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Abstract 

Background: Diabetes mellitus is a serious complex multifactorial disorder that imposes huge health and economic 
burden on societies. Because the currently available medications have many drawbacks, it’s important to look for 
alternative therapies. Medicinal plants utilized in folk medicine are ideal candidates. Therefore, this work assessed 
the antidiabetic action of n-butanol extract from the whole plant Atractylis flava Desf (BEAF). These ethnomedicinal 
properties of BEAF were scientifically validated using in vitro and in vivo assays. In vitro antidiabetic effect of the BEAF 
was conducted using α-Glucosidase and α-Amylase assays. While the antihyperglycemic activity was assessed using 
two rat models: Alloxan-induced diabetic rats and oral glucose challenged rats. Experimental diabetes was induced 
by a single intraperitoneal injection of alloxan at a dose of 150 mg/kg and animals with fasting blood glucose levels 
(BGL) > 200 mg/dL were considered diabetic. Glibenclamide (5 mg/kg) was used as a typical drug.

Results: The BEAF at all tested dose levels (100, 250, and 500 mg/kg) showed a significant decrease in blood glucose 
level in all the two animal models. Besides, the plant extract exhibited a potent inhibitory effect on α-Amylase and 
α-Glucosidase activity at a concentration of 1000 µg/mL with 76.17% and 89.37%, respectively.

Conclusion: BEAF exerts in vitro and in vivo antidiabetic effects, these results suggest that the plant extract can be a 
therapeutic resource in the treatment of diabetes and hyperlipidemia.
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Background
Diabetes is a chronic disease associated with elevated 
blood glucose levels, triggered by the combination of 
hereditary and environmental sources which cause an 
abnormally high blood sugar level [1]. It is a major health 
issue in both developed and undeveloped countries [2]. 
Even though many therapies are available for the treat-
ment of diabetes, they do not cure the disease completely 
and cause various complications. Many natural products 

with hypoglycemic effects have been appraised and con-
firmed for their antidiabetic activities in animal models 
which propose that the world is searching for new anti-
diabetic agents from plant sources with fewer undesir-
able effects [3]. Inhibition of carbohydrate-hydrolyzing 
enzymes, such as α-Amylase, and α-Glucosidase is one 
of the most notable therapeutic approaches to decrease 
the high blood sugar level, by hindering the uptake of 
glucose [4]. However, natural plant substances that block 
α-Glucosidase and α-Amylase activities offer an attrac-
tive strategy for the control of postprandial hyperglyce-
mia in type 2 diabetic patients.

Atractylis flava Desf. (Asteraceae), locally called 
assenan aouragh in Algeria is one of the traditional 
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medicinal plants which are widely distributed in the 
Mediterranean zone [5].  A.flava has shown significant 
antioxidant, anticancer, anti-inflammatory, and antipy-
retic activities [6–8].  Nonetheless, many health issues 
such as circulatory disorders, ulcers, intestinal parasites, 
and snakebite poisoning have been treated by a folk 
herbal drug made from Atractylis plants, while A. flava 
has also been reported to possess diuretic effects [9, 10]. 
Different classes of phytochemical constituents have 
been isolated from the whole plant  A. flava, e.g., triter-
penes, steroids, saponins, and flavonoids. Furthermore, 
the presence of narcissin, tiliroside, ladaneine, and vice-
nin3 was confirmed in the n-butanol extract [11]. Among 
these phytochemical constituents, tiliroside and vicenin3 
have been shown to exhibit antidiabetic activity [12, 13]. 
Before the present study, there is no statement on the 
antidiabetic activity of A. flava. Therefore, this study was 
to investigate whether the n-butanol extract of the whole 
plant A. flava possessed antidiabetic activity or not.

Methods
Plant authentication
The whole plant A. flava was collected from the Biskra 
District in southern Algeria. The plant was identified by 
its vernacular name and later confirmed at Agronomic 
Institute, University of Banta, by Professor Bachir Oudje-
hih and Voucher specimen with the corresponding num-
ber (660/LCCE) was deposited at the Griffin Herbarium 
of the mentioned Institute.

Preparation of extracts
Dried and powdered plant material (1000 g) was macer-
ated with the solvent mixture methanol/water 80:20 (v/v). 
The recovered quantity was filtrated and concentrated 
under vacuum at ambient temperature. The hydroalco-
holic extract was submitted to liquid–liquid fractioning 
using (petroleum ether, dichloromethane, ethyl acetate, 
and n-butanol). The n-butanol fraction was used to eval-
uate the α-Glucosidase and α-Amylase inhibitory and the 
antihyperglycemic activity.

