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Background: Diabetes mellitus is a widespread metabolic disorder affecting global populations. Lav-
andula stoechas from Moroccan traditional medicine is used for its potential anti-diabetic effects.
Objective: This study aims to evaluate the antihyperglycemic impact of the aqueous extract of L. stoechas
(AqLs) and explore its mechanisms.
Methods: The study employed a glucose tolerance test (OGTT) on normal and diabetic Wistar rats,
administering AqLs at 150 mg/kg. In vitro, AqLs was tested against a-glucosidase and a-amylase activities,
confirmed in vivo using normal and Allx-diabetic rats. The extract’s impact on intestinal d-glucose ab-
sorption was assessed using the jejunum segment perfusion technique at 250 mg/kg in situ. Albino mice
were used to assess toxicity.
Results: AqLs significantly reduced postprandial hyperglycemia (P < 0.001) due to glucose overload. It
inhibited pancreatic a-amylase (IC50: 0.485 mg/mL) and intestinal a-glucosidase (IC50: 168 mg/mL)
in vitro. Oral AqLs at 150 mg/kg reduced hyperglycemia induced by sucrose and starch in normal and
diabetic rats. It also lowered (P < 0.001) intestinal glucose absorption in situ at 250 mg/kg. Oral acute
toxicity tests on Albino mice indicated no adverse effects at different doses.
Conclusion: to summarize, L. stoechas has evident antihyperglycemic effects attributed to inhibiting in-
testinal glucose absorption and key monosaccharide digestion enzymes like a-amylase and a-
glucosidase.
© 2023 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes is a metabolic disorder caused due to elevated blood
insulin levels and/or insulin insensitivity in the targeted organs [1].
This state of permanent hyperglycemia is greater than or equal to
1.26 g/L (7mmol) on an empty stomach and greater than or equal to
2 g/L (11 mmol) at any time of day [2]. It can be divided into two
forms; diabetes mellitus type 1, which is the product of a total in-
sulin deficiency, and the more commonly found diabetes mellitus
type 2 which is caused by insulin resistance [3]. In 2021, approxi-
mately 8 million people worldwide were diagnosed with type 1
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diabetes: of these, 1.5 million were under the age of 20 years, 5.4
millionwere between the ages of 20 and 59, and 1.6millionwere 60
years of age or older. A total of 0.5 million new cases were identified
in that year, and 35,000 undiagnosed people passed away within a
year of exhibiting symptoms [4]. Among the therapies used to
decrease postprandial hyperglycemia, responsible for the chronic
complication presence, are digestive enzymes (a-amylase and a-
glucosidase) inhibition linked to diabetes, and glucose intestinal
absorption reduction [5]. Despite the appearance of new thera-
peutic molecules such as insulin or oral hypoglycemic agents such
as biguanides and sulfonylureas, their regular administration cau-
ses several side effects [6].

Therefore, in developing nations, medicinal plants are the usual
form of therapy [7]. In the Indian system of medicine and other
traditional healing systems around the world, several plants have
been used to treat diabetes mellitus [8]. Studies have shown that
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there are over 400 species of plants with antidiabetic activity [9].
Herbal remedies have proven to be effective in treating diseases
using essential oils, alcoholic, aqueous extract, and fruit juices
extracted from aromatic and medicinal plants [10]. Lavandula
stoechas is an important medicinal and aromatic plant from the
Lamiaceae family [11], Currently, it's cultivated globally for a variety
of uses, including ornamental, soil stabilization, culinary, and
cosmetic uses [11]. This perennial shrub can be found in the
following continents: Africa, Asia, and Europe [12]. It also spreads
across the Mediterranean, including Morocco [13]. The pharmaco-
logical properties of L. stoechas essential oils and extracts have
attracted the attention of several researchers, who have assessed
their anti-leishmanial, insecticidal, anti-fungal [14] antioxidant [15]
as well as anti-inflammatory properties [16,17]. L. stoechas is also
used in Morocco to treat rheumatoid arthritis, nephrotic syndrome,
as an antispasmodic, to relieve pain [18,19], and for its antidiabetic
effect as a decoction or infusion [14,20]. This genus contains a large
number of phenolic compounds; such as protocatechuic, ferulic,
caffeic, rosmarinic, and chlorogenic acids, as well as pinocembrin,
pinobanksin, quercetin, and luteolin [21]. We used mice and rats in
this experiment because they have long been the preferred animal
models in biomedical research, owing to their anatomical, physio-
logical, and genetic similarities to humans. Additionally, rodents
offer several advantages as experimental animals, including their
small size, ease of maintenance, short lifespan, and abundant ge-
netic resources [22].

In this study, we report the antihyperglycemic activity of
L. stoechas aqueous extract in order to assess its potential use for
diabetic treatment. As far as we know, this is the first report on the
antihyperglycemic activity of L. stoechas aqueous extract.

