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ABSTRACT

Diabetes mellitus is a global health issue, and the prevalence of this disease has constantly
increased worldwide. The commercial medications used for diabetes in current therapy are
limited by their side effects and cost. There is an urgent need to discover antidiabetic agents
with minimal or no side effects derived from traditional medicinal plants. Physalis angulata
L. is a tropical herbal plant that treats various diseases, including hepatitis, asthma,
rheumatism, and malaria. This study investigated the components present in the extract using
gas chromatography-mass spectrometry. It evaluated the in vitro antioxidant potential, the a-
amylase and a-glucosidase inhibitory properties, along with the in vivo hypoglycemic activity
of Physalis angulata L. The results revealed the presence of twenty-six phytochemicals in the
extract, with 5-Hydroxymethylfurfural being the most abundant constituent at a percentage
area of 29.74%. In the DPPH scavenging assay, the ICso value of the extract was measured as
962.8 pg/mL. The a-amylase and a-glucosidase inhibitory activities were evaluated, yielding
ICso values of 390.82 pug/mL and 90.82 pg/mL, respectively. The extract significantly
decreased blood glucose levels by 48.29% and 47.25% at 200 mg/kg and 400 mg/kg,
respectively. In addition, the ethanol extract demonstrated blood glucose reduction following
the oral glucose tolerance test in a diabetic mouse model. These findings suggest that the
ethanol extract from Physalis angulata L. possesses antioxidant, a-amylase, and a-glucosidase
inhibitory activities and anti-hyperglycemic characteristics, making it a consideration for
managing diabetes complications and therapeutic purposes.
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1. INTRODUCTION

Diabetes mellitus is a metabolic disorder characterized by high glucose concentration,
resulting from insulin deficiency and impaired insulin activity. Like other serious diseases,
diabetes complications are caused by many factors such as free radical generation, oxidative
stress, physical inactivity, tobacco smoking, or genetic and epigenetic factors [1, 2]. These severe
symptoms of diabetes consist of weight loss, blurry vision, slow-healing sores, extreme fatigue,
etc. The crucial purposes of therapy are to minimize and control blood pressure, lipid, and
glycemic disorders to normal. However, synthetic medication treatment may possess many
disadvantages related to ineffective drugs, toxicity, and side effects [3, 4]. The present therapy
focuses on an alternative solution from natural resources, which are affordable, effective, and
have fewer side effects than synthetic medications. In traditional herbal medicine, many plants
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possess a variety of hypoglycemic, antioxidant constituents applied to treat diabetes [5, 6].
Physalis angulata L. (P. angulata) is widely recognized as an herbal remedy for various diseases,
including hepatitis, asthma, rheumatism, and malaria, and it serves as a source of
phytochemicals, particularly phenolic acids, flavonoids, alkaloids, and antioxidant agents [7, 8].
These phytochemicals impart biological properties such as antioxidant, anti-inflammatory, anti-
parasitic, and antitumor activities [9-11]. Research has identified extracts from the fruits and
whole plants of P. angulata as potent hypoglycemic agents [12, 13]. However, to date, no studies
have reported on the hypoglycemic activity of this extract in a streptozotocin-induced diabetic
mouse model. Therefore, the present study investigates the compositions in the ethanol root
extract of P. angulata, its in vitro antioxidant potential, and its inhibitory activities against o-
amylase and a-glucosidase, as well as its in vivo anti-hyperglycemic effects in a streptozotocin-
induced diabetic mouse model.

