOD activity level reflects the body's capacity to remove
oxygen-free radicals, while the MDA content can be used to gauge the extent of free radical attack on cells.

Oxidative stress plays a central role in the development of insulin resistance (IR), which is the
underlying cause of T2DM [15-20]. Therefore, addressing IR is crucial in treating T2DM. The treatment of
T2DM can be approached in two ways. The first is to limit the source of glucose in the blood by reducing sugar
intake, decreasing insulin breakdown into muscle and liver glycogen, and converting non-sugar substances into
glucose. The second is to promote the conversion of glucose in the blood into non-sugar substances and
glycogen, thereby lowering blood glucose levels. For centuries, plant-based medicines have been used to treat
diabetes [21], especially in developing countries.

Picroside I, an iridoid glycoside extracted from the picrorhiza rhizome, has been shown to have
cholagogue effects, improve liver function, protect against liver injury caused by free radical release, enhance
antioxidant enzyme activity, and support liver health [22]. However, its potential for treating T2DM is unknown.
This study aimed to evaluate the in vitro antioxidant properties of picroside I and to examine its impact on
insulin resistance in human hepatocellular carcinoma (HepG2) cells, in order to explore its potential as an anti-
T2DM drug based on its effect on oxidative stress.

Experimental

Material and methods
Materials

Picroside I and vitamin C were supplied by Chengdu Desite Biotechnology Incorporation. a-Amylase,
a-glucosidase, acarbose, recombinant human insulin, rosiglitazone, glucose oxidase (GOD) activity assay kit,
SOD assay kits, and MDA assay kits were provided by Beijing Solarbio Technology Co., Ltd. All other reagents
were from Chengdu Cologne Chemical Co., Ltd.

In vitro antioxidant activity assays of compounds
2, 2-Diphenyl-1-picrylhydrazyl radical (DPPHe¢) scavenging activity assay

DPPH?e scavenging activity was used to evaluate the scavenging activity of the compounds against free
radicals and measured according to a previously described approach [23], with some modifications. In the
experimental group, 100 uL of picroside I (10, 20, 30, 40, 50 ug/mL) and 100 pL. of DPPHe (0.2 M) were added
to the 96-well plates. In the negative control group, 100 pL of ethanol absolute was substituted for picroside I.
In the blank control group, 100 pL of ethanol absolute was used instead of DPPHe (0.2 M). After standing in
the dark for 30 min at room temperature (RT), the absorbance of all wells was determined at 517 nm.
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Vitamin C (10, 20, 30, 40, 50 pg/mL) was applied as the positive control, and all groups were assayed in
triplicate to evaluate the scavenging activity.

Ag—A
DPPH e scavenging activity(%) = (1 — %) %X 100% (1)
N

where As, An, and Ao represent the absorbance of the experimental group, the negative control group, and the
blank control group, respectively. The physical quantities represented by the same parameters in the following
formulas are consistent with formula (1).

2,2"'-Azino-bis-(3-ethylbenzothiazoline-6-sulfonate) radical (ABTSe") scavenging activity assay

ABTS-" scavenging activity was used to evaluate the scavenging activity of compounds against free
radicals, and it was measured based on a previously described approach [24] with slight modifications. At first,
7.4 mM ABTSe" solution was blended with 2.6 mM K,S,04 solution at a volume ratio of 1:1 to prepare ABTS+"
stock solution. The stock solution was stored in a refrigerator and left overnight, then, diluted 20 times with
ethanol absolute as ABTS«" working solution. In the experimental group, 50 pL of picroside I (10, 20, 30, 40,
50 pg/mL) and 200 pL of ABTSe" working solution were blended. In the negative control group, picroside I
was replaced with 50 pL of ethanol absolute. In the blank control group, ABTS«" working solution was used
instead of 200 puL of ethanol absolute. After standing for 10 min in the dark at RT, the absorbance was
determined at 734 nm. Vitamin C (10, 20, 30, 40, 50 pg/mL) was employed as the positive control, and all
groups were assayed in triplicate.

