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Abstract

Purpose: To determine the antidiabetic, antioxidant and anti-hyperlipidemic effects of aqueous leaf
extract of Artemisia argyi (Asteraceae) in alloxan (ALX)-induced diabetic rats.

Experimental: Soxhlet apparatus was packed with grinded leaves of A. Argyi and subjected to
extraction by double distillation using water as running solvent for 4 — 5 h. Male albino Wistar rats
weighing 150 + 10 g were used in this study. Diabetes was induced in overnight-fasted rats via
intraperitoneal administration of freshly prepared 10 % alloxan solution at a dose of 186.9 mg/kg. Serum
glucose (Glc), high-density lipoprotein cholesterol (HDL-c), triglycerides (TGs) and total cholesterol (TC)
were evaluated using Randox assay kits. Serum reduced glutathione (GSH) was assayed using a slight
modification of a previously reproted procedure, while histological examination was carried out
microscopically after hematoxylin and eosin staining.

Results: Oral administration of aqueous extract of Artemisia argyi significantly reduced ALX-induced
increases in glycosylated hemoglobin and blood glucose, but significantly increased total protein,
hemoglobin, insulin, and C-peptide levels (p < 0.05). Administration of the extract also led to a
significant upsurge in non-enzymic antioxidants i.e. ceruloplasmin, GSH, vitamin E and vitamin C. The
extract produced a hypolipidemic effect by significantly reducing total cholesterol (TC) and serum TGs.
The hypoglycemic and hypolipidemic effects of the extract were dose-dependent (p < 0.05). Histological
examination of the pancreas revealed that the extract protected the integrity of beta cells in ALX-
induced diabetic rats.

Conclusion: These results indicate the beneficial effects of Artemisia argyi against diabetes mellitus.
Thus, Artemisia argyi may be useful in the management of diabetes mellitus.
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INTRODUCTION

The existence of herbal medicine dates back to
the era of the first human beings on the face of
earth. Nowadays, it became important to study
natural products for their immense richness in

bioactive compounds that can be used as lead
molecules in drug discovery. Traditional medicine
is being extensively studied by scientists across
the globe. It constitutes a vital source of
therapeutic principles with respect to animal
parts, herbs, and inorganic materials [1].
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Artemisia argyi is an important medicinal herb
popularly known as Chinese mugwort. Since time
immemorial, several medicines used worldwide
have been derived from herbs belonging to
Artemisia argyi [2]. In Japan, China and Korea,
A. princeps and A. argyi are incorporated in folk
or traditional medicine for treating inflammation,
abdominal pain, uterine hemorrhage and
dysmenorrhea [3]. “Aiye” is the local name for A.
argyi in China, and it grows as a herbaceous
perennial herb. The plant parts and chemical
components extracted from A. princeps have
been shown to possess marked pharmacological
effects such as anti-inflammatory, antidiabetic,
anticoagulant, antifungal, and  anti-tumor
properties [4-9]. Several studies have been
directed towards identification of the phyto-
constituents of A. argyi. Ninety-six volatile
constituents have been identified from the leaves
of A. argyi. These include a-thujene, 1,8-cineole,
camphor and artemisia alcohol [10]. Moreover,
nearly 50volatile constituents have been
identified from A. argyi flowers, and it is believed
that the flowers may be just as therapeutically
effective as using the leaves. Although several
traditional uses of this plant have been
experimentally validated, there exist no scientific
confirmed reports regarding its anti-diabetic
properties. Therefore, the present study was
aimed at investigating the antidiabetic effect of A.

argyi.

Diabetes mellitus (DM) is a hazardous
pathological condition which results in metabolic
disturbances and non-physiological alterations in
several tissues, with oxidative stress playing an
essential part in the disease development.
Diabetes mellitus results in vascular problems
that lead to considerable number of human
deaths. Globally, there have been significant
upsurge in diabetes patients in the past few
decades, most likely due to sedentary life styles,
consumption of energy-rich diets, increase in
ageing populations, and obesity [11].

There are at present 150-300 million cases of
diabetes mellitus worldwide, but WHO has
predicted a two-fold increase in diabetes cases
by 2025 [12]. The available blood glucose
lowering agents and dietary measures only
partially correct the multiple metabolic defects
associated with non-insulin dependent DM
(NIDDM) with insulin resistance remaining
relatively unresponsive to treatment.
Hypoglycemia and secondary failure are
common problems associated with currently
available sulphonyl ureas. Therefore, there has
been a focus on development of newer
hypoglycemic agents that could address these
limitations.