2. MATERIALS AND METHODS
2.1. Sample collection

The roots of P. angulata were obtained from plants growing in their natural habitat in Hamlet
3, So Pai village, Kbang district, Gia Lai province, Vietnam. The roots were collected, and all
contaminants were removed before being stored at 4 °C for analyses. Healthy male Swiss albino
mice (20-35 g, 3-4 weeks old) were sourced from the Institute of Drug Quality Control, Ho Chi
Minh City, Vietnam. Streptozotocin (STZ), diphenyl picryl hydrazine (DPPH), ascorbic acid, a-
amylase, o-glucosidase, and 4-Nitrophenyl B-D-glucopyranoside (PNPG) were sourced from
Sigma Aldrich (St. Louis, MO, USA). Glucose (20%) was acquired from Fresenius Kabi
Vietnam Company, Vietnam. Other chemicals were of analytical grade.

2.2. Animals

Male Swiss albino mice were housed in cages measuring 15 x 30 x 35 ¢cm, under a 12-
hour light/12-hour dark cycle and a temperature of 28 °C + 3 °C. The mice were fed
commercial pellets from Laboratory Animals of the Institute of Tropical Biology in Thu Duc
District, Ho Chi Minh City. Tap water was provided to ensure the animals remained hydrated.
Each mouse in a cage had adequate access to food and water throughout the experiment. The
procedures involving the animals were conducted following the Guidelines for the Care and
Use of Laboratory Animals from the Institute of Tropical Biology in Ho Chi Minh City. After
two weeks of acclimatization, the mice were utilized for the experiments.

2.3. Preparation of plant extract

After harvesting, P. angulata roots were carefully washed with distilled water for 10
minutes to remove any residual contaminant particles. They were then dried in the shade for
three days at room temperature ranging from 25 to 30 °C, with a humidity level of 80-90%,
before being sliced into smaller pieces. Next, they were dried at 40 °C for 2 hours in a hot air
machine (UF55 Memmert, Germany) and ground into a powder using a blender (OS-1500
Osako, Vietnam). At room temperature, one kilogram of the powder was macerated in ten liters
of 98% ethanol for 24 hours. The extract was filtered through filter paper (Number 102, Newstar,
China). The filtrate was evaporated under reduced pressure using a rotavapor apparatus (CA-
1115-CE Eyela, Japan) at 40 °C. Finally, the extract was lyophilized in a lyophilizer (MDEF-
C8V1 Series Panasonic, Japan) under reduced pressure and stored at -20 °C for further
experiments.
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2.4. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method

The radical scavenging ability of P. angulata was assessed using the DPPH assay, as
previously described with modifications [14]. A weight of 1 mg of P. angulata extract was
mixed with 1 mL of dimethyl sulfoxide (DMSO) and vortexed for 15 minutes to prepare the
working solution. A hundred microliters of two-fold dilutions (15.625, 31.25, 62.5, 125, 250,
500) pg/mL of the extract were combined with the DPPH solution (0.1 mM) in a 1:1 (v/v)
ratio in each well of a 96-well microplate. After a 30-minute dark incubation at room
temperature, the absorbance was measured at 540 nm using the Microtiter plate reader
(HumaReader HS, Germany). Ascorbic acid served as a positive control. The percentage of
DPPH radical scavenging activity was calculated as follows: DPPH radical scavenging activity
(%) = [(Abs control — Abs samples) / Abs control] x 100, where Abs control is the absorbance
of the control (DPPH without the extract) and Abs samples are the absorbance of the extract.
The IC50 values were estimated using simple linear regression. These experiments were
conducted in triplicate.

2.5. Alpha-amylase inhibition assay

The inhibitory potential of P. angulata extract against a-amylase was obtained as
previously described [15]. A volume of 100 pL of the test samples (1000, 500, 250, 125, 62.5
pg/mL) was dissolved in 100 pL of phosphate-buffered saline (PBS) (0.1 M, pH 6.9) and
added to 100 uL of a-amylase enzyme (3 U/mL) in the mixture. The samples were then
incubated at 37 °C for 15 minutes, and the reaction was stopped by adding 500 uL of 1% 3,5-
dinitrosalicylic acid, 0.2% phenol, 0.05% sodium sulfite, and 1% sodium hydroxide. The
samples were boiled at 100 °C for 10 minutes, and then 200 uL of a 40% potassium sodium
tartrate solution was added; afterward, the samples were cooled to room temperature. DMSO
and acarbose served as the negative control and the standard reference drug, respectively. A
blank was set with the concentration of the extract without the enzyme solution. The
absorbance was measured at 540 nm. The percentage of the inhibitory effect on a-amylase was
calculated using the following formula: Inhibition of a-amylase (%) = [(Abs control — Abs
samples)/Abs control] x 100. The ICso values were calculated from the dose-response curve.
These experiments were conducted in triplicate.

