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Anti-diabetic Effect of Opuntia humifusa Extracts in Diabetic db/db Mice
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Methods and Results: The 2,2-diphenyl-1-picrylhydrazyl free radical scavenging activity and a-
glucosidase and a-amylase inhibitory activities of OHE (oral administration for 4 weeks) was eval-
uated using biochemical parameters and histological analyses of the pancreas. Oral administration
of OHE reduced plasma glucose and fructosamine levels, without affecting body weight or food
intake. Additionally, it improved blood lipid parameters and restored the of islet structure in dia-
betic db/db mice.

Conclusion: The present study provides evidence for the anti-diabetic effect of OHE in db/db
mice. These results suggest that OHE can be used as a medicinal supplement or functional foods
for anti-diabetic therapy.

This is an open access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License (http://
creativecommons.org/licenses/
by-nc/3.0/) which permits unrestricted
non-commercial use, distribution,
and reproduction in any medium,
provided the original work is properly
cited.
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INTRODUCTION

Diabetes includes type 1 caused by B-cell destruction on
Langerhans' island, and type 2 due to insulin secretion capacity
and increased insulin resistance due to impaired insulin
secretion due to genetic abnormalities (Isomaa ef al, 2001;
Goldstein, 2002; Lee et al, 2021).

In particular, type 2 diabetes is a chronic metabolic disease
and has many limitations due to side effects and high failure
rates of pharmacological treatment (Liu ef al., 2001). Therefore,

the development of new natural ingredients for the treatment of
diabetes without side effects has received considerable attention.
Opuntia humifusa, which a member of the Cactaceae family
that has been widely cultivated for a long time in Korea during
winter. O. humifusa extract (OHE) contains minerals such as
such as Mg?", Ca*', and K* (Kang et al, 2012) and phenolic
compounds such as gallic acid, chlorogenic acid, caffeic acid,
ferulic acid, quercetin, and rutin (Cho et al., 2006; Yoo et al.,
2020), which are widely used as a nutritional supplements.
Because these ingredients have various effects such as antioxidant,
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anti-inflammation, protect of gastritis (Ngoc et al., 2023; Yoo
et al., 2020)

For several years, the physiological and pharmacological
properties of OHE have been studied. O. humifusa have revealed
the radical scavenging and anti-inflammatory effects (Cho et
al., 2006), anti-cancer (Chavez-Santoscoy ef al., 2009), anti-
photoaging (Han et al., 2018), anti-obesity (Yang et al., 2019).
Also, O. humifusa shows have hypoglycemic and hypolipidemic
effects in streptozotocin-induced diabetic rats (Hahm ez al., 2011).

Nevertheless, there have not been any reports on the
mechanism of the pronounced effects of anti-diabetics of OHE.
In this study, we investigated the inhibitory effect of OHE for
a-glucosidase and a-amylase inhibition and anti-oxidant activity
in in vitro study, and hypoglycemic and hypolipidemic effect in
db/db mice.

MATERIALS AND METHODS

1. Preparation of Opuntia humifusa extract

The dried O. humifiusa was manufactured by PCC Corporation,
(Pyeongchang, Gangwon-do, Korea). The 70% ethanol extract
of O. humifiusa (OHE) was prepared by using 100 g of dried
O. humifusa with 500 m¢ of 70% ethanol at 70°C for 3 h and
then centrifuged and filtered with 55 #m bag filter.

The extract solution was evaporated under 40 mmHg using a
rotary evaporator (N-1110S-W, Eyela, Tokyo, Japan) and
lyophilized using freeze-dryer (-50°C, ILShin BioBase, Co.,
Ltd., Dongducheon, Korea), and then used for each experiment.

2. Animals and administration of OHE

7 week-old male C57BL/KsJ-db/db micc with genetic diabetes
due to a leptin receptor gene modification on chromosome 4
were purchased from the Jackson Laboratory (Bar Harbor, ME,
USA) and adapted to the following conditions for 7 days; 12 h
light / 12 h dark cycle, temperature; 23 £+ 1°C, humidity; 50 =+
5%, and illumination, 150 lux - 300 lux. The animals were
allowed ad libitum access to food (Purina diet; Purina Korea,
Seongnam, Korea) and water. After a week of acclimatization,
diabetic db/db mice were treated with OHE (30, 100, and 300
mg/kg) for 4 weeks. Oral administration was performed once
daily.

