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Postprandial hyperglycemia plays an important role in the development of Type 2 Diabetes and dia-
betic complications. Controlling postprandial hyperglycemia is the most important factor for reducing
the risks of diabetic complications in Type 2 diabetic patients. This study was designed to determine
whether Portulaca oleracea L. extract suppresses the activation of carbohydrate-digesting enzymes, and
lowers postprandial hyperglycemia in diabetic mice through streptozotocin. P. oleracea was extracted
with either 80% ethanol (PEE) or water (PWE), and the extract solutions were concentrated. The a
-glucosidase and a-amylase inhibition assays were performed using the chromogenic method. Normal
mice and STZ-induced diabetic mice were orally treated with PEE, PWE (300 mg/kg of body weight)
or acarbose (100 mg/kg of body weight), with soluble starch (2 g/kg of body weight). The a
-glucosidase and a-amylase inhibitory effectiveness by PEE were markedly more effective than PWE,
and both extracts indicated a higher effectiveness than the acarbose (positive control). The rise in post-
prandial blood glucose due to starch loading was markedly inhibited in the PEE group when com-
pared to the control group in diabetic and normal mice. Furthermore, the area under the concentration
- time curve values were markedly declined by the PEE injection in the diabetic group when com-
pared to that exerted for the control group. These results demonstrate that P. oleracea extracts lower
postprandial hyperglycemia by inhibiting carbohydrate-digesting enzymes, and that the ethanol ex-
tract is more efficacious than the water extract.
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Introduction

Approximately 4.4% of people were diagnosed as having
diabetes in 2,000 and this is estimated to increase to 9.7%
by 2,050[11]. The worldwide increase in the prevalence of
diabetes in adults will considerably affect not only public
health systems, but also patient health, quality of life, and
longevity [24]. Diabetic mellitus is a metabolic disease with
chronic hyperglycemia. Particularly, postprandial symptoms
include rapidly increasing blood glucose levels, and post-
prandial blood glucose has recently been implicated in the
pathophysiology of diabetic complications [4]. Acute af-
ter-meal hyperglycemia causes endothelial functional dis-
turbance and oxidative stress [15]. A study reported a corre-

lation of the incidence of atherosclerotic lesions with post-
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prandial blood glucose levels [32]. Long-duration post-
prandial hyperglycemia can lead to the advance of mac-
ro-vessel and microvascular diseases such as angina, neuro-
retinopathy, diabetic nephropathies and peripheral neuro-
pathies [24]. Therefore, managing postprandial hyper-
glycemia is one effective way for diabetic patients.

The inhibitory actions of carbohydrate hydrolases, a-glu-
cosidase and a-amylase, postpone carbohydrate digestion
and absorption, reducing glucose uptake and slowing post-
prandial plasma glucose intake [3]. To manage hyper-
glycemia makes frequent use of oral pharmacotherapeutic
a-glucosidase inhibitors, acarbose and voglibose [27, 29].
However, many oral antidiabetic medications have several
harmful aftereffects, including body weight gain, abdominal
pain, and hypoglycemia [10, 28]. Thus, studies are needed
to develop more effective and safer hypoglycemic agents
from natural sources.

Portulaca oleracea L. is a perennial plant belonging to Portu-
lacaceae and is widely distributed from temperate to tropical
regions worldwide and consumed as a nutritious vegetable
abundant in a-linolenic acid and B-carotene [36]. The plant
has been traditionally used to treat inflammation, eczema,
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and diarrhea, as well as for detoxification, and has been used
for a long time as a folk remedy [6, 23, 35, 37]. Recent studies
reported that P. oleracea extract has various bioactivities, in-
cluding antimicrobial, antioxidant, anti-atherogenic, renopro-
tective, and immunomodulatory activities [13, 20].
However, no studies have determined whether P. oleracea
alleviates postprandial blood glucose levels by suppressing
carbohydrate digestive enzymes. Accordingly, the potent of
ethanol extracts and water extracts of P. oleracea on inhibition
of carbohydrate digestive enzymes were investigated for this
study. Furthermore, alleviation of postprandial hyperglyce-
mia through administration of P. oleracea extracts was inves-

tigated in diabetic animal models.

Materials and Methods

Materials and preparation of P. oleracea extract

P. oleracea were obtained from Hongcheon Hyosung Food
(Hongcheon Hyosung Food Inc., Gangwon, Hongcheon,
Korea) in March 2017. They were lyophilized using a vac-
uum freeze dryer (Samwon Freezing Engineering Co.,
Busan, Korea) and pulverized a powder form with a grinder
(Shinhan Science & Technology Co., Kyunggi, Korea). The
powdered samples (3 kg) were extracted with decuple of
80% ethanol or water for 3 days at ordinary temperature.
The filtered sample was vaporized by vacuum (BUCHI Co.,
Flawil, Switzerland) to give ethanol (PEE) and water (PWE)
extracts. The dried PEE and PWE were stored at -80°C.