. o As—Ag i
ABTS " scavenging activity(%) = (1 e ) X 100% )
N

Hydroxyl radical scavenging activity assay

Hydroxyl radical-scavenging activity was determined based on a previously described approach [25],
with some modifications. 50 pL of picroside I (50, 100, 200, 300, 400, 500 pg/mL), 50 uL of FeSO4 (9 mM),
and 50 pL of salicylic acid (9 mM) were added to 96-well plates. Then, 50 pL of H>O, (0.1 %) solution was
mixed with the solution and cultured for 60 min at 37 °C. In the blank group, an equivalent volume of deionized
water was used instead of the H,O, solution. An equivalent volume of ethanol absolute was substituted for
picroside I in the negative control group. Vitamin C (50, 100, 200, 300, 400, 500 pg/mL) was applied as a
positive control. All groups were assayed three times. The absorbance was determined at 510 nm. Hydroxyl
radical scavenging activity was calculated as follows:

Ag—A
Hydroxyl radical scavenging activity/% = (1 — %) x 100% 3)
N

Reduction ability

The reducibility of compounds was accurately measured using a previously described approach [26]
with some modifications. About 300 pL of a solution containing various contents of picroside I (2.5, 5, 10, 15,
20, 25 pg/mL), 300 pL of phosphate-buffered saline (PBS, 0.2 M, pH=6.6), and 300 pL of K3Fe(CN)s (1 %)
were reacted in water for 20 minutes at 50 °C. After cooling, 300 pL of trichloroacetic acid (10 %) was added
to compound solutions, mixed, and centrifuged for 10 min at 3000 r/min. About 300 uL of supernatant, 300 pL
of distilled water, and 75 pL of FeCls (0.1 %) were mixed. Then, 200 pL of reaction solutions were added to
the 96-well plates and allowed to stand for 10 min. The absorbance was determined at 700 nm. In the blank
control group, FeCls (0.1 %) was replaced with distilled water. Vitamin C (2.5, 5, 10, 15, 20, 25 pg/mL) was
employed as a positive control for evaluating the total reduction capacity. Each group was assayed in triplicate.

AA = Ag — A, 4)
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Determination of a-glucosidase activity inhibition

The a-glucosidase activity of compounds was measured using a previously described approach [27] with
some modifications. The specimens were prepared with PBS (100 mM, pH=6.8). 25 uL of Picroside I (50, 100,
200, 300, 400, 500 pg/mL) and 15 pL of a-glucosidase (0.5 U/mL) were added into 96-well plates. After incubating
for 10 min at 37 °C, 30 uL of p-nitrophenol-a-D-glucopyranoside (5 mM) was added. Then, the blend was cultured
for 25 min at 37 °C, and 100 pL of Na,COs (0.2M) termination solution was added. In the blank control group,
picroside I was replaced with PBS (100 mM, pH=6.8); in the negative control group (1), the a-glucosidase solution
was replaced with PBS (100 mM, pH=6.8); and in the negative control group (2), picroside I and a-glucosidase
solution were replaced with PBS (100 mM, pH=6.8). Then the absorbance at 405 nm was determined with the
microplate reader. Acarbose (50, 100, 200, 300, 400, 500 pg/mL) was adopted as the positive control. All groups
were assayed in triplicate. The a-glucosidase suppression rate was calculated as follows:

As — Ay
a — glucosidase inhibition rate(%) = (1 ———) X 100% (5)
An, — Ay,
where As, Ao, Axi, and An, represent the absorbance of the sample, blank control group, negative control group
(1), and negative control group (2), respectively.

Determination of a-amylase activity inhibition

The a-amylase activity inhibition of compounds was measured based on a previously depicted
approach [28] with some modifications. About 60 pL of a-amylase (15 U/mL), 120 puL of picroside I (50, 100,
200, 300, 400, 500 pg/mL), and 300 puL of PBS (20 mM, pH=6.8) were added to test tubes. The blend was pre-
incubated for 10 min at 37 °C; thereafter, 120 uL of amylum (1 %) was added. Then, the blend was mixed and
incubated for 5 min at 37 °C. The reaction was terminated with 480 pL of DNS. The test tubes were placed in
a boiling water bath for 15 min, cooled to RT, added with 1860 uL of PBS (20 mM, pH=6.8), and diluted to an
appropriate volume. In the blank control group, picroside I was replaced with PBS (20 mM, pH=6.8). In the
negative control group (1), the a-amylase was replaced with PBS (20 mM, pH=6.8). In the negative control
group (2), picroside I and a-amylase were replaced with PBS (20 mM, pH= 6.8). The absorbance was recorded
at 540 nm with a microplate reader. Acarbose (50, 100, 200, 300, 400, 500 pg/mL) was employed as the positive
control. All groups were assayed in triplicate. The a-glucosidase suppression rate was calculated as follows:

. . As — Ay
a — glucosidase suppression rate (%) = (1 ————) X 100% 6)
An, — Ay,

1

The parameters represented by each physical quantity in formula (6) are the same as those in formula (5).