Food intake and body weight were recorded every week.
Blood glucose level was measured from the tail vein at -30, 0,
30, 60, 90, and 120 min following glucose administration.

After respiratory anesthesia (isoflurane, 3 mé/min), the mice
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were sacrificed and blood samples were collected from

abdominal vein.

The protocols used for the animal studies were approved by
the Committee on Care and Use of Laboratory Animals of the
INVIVO (Nonsan, Korea; approval no. [V-RB-17-1907-21).

3. a-Glucosidase assay

Yeast a-glucosidase (0.5 U; Sigma-Aldrich, Saint Louis, MO,
USA) dissolved in 100 mM sodium phosphate buffer (pH 6.9)
was mixed with various concentrations of OHE.

After incubation at 37°C for 10 min, 3 mM p-nitrophenyl-a-
d-glucopyranoside was added. The reaction was further incubated
at 37C for 30 min and then stopped by adding of 0.1 M
Na,CO;.

Absorbance of resulting p-nitrophenol was measured at 405 nm.
Control contained reaction mixture, without any sample.
Mixtures without enzyme, extract served as a blank. The percent
inhibition of o-glucosidase was calculated as [(absorbance of
sample - absorbance of blank) / absorbance of control] x 100.
Measurements were performed in triplicate.

4. a-Amylase activity

Sample solution (200 /) and 0.02 M sodium phosphate
buffer (pH 6.9 with 6 mM sodium chloride, 500 /:£) containing
a-amylase solution (1 U/m{; Sigma-Aldrich, Saint Louis, MO, )
were incubated at 25°C for 10 min. After pre-incubation, 500
M of a 1% starch solution in 200 mM sodium phosphate
buffer was added. The reaction mixture was then incubated at
25C for 10 min. The reaction was stopped with 48 mM of
dinitrosalicylic acid (Sigma-Aldrich, Saint Louis, MO, USA).

The reaction mixture was then diluted after adding distilled
water, and absorbance was measured at 540 nm with ELISA
microplate reader (Tecan, Ménnedorf, Switzerland). Measurements
were performed in triplicate.

5. Free radical scavenging activity
The scavenging activity of 2,2-diphenyl-1-picrylhydrazyl
(DPPH; Sigma-Aldrich, Saint Louis, MO, USA) free radical
was assayed according to the method of Gao ef al. (2011).
The samples were diluted by phosphate buffered saline
(PBS) and 100 /£ of the sample and 100 /£ of 300 mM DPPH
were mixed and reacted at 37C for 30 minutes and the

absorbance was measured at 515 nm. The antioxidant activity of
the extracts according to the concentration was calculated by

the following formula.



Scavenging activity (%) =1 - (absorbance of extract group /
absorbance of group without extract)] x 100

6. Biochemical analyses

This method was performed as previously described (Kang
et al., 2012). Whole blood glucose levels were determined
using Accu-Chek Aviva glucose monitoring system (Roche
Diagnostics, Indianapolis, IN, USA) and plasma insulin and
was measured by mouse insulin ELISA kit (Alpco Diagnostics,
Wellesley, MA, USA).

The plasma concentration of fructosamine, triglyceride (TG),
total cholesterol (TC), and low-density lipoprotein (LDL), high-
density lipoprotein (HDL), very low-density liporotein (VLDL)
-were measured by commercially available kits (Asan Pharma-
ceutical, Seoul, Korea).

7. Histological analysis

This method was performed as previously described Kang et
al. (2012).

After the animals were killed, pancreas was removed,
weighed, and fixed in 10% neutral buffered formalin.

The organ was then processed for embedding in paraffin,
after which they were sectioned into 4 sm - 7 /m thick slices
using a microtome (Thermo Scientific, Waltham, MA, USA).

The sectioned tissues were then stained with hematoxylin
and eosin (H&E). Tissue damage was assessed under an
optical microscope (Olympus, Fukuoka, Japan).

8. Statistical analysis

Results were analyzed by one-way analysis of variance and
Duncan’s Multiple Range Tests (DMRT, p < 0.05) using SAS
software (version 9.3, SAS Institute Inc., Cary, NC, USA).