Measurement of cytotoxicity

Cell viability was analyzed using 3T3-L1 cells (KCLB,
Seoul, Korea) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT, Sigma, St. Louis, MO, USA). 313-
L1 cells were seeded into 96-well plates at 1x10* cells/well
and preincubated at 37°C under with 5% CO; for 24 hr. After
24 hr, the medium was made a replacement with medium
containing diverse consistencies of PEE and PWE: absence
of PEE or PWE, 0.1, 0.2, 05, 1.0 and 2.0 mg/ml, respectively,
for 24 hr. Following treatment, a filtered MTT solution (100
uL) was superinduced to each well and incubated for an
additional 4 hr at 37°C. Formazan was carefully aspirated
and DMSO (100 pl) was added to each well. The absorbance
of the DMSO solution was assayed at 540 nm with a micro-
plate reader (Model 680, Bio-Rad Laboratories Inc., Hercules,
CA, USA).

Inhibitory activities of P. oleracea extract on a-glu-
cosidase in vitro

The inhibition assay for a-glucosidase activity was ana-
lyzed by a chromogenic process using a yeast enzyme [33].
Simply, yeast a-glucosidase (100 U; Sigma, St. Louis, MO,
USA) was lysed in 100 mM phosphate buffer (pH 7.0) in-
cluded 0.2 g/1 sodium azide. A 5 mM solution of p-nitro-
phenyl-a-D-glucopyranoside (=99%; Sigma, St. Louis, MO,
USA) was dissolved in the same PBS (pH 7.0) to obtain the
substrate solution. Then, the a-glucosidase solution (50 ul)
and 10 ul of PEE or PWE, lysed in dimethyl sulfoxide
(DMOS, Bio Basic Inc.,, KCMO, Canada), were blended in
a microtiter plate, and the absorbance was analyzed at 405
nm using a microplate reader at 0 min. The mixture was
incubated for 5 min and the substrate solution (50 ul) was
supplemented and incubated at room temperature for 5 min.
Then, an increase was measured in the absorbance from the
zero-time point. The inhibitory activities of PEE and PWE
at various concentrations were indicated as absorbance
changes caused by the test extracts relative to those in the
vehicle control (%). The ICsy values (i.e., the concentrations
of PEE and PWE resulting 50% inhibition of the maximum

activity) were measured.

Inhibitory activities of P. oleracea extract on a-
amylase in vitro

The a-amylase inhibitory activity were assayed equiv-
alently using the method presented in a-glucosidase in-
hibitory activity assay excluding a-amylase from porcine
pancreas (100 U; Sigma, St. Louis, MO, USA) and p-nitro-
phenyl-a-D-maltopentoglycoside (>99%; Sigma, St. Louis,
MO, USA).

In vivo experiments

ICR male mice (4-week-old; purchased from Orient, Inc.,
Seoul, Korea) used for the study were kept under a 12 hr
on/12 hr off cycle and controlled room temperature. The
mice were fed a pelleted feed (5L79, Orient, Inc., Seoul,
Korea), and water was freely provided. After an adaptation
period of 2 weeks, diabetes was induced as described below.
All procedures involving the handling and care of mice com-
plied with the current international laws and policies
(National Institutes of Health Guide for the Care and Use
of Laboratory Animals) and were permitted by the uni-
versity’s Animal Ethics Committee (PNU-2017-1496).



Induction of experimental diabetes model

Diabetes was induced by an intraperitoneal injection of
streptozotocin (STZ; 60 mg/kg, Sigma, St. Louis, MO, USA)
dissolved in citrate buffer (0.1 M, pH 4.5). Fasting blood glu-
cose level was checked after 7th day of injection to confirm
diabetes induction from tail vein using a glucose meter and
glucose strips. Mice with fasting blood glucose level above
250 mg/dL were regarded to be diabetes.

Measurement of blood glucose level

The mean blood glucose level in each group (Normal mice
and diabetic mice) was similar, and each group was divided
into four groups of seven mice. A total of 8 groups were
used and orally administered the following after overnight
fasting: 1) control: soluble starch (2 g/kg of body weight
[BW]), 2) PEE: soluble starch with PEE (300 mg/kg of BW),
3) PWE: soluble starch with PWE (300 mg/kg of BW), 4)
acarbose: soluble starch with acarbose (100 mg/kg of BW).
Blood samples were collected from the tail vein at 0, 30, 60,
and 120 min, and blood glucose was checked using a blood
glucose meter (Roche Diagnistics GmbH, Germany). Areas
under the concentration-time curves (AUCs) were identified
using the trapezoidal rule [16].