The present study was carried out to investigate
the antihyperglycemic, antioxidant and
antihyperlipidemic potential of A. argyi (aqueous
extract) in diabetic rats.

EXPERIMENTAL
and extract

Collection of plant material
preparation

The aerial parts (leaves) of the herb A. argyi
were washed in fast flowing tap water to
eliminate surface dirt. Then, the plant material
was dried to remove moisture, followed by
cutting and grinding to powder with the help of a
mechanical blender. Thereafter, the powdered
material was packed into a Soxhlet apparatus
and subjected to extraction with double distilled
water as running solvent for 4-5h. The extract
was then heated to dryness, and final extract
yield was quantified (16.5 % yield). The dry
extract was kept at 4 °C prior to use.

Chemicals and reagents

All the chemicals used in this study were of
analytical grade and were acquired from Sigma
Chemicals, St Louis, USA.

Experimental animals

The male albino Wistar rats used in this
investigation were allowed free access to pellet
diet and water. The animals were maintained
within a clean environment with a 12-h day/12-h
dark photoperiod at temperatures ranging from
26 to 30°C. Approval for the experimental
protocol used was received from the institutional
animal ethical committee of Tianjin Baodi
Hospital (approval no. TXY6411343) and
followed the guidelines of Care and Use of
Laboratory Animals [13].

Induction of hyperglycemia

Diabetes was induced in overnight-fasted rats
through infusion of freshly prepared 10% alloxan
(ALX) solution at a dose of 186.9 mg/kg. The
control animals were injected with normal
physiological saline. Subsequently, blood was
collected from overnight-fasted rats via sinocular
puncture after 72 h of injection. Rats that showed
minimum serum glucose levels greater than 270
mg/dL were used for subsequent investigations.

The rats were randomly divided into five groups,
with 10 animals/group: 3 diabetic groups and
2control groups. Two of the diabetic animal
groups were given aqueous extract of A. argyi at
doses of 100 and 200 mg/kg body weight daily.
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The extract was administered orally in the form of
suspension in Tween 80 (4 %). Rats in the third
group served as diabetic control (administered
physiological saline only). One of the control
groups received extract at a dose of 200 mg/kg
body weight, while the other was kept untreated
and given physiological saline only.

After two months of exposure, the rats were
euthanized for sample collection, and the
samples were preserved at -70 °C until use. At
12 h after the administration of the last dose,
blood pressure (BP) of each rat was monitored,
and then the rats were anesthetized. Blood
samples of each animal were withdrawn via
sinocular puncture at 0, 30 and 60 days. The
blood samples were permitted to clot for 1 h at
25 °C. Subsequently, the resultant serum
samples were kept at -70 °C until used for
various biochemical estimations.

Biochemical analysis

Serum glucose (Glc), HDL-c, TGs and TC were
determined as per manufacturer’s instructions
using Randox assay kits (Randox Laboratories
Ltd, United Kingdom). Friedewald equation was
used to determine LDL-c. Rat insulin kit
(Mercodia, Uppsala, Sweden) was used to
determine C-peptide and insulin levels through
enzyme linked immunosorbent assay (ELISA).
Total hemoglobin, glycosylated hemoglobin and
total proteins were estimated using methods
described previously [14].

Evaluation of reduced glutathione (GSH)

Reduced form of glutathione (GSH) in serum was
measured with a slight modification of the
procedure described previously [15]. In essence,
5% trichloroacetic acid (2.0 mL) was mixed with
0.5 ml of serum in a centrifuge, and 1 mL of
supernatant was collected. Then, 0.5 mL of
Ellman’s reagent and 3 mL of phosphate buffer
were added to the supernatant. The colored
sample generated was read spectroscopically at
a wavelength of 412 nm.

Determination of vitamin E and vitamin C
levels

The levels of vitamin E and vitamin C in serum
were measured using the method as described
previously [15,16].