RESULTS

1. Free radical scavenging activity of OHE

The DPPH radicals are widely used to evaluate the radical
scavenging ability (Dinis ez al., 1994). The soluble free radical
DPPH is known as a hydrogen extractant that produces DPPH
reduced by antioxidants (du Toit ez al., 2001).

OHE and ascorbic acid (positive control) were measured on
the scavenging activity against stable DPPH radicals in Fig. 1A.
OHE show that the antioxidant effect increased dose-dependent

(from 100 1g/mf) in DPPH radical scavenging activity (Fig. 1A).
This result indicated that OHE has antioxidant effect.
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Fig. 1. Antioxidant effect and anti-diabetic effect (o.-glucosidase
and oa-amylase inhibitory activity) of OHE. (A) DPPH
free radicarscavenging activity of OHE and ascorbic acid
(positive control) (B) a-glucosidase inhibitory activity and
(C) a-amylase inhibitory activity of OHE and acarbose
(positive control). Data are presented as means + standard
errors (n = 3). Bars labeled with different superscripts have
significantly different values at 5% using Duncan’s Multiple
Range Tests (DMRT, p < 0.05).

2. OHE inhibits o-glucosidase activity
The a-glucosidase is indicated on the diabetes effect, because
this enzyme is involved in complex carbohydrate digestion of



food-absorbing monosaccharides (Kumar et al., 2011).

Therefore, the effects of OHE was investigated on o-
glucosidase activity (Fig. 1B). As shown in Fig. 1B, OHE was
significantly inhibited a-glucosidase activity from 3,000 zg/ml.
This result show that OHE should be regarded as an effective
a-glucosidase inhibitor.

3. OHE inhibits a.-amylase activity.

The a-amylase, which secreted by the pancreas and salivary
glands is involved in complex carbohydrate digestion of food-
absorbing mono-, di-, polysaccharides (Koh et al., 2010).

Therefore, the effects of OHE was were investigated on a-
amylase activity (Fig. 1C). As shown in Fig. 1B, OHE was
significantly inhibited from low-concentrations (10 xg/mf). This
results indicated that the OHE should be regarded as an

effective a-amylase inhibitor.
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Fig. 2. Oral glucose tolerance tests of OHE. At the end of the 4
weeks, (A) glucose concentrations and (B) area under
curve (AUC) during oral glucose tolerance tests in
overnight-fasted mice. Areas under the curve of blood
glucose were compared. Data are presented as means +
standard errors (n=7). Bars labeled with different superscripts
have significantly different values at 5% using Duncan’s
Multiple Range Tests (DMRT, p < 0.05).
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An oral glucose tolerance test (OGTT) was performed to
confirm the effects of OHE on glucose tolerance after 4 weeks
of OHE treatment (Fig. 2).

The OGTT is a study that evaluates glucose resistance and
insulin resistance. After fasting for 12 h, OGTT measured 2 g/kg
of glucose by oral administration. Monitor every 30 min after
glucose challenge. The area under curve (AUC) for plasma
glucose is shown as a Fig. 2B.

The AUC for glucose response of OHE-treated ICR mice
was significantly reduced in dose-dependent manner. This model
evaluates the ability for OHE to lower blood glucose, which
can reduce AUC by reducing the level of glucose migration
after meals. Through these results, OHE shows that it can
effectively control glucose tolerance reactions.

4. OHE ameliorates hyperglycemia and dyslipidemia in
db/db mice.

To further confirm the therapeutic effect of OHE on diabetes,
we investigated the anti-diabetic effect of OHE (30, 100, and
300 mg/kg, experimental groups), and metformin (100 mg/kg,
positive group) administered for 4 weeks in db/db mice.

In the OHE and metformin intake groups, food intake and
body weight were significantly increased compared to the
normal group. However, it was not significantly differenced
between the control group and OHE groups (Fig. 3A and B).
Then, all experimental groups measured postprandial blood
glucose once a week (Fig. 3C).