2. Material and methods

2.1. Chemicals and reagents

Alloxan monohydrate 98%, glucose oxidase-peroxidase reagent,
sucrose, starch powder, and magnesium chloride-6-hydrate
[MgCl2, 6H2O] were acquired from Sigma-Aldrich, Steinheim, Ger-
many, as for the a-glucosidase enzyme, and acarbose were im-
ported from Sigma-Aldrich, China, furthermore, the a-amylase
enzyme and phlorizin dehydrate were both purchased from Sigma-
Aldrich, USA, and Pentobarbital was imported from France.
Dimethyl-sulfoxide (DMSO), Sodium chloride (NaCl) and potassium
chloride (KCl) were purchased from Sigma Aldrich, Riedel-de Haen,
Denmark. Ether and glibenclamide have been both acquired from
Casablanca and Oujda respectively in Morocco, as for the Calcium
chloride dihydrate [CaCl2, 2H2O] was imported from Spain, Schar-
lau Chemie, s.a. The sodium bicarbonate [NaHCO3] was purchased
from Puerto Rico, (Farco Chemical Supply), and finally Sodium
phosphate monobasic dihydrate [NaH2PO4 $ 2H2O] from Panreac
Spain.

2.2. Plant identification and preparation

Lavandula stoechas was first obtained from Tafoughalt (Oriental
Morocco) in the autumn of November 2019. The plant sample was
deposited in the Herbarium of Mohamed First University's Faculty
of Sciences in Oujda, Morocco, and identified by a botanist using the
reference number (HUMPOM77). The plant had to pass through
two important methods in order to achieve its intended final form
which is the L. stoechas powder. The first process was to carefully
clean the aerial part of the plant from dust, and from any unde-
sirable particles using distilled water, air dry it afterward at 40 �C in
an oven, and then cut the plant into small pieces. For the next
process, the aqueous extract of the plant was made into decoctions,
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as a result of boiling 80 g of the used plant for 20 min in 800 mL of
distilled water. Finally, the decoctionwas filtered and dried at 40 �C
to transform it into a powder.

2.3. Experimental animals

Three-month-old rats weighing under 250 g were housed in
standard polypropylene cages in groups of 3 or 4 under normal
laboratory conditions and fed a standard diet composed of cereals,
oilseed meals, vegetable by-products, alfalfa, carob, mineral mate-
rials, mineral compounds, and vitamins, with access to fresh tap
water ad libitum. The animals were maintained under a natural 12-
h light/dark cycle, with a temperature of 24 ± 2 �C and 60% hu-
midity in Mohammed First University, Faculty of Sciences, Oujda,
Morocco. All of the animals were handled according to the stan-
dards imposed by the National Institutes of Health's Guide for the
Treatment and Use of Laboratory Animals [23]. The studies were
carried out in accordance with a protocol approved by the Insti-
tutional Care and Use Committee at the Faculty of Sciences in
Oujda, under the certification reference 15/19-LBBEH-06.

2.4. Acute toxicity test

To look at any potential toxic effects or changes in normal
behavior; a total of 24 female and male albino mice were used that
weigh between 20 and 30 g. They were split randomly into four
experimental groups of 6 mice (3 males and 3 females) each for use
in this experiment. Different doses of AqLs diluted with distilled
water, were administered to various groups of mice using two
different methods. Specifically, three groups of mice were orally
administered doses of AqLs (0.5, 1, and 2 g/kg of body weight) using
intragastric gavage (i.g.), with each group receiving one dose.
Additionally, three other groups were administered other doses of
AqLs (0.1, 0.3, and 0.5 g/kg) using an intraperitoneal injection (i.p.).
The control group, on the other hand, was administered only
distilled water. Different doses of AqLs (0.5, 1, 2 g/kg of body
weight) were orally administered by intragastric gavage (i.g.) and
other doses (0.1, 0.3, 0.5 g/kg) were administered by intraperitoneal
injection (i.p.), to these groups of mice, while the control group
received only distilled water. Changes in general behavior in mice
and mortality were observed regularly in all animals every 30 min,
then 2 h, 4 h, 6 h, 10 h, and finally 24 h on the first day after sample
administration. Later we used the latter routine daily for a total of
14 days, including body weight, breathing difficulty, and hypo-
activity. The acute oral toxicity study was performed following
the recommendations of OECD Guidelines (425) [24].

2.5. Diabetes induction

A single intraperitoneal (i.p) injection of Alloxan monohydrate
98% (120 mg/kg) dissolved in fresh and cold phosphate citrate
buffer with pH ¼ 4.5 induced diabetes in fasting rats (14 h). For this
analysis, rats with blood sugar levels greater than 1.26 g/L were
selected for the study.

2.6. Oral glucose tolerance test

The aqueous extract's antihyperglycemic impact on L. stoechas
was evaluated in normal and diabetic rats, as defined by Bouhrim
[25] with some modifications. Before experimentation, the animals
in the study were denied food for 16 h and only had access to water
which was critical for their survival, three classes of animals were
divided, so that the normal rats were randomly divided into groups,
whereas the diabetic ratswere separated into groups based on their
glycemic levels, each class consisting of six rats. The first one which
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is the control group was treated only with distilled water (10 mL/
kg) by intragastric gavage (i.g.). The second group was treated with
the AqLs diluted with distilled water at a dose of 150 mg/kg as it
was mentioned in previous studies [26], and the last group was
treated orally by intragastric gavage (i.g.) with Glibenclamide also
diluted with distilled water at a dose of 2 mg/kg. Thirty minutes
after treatments, rats were orally supplied with glucose (2 g/kg).
After 30, 60, 90, and 150min, the tail end of a rat was used to collect
blood, being anesthetized with light ethanol, the rats were placed
in a cagewith a piece of cotton soaked in the anesthesia solution for
2e3 min to maintain anesthesia and ensure that the animals did
not experience any pain or distress during the experimental pro-
cedures. The blood samples were then centrifuged in a hematocrit
centrifuge for 10 min to separate the serum and measure the
amount of glucose in the blood using the glucose
oxidaseeperoxidase assay (GOP-POD). (Hermle Z230H, Gosheim,
Germany) (Glucose, SGM Italia).

