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Abstract

Purpose: To investigate the antidiabetic effect of methanol extract of Aruncus dioicus, and the
underlying mechanism(s).

Methods: Twenty-four adult female albino mice were randomly assigned to four groups of six mice
each: normal control group, diabetic control group and two treatment groups. With the exception of
normal control group, the diabetic control and treatment groups consisted of leptin receptor-deficient
(db/db) type 2 diabetic mice. The diabetic control group was not treated, while the treatment groups
received 200 or 400 mg/kg extract/day orally for 4 weeks. The effect of the extract on fasting blood
glucose (FBG), proprotein convertase subtilisin/kexin type 9 (PCSK?9), glycogen and lipid profiles were
determined. The expressions of PCSK9, low-density lipoprotein receptor (LDL-R) and glucokinase
(GCK) were determined in liver tissues using western blotting and real-time quantitative polymerase
chain reaction (QRT-PCR).

Results: Fasting blood glucose (FBG) was significantly and dose-dependently reduced in the treatment
groups, relative to diabetic control group at different time-points (p < 0.05). Total cholesterol (TC),
triacylglycerol (TG), low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol
(HDL-C) were significantly higher in the diabetic control group than in normal control group (p < 0.05).
However, treatment with methanol extract of A. dioicus significantly and dose-dependently reversed the
changes in the levels of these parameters (p < 0.05). The expressions of LDLR and GCK were
significantly down-regulated in diabetic control group, when compared with normal control group, but
their expressions were significantly dose-dependently upregulated in the treatment groups (p < 0.05).
Treatment with the extract significantly and dose-dependently down-regulated PCSK9 expression (p <
0.05). Liver injury characterized by large distended lipid droplets and fat accumulation was seen in
diabetic mice, but treatment with methanol extract of A. dioicus significantly reversed the
histopathological changes induced by DM.

Conclusion: These results indicate that the antidiabetic effect of methanol extract of A. dioicus is
exerted via a mechanism involving PCSK9/LDLR pathway.
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INTRODUCTION

Diabetes mellitus (DM) is a group of
heterogeneous disorders characterized by high
blood glucose, and it can be type 1 or type 2.
Disorders in the metabolism of glucose and lipids
are the hallmarks of DM, and these result in
micro- and macrovascular complications [1, 2].
The treatment of DM involves the use of agents
that possess hypolipidemic and hypoglycemic
properties. Proprotein convertase subtilisin/kexin
type 9 (PCSK9) has been implicated as a drug
target in the treatment of DM [3]. Studies have
shown that LDLR regulates cholesterol level by
controlling its uptake, and its degradation
depends on PCSK9 [4]. Clinical and preclinical
studies have also shown that there is a link
between glucose metabolism and PCSK9 [5].
Insulin resistance in DM is reduced by controlling
plasma lipid levels via the upregulation of PCSK9
expression [6].

The wuse of alternative medicine in the
management of diseases has continued to
receive increasing attention over the last
decades.

Aruncus dioicus, known as goat's beard, buck's-
beard or bride's feathers, is a flowering
herbaceous perennial plant in the Rosaceae
family. It grows in different parts of the world
including America, Asia and Europe [7]. This
plant is used in Traditional Chinese Medicine
(TCM) to treat tonsillitis, scars, poisoning and
skin disorders [8]. Aruncus dioicus is a reservoir
of bioactive compounds such as caffeic acid, 1-
O-caffeoyl-B-D-glucopyranose, aruncide A,
prunasin and sambunigrin [9].

The whole plant extract of A. dioicus exerts anti-
apoptotic effect on neuronal and renal injuries
[10,11] and has also been shown to possess
potent antioxidant and anti-aging properties. The
aim of this study was to investigate the
antidiabetic effect of methanol extract of
A. dioicus, and the underlying mechanism(s) of
action.

EXPERIMENTAL
Materials

Female albino leptin receptor-deficient (db/db)
type 2 diabetic mice were purchased from
Experimental Animal Centre of the Academy of
Military Medical Sciences, China. Enzyme-linked
immunosorbent assay (ELISA) Kkits were
obtained from Santa Cruz Biotechnology Inc.
(USA), while automated biochemical analyzer
was a product of Olympus AU1000 (Japan).

