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Quercus species are group of plants known as oak which represent important genus of Fagaceae family.
These species are widely distributed in Mediterranean countries. Many of those species used in tradi-
tional medicine to treat and prevent various human disorders such as diabetes. Exhausted extraction
for Quercus coccifera leaves were carried out using n-hexane, chloroform, methanol, boiled water and
microwaved water. Extracts were subjected to phytochemical screening, acute toxicity study, and
in vitro and in vivo animal model to evaluate antidiabetic activity of the produced extracts. The highest
in vitro activity against a-amylase and a-glucosidase activity was obtained from methanolic extract with
an IC50 of 0.17 and 0.38 lg/ml respectively and better than the positive control acarbose. While the rest of
the extract was either with moderate or low activity. Similarly, in the in vivo study, methanolic extract
with a concentration of 200 mg/kg/day was able to reduce the blood glucose level for the diabetic mice
to 146.8 mg/dL with normal bodyweight and biochemical signs when compared to the normal mice
group. While the rest of the extracts were either with moderate or low ability to maintain blood glucose
level for diabetic mice with few signs of hepatic and renal toxicity and weight loss. All data were statis-
tically significantly different with p-value of less than 0.001 at confidence interval of 95% with high vari-
ance homogeneity. In conclusion, methanolic plant leaves extract of Q. coccifera can possibly be used
alone to control the elevation of blood glucose level with a renal and hepatic protective property.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. 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 Meletus (DM) is a chronic disease which is caused by
the elevation of glucose level in blood, leading to macro and
micro-complications. This disease is spreading widely between
individuals all around the world with two major types 1 and 2
(Furman et al., 2020, Dey et al., 2020). The first type is caused by
an autoimmune disease which is caused by the destruction of pan-
creas cells ending up with no insulin secretion (Dey et al., 2020).
On the other hand, the second type is caused by the lack of insulin
ability to transfer glucose found in blood to interstitial tissues. In
addition to diet and lifestyle changing for controlling DM, many
synthetic antidiabetic drugs are used to control glucose level by
enhancing insulin sensitivity and secretion with high risk of side
effects on patients (Zeng et al., 2016, Abu-Odeh et al., 2022). For
those two reasons (the spreading of DM and the safety of the treat-
ments), searching for safe and natural antihyperglycemic agents is
pushing the pharmaceutical companies to work with natural prod-
ucts (Ota and Ulrih, 2017). Natural sources used to be a major
player in the treatment of diseases, and an important source for
a drug discovery starting point. Thus, natural source is trusted by
both patients and healthcare provider as its side effects are consid-
ered to be lower than other synthetic treatments (Karimi et al.,
2015). Quercus coccifera (Kermes Oak) is a species in Fagaceae fam-
ily widely grown in Jordan. (Genç et al., 2012). The decoction of dif-
ferent part obtained from Kermes oak have been used for different
pathological diseases like hemorrhage, chronic diarrhea, wounds,
and burns (Anlas et al., 2019, Söhretoglu et al., 2014). The antidia-
betic activity of Quercus coccifera have been reported and described
by Taib et al., 2020 (Taib et al., 2020). This research was designed to
evaluate the possible antidiabetic activity of Quercus coccifera
extracts obtained from its dried leaves in animal model. The animal
model based on rats with destructed b-cells used exhausted
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Table 1
Groups distribution with types of treatments used for mice samples or control.

Groupe
number

Type of mice Treatment Dose

Group 1 Normal
(control)

Distilled water (DW) 0.2 ml/day

Group 2 Diabetic
(control)

Distilled water (DW) 0.2 ml/day

Group 3 Diabetic Glibenclamide 2 mg/Kg/day
Group 4 Diabetic n-Hexane extract 200 mg/

Kg/day
Group 5 Diabetic Chloroform extract 200 mg/

Kg/day
Group 6 Diabetic Methanol extract 200 mg/

Kg/day
Group 7 Diabetic Boiled water extract 200 mg/

Kg/day
Group 8 Diabetic Microwaved water

extract
200 mg/
Kg/day
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extraction using n-hexane, chloroform, methanol and water
extracts.

