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Diabetes is characterized by hyperglycemia resulting
from defects in pancreatic insulin secretion and/or
impaired target cell responsiveness to insulin, and
Artemisia afra Jacq. is widely used in South Africa to
treat the disease, but the mechanism of action is yet to
be elucidated. This study explored the effect of oral
administration of aqueous leaf extract of A. afra on the
pancreas of streptozotocin-induced diabetic rats. We
found that the extract significantly reduced blood
glucose levels, accompanied by an increase in the serum
insulin concentration. Moreover, the antioxidant enzy-
mic activities of glutathione peroxidase, glutathione
reductase, and superoxide dismutase also improved
significantly after treatment with the extract. Increased
pancreatic lipid peroxidation in the diabetic rats was
also normalized by the extract. This study indicates that
A. afra possesses hypoglycemic and antioxidant activ-
ities. Our findings suggest that the herb might exert its
anti-diabetic activity by regenerating pancreatic beta
cells, thereby stimulating the release of insulin.
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Diabetes mellitus (DM) is a metabolic disorder
characterized by high blood glucose levels that result
from defects in pancreatic insulin secretion and/or
impaired target cell responsiveness to insulin.1) Studies
have also revealed that free radicals might also play a
vital role in the pathogenesis of this disease.2,3) Diabetes
is the most common of the endocrine disorders, affecting
more than 150 million people worldwide, with a
projection of 300 million people by 2025.4)

DM is a pathologic condition resulting in severe
metabolic imbalances and non-physiological changes in
many tissues, particularly in the pancreas, where
oxidative stress plays an important role in etiology.2)

The pancreas is responsible for the secretion of insulin,
the hormone that regulates blood glucose levels.
Streptozotocin is frequently used to induce DM in
experimental animals through its toxic effects on
pancreatic � cells.5) It is a potent methylating agent for
DNA and acts as a nitric oxide donor in pancreatic �
cells.6,7) Studies have shown that pancreatic damage
occurs following streptozotocin injection as a result of
antioxidant deficit and increased oxidative stress through
free-radical generation.8,9)

Artemisia afra Jacq. ex Willd. (Asteraceae) is an
indigenous South African plant known as unhlonyane in

Xhosa and African wormwood in English. It is a widely
used medicinal plant because of its acclaimed healing
properties for many ailments, including diabetes. It is an
erect, shrubby, perennial plant growing up to 2 m tall
with a leafy, hairy stem. The leaf shape is narrowly
ovate, feathery, and finely divided, and the leaf grows
up to 8 cm long and 4 cm wide. It is widespread in all
the provinces of South Africa except for the Northern
Cape, and it is easily identifiable by its characteristic
aromatic odor.10) Phytochemical analyses of A. afra
have revealed the presence of tannins, saponins, triter-
penes, �- and �-amyrin, friedelin, and the alkanes ceryl
cerotinate and n-nonacosane.11) Anti-diabetic activity
has been reported for A. afra, but no detailed study has
been reported on its mechanism of action.
The present study investigated the effect of oral

administration of aqueous leaf extract of A. afra on the
pancreas of streptozotocin-induced diabetic rats with
reference to oxidative stress indices, with a view to
determining the possible mechanism of the anti-diabe-
togenic action of the extract.

Materials and Methods

Chemicals. Streptozotocin was purchased from Sigma Chemical

(St. Louis, MO). The assay kits used for biochemical assays were from

Randox Laboratories (Ardmore, UK). All the other chemicals and

reagents used were of analytical grade.

Plant material and authentication. Freshly picked A. afra compris-

ing mature leaves and stems were collected from the University of Fort

Hare (Alice, Eastern Cape Province, South Africa) in June 2009. The

plant was authenticated by Professor D.S. Grierson, a botanist in the

Department of Botany at the University of Fort Hare, and a voucher

specimen (Sunmed. 2009/01) was prepared and deposited at the Giffen

Herbarium of the university.

Preparation of plant extract. An aqueous extract of the plant was

prepared as previously described by Sunmonu and Afolayan.12) The

dried powder obtained was reconstituted separately in distilled water to

give the doses of 50 and 100mg/kg of body weight used in the

experiment. These doses were selected based on the fact that they

correspond to those employed by traditional healers in the study area in

the treatment of diabetes.

Animals used.Male albino rats of the Wistar strain at a mean weight

of 155� 5:32 g were used. The animals were obtained and reared as

described by Sunmonu and Afolayan,12) following approval by the

Ethical Committee on the Use and Care of Animals of the University

of Fort Hare.

Induction of diabetes. The animals were fasted for 18 h, followed by

a single intravenous injection of freshly prepared solution of
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streptozotocin (60mg/kg of body weight) in 0.1 M citrate buffer

(pH 4.5) to induce diabetes. They were allowed to drink 5% glucose

solution overnight to overcome the drug-induced hypoglycemia. After

72 h of streptozotocin injection, fasting blood glucose levels were

estimated, and levels above 250mg/dL confirmed diabetes resulting

from a damaged pancreas.