RNAiso plus and PrimeScript™ RT reagent kits
were products of Takara Biotechnology Inc.
(Japan), while RT2 SYBR Green Master was
purchased from Thermo Fisher Scientific Inc.
(USA). Protein extraction and bicinchoninic acid
(BCA) assay kits were products of Sangon
Biotech Co., Ltd.

Experimental mice

The female albino mice used in this study were
aged 5 to 6 weeks. They were housed in plastic
cages under standard conditions of animal care,
and had free access to standard feed and water.
The mice were exposed to 12-h light/12-h dark
cycle and maintained at 25 °C and 48 %
humidity. The study protocol was approved by
the Institutional Animal Care and Use Committee
of the Affiliated Hospital of Guangzhou University
of Chinese Medicine, China (No.
IACUC/AHGUCM/2017/02), and the study
procedures were carried out according to the
guidelines of Association for the Assessment and
Accreditation of Laboratory Animal Care
International (AAALAC) [12].

Preparation of extract

Whole plant of Aruncus dioicus was purchased
from a botanical garden and identified at the
Botanical Research Center, Shanghai, China.
The whole plant was dried under shade and
pulverized using a mechanical blender. A portion
of the powder (500 g) was suspended in 1000 ml
of methanol and stirred intermittently at intervals
of 2 h, and left overnight. After 72 h, the mixture
was filtered, and the filtrate was concentrated
using a vacuum rotatory evaporator. It was then
freeze-dried by lyophilization.

Animal studies

Twenty-four adult female albino mice were
randomly assigned to four groups of six mice
each: normal control group, diabetic control
group and two treatment groups. With the
exception of normal control group, the diabetic
control and treatment groups consisted of leptin
receptor- deficient (db/db) type 2 diabetic mice.
The diabetic control group was not treated, while
the treatment groups received 200 or 400 mg/kg
extract/day orally for 4 weeks. The FBG was
determined on weekly basis using blood
collected from the retro-orbital plexus of mice.

Collection of blood and tissue samples
After 4 weeks of treatment, the mice were

sacrificed under isoflurane anaesthesia and
blood samples were collected through cardiac
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puncture. The blood was centrifuged at 3000 rpm
for 10 min at room temperature to obtain serum
which was used for biochemical analysis. Their
liver tissues were also excised for analysis and
stored in liquid nitrogen at -80 °C.

Determination of PCSK9 level and lipid profile

The serum levels of TC, TG, LDL-C and HDL-C
were determined using automated biochemical
analyzer, while serum level of PCSK9 was
determined using ELISA kit.

Evaluation of tissue TG, TC and glycogen

The liver was homogenized with physiological
saline and the resultant homogenate was
partitioned into three layers with a mixture of
chloroform and methanol (2:1, v/iv). The lipid
layer was used for the determination of tissue TG
and TC. Glycogen level in the diluted
homogenate was determined after hydrolyzing it
with a base for 20 min.

Western blotting

Liver homogenate was prepared using radio-
immunoprecipitation assay (RIPA) buffer. The
resultant tissue homogenate was washed twice
with  phosphate-buffered saline (PBS) and
centrifuged at 13,000 g for 25 min at 4 °C. The
protein concentration of the supernatant was
determined using BCA assay kit. A portion of
total tissue protein (20 - 30 pg) from each sample
was separated on 8 % sodium dodecyl sulphate
(SDS)-polyacrylamide gel electrophoresis and
transferred to a fixed polyvinylidene fluoride
membrane at 110 V and 90 °C for 120 min.
Subsequently, non-fat milk (3 %) in Tris-buffered
saline containing 0.2 % Tween-20 (TBS-T) was
added with gentle shaking and incubated at 37
°C to block non-specific binding of the blot.
Incubation of the blots was performed overnight
at 4 °C with primary antibodies for PCSKOY,
LDLR, GCK, and tubulin at a dilution of 1 to 500.
Then, the membrane was washed thrice with
TBS-T and further incubated with horseradish
peroxidase-conjugated goat anti-rabbit 1gG
secondary antibody for 1 h at room temperature.
The blot was developed using an X-ray film.
Grayscale analysis of the bands was performed

using ImageJ analysis software (4.6.2).
Respective protein expression levels were
normalized to that of tubulin which was used as a
standard reference.