2.7. Intestinal glucose absorption assay, In situ

The effect of AqLs on D-glucose uptake in the intestine was
measured according to the protocol defined by Bouhrim et al. [25].
Before the experiment, normal Wistar rats weighing between 150
and 250 g, were fasted for 36 h with free access to water, and then a
single intramuscular (i.m.) injection using a needle of 50 mg/kg of
the pentobarbital with a volume of 0.2 mL for each rat weighing
200 g, was given to anesthetize the animals. Typically it takes
5e10 min for a rat to be fully anesthetized by pentobarbital
administered intraperitoneally. The rats were then divided
randomly into three groups, then 10 cm of the jejunum segment of
each was perfused with an adequate solution. The first one (control
group) received the perfusion solution that contains: (7.37 g/L of
NaCl, 0.2 g/L of KCl, 0.065 g/L of NaH2PO4$2H2O, 0.213 g/L of
MgCl2$6H2O, 0.6 g/L of NaHCO3 and 1.02 g/L of CaCl2$2H2O, with a
pH: 7.5, and 1 g/L of glucose), the second one (positive control
group); phlorizin was added to the perfusion solution (0.1 mM),
and the last group received the perfusion solution plus 250 mg/kg
of AqLs as it was indicated in previous ethnopharmacological
studies [27], using a roller pump (Fisher Scientific Inc., Waltham,
MA) at 0.53 mL/min. One hour later, the perfusate was collected
using glucose oxidaseeperoxidase to measure the quantity of
glucose in the final solution, the perfused jejunal segment's length
was measured in cm, and the intestinal uptake of glucose was
calculated in mg/10 cm/1 h.

2.8. In vitro, pancreatic a-amylase inhibitory assay

The inhibition activity of a-amylase was studied using the pro-
cedure defined by Daoudi [28] with some modifications. The test
mixtures contained 200 ml of phosphate buffer (0.02 M; pH ¼ 6.9),
200 mL of a-amylase enzyme solution, and 200 mL of AqLs (0.23,
0.45, 0.91,1.36,1.82, 2.23mg/mL). Themixtures were pre-incubated
for 10 min at 37 �C, and then to each tube, 200 mL of starch (1%) was
added, and the tubes were incubated at 37 �C for 15 min. Further-
more, the tubes were supplemented with a volume of 600 mL of
DNSA (3,5-dinitrosalicylic acid), in order to stop the enzymatic
reaction. The tubes were then incubated at 100 �C for 8 min. This
reaction was then stopped by a thermal shock, by placing the tubes
in an ice-water bath, before adding 1 mL of distilled water to dilute
the mixtures. Finally, at 540 nm, the absorbance was measured
using a spectrophotometer. The blank was produced by swapping
out the extract for 200 mL of phosphate buffer for 100% enzyme
activity. In the absence of the enzyme solution, a blank reactionwas
likewise generated using the plant extract at each dose. Acarbose
(0.060, 0.11, 0.23, 0.45, 0.91, 2.27, 4.54 et 6.82 mg/mL), was used as a
3

positive control sample, and the reaction was carried out in the
same manner as the previously mentioned reaction with plant
extract. The inhibition ratio was determined using the formula
below:

% Inhibition ¼ [(Acontrol � Asample)/Acontrol] � 100.

AControl: Absorbance of enzymatic activity without inhibitor.
ASample: Absorbance of enzymatic activity in the presence of

AqLs or acarbose.
The concentration of samples that inhibit 50% (IC50) of a-

amylase enzyme activity is determined graphically by function:
inhibition percentage ¼ f (log sample concentration).

2.9. In vivo, pancreatic a-amylase inhibitory assay

In this study, normal and diabetic rats weighing between 250
and 350 g were used, they were fasted for 16 h, and then divided, so
that the normal rats were randomly divided into groups, whereas
the diabetic rats were separated into groups based on their glyce-
mic levels, into three experimental groups of 6 rats; only distilled
water was provided to the control group (10 mL/kg), the other
group received a single dose of Acarbose by gavage (i.g.) (10mg/kg),
and the last one received a single dose of the AqLs (150mg/kg) [26],
by intragastric gavage (i.g.) for all groups. The animals were loaded
orally with starch (2 g/kg) after 30 min of solution administration.
And then, the concentration of blood glucose was estimated using
the glucose-peroxidase method, at various times: 0, 30, 60, 90, and
150 min.

2.10. In vitro, intestinal a-glucosidase inhibitory assay

The inhibition of the activity of a-glucosidase was studied using
the procedure defined by Hayat [29]. Mixtures used contained 1mL
of phosphate buffer (pH ¼ 7.5), 0.1 mL of a-glucosidase enzyme
solution (10 IU), and 200 mL of AqLs (80, 170, 250, 330, 650 mg/mL)
and the same volume of distilled water and acarbose (41, 82, 165,
328, 656 mg/mL), as a control and negative and positive controls
were used respectively. Moreover, the mixtures were pre-
incubated for 20 min at 37 �C, and then to each tube, 0.1 mL of
sucrose was added, and an incubation of the tubes was done at
100 �C for 5 min to stop the reaction. Furthermore, 1 mL of GOD-
POD (Glucose oxidaseeperoxidase) was added and then an incu-
bation was done at 37 �C for 10 min Finally, at 500 nm, the absor-
bancewasmeasured using a spectrophotometer, And the inhibition
ratio was determined using the formula below:

% Inhibition ¼ [(Acontrol � Asample)/Acontrol] � 100.