2. Materials and methods

2.1. Materials

Alpha-glucosidase, alpha-amylase, alloxan monohydrate, glu-
cose, acarbose were obtained from Sigma-Aldrich (St. Louis, MO,
USA). Glibenclamide was purchased from a local pharmacy (Saif
pharmacy) Amman, Jordan, and all other chemicals and reagents
used in this study were analytical grade.

2.2. Plant material collection and preparation

Quercus coccifera leaves have been collected from the east part
of Amman, Jordan and stored in a canvas bag between 3rd and
the 4th of May 2022. The botanical identification of the plant
leaves was done by Professor Jameel Allaham, Faculty of science,
Al Yarmouk University, Irbid, Jordan. The collected leaves were
lifted to dry in a well oxygenated and covered place from sun for
3 days.

2.3. Preparation of dried powder extracts

700 g of dried plant leaves powder were subjected to multiple
steps extraction using n-hexane, chloroform, methanol, boiled
water and microwaved water starting from the lowest to the high-
est polarity. All solvents were purchased from Sigma-Aldrich, Mon-
tana, US. Boiled and microwaved water extracts were obtained
separately from two different steps extraction.

2.4. Phytochemical screening

Different phytochemical screening tests were carried out to the
produced extracts using Mayer’s, Dragendorff’s tests for alkaloid
detection (Kognou et al., 2016). While other tests were used for
the detections of tannins, glycosides, and terpenoids (Uddin and
Rauf, 2012, Elezabeth and Subramanian, 2013).

2.5. In-vitro alpha-amylase and alpha-glucosidase activity

For a-amylase, 100 ll of plant extracts dissolved in its suitable
solvent were mixed with 100 ll of a-amylase enzyme followed
with incubation for 30 min at 37 �C (Tamil et al., 2010). 1% starch
solution was added to the mixtures and incubated for 1 h at 37 �C.
The reaction was stopped using 200 ll of DNS (Dinitrosalicylic
acid) color reagent after being placed in a boiling water for 5 min
followed by cooling at a room temperature (Tamil et al., 2010).
Acarbose was used as a positive control, while percentage of inhi-
bition for all extracts were obtained by comparing the absorbance
results obtained at 540 nm for tests samples and control. The con-
centrations of 0.001, 0.005, 0.01, 0.05, 0.1, 0.5 and 1 mg/ml were
used as a final concentration of plant extracts for the determina-
tion of IC50. On the other hand, a-glucosidase inhibitory assay
was carried out using Pistia-Brueggeman and Hollingsworth proto-
col (Pistia-Brueggeman and Hollingsworth, 2001). In a similar
manner to a-amylase, 50 ll of different plant leaves extracts with
a final concentration of 0.001, 0.005, 0.01, 0.05, 0.1, 0.5 and 1 mg/
ml were added to 96-well plates containing 10 ll of a-glucosidase
(1U/ml) and 125 ll of phosphate buffer of pH 6.8, and incubated
for 20 min at 37 �C. After the 20 min an addition of 20 ll of 1 M
pNPG (4-Nitrophenyl-D- glucopyranoside) as a substrate was done
followed by incubation for 30 min. 50 ll of 0.1 N Na2CO3 was
added to terminate the reaction, while the optical density of each
2

well was measured using microplate reader at a wavelength of
405 nm. Again, acarbose was used as a positive control and extracts
activity were measured using the equation below:

Extractinhibitoryactiv ity ¼ Xa� Xb
Xa

� �
� 100%

Xa: absorbance of control, and Xb: absorbance of sample.