Statistical analysis

Data are represented as the mean + standard deviation
(SD). Statistical analysis was conducted using SAS software
ver. 9.1 (SAS Institute, Inc., Cary, NC, USA). Dissimilarity
between groups were assessed by one-way analysis of var-
iance, followed by Duncan’s post-hoc multiple range tests.
The p-value<0.05 was regarded statistically significant.

Results and Discussion

Cytotoxic effect of P. oleracea

To evaluate whether PEE and PWE have toxic effect to
the cells, PEE and PWE were treated in 3T3-L1 cells for 24
hr, and cytotoxic effect was measured using MTT assay. PEE
and PWE were not exerting any cytotoxic effect at the vari-
ous concentrations (0.1, 0.5, 1.0 and 2.0 mg/ml) in 3T3-L1
cells (Fig. 1).

Inhibitory activities of P. oleracea extracts against
a-glucosidase and a-amylase in vitro

The inhibitory activities of PEE and PWE against a-gluco-
sidase are shown in Fig. 2. PEE inhibited the a-glucosidase
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Fig. 1. Cytotoxic effects of Portulaca oleracea L. extracts. 3T3-L1
cells were treated with various concentrations (0.1, 0.5,
1.0, and 2.0 mg/ml) of PEE and PWE for 24 hr, and cyto-
toxic effects was measured by the MTT assay. Each value
is expressed as the mean + SD of triplicate experiments.
NS: not significant. PEE: P. oleracea 80% ethanol extract;
PWE: P. oleracen water extract; Acarbose: positive control.
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Fig. 2. Inhibitory activities of Portulaca oleracea L. extracts on a-
glucosidase. Each value is expressed as the meantSD of
triplicate experiments. Values with different superscript
letters are significantly different (p<0.05) based on Dun-
can’s multiple range tests. The concentration of acarbose,
used as a positive control, was 0.50 mg/ml. PEE: P. oler-
acea 80% ethanol extract; PWE: P. oleracea water extract;
Acarbose: positive control.

activity concentration-dependently by 39.08, 44.64, 56.34, and
75.42% at concentrations of 0.05, 0.10, 0.25, and 0.50 mg/ml,
respectively. The inhibitory effect of PWE against a-glucosi-
dase was also dose-dependent, and the levels of inhibition
were 34.20, 39.56, 4845, and 64.55% at concentrations of 0.05,
0.10, 0.25, and 0.50 mg/ml, respectively. However, the in-
hibitory activity of PEE against a-glucosidase was markedly
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Table 1. ICs values of Portulaca oleracea L. extracts for a-glucosi-
dase and a-amylase

ICso (mg/ml)”

Sample 5
a-glucosidase a-amylase
PEE 0.168+0.023¢ 0.212+0.044¢
PWE 0.274+0.011° 0.241+0.033"
Acarbose 0.295+0.017° 0.334+0.021°

YICs value is the concentration of a sample required for 50%
inhibition. Each value is expressed as the mean + SD of tripli-
cate experiments. Values with different superscript letters with-
in a column are significantly different (p<0.05) based on
Duncan’s multiple range tests. PEE: P. oleracea 80% ethanol ex-
tract; PWE: P. oleracen water extract; Acarbose: positive control.

higher than PWE. Acarbose, a commercial hypoglycemic
pharmaceutical product, inhibited enzyme activity by 60.03
% at a concentration of 0.50 mg/ml. Thus, at the same con-
centration (0.50 mg/ml), PEE showed markedly higher in-
hibitory activities than acarbose.

The inhibitory activities of PEE and PWE against a-amy-
lase are shown in Fig. 3. PEE inhibited a-amylase activity
concentration-dependently by 18.25, 38.52, 55.24, and 62.22%
at concentrations of 0.05, 0.10, 0.25, and 0.50 mg/ml,
respectively. The inhibition effect of PWE against a-amylase
was also concentration-dependent, and the levels of in-
hibition were 15.15, 30.01, 51.23, and 58.22% at concen-
trations of 0.05, 0.10, 0.25, and 0.50 mg/ml, respectively. The
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Fig. 3. Inhibitory activities of Portulaca oleracea L. extracts on a-
amylase. Each value is expressed as the mean+SD of trip-
licate experiments. Values with different superscript let-
ters are significantly different (p<0.05) based on Dun-
can’s multiple range tests. The concentration of acarbose,
used as a positive control, was 0.50 mg/ml. PEE: P. oler-
acea 80% ethanol extract; PWE: P. oleracea water extract;
Acarbose: positive control.