2.6. Alpha-glucosidase inhibition assay

The inhibitory potential of P. angulata extract against a-glucosidase was obtained as
previously described [16]. A volume of 40 uL of the test samples (1000, 500, 250, 125, 62.5
ug/mL) was dissolved in 10 uL of phosphate buffered saline (0.1 M, pH 6.8) and added to 20
uL of a-glucosidase enzyme (0.1 U/mL) in the mixture. Then, the samples were incubated at
37 °C for 15 minutes. After incubation, 20 pL of PNPG (1 mM) was added to the samples and
incubated at 37 °C for another 15 minutes. The reaction was stopped by adding 80 uL of
sodium carbonate (0.2 M). DMSO and acarbose served as the negative control and the standard
reference drug, respectively. A blank was set with the concentration of the extract without the
enzyme solution. The absorbance was measured at 405 nm. The percentage of the inhibitory
effect of a-amylase was calculated using the following formula: Inhibition of a-glucosidase
(%) = [(Abs control — Abs samples)/Abs control] x 100. The ICso values were calculated from
the dose-response curve. These experiments were performed in triplicate.

240



Investigation of antioxidant, a-amylase, a-glucosidase inhibitory and antihyperglycemic...

2.7. Induction of diabetes streptozotocin (STZ)

Diabetes mellitus in male Swiss albino mice in this study was induced according to
previous research with some alterations [17]. Fifteen male Swiss albino mice were divided
into two groups: the normal control group (NC) (n = 3) and the high-fat diet (HFD) group (n
= 12). In the NC group, mice received a standard diet consisting of commercial pellets (21%
protein, 5% cellulose, 6% mineral mixtures, 5% fat), while the HFD group was fed a high-fat
diet (19.3% protein, 26.5% carbohydrate, and 45.6% fat). After six weeks, multiple low doses
of STZ (40 mg/kg, dissolved in 0.05 M cold sodium citrate buffer at pH = 4.5) were injected
into each mouse of the HFD group intraperitoneally for three consecutive days. Seventy-two
hours later, the mice were tested for hyperglycemia using a glucometer (OGCare, Italy) with
disposable test strips. Blood glucose (BG) levels and body weight in the NC and HFD groups
were recorded at the end of each week in the morning during the experimental period. Blood
glucose levels exceeding 200 mg/dL in the HFD group confirmed the induction of diabetes for
the animals in this study.

2.8. Experimental design

The model mice were randomly divided into five groups, with each group consisting of
three mice (n = 3). The first group was labeled as normal control mice (NC) and was allowed
free access to a standard commercial pellet diet for 4 weeks. The second group, labeled diabetic
control mice (DM), was given phosphate saline buffer. Standard acarbose drugs at a dose of 100
mg/kg (p.o.) were administered to the third group. The fourth and fifth groups received the P.
angulata extract at doses of 200 mg/kg and 400 mg/kg (p.o.), respectively. Blood glucose levels
and body weight were measured on the Oth, 7th, 14th, 21st, and 28th days of treatment.

2.9. Oral glucose tolerance test

The oral glucose tolerance test (OGTT) was conducted as described [18]. The OGTT was
performed on the 1st day (before treatment) and the 28th day (after treatment) for each mouse
in five experimental groups. After an 18-hour overnight fast, tail vein blood samples were
collected for glucose measurement at 0, 30, 60, and 120 minutes following glucose
administration (2 g/kg, p.o.).