Histopathological investigation of pancreas
Thin sections of rat pancreas were fixed with 4

g/L formaldehyde, followed by paraffinization.
Thereafter,the fixed sections were stained using

H&E. Histopathological examination was done
independently by two pathologists.The
pancreatic lesions were recorded as described
previously [17]. Score 0 depicted normal volume
and population of islets cells; score Idepicted
minor injury showing swellingand reduced
number of islet cells; score Il depicted moderate
injury (i.e. moderate decrease in number of islet
cells and swelling of islet cells); score Il depicted
obvious injury marked by clear reduction in islet
cell number and pancreatic hyperplasia, while
score IV implied severe injury depicting minimum
number and extreme hyperplasia.

Statistical analysis

Data are presented as mean + SD. Statistical
analysis was doneusing one way ANOVA and
Duncan’s multiple range test with SPSS software
(version 9.05). Values ofpless than 0.05 were
considered indicative of statisticallysignificant
differences.

RESULTS

Effect of aqueous extract of A. argyi on blood
glucose levels

Fasting serum glucose level of diabetic control
group was elevated to 23.71 £ 1.98 mmol/L in
rats administered the higher extract dose for 60
days, relative to normal control group (3.84+0.30
mmol/L). Administration of the extract dose of
100 mg/kg to normal rats did not affect blood
glucose levels, as shown in Figure 1. At a dose
of 200 mg/kg, the extract produced higher
decreases in blood glucose levels of diabetic rats
than at a dose of 100 mg/kg.
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Figure 1: Effect of Artemisia argyi aqueous leaf
extract on plasma glucose levels (mmol/L) of diabetic
and normal rats after different time intervals viz day 0,
day 30 and day 60; *p < 0.5 vs normal control; #p <
0.05vs diabetic control
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Effect of aqueous extract of A. argyi on GSH,
vitamins C and E levels

The influence of the extract at two doses (100
and 200 mg/kg) on non-enzymatic antioxidant
levels in diabetic and normal rats are presented
in Figure 2. The levels of GSH, vitamins C and E
were significantly decreased in diabetic controls,
when compared to normal rats. The extract dose-
dependently enhanced the levels of GSH,
vitamin C and vitamin E in diabetic rats, relative
to diabetic controls.
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Figure 2: Effect of A. argyi aqueous extract on vitamin
C and vitamin E, and plasma glutathione. Data are
mean = S.D. (n = 10); *p < 0.5 vs normal control; #p <
0.05 vs diabetic control

Effect of extract on insulin and other serum
proteins

Significant reductions in the concentrations of
total protein, hemoglobin, insulin, and C-peptide,
and enhancement in the glycosylated
hemoglobin were seen in diabetic rats, relative to
normal control rats (Figure 3 and Figure 4). On
administration of the extract doses to diabetic
rats, there were dose-dependent enhancements
in these values at both doses. Marked
improvements in serum insulin, total proteins, C-
peptide, and total hemoglobin, and decreases in
glycosylated hemoglobin, when compared to
diabetic control rats. These changes were dose-
dependent.

Effect of extract of TGs and TC

Changes in TG and total cholesterol levels after
2 months of study are shown in Figure 5 and
Figure 6. It was observed that TG level was
markedly elevated in the diabetic rats (Figure5b).
However, the extract significantly decreased TG
levels in diabetic and control rats at both test
doses after 30 and 60 days of treatment.
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Figure 3: Effect of A.argyi on (A) insulin, and (B) C-
peptide levels at indicated doses in normal and
diabetic rats. Each value is mean £ S.D. (n = 10); *p <
0.5 vs normal control; #p < 0.05vs diabetic control
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Figure 4: Effect of A. argyion (A) total hemoglobin, (B)
glycosylated hemoglobin and (C) total protein levels in
normal and diabetic rats. Each value is mean + SD (n=
10) *p < 0.5 vs normal control; #*p < 0.05 vs diabetic
control
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Figure 5: Effect of A. argyi extract on serum TG levels
in diabetic and normal rats at indicated doses. Each
data entry is mean + SD (n= 10); *p < 0.5 vs normal
control; #p < 0.05vs diabetic control
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Figure 6: Effect of A. argyi extract on serum TC levels
at given doses. Each data entry is mean + SD (n= 10)
*p < 0.5 vs normal control; #p < 0.05 vs diabetic control

The results demonstrated that diabetic rats had
more significant elevation in TC levels than
normal rats (Figure 6). Moreover, the
concentrations of TC in diabetic groups receiving
the extract at two different doses were markedly
decreased. No such effects were observed on
cholesterol levels in the normal control rats. After
30 days of treatment, the TC lowering effect of
the extract became apparent. The TC lowering
effects of extract was also observed in normal
control group. Increases in TC levels became
apparent in diabetic rats after 60 days.