Experimental animals
Only male Wistar albino rats weighted from 150 to 180 g, 
aged 2–3  months were handled to evaluate the anti-
diabetic activity. Rats were obtained from the Pasteur 
Institute, Algiers, Algeria, and were fed a standard labo-
ratory diet and allowed water ad libitum. This study was 
approved by the ethics committee of Pasteur Institute, 
Algiers, Algeria, ethics with approval voucher number 
VB09268.

In vitro antidiabetic activities
α‑Amylase inhibitory activity
The α-Amylase inhibition assay was determined by 
using the dinitrosalicylic acid (DNS) method [14]. Dif-
ferent concentrations (62.5–1000  µg/mL) of BEAF were 
prepared from a 1  mg/mL stock solution of phosphate 
buffer. The samples (100 µL) were incubated with 100 µL 
of α -Amylase solution (0.02 mol /L for 30 min at room 
temperature. Then 100 µL of starch solution (1%) was 
added and incubated for another 10  min. The mixture 
was heated 5  min in a boiling water bath after adding 
1 mL of DNS color reagent that stops the reaction. Then 
it was allowed to cool and was diluted by adding dis-
tilled water (5 mL). The blank was prepared by replacing 
the enzyme with a buffer for each set of concentrations 
of the test sample. The control was maintained without 
the addition of a sample that represented 100% enzyme 
activity. The absorbance of the color solution was meas-
ured at 540 nm using ultraviolet–visible spectrophotom-
eter (Jenway™ 6305). Acarbose serves the experiment as 
a positive control.

α ‑Glucosidase inhibitory activity
The α -Glucosidase inhibitory activity of the BEAF was 
tested by measuring the 4-nitrophenol released from 
ρ-nitrophenyl α-D glucopyranoside (ρNPG). The differ-
ent concentrations (62.5–1000  µg/mL) of a sample (200 
µL) were added to the assay mixtures containing 700 µL 
of 10 mM ρ-nitrophenyl α -D glucopyranoside, 1.0 mL of 
potassium phosphate (0.1 M, pH: 6.8), 200 µL of enzyme 
solution and incubated for 6  min at 37 C. The addition 
of 100  mM sodium carbonate (1  mL) terminated the 
reaction. The liberated ρ-nitrophenol was estimated by 
determining the absorbance at 405  nm using a spectro-
photometer (Jenway™  6305). A positive control (Acar-
bose) was used to compare the inhibitory activity of 
BEAF. The percentage of inhibition was calculated to 
express the α -Glucosidase inhibitory activity [15].

In vivo antidiabetic activities
Oral Glucose Tolerance Test (OGTT) in rats
Rats were fasted for 12  h, except for water ad  libitum, 
and haphazardly divided into three groups (n = 5). 
Group I (normal control) rats were treated with vehicle 
(NaCl 0.9%); groups II, III were treated with 250 mg/kg 
and 500  mg/kg n-butanol extract, respectively. Animals 
were orally administered in a unique dose, the n-butanol 
extract that was dissolved in 0.9% NaCl. Thirty minutes 
after treatment all the animals received 4 g/kg of glucose 
solution. Blood was collected from the tail tip of each rat 
and BGL was measured immediately before treatment 
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using an Accu-chek Active™ test glucometer at 0 (as a 
baseline), 60, 90, and 120 min and of glucose administra-
tion [16].

Induction of experimental diabetes
A dose of 125 mg/kg of freshly prepared alloxan (Sigma-
Aldrich (St. Louis, MO) (0.9% NaCl) was sufficient to 
induce diabetes by a single intraperitoneal injection of 
overnight fasted male rats [17]. Animals were given free 
access to water and pellet diet after 30  min of alloxan 
administration. Animals were kept under rigorous sur-
veillance, the fasting BGL was recorded after seven days 
alloxan injection using a glucometer. The selection of rats 
that will be included in the study was based on the crite-
ria of having a fasting BGL greater than 200 mg/dL [18].