inhibition effect of PEE against a-amylase was markedly
higher than acarbose at the same concentration (0.50 mg/
ml). The ICsy values of PEE against a-glucosidase and a-
amylase were 0.16+0.02 and 0.21£0.04 mg/ml, and those of
PWE were 0.27£0.01 and 0.24+0.03 mg/ml, respectively, in-
dicating that the extracts had significantly higher inhibitory
activities than acarbose (0.29+0.01 and 0.33£0.02 mg/ml, re-
spectively) (Table 1).

Postprandial hyperglycemia is a major initial symptom of
diabetes and is involved in the occurrence of diabetes-related
complications [2]. Postprandial hyperglycemia was reported
to have a stronger correlation than fasting hyperglycemia
with the mortality and morbidity rate of cardiovascular dis-
ease [9]. Therefore, alleviation of postprandial hyperglycemia
is an important goal when treating diabetic patients. Starch
is mainly digested in the small intestine by pancreatic a-
amylase action, which produces maltose and isomaltose oli-
gosaccharides; these are hydrolyzed by intestinal a-glucosi-
dase to produce absorbable monosaccharides. The enzyme
a-glucosidase subserves the last step of carbohydrate diges-
tion, and therefore a-glucosidase inhibitors can block carbo-
hydrate absorption and lower postprandial blood glucose
level [33]. Thus, by delaying the absorption of glucose via
inhibition of carbohydrate hydrolases reduction of post-
prandial hyperglycemia may be achieved, greatly facilitating
diabetes control [3, 25].

In present study, the inhibition activities of PEE and PWE
against a-glucosidase and a-amylase were examined to de-
termine the ability of the extracts as a functional food to
reduce postprandial hyperglycemia. The results indicated
that both PEE and PWE had inhibition effects on a-glucosi-
dase and a-amylase. The strong inhibitory effects of PEE and
PWE may be related to the presence of active compounds
such as polyphenols in the P. oleracea extracts. Polyphenol
compounds can bind to proteins and other macromolecules
via their phenolic hydroxyl groups [7]. Binding is induced
through a hydrogen bond between the hydroxyl group in
polyphenol and the carboxylate group of Asp'” and Glu™
at the active sites of a-glucosidase and a-amylase, on the
basis of the relationship between inhibition activity and mo-
lecular interactions [14]. A previous study showed that the
hydroxyl groups of polyphenols may be important in en-
zyme inhibition [30].

It has also been reported that active polyphenol com-
pounds such as proanthocyanidin, rutin, and quercetin,

which are present in P. oleraces, are better eluted with etha-



nol than with water [19, 18]. Proanthocyanidin reportedly
inhibits the activity of carbohydrate digestive enzymes in
carbohydrate metabolism [22]. Quercetin reversibly and
slowly binds to glucosidase and shows non-competitive in-
hibition [5]. The total phenol contents of PEE and PWE were
58.16 and 49.09 mg/g, respectively, and the flavonoid con-
tents were 20.08 and 14.98 mg/g, respectively [17]. Both PEE
and PWE efficiently inhibited a-glucosidase and a-amylase
because both contained polyphenol compounds. However,
because the content of polyphenol components in an extract
is correlated with its inhibitory activity against a-glucosi-
dase, PEE, which contains more polyphenol compounds
than PWE, can retard the digestive absorption of carbohy-
drates by hindering a-glucosidase and a-amylase in the

small intestine more effectively than PWE.