2.10. Gas chromatography-mass spectrometry (GC-MS) analysis

Gas chromatography-mass spectrometry analyses of the root extract were conducted at
the Center for Analytical Services and Experimentation in Ho Chi Minh City, Vietnam. The
root extract was analyzed using the Gas Chromatography Trace 1310 system (Thermo
Scientific, USA), equipped with a capillary column that is 30 m long, 250 um in diameter, and
0.25 pm thick. Helium gas served as the carrier gas at a constant flow rate of 1,5 mL/min. An
injection volume of 1 pL was utilized at 280 °C. The cycle was set at 70 °C per minute,
increasing at 15 °C per minute, with the final temperature raised to 300 °C for 10 minutes. The
phytochemicals present in the root extract were examined by comparing retention times, area
percentages, and mass spectral patterns with the library database of identified constituents
stored in the National Institute of Standards and Technology (NIST) library [19].

2.11. Statistical analysis

Statistical analyses were done by using GraphPad Prism 9 software (USA). Results were
expressed as Mean + Standard Deviation (SD). All results were analyzed using unpaired
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Student’s t-tests and one-way or two-way analysis of variance (ANOVA) tests. The
statistically significant differences were determined at P < 0.05 (*), P <0.01 (**), P <0.001
(***), P<0.0001 (*#**),

3. RESULTS AND DISCUSSION

3.1. Phytochemical analysis

As expected, several compounds were identified in the ethanol root extract. Twenty-six
compounds were detected from the Gas chromatography-mass spectrometry analysis of P.
angulata extract from roots (Table 1). There were nineteen compounds identified by the
retention time, molecular formula, weight, and area (%), and seven unknown chemicals were
present in this extract. The major constituents were 5-Hydroxymethylfurfural (29.74%), 9,12-
Octadecadienoic acid (Z, Z)- (12.51%), Hexadecanoic acid (11.41%), 4H-Pyran-4-one, 2,3-
dihydro-3,5-dihydroxy-6-methyl- (5.65%), Linolenic acid (5.61%), and Bis(2-ethylhexyl)
phthalate (4.42%). Others were traced at low levels. All these major constituents might be
responsible for the biological activities of the root extract of P. angulata.

Table 1. Compositional profile of P. angulata ethanol extract

No Name of compounds Niolecular Mvgé?;tuhl? ' Retention Area
ormula (g/mol) time (RT) (%)
1 | Dihydroxyacetone C3Hs03 90.078 3.08 0.89
2 | Unknown - - 4.86 3.48
3 | 4H-Pyran-4-one, 2,3-dihydro-3,5- CsHgO4 144.12 5.66 5.65
dihydroxy-6-methyl-
4 | 5-Hydroxymethylfurfural CsHeO3 126.11 6.44 29.74
5 | Unknown - - 6.6 23
6 | Butyl acetoxyacetate CsHi1403 158.19 7.0 3.6
7 | 2-Hydroxy-2-methylsuccinic acid CsH3Os 148.11 7.51 0.81
8 | Unknown - - 7.96 0.6
9 | p-Anisaldehyde, 3-hydroxy- CsHzO3 152.15 8.06 0.35
10 | Tropine CsHisNO 141.21 8.3 1.3
11 | 10-Methyl-E-11-tridecen-1-ol propionate | C;7H32,0, 268.4 8.66 1.88
12 | Alpha-1-rhamnopyranose CeH 1205 164.16 10.06 0.48
13 | Unknown - - 10.14 0.29
14 | 1-Isobutyl-7,7-dimethyl-octahydro- Ci14H260, 226.35 10.35 1.4
isobenzofuran-3a-ol
15 | Unknown - - 10.51 0.92
16 | Unknown - - 10.57 1.35
17 | Tigloidine Ci3H2:0, 223.31 10.62 1.86
18 | Acetophenone, 4’-hydroxy-3°,5’- C11HsNO4 225.24 10.75 0.67
dimethoxy-
19 | Ethyl p-methoxycinnamate Ci12H1403 206.24 10.98 0.73
20 | Hexadecanoic acid CisH3202 256.42 12.34 11.41
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21 | 9,12-Octadecadienoic acid (Z,Z)- CisH3,0, 280.4 13.46 12.51
22 | Linolenic acid CigH300, 278.4 13.5 5.61
23 | Stearic acid CisH3602 284.5 13.63 1.57
24 | Bis(2-ethylhexyl) phthalate C24H3304 390.6 15.76 4.42
25 | Terephthalic acid, bis(2-ethylhexyl) ester C24H3304 390.6 16.86 3.0