Acute and subchronic antidiabetic activity in alloxan‑induced 
diabetes model
The chosen diabetic animals were scattered into 5 groups 
(n = 5). Group 1 was defined as a negative control, 
received a single dose of 1 mL/100 g of the vehicle, group 
2 was considered as positive control, treated with glib-
enclamide (5 mg/ kg) as a reference drug. Groups 3 to 5 
were treated with BEAF at three dose levels (100,250 and 
500 mg/kg). Blood was collected from the tail tip of each 
mouse and BGL was measured immediately before treat-
ment at 0 (as a baseline), 30, 60, 90, and 120 min of BEAF 
administration. Treatment was extended for 7 consecu-
tive days (p.o.). At the end of day 7, the rats have fasted 
for 16 h and blood parameters were determined, the rats 
were thereafter sacrificed by cervical dislocation and the 
blood samples were collected through cardiac puncture 
from the posterior vena cava.

Estimation of biochemical parameters
The BGL was measured using an Accu-chek Active™ test 
glucometer by collecting the blood from the rat tail vein. 
For other plasma parameters, at the end of treatment, i.e.,  
7 days, blood was collected from rats retro-orbital plexus 
applying a light ether anesthesia method. The plasma 
was restricted by centrifuging at 3000 rpm for 5 min and 
was checked out for lipid profiles (total cholesterol (TC), 
triglyceride (TG), high-density lipoprotein (HDL), low-
density lipoprotein (LDL)), creatinine, and urea that were 
analyzed by standard enzymatic assays with an automatic 
analyzer (COBAS INTEGRA® 400 plus).

Statistical analysis
All the data were expressed as mean ± SEM, and one-
way analysis of variance (ANOVA) followed by Dunnett’s 
test was used for statistical analysis by using GraphPad 
Prism software (version 7.0). Significance was assumed if 
P < 0.05.

Results
In vitro antidiabetic activity
α‑Amylase and α‑glucosidase inhibitory
As illustrated in Fig.  1, the BEAF showed a significant 
(P < 0.05) α-Amylase inhibitory activity in a concen-
tration dependent manner. The BEAF at a concentra-
tion of 1000  µg/mL exhibited 76.17%. Moreover, the 
α-Glucosidase inhibitory effect of the extract was more 
efficient than α-Amylase inhibition with 89.37% at 
1000  µg/mL. Similarly, acarbose, at 1000  µg/ml showed 
roughly 100% enzyme inhibition.
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Fig. 1 α -Amylase and α-glucosidase inhibition activity of A. flava n-butanol extract
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In vivo antidiabetic activity
Oral Glucose Tolerance Test (OGTT) in rats
As indicated in Fig.  2, there were no significant dif-
ferences in blood glucose level among all the groups 
(P > 0.05) before glucose administration. But, all groups 
showed significant increase in BGL 30 min following glu-
cose loading, confirming the induction of hyperglycemia. 

The hyperglycemia was significantly decreased by the 
BEAF at a dose of 500 mg/kg (P < 0.01), after 60 min of 
administration relative to normal control.

Acute and subchronic antidiabetic activity in alloxan‑induced 
diabetes model
As shown in Table  1, the BEAF and the standard drug 
demonstrated a significant blood glucose-lowering effect 
in all diabetic-treated groups in a concentration-depend-
ent manner as compared to the diabetic control. The 
BEAF at 500  mg/kg significantly (P < 0. 01) lowered the 
fasting BGL with 56.20%. After 7  days, values of blood 
glucose decreased in all the treatment groups and the 
diabetic control rats showed a notable increase in blood 
glucose level. The administration of BEAF at 500 mg/kg 
and glibenclamide to diabetic rats restored the BGL sig-
nificantly (P < 0.01) (Table 1).

The level of urea, creatinine, and lipid profiles of differ-
ent experimental groups are also represented in Table 2. 
Therefore, the diabetic rats showed significant hyper-
triglyceridemia and hypercholesterolemia as compared 
with control. Treatment with BEAF showed a significant 
decrease in cholesterol and triglycerides levels simulta-
neously increased the HDL-cholesterol. Concerning the 
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Fig. 2 Effect of BEAF on oral glucose tolerance test (OGTT) in rats

Table 1 Effects of BEAF on blood glucose level on alloxan-induced diabetic rats

Each value represents the mean ± SEM n = 5. *P < 0.05; ***P < 0.001 versus normal control (ANOVA followed by Dunnett’s test)