Activity analysis in HepG2 cells
Cell culture

Incubating HepG2 cells were incubated in Dulbecco's Modified Eagle Medium (DMEM)
supplemented with 10 % fetal bovine serum, penicillin (100 IU/mL), and streptomycin (100 pg/mL). Cells
were placed in a 37 °C, 5 % CO, incubator. When the cells reached 70 % - 80 % confluent at the bottom of the
petri dish, the original culture medium was discarded. Thereafter, the cells were rinsed two times with PBS
(pH=7.4), digested with 0.25 % trypsin, and cultured at a volume ratio of 1:2.

IR model establishment for conditional screening

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) was used to determine the effect
of insulin action time on cell activity. The standard cultured HepG2 cells were inoculated into 96-well plates (5000
cells/well). After cell adherence (12 h), 100 uL. of DMEM containing different concentrations of insulin (104, 10-
5,10, 107, 10® M) were added in the IR model group. The blank control group was DMEM in an insulin-free
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medium. Each group was cultured for 12, 24, 36, 48, and 60 h, respectively. Subsequently, 10 uL of MTT (5
mg/mL) was added to all wells and incubated for 4 h. Next, the original culture medium was discarded, and then
100 pL of DMSO was added to all wells to terminate the culture. The 96-well plates were shaken at low speed for
10 min and the absorbance was determined at 490 nm with a microplate reader. To determine the optimal time of
insulin action, the cell survival rate was calculated. Each group was tested with three multiple wells.

N _As (7)
Cell viability(%) = e 100%
0

After the optimal treatment time was determined, 100 uL of DMEM containing insulin (10, 1075, 107,
107, 108 M) and glucose (25 mM) were added to the IR model group. About 100 pL of insulin-free DMEM
was added to the blank group. Serum-free DMEM culture was changed after 24 h, 20 pL of supernatant was
taken, and the glucose content in the culture medium was measured with a GOD activity assay kit. Glucose
consumption was computed through the formula (8). The IR model group has the lowest glucose consumption
rate. Each group was tested with three replicates.

A
The rate of glucose consumption(%) = A—S X 100% (8)
0

Determination of the activity of picroside I on IR-HepG2 cells

Under the established IR model, 100 pL of medium containing different concentrations of picroside I
(20, 40, 80, 160, 320 pg/mL) was added and incubated in a 5 % CO; incubator at 37 °C for 24h. MTT was used
to determine the effect of each concentration on IR-HepG2 cell activity, and the optimal concentration was
selected as the investigational concentration. The negative control group was IR-HepG2 cells without picroside
I. The culture time of each group was consistent. The absorbance of all wells was determined at 490 nm with a
microplate reader. Each group was tested with three replicates. To determine the optimal concentration of drug
action, the cell viability was calculated using the formula (7).

Glucose consumption of IR-HepG2 cells

After successfully establishing the best IR model, the 100 pL best content (80 pg/mL) of picroside I was
added to the experimental group and incubated for 24 h. Rosiglitazone was employed as the positive control. IR-
HepG2 cells without picroside I treatment were denoted as the negative control. The blank control group was not
treated with insulin and picroside 1. Then, the cells were cultured for another 24 h by changing the culture media
into serum-free DMEM. Lastly, the GOD activity assay kit was used to detect the glucose consumption of
supernatant in each group at 500 nm using a microplate reader. Each group of experiments had three replicates.

Determination of MDA content

MDA activity was determined according to the kit’s instructions with slight modifications. The
logarithmic growth cells were incubated into 6-well plates (500,000 cells/well). Under the condition in 2.3.2,
the cells were collected in a centrifuge tube after co-incubation with the drug for 24 h. After centrifugation at
RT, the supernatant was discarded. 200 pL extract of MDA activity assay kit was added, and the cells were
broken using ultrasound a centrifuged at 15000 r/min and 4 °C for 10 min. Then, the supernatant was taken and
placed on ice for testing. The determination process and reagent addition amount are shown in Table 1.