AControl: Absorbance of enzymatic activity without inhibitor.
ASample: Absorbance of enzymatic activity in the presence of

extract or acarbose.
The concentration of samples that inhibit 50% (IC50) of

a-amylase enzyme activity is determined graphically by function:
inhibition percentage ¼ f (log sample concentration).

2.11. In vivo, intestinal a-glucosidase inhibitory assay

In this study, normal and diabetic rats weighing between 250
and 350 g were used, they were fasted for 16 h, and then divided so
that the normal rats were randomly divided into groups, whereas
the diabetic rats were separated into groups based on their glyce-
mic levels, into three experimental groups of 6 rats; only distilled
water was provided to the control group (10mL/kg), the second one
received a single dose of Acarbose by gavage (i.g.) (10 mg/kg), and



A. Elrherabi, M. Bouhrim, R. Abdnim et al. Journal of Ayurveda and Integrative Medicine 14 (2023) 100795
the last one received a single dose of the AqLs (150 mg/kg) [26], by
intragastric gavage (i.g.) for all groups. Sucrose was given to the
animals orally (2 g/kg) after 30 min of solution administration. And
then, the concentration of blood glucose was estimated using the
glucose-peroxidase method, at various times: 0, 30, 60, 90, and
150 min.

3. Statistical analysis

The obtained results were analyzed using GraphPad Prism 5 and
expressed as the mean ± standard error of the mean (SEM). One-
way ANOVA test was conducted to analyze the results, and Tur-
key's multiple comparison test was performed for multiple com-
parisons. Statistical significance was considered when P < 0.05. The
sample size was n ¼ 6, and by comparing the means of different
groups using appropriate statistical tests, statistically significant
results were obtained.

4. Results

4.1. Acute toxicity

The AqLs showed no symptoms of toxicity, and no improve-
ments in the general behavior of mice in the acute toxicity test with
oral and intraperitoneal administration. In contrast to the normal
control group, no major differences were found in the daily intake
of food in the treated mice. During the experiment, both normal
and treated mice appeared healthy.

4.2. Effect of AqLs on oral glucose tolerance test

4.2.1. Healthy rats
The oral glucose tolerance test performed in normal rats at a

concentration of 2 g/kg gave the results shown in Fig. 1. At first, rats
in the control group, treated only with distilled water, have a basal
blood sugar level (0.8 g/L), after glucose administration the post-
prandial hyperglycemia reached 1.5 ± 0.03 g/L at 60 min and
1.53 ± 0.20 g/L at 90 min, after which it was reduced to an average
of 1.44 ± 0.08 g/L at 150 min of glucose overload. However, the
postprandial hyperglycemia level has been significantly suppressed
by AqLs at a dose of 150 mg/kg (P < 0.001) compared to the control
group (1.15 ± 0.18 g/L, 1.04 ± 0.17 g/L, 0.69 ± 0.08 g/L at 60, 90, and
150 min respectively). And the glibenclamide significantly
(P < 0.001) decreased the level of blood glucose (0.95 ± 0.10 g/L,
0.82 ± 0.06 g/L, 0.78 ± 0.14 g/L by 60, 90, and 150 min).

The area under a curve (AUC) of glucose sensitivity for the
normal and diabetic rats treated with the AqLs was significantly
Fig. 1. Effect of AqLs and glibenclamide on postprandial glycemia in normal rats after
glucose overload (2 g/kg). AqLs: Aqueous extract of Lavandula stoechas. The values are
the means ± SEM (n¼ 6). *** P < 0.001, compared to the control.
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(P < 0.001) lower than the normal control group's AUC and similar
to the glibenclamide one (Table 1).

4.2.2. Diabetic rats
In diabetic rats, the oral glucose tolerance test was conducted in

the same way (Fig. 2); for this reason, distilled water (control
group), aqueous extract (plant group), and glibenclamide (drug
group) were used to pretreat the animals. Rats in the control group,
treated only with distilled water, have a high blood sugar level
(1.36 g/L), after glucose administration, the postprandial hyper-
glycemia reached 1.83 ± 0.10 g/L at 60min,1.94 ± 0.12 g/L at 90min,
and 1.99 ± 0.07 g/L at 150 min of glucose overload. The adminis-
tration of the aqueous extract of Lavandula stoechas (AqLs) signifi-
cantly (P < 0.001) inhibited the rise of blood glucose levels after the
overload of 2 g/kg of glucose, (1.36 ± 0.06 g/L at 60 min;
1.37 ± 0.07 g/L at 90 min and 1.36 ± 0.11 g/L at 150 min). Relative to
the diabetic control group. The pretreatment with Glibenclamide
(2mg/kg) significantly (P < 0.001) prevented the rise of blood sugar
after glucose overload relative to diabetic rats (1.46 ± 0.14 g/L at
60 min; 1.48 ± 0.15 g/L at 90 min and 1.44 ± 0.19 g/L at 150 min).