Blood glucose inhibition (%)
Time 30 min 60 min 90 min 120 min

0.9% NaCl 1.72 ± 0.29 2.57 ± 0.38  − 0.18 ± 0.38  − 2.69 ± 0.44

Glibenclamide 35.04 ± 0.45*** 39.33 ± 1.01*** 45.08 ± 0.95*** 56.20 ± 0.71***

BEAF 500 mg/kg 16.80 ± 0.48*** 23.90 ± 0.63*** 29.49 ± 0.54*** 39.40 ± 0.69***

BEAF 250 mg/kg 9.48 ± 0.29*** 17.60 ± 0.70*** 28.59 ± 0.68*** 29.18 ± 0.83***

BEAF 100 mg/kg 3.94 ± 0.70* 8.82 ± 0.96*** 16.08 ± 0.88*** 18.81 ± 1.69***

Table 2 Biochemical parameters of normal and diabetic animals on 7th day post-treatment

Each value represents the mean ± SEM n = 5. *P < 0.05; **P < 0.01 versus normal control (ANOVA followed by Dunnett’s test)

Parameters Normal control Diabetic control BEAF (500 mg/kg) Glibenclamide (5 mg/kg)

Liver profile

ASAT(U/L) 141 ± 4.23 143.2 ± 6.77 187.6 ± 5.98 242.8 ± 3.36 **

ALAT(U/L) 78.3 ± 6.12 80.8 ± 8.76 98.5 ± 8.86 172.4 ± 9.66 **

Renal profile

Urea (mg/L) 0.28 ± 0.01 0.77 ± 0.51* 0.32 ± 0.01 0.32 ± 0.01

Creatinine (mg/L) 3.45 ± 1.71 6.30 ± 0.16** 3.78 ± 0.20 3 ± 0.08

Lipid profile

Cholesterol (mmol/L) 0.97 ± 1.10 02.03 ± 0.05** 01.03 ± 0.05 1.08 ± 0.05

Triglycerides (mmol/L) 0.62 ± 0.05 2.14 ± 0.15** 1.14 ± 0.15 1.30 ± 1.25

HDL-cholesterol (mmol/L) 0.60 ± 0.06 0.24 ± 0.06** 0.54 ± 0.06 0.77 ± 2.10

LDL-cholesterol (mmol/L) 0.10 ± 0.11 0.66 ± 0.01** 0.26 ± 0.01 0.18 ± 1.24

Blood glucose (g/L) 0.87 ± 0.13 3.68 ± 0.05** 1.89 ± 0.23 1.62 ± 0.35
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ALAT and ASAT levels, the results showed that the nor-
mal control and the diabetic rats treated with the BEAF 
were nearly the same. However, glibenclamide-treated 
rats had a higher level than these two groups. The ASAT 
level of the diabetic rats was the highest among the 
groups with a value of 343.2 UI/L.

Discussion
Uses of medicinal plants for the treatment of various 
diseases have their own merits and demerits. Diabe-
tes mellitus is one of the major public health problems 
worldwide, is a metabolic disorder that bears a lot of 
complications if it is not properly managed. Managing 
diabetes with medicines is quiet costly and the chances 
of side effects are high. Different extracts from medici-
nal plants offer a promising alternative for the develop-
ment of new therapeutic agents against diabetes mellitus. 
This study sketches out the antidiabetic activities of  A. 
flava  n-butanol extract using α-Amylase, α-Glucosidase 
inhibition activity, and alloxan-induced diabetic model.

α-Amylase and  α-Glucosidase are the main enzymes 
involved in the breakdown of sugars in the human body 
and leads to a raised level of postprandial hyperglycemia 
(PPHG) SPS:refid::bib19[19]. Pancreatic  α-Amylase is 
responsible for the breakdown of starch into oligosaccha-
rides which are further broken down by α-Glucosidase 
into glucose. The resulting glucose enters the blood-
stream upon absorption and leads to a raised level of 
postprandial hyperglycemia [19]. Inhibitors of these 
enzymes contribute to lowering postprandial hyperglyce-
mia and slowing carbohydrate absorption in type 2 dia-
betic patients [20]. Therefore, plant that has the potential 
to inhibit the aforementioned two enzymes may be valu-
able in lowering postprandial hyperglycemia. In the pre-
sent study, the n-butanol extract inhibited α-Glucosidase 
and α-Amylase efficiently and the results were compara-
ble with acarbose a standard inhibitor of these enzymes 
that inhibited both of them with 76.17% μg/mL and 
89.37%, respectively.