Increased postprandial blood glucose was observed in all
experimental groups compared to the normal group, but from 3
weeks, the postprandial blood glucose in the experimental group
(OHE and positive groups) compared to the control group was
significantly reduced. Additionally, levels of fructosamine,
insulin and homeostatic model assessment for insulin resistance
(HOMA-IR) were significantly decreased compared with the
PBS-treated (normal group) db/db mice (Fig. 3D, E, and F).
These results show that OHE
antidiabetic in db/db mice.

improved the prevented

5. Plasma lipid and cholesterol profiles in db/db mice fed
OHE.

For the lipid regulating effect of OHE, we analyzed TG, TC,
HDL, LDL, and VLDL in the collected plasma from normal
group, control group, OHE groups and positive group. Plasma
TG, TC, HDL, and LDL, and VLDL were significant increased
in the control group compared to the normal group (Fig. 4).
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Fig. 3. OHE iml;()roves glycemic control in db/db mice. Mice received PBS, OHE (30, 100, and 300 mg/kg), and Positive (metformin,

100 mg/

g) once daily for 4 weeks. (A) food intake and (B) body weight change were measured for every weeks. At the end of

study, (O) fasting blood glucose levels, (D) fructosamine, (E) insulin concentrations were anaPzed and (F) HOMA-IR scores were

calculated. Data are presented as means =+ standard errors (n = 7). Bars labeled with dif

erent superscripts have significantly

different values at 5% using Duncan’s Multiple Range Tests (DMRT, p < 0.05).

Level of plasma TG investigated the concentration-dependent

reduction at OHE groups (30, 100, and 300 mg/kg). In the
plasma cholesterol, level of TC, HDL, LDL and VLDL

showed a tendency to decrease compared to the control group,
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and showed similar results to the positive group (metformin,

100 mg/kg) at high-dose of OHE (300 mg/kg) (Fig. 4B, C, D,
and E).
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6. OHE protects pancreatic 3-cells in db/db mice. It was investigated that the distribution of P-cells, in the
Finally, whether OHE affects the distribution of pancreatic - control group was significantly reduced compared to the

cells, we stained by H&E and analyzed the pancreas of all normal group (Fig 5A and B). In addition, dose-dependent
experimental group (Fig. 5). recovery was observed in the OHE groups (30, 100, and 300
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Fig. 5. OHE prevents pancreatic islet destruction in db/db mice. Mice received phosphate buffered saline (PBS), OHE (30, 100, and
300 mg/kg), and positive (metformin, 100 mg/kg) once daily for 4 weeks. At the end of experiment, pancreatic tissue was
isolated from all experimental mice, and pancreas sections were stained with H&E (magnification, x 10). (A) normal, (B) control,
(C) OHE 30mg/kg, (D) OHE 100 mg/kg, (E) OHE 300 mg/kg, (F) positive (metformin, T00mg/kg), (C) the distribution of B-cells.
Data are presented as the means =+ standard error (n = 7). Bars labeled with different superscripts have significantly different
values at 5% using Duncan’s Multiple Range Tests (DMRT, p < 0.05).

mg/kg), and at high-dose OHE group (300 mg/kg), it was
investigated similar to the normal group and the positive group.

7. OHE activate anti-diabetes pathway in liver of db/db
mice.

Regulation of blood glucose is know that it regulated through
insulin signaling pathway and glucose absorption. Phosphoinositide
3-kinase/phosphorylated protein kinase B (PI3K/p-Akt) and
glucose transporter type 4 (Glut4) are important in the insulin
signaling pathway. The decrease in blood sugar is observed to
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decrease the phosphorylation of Akt, increase the phosphorylation
of AMPK, and increase the expression of Glut4.

To evaluate whether OHE lower blood glucose via regulating
adenosine monophosphate-activated protein kinase (AMPK)
signaling pathway and Glut4 expression, the relative protein
levels of phospho-AMPK, phospho-Akt and Glut4 expression
in liver were determined by western blot analysis. In Fig. 6,
OHE showed increased phosphorylation of AMPK and expression
of Glut4. However, the phosphorylation of Akt did not

increase.
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DISCUSSION

O. humifusa is known to effective against adult diseases (such
as hypertension, arthritis, and gastritis) because it contains
polyphenols, flavonoids, and vitamin C.