Animal grouping. Twenty-four male rats were randomized into four

groups of six animals, and they were orally administered appropriately

for 14 d. Group 1 (normal control) and group 2 (diabetic control)

received distilled water, while groups 3 and 4, also comprising

diabetic rats, were treated with 50 and 100mg/kg of body weight/d

respectively of A. afra extract.

Collection of blood and preparation of pancreatic homogenate. On

day 15, the rats were sacrificed humanely under ether anaesthesia, and

the jugular vein was cut with a sterile surgical blade for blood

collection into non-heparinized tubes. The blood was centrifuged at

1;282 g� 5min, and the serum was carefully aspirated with a Pasteur

pipette into sample bottles for biochemical assay. After dissection of

the animals, the pancreas was excised carefully and rinsed immediately

with ice-cold physiological saline, followed by evaluation of the

pancreas to body weight ratio. A portion of the pancreatic tissue was

homogenized in ice-cold phosphate buffer (0.1 M, pH 7.4) containing

potassium chloride (1.17% w/v). The homogenate was centrifuged at

800 g for 5min to separate the nuclear debris. The supernatant obtained

was further centrifuged at 10;500 g for 20min to produce the post-

mitochondrial supernatant, which was used in analysis.

Biochemical assays. The concentration of glucose in the serum was

determined as described by Barham and Trinder.13) The serum insulin

concentration was measured using an insulin radioimmunoassay kit

(CEA-JRE-SORIN, Monaco, France). Protein was estimated using

bovine serum albumin as standard.14) Superoxide dismutase (SOD)

activity was determined by the method of Marklund and Marklund.15)

Glutathione reductase (GR) activity in the pancreas was measured by

the method of Goldberg and Spooner,16) and glutathione peroxidase

(GPx) was assayed by the method of Paglia and Valentine.17)

Pancreatic lipid peroxidation (LPO) was determined by the formation

of malondialdehyde (MDA)-thiobarbituric acid reactive substances

(TBARS) adduct by the method of Ledwozyw et al.18) The released

malondialdehyde served as an index of lipid peroxidation.

Statistical analysis. Data were expressed as mean� SD for six

replicates, and were subjected to one-way analysis of variance

(ANOVA), followed by Tukey’s post hoc test for multiple comparison.

Values were considered statistically significant at p < 0:05.

Results

Effects of A. afra on serum glucose and insulin levels
and pancreas weight

The untreated diabetic animals showed significantly
raised serum glucose levels and reduced serum insulin
concentrations as compared to the normal control
(Table 1).

The administration of aqueous extract of A. afra,
however, significantly restored glucose and insulin
levels in the diabetic rats to near normal. The pan-
creas/body weight ratio of the diabetic rats was also
significantly reduced after 14 d as compared with the
control (Table 1). The aqueous extract of this herb
restored the pancreas/body weight ratio to near the
normal range.

Effects of A. afra on lipid peroxidation and enzymatic
antioxidants

We observed a significant elevation in pancreatic
MDA levels in the diabetic rats (Fig. 1), but treatment

with the extract resulted in a marked decrease in these
values at the end of the experiment. We also found
that the activities of enzymatic antioxidants (GPx, GR,
and SOD) were significantly reduced in the pancreas
of the diabetic animals (Figs. 2–4), but they were
significantly improved following treatment with the
extract for 14 d.

Table 1. Effects of Oral Administration of Aqueous Extract of
A. afra on Blood Glucose, Insulin Concentration, and Pancreas/Body
Weight Ratio in Diabetic Rats (n ¼ 6� SD)

Groups
Glucose Insulin Pancreas/Body

(mg/dL) (ng/mL) ratio (%)

Normal control 75:31� 4:98 0:79� 0:04 0:27� 0:04

Diabetic untreated 308:89� 6:13� 0:36� 0:03� 0:13� 0:05�

Diabetic +

50mg/kg A. afra

79:46� 2:31�� 0:69� 0:03�� 0:23� 0:04��

Diabetic +

100mg/kg A. afra

77:35� 3:53�� 0:70� 0:02�� 0:24� 0:04��

� p < 0:05 statistically significant compared with the normal control animals
�� p < 0:05 statistically significant compared with the diabetic control

animals
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Fig. 1. Effect of A. afra Aqueous Extract on Lipid Peroxidation
(MDA) in the Pancreas of Diabetic Rats.

Data are expressed as mean� SD for six determinations.
�p < 0:05 compared with the control animals; ��p < 0:05 compared
with the diabetic control animals.
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Fig. 2. Effect of A. afra Aqueous Extract on Glutathione Reductase
(GR) Activity in the Pancreas of Diabetic Rats.