26 | Unknown - - 17.28 3.17

3.2. Antioxidant capacity

The antioxidant activity was estimated using a DPPH assay for various concentrations of
the ethanol extract from the root of P. angulata and ascorbic acid in Figure 1. The percentage
of scavenging activity of the ethanol extract was determined at various concentrations: 15.625
(9.93£6.79%),31.25 (11.27 £ 7.52%), 62.5 (13.17 £ 6.48%), 125 (15.67 + 5.79%), 250 (20.61
+ 3.17%) and 500 pg/mL (30.58 + 3.54%) (Figure 1A). The half maximal inhibitory
concentration ICso values of P. angulata extract and ascorbic acid were 962.8 ug/mL and
3.93 pg/mL, respectively (Figure 1B). Our research showed that P. angulata extract had weak
antioxidant activity compared to a reference standard. In previous studies, the DPPH
scavenging percentage of inhibition for solvent extracts of P. angulata leaves ranged from
80.9% to 98% values [20, 21]. The antioxidant potential of the extract was low compared with
other results because of the different plant parts of P. angulata used for the isolation assays,
such as leaves, fruits, and stems in this study.
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Figure 1. Antioxidant activities of P. angulata extract. (A). DPPH free radical scavenging
activity of P. angulata extract. (B). Antioxidant potential of ascorbic acid. Data were expressed
as mean + SD of three independent experiments.

3.3. Inhibitory effect on a-amylase activity

The a-amylase inhibitory activity of the ethanol root extract was measured (Figure 2). As
shown in Figure 2A, the percentage inhibition of pancreatic a-amylase ranged from 19.09 +
4.25% to 59.26 + 5.21% following the tested concentrations. The ICso values for a-amylase
inhibition of P. angulata and acarbose were 390.82 pug/mL and 30.41 pg/mL, respectively
(Figure 2A-2B). These results demonstrated that the inhibitory activity of P. angulata extract
and standard was obtained against a-amylase. The a-amylase inhibitory property exhibited in
the ethanol extract was lower than that of the reference drug. It could be owing to the different
interactions and affinities between the biological compounds from the extract and the active
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site residues of a-amylase [22]. These findings aligned with other observations from P.
angulata extract against a-amylase from various parts such as leaves, stems, or roots [23, 24].
According to these reports, the IC50 value of the root extract possessed a higher effect against
a-amylase in the present study. Thus, it can be assumed that the in vitro inhibitory effect of P.
angulata on pancreatic o-amylase could be related to secondary metabolites. According to
the phytochemicals analyses, 5-Hydroxymethylfurfural and 4H-Pyran-4-one, 2,3-dihydro-
3,5-dihydroxy-6-methyl- are one of the major compounds presented in the extract and might play
the role as enzyme inhibitors against a-amylase [25, 26].
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A ICsp = 390.82 (ug/ml) B ICsg = 30.41 (pg/ml)
- 80— - 100
2 0] g
5 60- £ "]
e o
S 50 Z 60+
£ 407 E
2 30- g 40+
S =
E- 20 E 204
F 104 T
t-1 =
0 T T T T T 0 T T T T T T T T 1

T 1 T
0 150 300 450 600 750 900 1050 0 10 20 30 40 50 60 70 80 S0 100
P. angulata (pg/ml) Acarbose (pg/ml)

Figure 2. The inhibitory effect of P. angulata extract on pancreatic a-amylase. (A). Percentage
inhibition of a-amylase activity of P. angulata extract. (B). Acarbose (positive control). Data
were expressed as mean + SD of triplicate determinations.