Effects of P. oleracea extracts on blood glucose
levels in vivo

The effects of P. oleracea on postprandial blood glucose
levels were assayed in diabetic and normal mice. In diabetic
mice, postprandial blood glucose levels were significantly
lower the PEE-treatment group than the control group (Fig.
4). The blood glucose levels in diabetic control mice in-
creased to 383.25t14.8 mg/dL at 30 min and 429.2+21.9 mg/
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Fig. 4. Blood glucose levels after administration of Portulaca oler-
acea L. extracts to streptozotocin-induced diabetic mice.
Control (distilled water), PEE (300 mg/kg), PWE (300
mg/kg), and acarbose (100 mg/kg) were orally co-ad-
ministered with starch (2 g/kg). Each value is expressed
as the mean=SD of seven mice per each group. Values
with different superscript letters are significantly differ-
ent (p<0.05) based on Duncan’s multiple range tests. PEE:
P. oleracea 80% ethanol extract; PWE: P. oleracen water
extract; Acarbose: positive control.
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dL at 60 min after a meal and then declined to 360.2+24.5
mg/dL at 120 min. However, when PEE was administered
with starch, the increase in postprandial blood glucose levels
was significantly suppressed (337.3+20.1, 368.5£22.8, and
290.1£21.6 mg/dL at 30, 60, and 120 min, respectively;
p<0.05). When PWE was administered with starch, post-
prandial hyperglycemia also decreased (365.620.2, 379.2+
18.15, and 324.2t17.3 mg/dL at 30, 60, and 120 min, re-
spectively; p<0.05), but the decrease was not as pronounced
as that observed with PEE. Peak postprandial blood glucose
was also markedly lower in normal group following starch
and PEE consumption than in those administered starch
alone (Fig. 5). This confirms that PEE suppresses post-
prandial hyperglycemia due to starch in normal group. The
AUC in diabetic group treated PEE (656.3t42.6 mg-h/dL)
was significantly lower (p<0.05) than that in diabetic control
group (761.8+59.4 mg-h/dL) (Table 2).

Hyperglycemia is a serious problem in diabetes, with rap-
id postprandial hyperglycemia and prolonged hyper-
glycemia leading to chronic complications such as visual im-
pairment, renal dysfunction, neurological disorders, and car-
diac dysfunction [31, 34]. Thus, maintaining nearly normal-
ity level of fasting and postprandial glucose is important for
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Fig. 5. Blood glucose levels after administration of Portulaca oler-
acea L. extracts to normal mice. Control (distilled water),
PEE (300 mg/kg), PWE (300 mg/kg), and acarbose (100
mg/kg) were orally co-administered with starch (2 g/
kg). Each value is expressed as the meantSD of seven
mice per each group. Values with different superscript
letters are significantly different (p<0.05) based on Dun-
can’s multiple range tests. PEE: P. oleracea 80% ethanol
extract; PWE: P. oleracen water extract; Acarbose: positive
control.
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Table 2. Areas under the concentration - time curves (AUCs) of
postprandial glucose responses in normal and strepto-
zotocin-induced diabetic mice

AUC (mg-h/dL)

Groupl) - - - -
Normal mice Diabetic mice

Control 268.1+14.7° 761.8+59.4°

PEE 233.8+29.1° 656.3142.6°

PWE 2454+18.2° 697.0£38.2°

Acarbose 195.6+18.5° 608.2+47.8"

YPEE (300 mg/kg), PWE (300 mg/kg), acarbose (100 mg/kg),
and distilled water (control) were orally co-administered with
starch (2 g/kg). Each value is expressed as the mean * SD
of seven mice. Values with different superscript letters within
a column are significantly different (p<0.05) based on Duncan’s
multiple range tests. PEE: Portulaca oleracea L. 80% ethanol ex-
tract; PWE: P. oleracea water extract; Acarbose: positive control.

managing diabetes [26]. This study confirmed the anti-
hyperglycemic effect of PEE and PWE in diabetic and nor-
mal group after starch ingestion by administering PEE or
PWE. In diabetic mice administered PEE, postprandial hy-
perglycemia significantly decreased. This result suggests
that PEE delays the absorption of dietary starch, alleviating
in post-prandial hyperglycemia. These mitigation effects can
be inferred from the inhibition of carbohydrate digestion en-
zymes by PEE in diabetic mice. Acarbose, which flattened
the maximum of postprandial blood glucose, decreased the
AUC value [12]. PEE also significantly decreased not merely
the maximum blood glucose level but also the AUC value.

Patients of diabetes experience postprandial hyperglyce-
mia, leading to a variety of disturbances of metabolism, in-
cluding cardiac dysfunction [8]. Thus, controlling post-
prandial hyperglycemia is prominent in the management of
diabetic mellitus and prevention of diabetic complications.
Plenty of pharmaceutical products are used as postprandial
hypoglycemic agents. However, they are generally asso-
ciated with significant toxicity or potential detrimental effect
[10, 21]. Therefore, studies of natural compounds that can
reduce postprandial hyperglycemia are currently ongoing.
Our results indicate that P. oleracea improves postcibal hy-
perglycemia and staves off complications of diabetes melli-
tus.

In conclusion, P. oleracea extracts strongly suppressed a-
glucosidase and a-amylase activities. Comparison of two ex-
tracts showed that PEE had stronger inhibiting effects than
PWE. Administration of PEE with starch to diabetic mice
reduced postprandial hyperglycemia by more than admin-
istration of PWE with starch. These results suggest that PEE

is a better candidate than PWE as a functional food for con-
trolling postprandial hyperglycemia.
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