Histological features

Results from H& E staining revealed that vehicle
(4 % Tween 80) administration alone did not lead
to any prominent alterations in pancreatic
histology throughout the study (Figure 7 A).
Normal mice did not show any pancreatic lesions
(Figure 7 B). In contrast, ALX treatment
produced marked deleterious effects on
pancreatic histology, as manifested in decreased
number of islets and reduction in the islet
diameter. Contracted islets of Langerhans were
seen in diabetic rats (Figure 7 C). However, the
extract mitigated the lesions seen in the islets of
Langerhans. The pancreatic injuries were
prevented to a significant extent on
administration of extract at doses of 100 and 200
mg/kg (Figure 7 D and E, respectively).

Figure 7: Histopathological changes in pancreas. (a)
Normal control. (b)Normal control plus 200 mg/Kg
extract. (C) Diabetic rats (D) Diabetic rats plus 100
mg/kg extract. (D) Diabetic rats plus 200 mg/kg

DISCUSSION

Natural products have been reported to possess
pharmacological properties, along with low side
effects. Thus, their use in different health care
systems is gaining tremendous attention. Over
the years, plants and plant-derived products
have been used to in the treatment of several
diseases and disorders in different traditional
medicine systems. However, the traditional uses
of only a few species have been validated
scientifically. One of such herbs which are being
extensively used in Chinese system of medicine
is A. argyi [1]. The present study, therefore, is the
first of its kind to investigate in vivo anti-diabetic
effect of A. argyi.

Several investigations have suggested the active
role of oxidative stress in diabetic complications
[18]. Increased oxidative stress in a diabetic state
is due to excess levels of free radical species
and weakened antioxidant defenses [19].
Oxidative stress results in cellular adaptation or
leads to cellular injury such as oxidative damage
to lipids, proteins and genetic material, as well as
impairment of inter- and intracellular homeostasis
[20].
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The administration of certain antioxidants in
experiment an-diabetic animal models has been
demonstrated to cause significant reduction in
oxidative stress [21]. Moreover, A. argyi
possesses antioxidant properties. Therefore, it
was speculated that it may exhibit anti-diabetic
effects. The results of this study indicated that
administration of ALX led to significant decreases
in C-peptide and insulin levels, and marked
elevation in blood glucose levels. However, these
changes were reversed by treatment with A.
argyi extract. The extract produced significant
free radical-scavenging potential and it
decreased lipid peroxidation. Lipid peroxidation is
involved in prevention of ALX-stimulated
oxidative stress [22]. The extract had protective
effect on B-cells, leading to enhanced secretion
of insulin that ultimately lowered blood glucose
levels. The raised insulin levels might be
attributed to the stimulatory effect of aqueous
extract of A. argyi on the B-cells of islets of
Langerhans.

C-Peptide is synthesized during insulin
biosynthesis and the two peptides are then
secreted in a 1:1ratio into the circulatory system
[23]. Thus, an elevation in C-peptides was
accompanied by an increase in insulin secretion.
This may possibly be due to regeneration off3-
cells of the Langerhans. Similar effects were
observed in studies carried out on Artemisia
princeps inC57BL/6 mice fed a high fat diet. It
was also observed that the A. argyi extract
decreased total serum protein levels. This may
be attributed to enhanced lipid peroxidation.
Moreover, the decreases in serum proteins may
also be due to reduced uptake of amino acids,
higher conversion rate of amino acids
(glycogenic) to CO2 and H20, decreased
concentrations of essential amino acids, and
lowered rate of protein synthesis is due to a
reduction in the amount and availability of
mRNA. Lowered serum protein contents have
been reported in diabetic patients. The ALX-
induced diabetic rats had marked elevations in
serum TC and TG at 30" and 60" days of the
study. This hypertriglyceridemia could be a
consequence of either VLDL overproduction by
the liver, or defective removal of TG-rich LPL
from the circulation, or both.

CONCLUSION

Aqueous extract of A. argyi exhibits marked
antihyperglycemic and antioxidant effects.
Therefore, the plant has promising potential for
development into a drug for management of DM.
Thus, there is need for further studies on these
desirable biological properties.
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