3.4. Inhibitory effect on a-glucosidase activity

In the current study, the a-glucosidase inhibition property of P. angulata extract was
assessed in Figure 3. The percentage inhibition of a-glucosidase of the ethanol root extract
ranged from 36.22 + 7.19% to 88.69 + 9.03% at the tested concentrations (Figure 3). The ICsg
values for a-glucosidase inhibition of P. angulata and acarbose were 90.82 and 17.1 pg/mL,
respectively (Figure 3A-3B). Inhibition of a-glucosidase activity is one of the most promising
targets for treating diabetes mellitus related to starch digestion and glucose absorption. Several
studies showed that the plant extracts played the role of a-glucosidase inhibitors to control
hyperglycemia for the management of diabetes [27, 28]. These results were in line with other
studies that showed the significant inhibition of the extract of P. angulata from stems [24, 29].
Nguyen reported that the ICso value for a-glucosidase inhibition of the root extract was 3.674
mg/mL [24]. Our data showed a lower I1Cso value against a-glucosidase of the ethanol extract,
and as a result, the ethanol extract had a higher inhibitory potential against a-glucosidase in
the current study. Hence, the root extract exhibited a remarkable inhibition against the a-
glucosidase enzyme due to the presence of secondary metabolites acting as a-glucosidase
inhibitors such as 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- [26].
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Figure 3. The inhibitory effect of P. angulata extract on o-glucosidase. (A). Percentage
inhibition of a-glucosidase activity of P. angulata extract. (B). Acarbose (positive control). Data
were expressed as mean + SD of triplicate determinations.

3.5. Effect of P. angulata extract on blood glucose levels and body weight in STZ induced
diabetic mice

Blood glucose (BG) levels and body weight were measured in Figure 4 over four weeks.
These results indicated that BG levels from the different concentrations of P. angulata extract
significantly reduced from 271.3 + 9.07 mg/dL to 140.3 + 7.37 mg/dL at 200 mg/kg and from
288.7 + 56.89 mg/dL to 152.3 £ 15.89 mg/dL at 400 mg/kg after oral administration (Figure 4A).
Conversely, the BG levels were significantly higher in the diabetic control group at 330.7 + 76.27
mg/dL compared to the normal control group at 119.7 £ 11.68 mg/dL during the experimental
period. The BG levels of acarbose used as the standard drug also decreased from 299.7 + 68.16
mg/dL to 150.7 + 34.93 mg/dL, with a reduction of 49.72%. Therefore, the BG levels of the treated
diabetic groups with P. angulata extract decreased by 48.29% at 200 mg/kg and 47.25% at 400
mg/kg, respectively. This study indicated that twenty-eight days of oral administration of P.
angulata extract significantly reduced BG levels in diabetic mice. Additionally, the results
demonstrated that doses of 200 and 400 mg/kg remarkably decreased BG levels compared to
acarbose at 100 mg/kg. Our results align with previous reports showing the anti-hyperglycemic
activity of the fruit juice from P. angulata in streptozotocin-induced diabetic rats [12]. These data
suggest that the fruit extract led to a reduction in BG levels with the oral gavage of 1 and 2 mL of
fruit juice each day for two weeks. This could be attributed to the different parts of P. angulata that
may contain similar secondary metabolites used for hypoglycemic agents in diabetes treatment.