The area under a curve (AUC) of glucose sensitivity for the
normal and diabetic rats treated with the AqLs was significantly
(P < 0.01) lower than that of normal control group and glibencla-
mide group (Table 2).

4.3. Intestinal glucose absorption

According to the obtained results in Fig. 3; the quantity of
glucose absorbed in the jejunum in the absence of AqLs (control
group) is 9.02 mg/10 cm/h. However, in the presence of AqLs, the
amount of glucose absorbed significantly decreased (P < 0.001) to
6.55 mg/10 cm/h, in comparison to the control group. Phlorizin
(0.1 mM) also decreased significantly (P < 0.001) the amount of
glucose absorbed to 4 mg/10 cm/h, in comparison to the control
group. The effect of AqLs is statistically similar to that of phlorizin.

4.4. In vitro, a-amylase inhibitory effect

Based on results obtained for the inhibitory activity of AqLs on
pancreatic a-amylase activity in vitro, shown in Fig. 4, different
doses (0.23, 0.45, 0.91, 1.36, 1.82, 2.23 mg/mL) of the AqLs induce
the inhibition of a-amylase activity with IC50 value of
0.485 ± 0.13 mg/mL. Acarbose has also shown a strong inhibitory
activity against a-amylase with IC50 value of 0.446 ± 0.01 mg/mL,
which is statistically similar to the inhibitory activity of AqLs.

4.5. In vivo, a-amylase inhibitory effect

4.5.1. Healthy rats
After starch administration (2 g/kg), glycemia increased to reach

a peak of 1.48 ± 0.02 g/L, shown in Fig. 5, which gradually decreases
to reach a value of 1.18 ± 0.07 g/L at 60 min. While, in the presence
of AqLs (150 mg/kg), the postprandial glycemia decreased signifi-
cantly (P < 0.001 at 30 min and P < 0.05 at 60 min) to reach values
of 1.03 ± 0.06 g/L and 0.91 ± 0.004 g/L compared to the control.
However, glycemia at 150 min showed no significant difference.
Table 1
The glucose levels of three groups of normal rats (control group, AqLs group, and glib
group) measured at three different time points after glucose overload.

Time Glucose level (control) Glucose level (AqLs) Glucose level (Glib)

60 min 1.5 ± 0.03 g/L 1.15 ± 0.18 g/L 0.95 ± 0.10 g/L
90 min 1.53 ± 0.20 g/L 1.04 ± 0.17 g/L 0.82 ± 0.06 g/L
150 min 1.44 ± 0.08 g/L 0.69 ± 0.08 g/L 0.78 ± 0.14 g/L



Fig. 2. Effect of AqLs and glibenclamide on postprandial glycemia in diabetic rats after glucose overload (2 g/kg) (A) and with a representation of the area under curves (B). AqLs:
Aqueous extract of Lavandula stoechas. The values are the means ± SEM (n ¼ 6). ***P < 0.001, **P < 0.01 compared to the control.

Table 2
The glucose levels of three groups of diabetic rats (control group, AqLs group, and
glib group) measured at three different time points after glucose overload.

Time Glucose level (control) Glucose level (AqLs) Glucose level (Glib)

60 min 1.83 ± 0.10 g/L 1.36 ± 0.06 g/L 1.46 ± 0.14 g/L
90 min 1.94 ± 0.12 g/L 1.37 ± 0.07 g/L 1.48 ± 0.15 g/L
150 min 1.99 ± 0.07 g/L 1.36 ± 0.11 g/L 1.44 ± 0.19 g/L

Fig. 3. Impact of the aqueous extract of Lavandula stoechas (AqLs) on the amount of glu
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Moreover, the administration of 10 mg/kg of acarbose, significantly
inhibited starch-induced hyperglycemia (P < 0.001 and P < 0.05) at
30 and 60min, to reach a value of 0.97 ± 0.08 g/L and 0.97 ± 0.05 g/L
respectively.

After starch overload to the normal rats, the area under the
curve (AUC) in control group equals to (68.22 ± 0.01 g/L/h). While
the pretreatment with the AqLs (150 mg/kg) inhibited (P < 0.001)
the glycemic load with an area of (58.33 ± 0.01 g/L/h). Moreover,
cose absorbed by a 10 cm segment of rats' jejunum (n ¼ 6), in-situ. ***P < 0.001.



Fig. 4. Inhibitory effect of pancreatic a-amylase activity by AqLs and acarbose in vitro. The values are the means ± SEM. AqLs: Aqueous extract of Lavandula stoechas.

Fig. 5. Effect of aqueous extract of Lavandula stoechas and acarbose on glycemia after starch overload (2 g/kg) in normal rats (n ¼ 6). *P < 0.05; ***P < 0.001 as compared to the
control group. B: Area under curve (AUC) for rats' overload with starch in the presence of the aqueous extract of Lavandula stoechas or acarbose. **P < 0.01 compared to the control
group AqLs; Aqueous extract of Lavandula stoechas.
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acarbose (10 mg/kg) showed similar inhibitory activity to that of
AqLs with an area of (57.54 ± 0.01 g/L/h) (Table 3).