In previous studies, O. humifusa or complex compound
(cotained O. humifusa) has been reported to improve lipid
metabolism and lower blood sugar in streptozotocin-induced
diabetic rats (Shin et al, 2003; Hahm et al, 2011; Yoon,
2013). In this study, we investigated the potential anti-diabetic
effects of OHE in db/db mice.

Previous studies have shown that oxidative stress resulting
from increased ROS plays a role in inducing hyperglycemia,
decreasing insulin secretion stimulated by glucose, and increasing
cell death of pancreatic B cells (lhara et al., 1999; Gurzov et
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al., 2014; Wang et al., 2014). o-glucosidase and a-amylase
inhibition is an important treatment for hyperglycemia in
diabetic patients (Casirola and Ferraris, 2006; Gao et al., 2013).

In this study, OHE was found to have strong antioxidant
efficacy, and the effect on the o-glucosidase and a-amylase
inhibition was investigated to determine the anti-diabetes efficacy
(Fig. 1). As a result, it is explained that OHE has effective
against diabetes. Additionally, the blood glucose decreased
efficacy of OHE was evaluated with OGTT in ICR mice, and
the results showed a significant decreased in blood glucose
after 30 minutes after intake 2 g/mf glucose (Fig. 2). It proved
to have excellent efficacy in reducing blood glucose after
intake glucose.

In db/db mice, we show that the anti-diabetic effect and
mechanism. Body weight and food intake did not change



significantly by OHE compared to control (only PBS). And, it
significantly inhibited the increased post-prandial blood glucose
and fructosamine compared to PBS-treated db/db mice (Fig.
3C and D).

Insulin plays an pivotal role in glycogen synthesis and in
enhancing glucose tolerance and inhibiting glucose production
to maintain postprandial glucose levels within normal ranges
(Bouche et al, 2004). Our result show that plasma insulin
level was decreased by OHE in db/db mice (Fig. 3E).
Additionally, HOMA-IR score decreased by OHE in db/db
mice (Fig. 3F).

It is well known that serum lipid levels are elevated in
diabetic patients (Howard, 1987). Therefore, significant adjustment
of serum lipid levels in OHE-treated db/db mice may be
encouraging to improve OHE insulin levels. Our results
confirmed lipid improvement by significantly decreasing TG,
TC, HDL-cholesterol, LDL-cholesterol, and VLDL-cholesterol
levels in OHE group mice (Fig. 4).

These results suggest that db/db diabetes mice has anti-
diabetes effects. Finally, the distribution of B cells through
pancreatic H&E staining was investigated (Fig. 5).

Lastly, it was observed that the distribution of B cells in
pancreatic tissue from normal and db/db mice was decreased
compared to the normal group, and the distribution of B cells
in the OHE groups and the positive group were increased (Fig.
5B).

AMPK, a cellular energy metabolism homeostasis regulator,
is expressed in peripheral tissue such as liver and heart and
Glut4 is carrier/transporter of glucose. In this study, we
investigated whether OHE affects decrease of blood glucose
level by regulation of AMPK signaling pathways and Glut4
expression in liver of db/db mice (Fig 6).

Glut4 is known to play an important role in glucose
homeostasis and glucose influx to peripheral tissues. Glut4 is
in the cell membrane and performs bioregulatory functions,
when activated by insulin, its expression increases, and in a
high blood glucose condition, it mediates glucose inflow into
peripheral tissues to maintain glucose homeostasis in the body
(Watson and Pessin, 2001). Our results showed increased of
Glut4 expression and phosphorylation of AMPK by OHE in
db/db mice (Fig 6. B and D). In this study, expression of Glut4
increased by OHE in db/db mice is thought to play an
important role in the activity of Glut4 along with AMPK cell
signaling involved in insulin-induced regulation of Glut4
expression and activity.
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In conclusion, OHE showed anti-diabetes efficacy in in vitro
inhibition
experiments). And a decrease in blood glucose level, plasma

studies (such as a-glucosidase and o-amylase

lipid level and cholesterol levels was investigated in db/db
mice. And it show that increased distribution of B cells in
pancreatic tissue in db/db mice.

Finally, it has been verified for the activity of blood glucose
drop and absorption mechanism in db/db mice. Therefore, as
the anti-diabetes efficacy of OHE is proven, it is believed that
it can help develop a diabetes treatment with fewer side effects
using it.
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