Table 1. MDA content determination and reagent addition amount

Volume (pL) Experimental group Negative control group
Working solution for MDA 480 480
Distilled water 0 160
Sample 160 0
Reagent 111 160 160
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The blend was placed in boiling water for 60 minutes and transferred to an ice bath. Then, it was
centrifuged with 15,000 r/min at RT for 10 min and absorbed 200 puL supernatant into a 96-well plate. The
absorbance at 450, 532, and 600 nm was measured using a microplate reader, and the absorbance was measured
three times in each group. MDA content in cells was calculated as follows:

AA450=A4505)-A4s50(N) 9)

AA530=As325)-As32(N) (10)

AA600=A600(3)-A600(N) (11)

~ (12.9x(AA532—-AA600) —2.58 x AA450) x V; 5
50V

=0.02x(12.9x(AA532—-AA600) —2.58 x AA450)

The content of MDA (nmol/10*cell) Ve

(12)

where Ausos), Aszas), and Asoos) represent the absorbance of cell samples at 450, 532, and 600 nm, respectively;
Ausonn, Aszany, and Asoovy represent the absorbance of the negative control group; Vr represents the total volume
of the reaction system, 0.8 mL; Vg represents the extraction volume, 0.2 mL; Vs represents the volume of the
sample, 0.16 mL; 50 indicates that the total number of cells is 500,000.

Determination of SOD activity

SOD activity was determined according to the kit’s instructions, with slight modifications. The
experimental treatment was consistent with MDA content detection. Rosiglitazone was applied as the positive
control. The sample determination process and reagent addition amount are shown in Table 2.

Table 2. SOD activity determination and each reagent addition amount.

Experimental Blank control Negative control | Negative control

Reagent (uL) aroup group "t e
Sample 18 18 0 0
Reagent | 45 45 45 45
Reagent 11 2 0 2 0
Reagent II1 35 35 35 35

Distilled water 90 92 108 110
Reagent IV 10 10 10 10

The absorbance of all wells was determined at 560 nm after the blend was bathed for 30 minutes at
37 °C. All wells were determined three times in parallel. SOD activity was computed as follows:
Calculation of suppression rate:

AAT = AS - AB (13)

AAN = AN1 _ANZ (14)

(15)
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SOD activity:

InhibitionxV;  0.4xInhibition
50 (1 Inhibition)  9x(1— Inhibition)

The activity of SOD (U/10cell) = (16)

In formula (13), As represents the absorbance of the cell specimen, and Ag refers to the absorbance of
distilled water instead of reagent II. In formula (14), An; represents the absorbance of the cell sample replaced
with distilled water, and An> represented the absorbance of the cell specimen and reagent II replaced with
distilled water. In formula (16), V1 means the total volume of the reaction system, 0.2 mL; 50 indicates that the
total number of cells is 500,000.

Data analysis

Each date in this work were calculated as average & standard deviation. Experiment data were
processed using Origin 2017, IBM SPSS and Microsoft office 2010. The significance level was set to p < 0.05
to evaluate the difference of the data.

Results

Antioxidant activity in vitro

In the DPPHe scavenging activity assay (Fig. 1(A)), the half-maximum suppressive content (ICso) of
picroside I was 15.32 pg/mL. In the ABTS+" scavenging activity assay (Fig. 1(B)), the ICs, of the compound was
12.84 pg/mL. In the hydroxyl radical scavenging activity assay (Fig. 1(C)), the ICsg of picroside I was 80 pg/mL.
In addition, the four in vitro antioxidant capacity determination of DPPHe scavenging rate, ABTS¢" scavenging
rate, hydroxyl radical scavenging rate, and reducibility (Fig. 1(D)), the antioxidant capacity rose as content rose,
and the antioxidant activity of picroside I was more substantial than vitamin C. The results showed that picroside
I had a high antioxidant ability.