Body weights were estimated in each group, as shown in Figure 4B. The extract treatment
reduced body weights by 18.09% at 200 mg/kg and 22.29% at 400 mg/kg, respectively. The
normal control group exhibited an increase of 13.15% over four weeks, while a slight reduction of
13.15% occurred in the diabetic control group without treatment. Body weight in the acarbose
treatment increased by 7.9%. The mechanism behind streptozotocin-induced diabetes involves the
selective inhibition of a glucose transporter, leading to DNA alkylation and resulting in pancreatic
B-cell toxicity [30]. Consequently, severe body weight loss occurred due to the induction of
diabetes in animals, attributed to changes in energy consumption or metabolic disorders in glucose
or fat. Thus, this explains why there was decreased body weight in diabetic groups, which may
require further investigation into various concentrations and treatment durations.
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Figure 4. Effect of P. angulata extract on blood glucose levels and body weight. (A). Blood
glucose levels. (B). Body weight. P. angulata (200 mg/kg): diabetic mice treated with P.
angulata extract (200 mg/kg) (n = 3, red line), P. angulata (400 mg/kg): diabetic mice treated
with P. angulata extract (400 mg/kg) (n = 3, green line), Acarbose (100 mg/kg): diabetic mice
treated with acarbose (100 mg/kg) (n =3, brown line), NC: normal control mice treated with
vehicle (n = 3, blue line), DM: diabetic mice treated with sodium citrate buffer (n = 3, purple
line). Values were presented as mean + SD. Statistical differences were evaluated by two-way
ANOVA, *P <0.05, **P <0.0001, ns means not significant (compared to normal control group).

3.6. Effect of P. angulata extract on oral glucose tolerance test

The oral glucose tolerance tests for the experimental groups are shown in Figure 5.

700
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400+
300
200

OGTT (mgldL)

100

0 T T T 1
0 min 30 mins 60 mins 120 mins

P.angulata (200 mg/kg)

P.angulata (400 mg/kg)

Acarbose (100 mg/kg)
NC
DM

RS

Figure 5. Effect of P. angulata extract on blood glucose after glucose loading. P. angulata (200
mg/kg): diabetic mice treated with P. angulata extract (200 mg/kg) (n = 3, red line), P. angulata
(400 mg/kg): diabetic mice treated with P. angulata extract (400 mg/kg) (n = 3, green line),
Acarbose (100 mg/kg): diabetic mice treated with acarbose (100 mg/kg) (n =3, brown line), NC:
normal control mice treated with vehicle (n = 3, blue line), DM: diabetic mice treated with sodium
citrate buffer (n = 3, purple line). Values were presented as mean + SD. Statistical differences were
analyzed by one- and two-way ANOVA, *P < 0.05, ns mean not significant (compared to normal
control group).
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In the negative control (NC) mice, the blood glucose (BG) level rose to 178 + 11.79
(mg/dL) after 30 minutes of glucose administration and decreased to 144.3 + 22.12 (mg/dL)
after 120 minutes. In the diabetic group without treatment (DM), the values peaked at 586.3 +
23.67 mg/dL after 30 minutes and were maintained at 538.3 = 53.69 mg/dL and 523.7 + 69.83
mg/dL at the 60- and 120-minute mark, respectively. Animals treated with P. angulata extract
exhibited a significant decrease in BG levels after 120 minutes. Specifically, the BG level
dropped from 365 + 83.07 mg/dL to 194 + 36.35 mg/dL at the concentration of 200 mg/kg,
while BG levels decreased from 330.3 = 37.17 mg/dL to 207.3 = 31.79 mg/dL at 400 mg/kg.
Thus, the reduction observed following the extract treatment highlights the effects of P.
angulata on impaired glucose tolerance, further confirming the extract's ability to enhance
insulin sensitivity in diabetic animals.