Quantitative polymerase chain reaction (QRT-
PCR)

Total RNAs were isolated from portions of liver
homogenate using RNAiso plus and assayed
spectrophotometrically. The RNAs were reverse-
transcribed to cDNAs, using random primers at
45 °C for 2 h. PrimeScript™ RT reagent kit was
used to synthesize the cDNA from total RNA.
The PCR amplification of the reverse-transcribed
reaction mixture was carried out using 20 pl
reaction mixture with equal volume of RT2 SYBR
Green Master. The PCR conditions were: pre-
denaturation at 95 °C for 30 s, denaturation at 95
°C for 3 s, annealing at 60 °C for 34 s, and 50
cycles. The procedure was performed in
triplicate. Relative expression was quantified
using Stratagene Mx3000P software, with 3-actin
gene as internal reference. The primers
sequences used for gRT-PCR are shown in
Table 1.

Histopathological examination

Histological examination of the liver was
performed using hematoxylin and eosin (H&E)
staining, and histopathological changes were
identified using trina ocular microscope.

Statistical analysis

Data are expressed as mean + SEM, and the
statistical analysis was performed using SPSS
(version 20.0). Groups were compared using
Dunnett's multiple test range. Values of p < 0.05
were considered statistically significant.

RESULTS
Effect of extract on FBG

The level of FBG was significantly and dose-
dependently reduced in the treatment groups,
relative to diabetic control group at the different
time points (p < 0.05; Figure 1).

Table 1: Primer sequences used for gRT-PCR

Gene Primer Sequences

Reverse Forward
LDLR ACCTGCCGACCTGATGAATTC GCAGTCATGTTCACGGTCACA
PCSK9 TTGCAGCAGCTGGGAACTT CCGACTGTGATGACCTCTGGA
B-actin TGCGTGACATCAAAGAGAAG GATGCCACAGGATTCCATA
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Figure 1: Effect of methanol extract of A. dioicus on
FBG. *p < 0.05, when compared to normal control
group; p < 0.05, when compared to diabetic control

group

Effect of methanol extract of A.dioicus on
lipid profiles

The levels of TC, TG, LDL-C and HDL-C were
significantly higher in the diabetic control group

than in normal control group (p < 0.05). However,
treatment with methanol extract of A. dioicus
significantly and dose-dependently reversed
changes in the levels of these parameters (p <
0.05; Table 2).

Effect of methanol extract of A. dioicus on
levels of glycogen, PCSK9, TG and TC

The level of liver glycogen was significantly
reduced in diabetic control group, relative to the
normal control group, but was significantly dose-
dependently increased after treatment with the
extract (p < 0.05). There were no significant
differences in the serum levels of PCSK9 among
the groups (p > 0.05). Liver TG and TC were
significantly higher in diabetic control group than
in normal control group, but were significantly
and dose-dependently decreased in the
treatment groups (p < 0.05). These results are
shown in Figure 2.

Table 2: Effect of methanol extract of A. dioicus on lipid profiles

Group HDL-C (mmol/L) LDL-C (mmol/L) TG (mmol/L) TC
(mmol/L)
Normal control 1.13+0.19 0.42+£0.01 1.59+0.24 1.96 +0.14
Diabetic control 2.18+0.23° 0.78 £ 0.03% 2.83+0.31° 4.39 £ 0.37°
200 mg/kg bwt extract 2.24 +0.16* 0.64 + 0.02® 2.16 + 0.17%* 3.32+0.21*

400 mg/kg bwt extract 2.57 +0.21*°

0.51 + 0.03%° 1.73+0.21%° 2.73 £ 0.19%°

%P < 0.05, compared to normal control group; °p < 0.05 when compared to diabetic control group; °p < 0.05,

compared to 200 mg/kg group

Figure 2: Effect of methanol extract of A. dioicus on the levels of glycogen, PCSK9, TG and TC. #p < 0.05,
when compared to normal control group; **p < 0.05, when compared to diabetic control group
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Figure 3: Effect of methanol extract of A. dioicus on
PCSK9, LDLR and GCK expressions in the liver. *P <
0.05, when compared to normal control group; *p <
0.05, when compared to diabetic control group; **p <
0.05, when compared to 200 mg/kg group