4.5.2. Diabetic rats
After starch administration (2 g/kg) in diabetic rats (Fig. 6), an

increase in glucose level (1.79 ± 0.07 g/L) was observed 30min after
6

the administration of starch (2 g/kg) in the control group, which
gradually increases to reach a value of 1.88 ± 0.07 g/L at 90min, and
1.97 ± 0.09 g/L at 150 min. While, in the presence of AqLs (150 mg/
kg), the postprandial glycemia decreased significantly (P < 0,001 at
30, 60 min and at 150 min) to reach values of 1.42 ± 0.05 g/L,
1.45 ± 0.04 g/L, and 1.40 ± 0.05 g/L when compared to the control



Table 3
The glucose levels of three groups of normal rats (control group, AqLs group, and glib
group) measured at two different time points after starch overload.

Time Glucose level (control) Glucose level (AqLs) Glucose level (Glib)

30 min 1.48 ± 0.02 g/L 1.03 ± 0.06 g/L 0.97 ± 0.08 g/L
60 min 1.18 ± 0.07 g/L 0.91 ± 0.004 g/L 0.97 ± 0.05 g/L

Table 4
The glucose levels of three groups of diabetic rats (control group, AqLs group, and
glib group) measured at three different time points after starch overload.

Time Glucose level (control) Glucose level (AqLs) Glucose level (Glib)

60 min 1.79 ± 0.07 g/L 1.42 ± 0.05 g/L 1.05 ± 0.05 g/L
90 min 1.88 ± 0.07 g/L 1.45 ± 0.04 g/L 1.06 ± 0.04 g/L
150 min 1.97 ± 0.09 g/L 1.40 ± 0.05 g/L 1.17 ± 0.07 g/L
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group. Moreover, an administration of 10 mg/kg of acarbose,
significantly inhibited starch-induced hyperglycemia (P < 0.001) at
30 and 60 min and 150 min, to reach values of 1.05 ± 0.05 g/L,
1.06 ± 0.04 g/L, and 1.17 ± 0.07 g/L when compared to the control
group.

The area under a curve in diabetic control group equals to
(172.36 ± 0.01 g/L/h). While, the pretreatment with the AqLs
(150 mg/kg) inhibited significantly (P < 0.001) the glycemic load
with an area of (141.74 ± 0.01 g/L/h). Moreover, acarbose (10mg/kg)
showed stronger inhibitory activity than that of AqLs with an area
of (113.77 ± 0.01 g/L/h) (Table 4).
4.6. a-glucosidase inhibitory effect in vitro

Based on results obtained for the inhibitory activity of AqLs on
intestinal a-glucosidase activity in vitro, shown in Fig. 7. Different
doses (80, 170, 250, 330, 650 mg/mL) of the AqLs induce the in-
hibition of a-glucosidase activity with IC50 value of
168 ± 40.10 mg/mL. However, acarbose has also shown a very
strong inhibitory activity against a-glucosidase with IC50 value of
52.5 ± 2.67 mg/mL.
Fig. 6. Effect of aqueous extract of Lavandula stoechas and acarbose on glycemia after starch o
AqLs: Aqueous extract of Lavandula stoechas.
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4.7. In vivo, a-glucosidase inhibitory effect

4.7.1. Healthy rats
After sucrose administration (2 g/kg), glycemia increased to

reach a value of 1.40 ± 0.03 g/L, at 60 min and 1.5 ± 0.01 g/L at
90min, and 1.34 ± 0.19 g/L at 150min, shown in Fig. 8. While, in the
presence of AqLs (150 mg/kg), the postprandial glycemia decreased
significantly ((P < 0.01, P < 0.001 and P < 0.05) at 60, 90 and 150
mins respectively), to reach values of 0.98 ± 0.08 g/L at 60 min,
0.97 ± 0.04 g/L at 90 min and 0.99 ± 0.03 g/L at 150 min, when
compared to control group. Moreover, an administration of 10 mg/
kg of acarbose, significantly (P < 0.01, P < 0.01 and P < 0.05)
inhibited starch-induced hyperglycemia at 60, 90, and 150 min
respectively, to reach values of 0.99 ± 0.06 g/L at 60 min,
1.10 ± 0.03 g/L at 90 min and 1.05 ± 0.06 g/L at 150 min.

After sucrose overload, the area under curve (AUC) in control
group equals to (81.10 ± 0.01 g/L/h). While, the pretreatment with
the AqLs (150 mg/kg) inhibited (P < 0.001) the glycemic load with
an area of (41.87 ± 0.01 g/L/h). Moreover, acarbose (10 mg/kg)
showed similar inhibitory activity (P < 0.001) to that of AqLs with
an area of (62.05 ± 0.01 g/L/h) (Table 5).
verload (2 g/kg) in diabetic rats (n ¼ 6). ***P < 0.001 as compared to the control group.



Fig. 7. Inhibitory effect of intestinal a-lucosidase activity by AqLs and acarbose in vitro. The values are the means ± SEM. AqLs: Aqueous extract of Lavandula stoechas.

Fig. 8. Effect of aqueous extract of Lavandula stoechas and acarbose on glycemia after sucrose overload (2 g/kg) in normal rats (n ¼ 6). *P < 0.05; **P < 0.01 as compared to the
control group. B: Area under curve (AUC) for rats' overload with starch in the presence of the aqueous extract of Lavandula stoechas or acarbose. ***P < 0.001 compared to the
control group. AqLs; Aqueous extract of Lavandula stoechas.
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4.7.2. Diabetic rats
After sucrose administration (2 g/kg) to diabetic rats (Fig. 9), an

increase in glucose level (1.80 ± 0.07 g/L) was observed 30min after
8

the administration of sucrose (2 g/kg) in the control group, which
gradually increases to reach a value of 1.84 ± 0.08 g/L at 90min, and
1.86 ± 0.23 g/L at 150 min. While, in the presence of AqLs (150 mg/



Table 5
The glucose levels of three groups of normal rats (control group, AqLs group, and glib
group) measured at three different time points after sucrose overload.