Data are expressed as mean� SD for six determinations.
�p < 0:05 compared with the control animals; ��p < 0:05 compared
with the diabetic control animals.
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Discussion

Induction of diabetes by streptozotocin has been
reported to involve pancreatic damage arising from an
antioxidant deficit and increased oxidative stress through
free-radical generation.8,9) This can be further confirmed
by increases in the blood glucose concentration. An
increase in the organ-to-body weight ratio is an
indication of inflammation, while a decrease might be
attributed to cell constriction.19) The reduction in the
pancreas/body weight ratio observed in our study
suggests constriction of the pancreatic beta cells, an
indication of damage to the pancreas. This probably
accounts for its reduced functional capacity, as reflected
in alterations in lipid peroxidation and antioxidant
enzyme activities. Treatment of diabetic rats with
A. afra extract enhanced pancreatic weight, and this
can be attributed to regeneration of �-cells.

The results of the present investigation indicate that
aqueous extract of A. afra possesses hypoglycemic
activity in that it substantially reduces blood glucose
levels in streptozotocin-induced diabetic rats. This can
be attributed to the saponin content reported to be

present in A. afra extract,11) and saponin has exhibited
hypoglycemic activity in diabetic rabbits.20) Treatment
of diabetic rats with A. afra extract caused reversal of
serum glucose to near normal levels, and this was
confirmed by the elevated level of serum insulin. The
observed increase in the insulin concentration following
treatment with the extract can be attributed to increased
secretion by regenerated pancreatic �-cells.
The elevated pancreatic LPO in the diabetic rats can

be attributed to enhanced production of reactive oxygen
species, which leads to oxidative stress. Lipid perox-
idation has been reported to play an important role in
diabetic pancreatic damage.21) In the present study,
administration of A. afra extract potentially lowered the
MDA level, which suggests that the extract possesses
antioxidant principles producing such a response. This is
an indication that the herb has a protective effect in that
it alleviates pancreatic oxidative stress in diabetic rats. A
similar observation was reported for diabetic rats
administered aqueous extracts of Punica granatum and
Artemisia campestris.22,23) According to these authors,
the extracts can be effective in correcting hyperglycemia
and preventing diabetic complications. This may be an
indication that the plant extracts have the potential to
repair a damaged pancreas. Thus, the evidence presented
here suggests that A. afra can regenerate pancreatic
�-cells that are damaged as a result of streptozotocin
injection. Of particular interest is the fact that the effect
of the extract at the doses studied compared favorably to
the control animals.
DM is associated with increased formation of free

radicals and a reduction in pancreatic antioxidant
potential. As a result, the balance between free-radical
formation and protection against them, which is nor-
mally present in the cells, is disturbed.24) An imbalance
in the oxidant/antioxidant defense system results in
alterations in the activities of antioxidant enzymes
such as SOD, GR, and GPx.25) This indicates that
streptozotocin-induced diabetes disrupts the activities of
pancreatic antioxidant enzymes. The decreased activities
of these enzymes in the pancreas of diabetic rats might
be due to the production of reactive oxygen species
(ROS) such as superoxide, hydrogen peroxide, and
hydroxyl radicals.26,27)

GPx is involved in the elimination of hydrogen
peroxide at lower concentrations, and GR is required for
the conversion of oxidized glutathione (GSSG) to the
reduced (GSH) form. A decrease in the activities of
these enzymes in the diabetic state can result from
radical-induced inactivation and glycation of the
enzymes.28,29) In this study, A. afra potentiated antiox-
idative defense by increasing the activities of these
enzymes in the diabetic rats. This can be attributed to the
strong antioxidative properties of the extract. Similar
observations have been reported for administration of
Catharanthus roseus and Punica granatum extracts to
diabetic rats.8,22)

The natural cellular antioxidant enzyme SOD plays a
vital role in oxygen defense metabolism by intercepting
and reducing superoxide to hydrogen peroxide.26,30) The
observed reduction in SOD activity in the pancreas of
the streptozotocin-treated rats can be attributed to
inactivation by hydrogen peroxide or by glycosylation
of the enzyme, which have been reported to occur in
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Fig. 4. Effect of A. afra Aqueous Extract on Superoxide Dismutase
(SOD) Activity in the Pancreas of Diabetic Rats.
Data are expressed as mean� SD for six determinations.

�p < 0:05 compared with the normal control animals; ��p < 0:05
compared with the diabetic control animals.
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Fig. 3. Effect of A. afra Aqueous Extract on Glutathione Peroxidase
(GPx) Activity in the Pancreas of Diabetic Rats.
Data are expressed as mean� SD for six determinations.

�p < 0:05 compared with the normal control animals; ��p < 0:05
compared with the diabetic control animals.

Ameliorative Effects of A. afra in Diabetic Rats 2085



diabetes.31) Administration of A. afra extract signifi-
cantly increased the activity of the enzyme and thus
prevented oxidative damage to the pancreas. This is an
indication of the antioxidant activity of the extract due to
scavenging of free radicals.

The findings of the present study indicate that aqueous
leaf extract of A. afra can be effective in correcting
hyperglycemia and alleviating oxidative stress in the
pancreas of streptozotocin-induced diabetic rats. We
suggest that the extract exerts its anti-diabetic activity by
stimulating the release of insulin by the pancreas.
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