3. CONCLUSION

In conclusion, this study investigated that the ethanol extract from the root of P. angulata
L. exhibits antioxidant activity and concentration-dependent inhibitory potentials against the
a-amylase and a-glucosidase enzymes in vitro. This ethanol extract significantly reduced
blood glucose levels in vivo in high-fat diet and multiple low-dose streptozotocin-induced
diabetic mice. The phytochemicals from P. angulata L. extract also contain a diverse range of
nineteen identified constituents and seven unknown compounds that may be responsible for
the biochemical properties of this plant. Consequently, these results provide consistent
evidence for further research into novel chemicals and their underlying mechanisms from P.
angulata L. for application in pharmacy.
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TOM TAT

DANH GIA HOAT TINH CHONG OXY HOA, UC CHE ENZYME 0-AMYLASE,
a-GLUCOSIDASE VA KHA NANG HA PUGNG HUYET CUA CAO CHIET RE CAY
TAM BOP Physalis angulata L.

Ngb Vin Dtrc, Truong Ngoc Thién Kim, Bui Nguyén Ngoc Ngan,
Dinh Thuy Ngoc Anh, Nguyén Ngoc Ngoan, Tran Hoang Ngau*
Trwong Pai hoc Cong Thirong Thanh phé Ho Chi Minh
*Email: ngauth@huit.edu.vn

Bénh tiéu duong 1a mot van dé sirc khoe toan ciu va ti 18 bénh nay khong ngimg tang 1én
trén thé gidi. Hién tai, cac loai thudc diéu tri tiéu duong bi han ché do tac dung phu hay gia
thanh diéu tri. Mot nhu cau can thiét 13 tim kiém cac hop chat c6 tac dung diéu tri tiéu duong
it hay khong gay tac dung phu tir cc cay dugc liéu. Cay tim bop Physalis angula L. 1a mot
trong cac cdy dugc liéu ving nhiét doi duge dung diéu tri cac bénh nhu viém gan, hen suyén,
thip kh6p va sét rét. Nghién ciru ndy tién hanh danh gia thanh phan hoa hoc cua cac hop chat
hién dién trong cao chiét cua cay tam bop va khao sat hoat tinh sinh hoc trong diéu kién in
vitro bao gdm chdng oxy hoa, hoat tinh tc ché enzyme a-amylase va a-glucosidase va thir
nghiém kha nang ha duong huyét trén mod hinh in vivo chudt bi gay dai thao duong. Béng
phuong phép sdc ky khi khoi phd, c6 26 chét hoa hoc hién dién trong thanh phan cao chiét bao
va hop chat c6 ham luong cao nhét 1a 5-Hydroxymethylfurfural véi 29 ,74%. Hoat tinh chong
oxy hoa cta cao chiét dugc xac dinh bang phuong phap DPPH véi gia tri ndng do te ché 50%
(ICs0) 12 962,8 pg/mL. Hoat tinh trc ché enzyme a-amylase va a-glucosidase xac dinh véi gia
tri ICso 1an lugt 14 390,82 ug/mL va 90,82 pg/mL. Kha ning ha dudng huyét ciia cac 16 chudt
diéu tri uéng cao chiét trén mo hinh in vivo chudt bi gy dai thao dudng tai 200 mg/kg va 400
mg/kg lan luot giam déang ké la 48,29% va 47,25% so voi 16 khong diéu tri. Ngoai ra, duong
huyét ctia céc 16 chudt diéu tri uéng cao chiét cling giam dang ké trong thir nghiém dung nap
glucose. Két qua thu nhan déa chimg minh cao chiét ré cay tam bop véi cac hoat tinh chong
oxy hoa, rc ché a-amylase va a- glucosidase, ha duong huyét c6 thé duoc danh gia 1a Gmg vién
tiém ning cho cac nghién ctru lién quan dén diéu tri tiéu duong.

Tvr khéa: Physalis angulata, chéng oxy hoéa, tc ché o-amylase, tiéu duong, ha dudng huyét,
cao chiét ré.

250