Picroside I I Picroside I
g I ve T B ve
= 100% &
=
E = 0%
T s0% 2
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z ]
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@ = =
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2 B vc
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£ &
=
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=
z
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<
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=
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Fig 1. Determination of the antioxidant activity of picroside I in vitro. Determination of (A) DPPHe activity,
(B) ABTSe" activity, (C) hydroxyl radical activity, and (D) reducibility. (X £+ S, n=6).
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Determination of a-glucosidase activity inhibition

The a-glucosidase activity inhibition was measured in the range of 50-500 pg/mL. Compared with
acarbose, a-glucosidase activity inhibition was determined by ICso. As shown in Fig. 2, if the content was 50-
500 pg/mL, the maximum inhibition rate of picroside I on a-glucosidase was 91.67 %, and the inhibition effect
of picroside I was stronger than that of acarbose. The ICs of picroside I was 109.75 pg/mL. In summary, the
suppression effect of picroside I on a-glucosidase was stronger than that of acarbose.

| Picroside I

100% -1
" Acarbose

80%

60%

40%

20%

The inhibition of a-glucosidase

5I0 1;)0 2(I)0 3(')0 4(;0 S(I)I)
Concentration (pg/mL)
Fig 2. Suppression effect of picroside I and acarbose on a-glucosidase. (X + S, n=6).

Determination of a-amylase activity inhibition

Through analysis, the ICso of picroside I or acarbose was obtained to measure the inhibition of
compounds on a-amylase activity. The maximum suppressive rate of picroside I on a-amylase was 93.22 %
(Fig. 3). The suppressive effect of picroside I on o-amylase was more potent than that of acarbose at a
concentration of 50-500 pg/mL. The ICso of picroside I was 160.71 pg/mL, lower than acarbose (221.81 pg/mL).
In conclusion, it can be concluded that picroside I, has a more potent inhibitory effect on a-amylase than
acarbose.

[ Picroside T
[ Acarbose

100%

80%

60%

40%

20%

The inhibition of a-amylase

0 T T T T T T
50 100 200 300 400 500

Concentration (pg/mL)
Fig 3. Inhibitory effect of picroside I and acarbose on a-amylase. (X + S, n=6).
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Effect of insulin on HepG2 cells

As shown in Fig. 4(A), insulin inhibited HepG2 cell activity in a concentration-dependent manner
except after 12 h of treatment. When treated for 36 h, the cell viability decreased significantly with increasing
concentration, even below 90 % (P<0.05). When the treatment time was extended to 60 h, the inhibition of
insulin activity was more significant (P<0.05). The low cell activity might be due to the lack of nutrients
provided by the culture medium. Therefore, to exclude the effect of insulin action time on cell viability, 24 h
was taken as the best investigational time of insulin.

Fig. 4(B) exhibited that after 24 h treatment with DMEM and insulin-containing 25 mM glucose,
glucose consumption was 96.75 %, 95.12 %, 94.85 %, 98.10 %, and 96.75 %. If the content was 10 M, the
glucose consumption rate of HepG2 cells was the lowest. In comparison to the blank control group, the cells
decreased by 3.25 %, 4.88 %, 5.15 %, 1.90 %, and 3.25 %, and the difference was significant (P<0.05).
Therefore, 10 M was selected as the optimal modeling concentration. In conclusion, high glucose and high
insulin can induce IR in HepG2 cells.

100% A S
e o
98% - o <
(- % by
96% - J 9 =
-~ \q e
£ 9av °
= o \ k=
2 N
> 90% — —x £
= ’ / z
D =
O 8% 1|-9—12n| g
—@— 24h @
0,

86% 1 5 36n g
84% 48h) =

60h :‘J . L

82% T T T T T = 90% T T T T T T

107-8 1077 107-6 1075 1074 & Blank  10°-4 105 106 107 10~-8

Insulin concentration Insulin concentration (mol/L)
Fig 4. Screening of IR model condition. Blank is the standard HepG2 cell, without insulin and drug intervention.
(A) Impact of various contents of insulin on HepG2 cell viability at different points. (B) Effect of insulin content
on the glucose consumption of HepG2cells under the optimal time. (X + S, n=6). Tukey’s test: Different letters
indicate significant differences (p < 0.05), the same letters indicate not significant differences.

Activity and glucose consumption of picroside I against IR-HepG2 cells were determined

Fig. 5(A) presents that the cell viability was more than 90 % after 24 h. However, when the
concentration of picroside I was 80 pg/mL, the IR-HepG2 cell viability reached 98 %, which had the slightest
effect compared with other concentrations. Therefore, 80 pg/mL was selected as the optimal concentration of
picroside 1.