Time Glucose level (control) Glucose level (AqLs) Glucose level (Glib)

60 min 1.40 ± 0.03 g/L 0.98 ± 0.08 g/L 0.99 ± 0.06 g/L
90 min 1.5 ± 0.01 g/L 0.97 ± 0.04 g/L 1.10 ± 0.03 g/L
150 min 1.34 ± 0.19 g/L 0.99 ± 0.03 g/L 1.05 ± 0.06 g/L

Table 6
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kg), the postprandial glycemia decreased significantly (P < 0.05 at
30, 60 min and at 150 min) to reach values of 1.62 ± 0.07 g/L,
1.67 ± 0.08 g/L, and 1.46 ± 0.10 g/L when compared to the control
group.

Moreover, an administration of 10 mg/kg of acarbose, signifi-
cantly inhibited sucrose-induced hyperglycemia (P < 0.01, P < 0.001
and P < 0.05) at 60, 90 and 150 min respectively, to reach values of
1.50± 0.14 g/L at 60min,1.47 ± 0.12 g/L at 90min and 1.31± 0.12 g/L
at 150 min.

After sucrose overload to diabetic rats, the area under curve
(AUC) in control group equals to (171.41 ± 0.01 g/L/h). While, the
pretreatment with the AqLs (150 mg/kg) inhibited the glycemic
load with an area of (153.16 ± 0.01 g/L/h). Moreover, acarbose
(10 mg/kg) showed similar inhibitory activity (P < 0.01) to that of
AqLs with an area of (141.88 ± 0.01 g/L/h) (Table 6).
The glucose levels of three groups of diabetic rats (control group, AqLs group, and
glib group) measured at three different time points after sucrose overload.

Time Glucose level (control) Glucose level (AqLs) Glucose level (Glib)

60 min 1.80 ± 0.07 g/L 1.62 ± 0.07 g/L 1.50 ± 0.14 g/L
90 min 1.84 ± 0.08 g/L 1.67 ± 0.08 g/L 1.47 ± 0.12 g/L
150 min 1.86 ± 0.23 g/L 1.46 ± 0.10 g/L 1.31 ± 0.12 g/L
5. Discussion

Before being absorbed, the disaccharides go through basic diges-
tion, both intraluminal and simple, to create natural oligosaccharides
Fig. 9. Effect of aqueous extract of Lavandula stoechas and acarbose on glycemia after sucr
compared to the control group. B: Area under curve (AUC) for rats' overload with starch
compared to the control group. AqLs: Aqueous extract of Lavandula stoechas.
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with the action of a-amylase, which are then cleaved into mono-
saccharides with the action of a-glucosidase and then transported
through the SGLT1 to be absorbed in the brush border of the enter-
ocytes [30]. The inhibition of sugar-digesting enzymes such as in-
testinal a-glucosidase and pancreatic a-amylase, as well as a slowing
of intestinal D-glucose absorption and a decrease in postprandial D-
glucose, are some of the targeted pathways for treating diabetes
mellitus [31]. So that theobjective of treatingpatientswithdiabetes is
to regulate glycemic control levels to be as close to normal as possible
during both fasting and postprandial states. Numerous natural re-
sources have been examined to determine their ability to inhibit
glucoseproduction fromcarbohydrates in thegutor the absorptionof
glucose from the intestine [22] A potential therapeutic strategy in-
volves slowing down the absorption of glucose in the human diges-
tive tract by inhibiting carbohydrate hydrolyzing enzymes such as a-
amylases and a-glucosidases [32,33].

The primary aim of this research was to determine the anti-
hyperglycemic effect of the aqueous extract of Lavandula stoechas,
and the mechanism of action, based on tests performed in vitro, in
situ, and in vivo, by looking at how it influences the absorption of
ose overload (2 g/kg) in diabetic rats (n ¼ 6). *P < 0.05; **P < 0.01; ***P < 0.001 as
in the presence of the aqueous extract of Lavandula stoechas or acarbose. **P < 0.01
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glucose from the intestine or the glucose production in the gut from
carbohydrates, Which are considered to be the best choices for
managing postprandial hyperglycemia and one of the diabetes
control strategies [34,35].

The aqueous extract of Lavandula stoechas inhibits the activities
of a-amylase and a-glucosidase in vitro and in vivo significantly, and
can reduce intestinal glucose uptake, according to the results of this
report. Indeed, in non-diabetic and alloxan-diabetic rats over-
loaded with D-glucose, oral administration of AqLs has a major
antihyperglycemic impact. This impact was close to that of gli-
benclamide in terms of statistics. The oral administration of the
aqueous extract of L. stoechas also showed a significant decrease in
postprandial hyperglycemia after oral starch overload in normal
and alloxan-induced diabetes rats, demonstrating the inhibitory
effect of a-amylase in vivo. It also has an inhibitory effect on a-
glucosidase, which it exerts after sucrose overloading on normo-
glycemic and alloxan-diabetic rats. This effect was statistically
similar to that of acarbose. According to the literature, it was re-
ported that the aqueous extract of Lavandula stoechas from Turkey
showed an important inhibition activity of a-glucosidase [36]. In
situ, AqLs inhibited the intestinal absorption of liberated D-glucose;
however, the inhibitory effect of D-glucose intestinal absorption
was statistically similar to that of phlorizin (a specific inhibitor of
intestinal SGLT2 (The sodium-glucose cotransporter 2)).