Similarly, oral administration of A. flava n-butanol 
extract at all tested doses (100,250 and 500  mg/kg) and 
glibenclamide at a dose of 5 mg/kg produced a significant 
reduction in BGL of normoglycemic rats. Besides, oral 
administration of A. flava n-butanol extract at a dose of 
500  mg/kg to glucose loaded rates showed a significant 
reduction in BGL at 60- and 120-min post-treatment 
compared to untreated groups. This signifies that the 
BEAF may improve glucose tolerance in normal rats, 
reflecting its potential benefit to lower PPHG.

One of the strategies for the management of type 2 
diabetes and OGTT is the measure of the body’s ability 
to utilize glucose that serves as standard procedure for 
the diagnosis of the border line of diabetic patients in a 

clinical set-up [21]. The observed effect may partly flow 
from to attenuation of glucose absorption into blood-
streams via inhibition of α-Amylase as this extract has 
demonstrated α-Amylase inhibitory activity. Moreover, 
the power to enhance glucose tolerance could be thanks 
to other possible mechanisms just like the stimulation of 
glycogenesis within the liver, enhanced tissue glucose uti-
lization, and decreased gluconeogenesis [22].

Alloxan provokes the increase of glycemia by a selec-
tive cytotoxic effect on pancreatic β-cells. One of the 
intracellular phenomena for its cytotoxicity is through 
the generation of free radicals demonstrated both  in 
vivo and in vitro [23]. Administration of BEAF and glib-
enclamide resulted in a blood glucose-lowering effect 
compared with diabetic control rats. This result suggests 
that the action of BEAF may be mediated by stimulation 
of insulin release from the remaining pancreatic β-cells in 
diabetic rats.

Metabolic wastes, such as creatinine and urea, are 
removed by the kidney; however, in persistent hyper-
glycemia, increased levels of urea and creatinine are 
observed, which may be due to renal damage caused 
by diabetes [24]. In the present study, the elevation of 
plasma levels of urea and creatinine were observed in 
diabetic rats, but BEAF treatment significantly reduced 
serum urea and creatinine levels. This is possibly due 
to BEAF mediated reductions in blood glucose, which 
prevented hyperglycemia-associated kidney damage in 
diabetic rats. This action supports a protective effect of 
BEAF on the kidneys.

The provenance of type 2 diabetes-associated car-
diovascular troubles is by virtue of lowered HDL and 
elevated TG and LDL levels [25]. Atherosclerotic plaque 
formation is aggravated by the accumulation of serum 
lipids in the arterial wall, and the risk of coronary heart 
disease increased in diabetic patients [26, 27] Anti-
diabetic drugs have been reported to reduce the car-
diovascular risk by controlling the lipid profile level in 
diabetic patients [28, 29]. In our study, hypertriglyc-
eridemia, hypercholesterolemia, and decreases in HDL 
were observed in untreated diabetic rats, which confirms 
altered lipid metabolism. Treatment with BEAF and glib-
enclamide reduced TC and TG and increased HDL levels 
compared with diabetic control rats. This finding sup-
ports the potential of BEAF to prevent the atherogenic 
formation in diabetes by normalizing the lipid profile and 
thus possibly reducing diabetic cardiovascular risk.

Our previously reported data on A. flava  verifies its 
anti-inflammatory, antipyretic, antioxidant, and antican-
cer potentials [6–8]. Some of the compounds present in 
the n-butanol extract of A. flava have already been con-
firmed to possess antidiabetic activities, for instance, the 
tiliroside and vicenin 3 [11]. Although several chemical 
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compounds are present in the n-butanol of A. flava, the 
most active compounds responsible for the observed 
antidiabetic effect were nominated based on reported 
studies in the literature  [12, 13]. Accordingly, these 
results encourage further studies on extracts and identify 
particular active chemical compounds responsible for the 
specific biological activity to standardize the plant prepa-
ration for maximum therapeutic benefit to treat type 2 
diabetes.

Conclusion
The BEAF has the potential to reduce blood glucose 
alloxan-induced diabetic rats, stimulates and inhibits 
α-Glucosidase and α-Amylase enzymes. We proclaim 
that is possibly by the reason of abundant active poly-
phenolic constituents. The results of the present study 
provide valid scientific evidence for therapeutic potential 
of A. flava in the treatment of T2D. That is why it would 
be interesting to fractionate the n-butanol ethanol root 
extract of A. flava, to determine the chemical structures 
of the active compounds and consequently understand 
the action mechanism involved in the antidiabetic effect 
of this medicinal plant. As a continuity to the current 
research investigation, the authors urge and insist on the 
importance of this eminent area of plant studying in the 
future.
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