As shown in Fig. 5(B), compared with the glucose consumption of the negative group, IR-HepG?2 cells
glucose consumption treated with picroside I and the positive group was increased, increasing by 4.13 % and
1.72 %, respectively, and the difference was statistically significant (P<0.05). Compared with the positive group,
IR-HepG2 cell's glucose consumption significantly increased by 2.37 % after treatment with picroside I. This
further proved that picroside I could improve glucose consumption and alleviate IR in IR-HepG2 cells.
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Fig S. Determination of IR-HepG2 cells experimental. Blank is the standard HepG2 cell, without insulin and
drug intervention. Negative is the IR-HepG2 cells without compound treatment. Picroside I is IR-HepG2 cells
treated with picroside 1. Positive is positive group, IR-HepG2 cells treated with rosiglitazone. (A) Effect of
picroside I on IR-HepG2 cell viability. (B) The glucose consumption of the IR-HepG2 cells by treating with 80
pg/mL picroside 1. (X+£S, n=6). Tukey’s test: Different letters indicate significant differences (p < 0.05), the

same letters indicate not significant differences.

Effects of picroside I on MDA content in IR-HepG2 cells

As shown in Fig. 6, the MDA content in the negative group exceeded that of the blank control group,
and the difference was statistically obvious (P<0.05), indicating that MDA content increased when IR occurred.
After 24 h treatment with picroside I and positive control (rosiglitazone), compared with the negative group,
the MDA content decreased significantly, decreased by 37.29% and 32.2%, respectively, and the difference
was statistically significant (P<0.05). The outcomes showed that picroside I might decrease MDA content in
IR-HepG2 cells and reduce the oxidative stress state of cells.
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Fig 6. Effects of 80 pg/mL picroside I on MDA content of IR-HepG2 cell. Blank is the standard HepG2 cells,
without insulin and drug intervention. Negative is the negative group, the IR-HepG2 cells without compound
treatment. Positive is positive groups, IR-HepG2 cells treated with rosiglitazone. (X + S, n=6). Tukey’s test:
Different letters indicate significant differences (p < 0.05), the same letters indicate not significant differences.
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Effects of picroside I on SOD activity of IR-HepG2 cells

Fig. 7 exhibited that the SOD activity in the negative group was significantly lower than that in the
blank group, which decreased by 46.15 %, indicating that SOD activity was reduced in cells with IR. After
adding picroside I into IR-HepG2 cells, the SOD activity was significantly increased, compared to that of the
negative group and positive group. The difference was statistically obvious (P<0.05). The outcomes show that
picroside I might enhance the SOD activity and antioxidant capacity of IR-HepG2 cells.
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Fig 7. Effects of 80 pg/mL picroside I on SOD activity of IR-HepG2 cells. Blank is the HepG2 cells without
insulin and drug intervention. Negative is the IR-HepG?2 cells without compound treatment. Positive is positive
group, IR-HepG2 cells treated with rosiglitazone. (X + S, n=6). Tukey’s test: Different letters indicate
significant differences (p < 0.05), the same letters indicate not significant differences.

Discussion and Conclusions

This research is significant for the creation of new drugs for T2DM derived from natural products.
Unlike other studies, this study not only examined the antioxidant effects of picroside I by analyzing its
scavenging capacity and overall reducing ability against DPPH-, ABTS-"*, and OH-, but also looked at its
impact on carbohydrate degradation and glucose absorption. This was achieved by testing its ability to inhibit
a-glucosidase and a-amylase, thus examining the hypoglycemic effects of picroside I through multiple
mechanisms. The results showed that picroside I displayed strong antioxidant properties, as well as strong
inhibition in a-glucosidase and a-amylase, reducing the conversion of non-carbohydrate substances to glucose
and displaying multi-pathway hypoglycemic activity. In the IR-HepG2 cell model, the addition of picroside I
led to increased glucose consumption and decreased production of free radical metabolites, with IR decreasing
as the concentration of the compound increased. This study investigated the effect of picroside I on oxidative
stress and hypoglycemic activity at the cellular level, providing a theoretical foundation and experimental
evidence for future experiments in animal models.
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