Blocking the passage of D-glucose from the intestine to the
bloodstream could explain the antihyperglycemic effect of the
AqLs. In vitro and in vivo, AqLs also inhibited sucrose degradation by
intestinal a-glucosidase and starch degradation by pancreatic a-
amylase. The extract is not toxic even at a dose of 2 g/kg, according
to the acute toxicity test. These results suggest that the anti-
hyperglycemic activity of Lavandula stoechas is attributable to the
presence of multiple compounds which may be important for its
therapeutic action. This genus contains a large number of phenolic
compounds; such as tannins, catechic tannins, flavonoids, sterols,
coumarins, leucoanthocyans, and mucilage compounds [19]. In
previous findings, on a-glucosidase blockers extracted from tradi-
tional medicines, some authors propose that several potential a-
glucosidase inhibitors belong to the flavonoids glycosides category
and have the characteristics to suppress the a-glucosidase enzyme
[37]. Likewise, tannins have been found to increase glucose uptake
by activating insulin-signaling mediators such as PI3K (Phosphoi-
nositide 3-Kinase) and p38 MAPK (Mitogen-Activated Protein Ki-
nase), and GLUT-4 translocation. The reduction in glycemia caused
by phenolic compounds has been due to a variety of mechanisms,
including reduced nutrient absorption, reduced food intake [38],
activation of cell regeneration [39], and direct action on adipose
cells that increases insulin activity [40]. Plant sterols' dual lipid-
lowering effect can also be beneficial to people who have or are
at risk of type 2 diabetes [41]. Plant extracts containing coumarins
have also been discovered to have antidiabetic activity [42], and
they have been confirmed to have a promising therapeutic impact
on diabetes and its complications due to their ability to repair
pancreatic cell damage, improve insulin signaling [43,44], and
provide antioxidative safety [45]. As a result, we conclude that the
existence of some of these constituents, as well as many other
phytochemical components that can act individually or synergis-
tically, is responsible for Lavandula stoechas' antihyperglycemic
impact. This study is the first to confirm the antihyperglycemic
effect of Lavandula stoechas aqueous extract in vivo, in vitro, and in
situ, despite the fact that other studies have shown the anti-
hyperglycemic effect of Lavandula stoechas hydroalcoholic extract
[46], essential oil [47], ethanolic extract and materials obtained
from the aerial parts of Lavandula stoechas [36].

During the course of our study, we encountered a challengewith
diabetes induction, whereby only 19 out of the 25 rats injected with
10
alloxan developed diabetes within 3e5 days, while the others
remained normal. Despite this challenge, it is worth noting that our
sample size was still statistically significant for the purposes of our
research, as we worked with six rats in each group. This allowed us
to conduct robust statistical analyses and draw meaningful con-
clusions from our data, despite the unexpected variation in
response to alloxan induction. We have outlined our sample size
and statistical methods in the Methods section of our research
paper, in order to provide transparency and clarity to our research
approach.

The findings of our study endorse the conventional usage of
Lavandula stoechas for treating DM. Our results propose that the
plant extract may have an inhibitory effect on digestive enzymes,
which in turn could support its hypoglycemic properties.
Furthermore, the extract and/or its derived phytochemicals may
hold promise for the prevention and treatment of T2DM. To
confirm the plant's anti-hyperglycemic effect and demonstrate its
anti-diabetic properties, several tests can be performed, including
testing its antioxidant activity, analyzing its chemical composi-
tion, assessing its effect on glycation of hemoglobin and albumin,
and conducting long-term treatments to evaluate its impact on
organs and biochemical parameters of rats. Based on our findings,
which indicate that Lavandula stoechas has antihyperglycemic and
antidiabetic effects in rats, we can potentially extrapolate these
results to human populations. However, it is important to note
that the generalisability of our findings may be limited by factors
such as differences in physiology and metabolism between rats
and humans. Additionally, our study was conducted under specific
experimental conditions andwith a limited sample size, so further
research is needed to confirm and extend our findings. Despite
these limitations, we believe that our findings have important
implications for the potential use of Lavandula stoechas as a
treatment for diabetes in humans. We have shown that the plant
extract is not toxic at high doses, and our research provides a basis
for future studies to explore the safety and efficacy of Lavandula
stoechas in larger animal models and human clinical trials. Ulti-
mately, the potential translation of our findings to human pop-
ulations will depend on further research and validation, but we
believe that our work represents an important step towards un-
derstanding the antidiabetic properties of this traditional me-
dicinal plant.

6. Conclusion

The antidiabetic effect of the AqLs was investigated in this study.
This extract had an antihyperglycemic activity in both normal and
alloxan-diabetic rats. The inhibition of intestinal a-glucosidase and
pancreatic a-amylase enzymes, as well as the inhibition of intesti-
nal D-glucose absorption, were some of the causes of this result.
Additional research is required to determine the other pathways by
which this antihyperglycemic action passes.
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