Expressions of PCSK9, LDLR and GCK

The expressions of LDLR and GCK were
significantly down-regulated in diabetic control
group, when compared with normal control
group, but their expressions were significantly
upregulated dose-dependently in the treatment
groups (p < 0.05). The level of expression of
PCSK9 was significantly higher in diabetic
control group than in normal control group (p <
0.05). However, treatment with extract
significantly down-regulated PCSK9 expression
dose-dependently (p < 0.05; Figure 3).

Effect of methanol extract of A. dioicus on
expressions of PCSK9 and LDLR mRNAs

gRT-PCR results showed that the expression of
PCSK9 mRNA was upregulated by a factor of
1.86, while the expression of LDLR mRNA was
down-regulated by a factor of 0.62 in the liver of
diabetic control mice, when compared with
normal control group (p < 0.05). However,
treatment with methanol extract of A. dioicus
significantly reversed the changes in the level of
expressions of PCSK9 and LDLR mRNAs
induced by DM (p < 0.05; Figure 4).
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Figure 4: Effect of methanol extract of A. dioicus on
PCSK9 and LDLR mRNA expression. *P < 0.05 when
compared to normal control group; **p < 0.05 when
compared to diabetic control group
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Histopathological features

Liver injury characterized by large distended lipid
droplets and fat accumulation was observed in
diabetic mice. However, treatment with methanol
extract of A. dioicus significantly reversed the
histopathological changes induced by DM
(Figure 5).
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Figure 5: Effect of methanol extract of A. dioicus on
liver histology. (H&E staining, x 400)

DISCUSSION

Type 1 DM (TIDM) is due to insulin deficiency,
while type 2 DM (T2DM) is caused by insulin
resistance [1]. Leptin and leptin receptor-deficient
(db/db) rodent model is a well-established model
of T2DM characterized by insulin resistance,
dyslipidemia, hyperglycemia and obesity [13]. It
has been reported that the development of
diabetic complications is slowed down or
prevented by controlling plasma levels of lipids
and glucose [2].The importance of alternative
medicine in the management of DM cannot be
overemphasized. The present study investigated
the antidiabetic effect of methanol extract of
A. dioicus, and the underlying mechanism(s).
The results of this study showed that treatment
with methanol extract of A. dioicus significantly
reduced FBG and ameliorated altered lipid
profiles induced by DM. These results suggest
that the extract may normalize altered glucose
level and lipid profiles in diabetic mice.
Histopathological examination also showed that
treatment with the extract significantly reversed
histological changes induced by DM.

Low-density lipoprotein receptor (LDLR) plays a
key role in the maintenance of plasma level of
lipids [14]. It is likely that blood lipid homeostasis
is achieved by increased cholesterol clearance. It
has been reported that PCSK9 is expressed in
many cells and tissues, where it binds to LDLR
present on membranes of such cells [15]. Insulin
resistance is reduced by controlling plasma lipid
level via the upregulation of PCSK9 expression,
and PCSK9 in turn reduces the expression of
LDLR by promoting its degradation [6].
Glucokinase (GCK) catalyzes the
phosphorylation of glucose to yield glucose 6-
phosphate in liver cells, and its expression is
usually reduced in DM [16]. The results of

Western blotting and gRT-PCR showed that
treatment with methanol extract of A. dioicus
significantly upregulated the expression of LDLR
and significantly down-regulated the expression
of PCSK9 in diabetic mice. The expression of
GCK was also significantly upregulated in
extract-treated groups, when compared with the
diabetic control group.

CONCLUSION

These results indicate that the antidiabetic effect
of methanol extract of A. dioicus is exerted via a
mechanism involving PCSK9/LDLR pathway.
Thus, the extract has potentials for further
development as an anti-diabetic therapy for
humans.
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