2.6. Acute toxicity study

Acute toxicity study for Q. coccifera leaves extracts was per-
formed according to OECD-423 guidelines produced by the Com-
mittee for the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA). During the experiment, a doses of 100,
200, 300, and 500 mg/kg b.wt (b.wt: body weight) from each
extract was administered to the mice by mixing it with the food
(Ghosh M, 1984). All gross behavioral, neurological, autonomic,
and toxic effects at short and long intervals of 1 and 28 days were
monitored for each mice participated in acute toxicity study.

2.7. Animal study preparation

Eighty Swiss albino mice were obtained from the animal house
at the University of Jordan, Amman, Jordan, and used in the study.
Mice were aged between 7 and 8 weeks with a weight range of 25–
27 g and placed in a room with a temperature of 24 ± 1 �C with a
light–dark cycle of 12 h. Mice in this research were subjected to
180 ng/kg alloxan monohydrate injection after 12 h of fasting to
induce the apoptosis process for beta cells (Revisiting Experimen-
tal Models of Diabetic Nephropathy) (Carvalho et al., 2003). To
avoid liberation of insulin levels in the blood which can cause a
severe hypoglycemic effect, 0.2 ml of a glucose syrup with a con-
centration of 4 g/L was administered. Five days later, stabilization
of blood glucose was obtained with a fasting glucose level of more
than 400 mg/dL to be selected.

2.8. Blood glucose analysis and evaluation

The effect of single day and 28 days effects of different plant
extracts were evaluated after the administration of plant extracts
by injecting different doses presented in Table 1.

The single-day effect was monitored at 1, 3, 5, 12, and 24 h of
treatment administration by using Accu-Chek Performa strips
and instruments for insulin level analysis. While BD U-100 Pet
Insulin Syringe for sampling was used for blood sample provided
for analysis.



S.A. Jaber Saudi Journal of Biological Sciences 30 (2023) 103688
2.9. Statistical analysis

All graphs with means and SD were calculated and prepared
using Graph Pad Prism 5. While one way ANOVA was used to
assess the difference between the different groups using the SPSS
X28 program.

3. Results

3.1. Plant leaves drying and extracts preparation

7.5 g of plant leaves were collected and grinded using a Powder
Grinding Pulverizer Stainless Steel Machine of 2500 W. The grind-
ing process resulted in 6.9 g of powder, 3.45 g were subjected to
multistep endded with boiled water and 3.45 g were subjected to
multistep extraction ended with microwaved water. The extraction
process resulted in weights presented in Table 2.

3.2. Phytochemical screening

According to the phytochemical screening of some classes
known to exert antidiabetic activity, methanolic extract indicated
the presence of the highest concentration of them between all
extracts (Alam et al., 2022). Furthermore, boiled water extract,
show to be positive with all calsses but in a lower concentration.
The rest of the extracts show the existing of a fewre phytochemical
classes. All phytochemical screening resultes are presented in
Table 3.

3.3. In vitro Alpha-amylase and glucosidase

According to a-amylase and a-glucosidase, methanol extract
was found to exert the best inhibitory activity with a concen-
treation of 0.17 and 0.38 mg/ml when compared to acarbose (pos-
itive results) that exerted inhibitory effect of 0.59 and 1.01
respectevly. Boild water extract was found to have a lower IC50 (in-
hibitory concentration 50%) compared to the microwaved water by
around 1 mg/ml, while microwaved water IC0

50s were higher than
2 mg/ml. On the other hand, the lowest polar extract (n-hexane),
was found to exert the lowest inhibitory effect with IC50 of greater
than 100 mg/ml. In vitro results are presented in Table 4 and Fig. 1.

3.4. Acute toxicity results

According to the toxicity study for doses 100, 200, 300, and
500 mg/kg b.wt, no changes in behavior and no mortality were
observed. On the 29th day, no macroscopic pathology observations
indicated no visible lesion in 3 mice of each extract, and the plant
extracts can be safely used up to 500 mg/kg b.wt.

3.5. In vivo blood glucose analysis and evaluation

3.5.1. Plant leaves extracts effect on biochemical parameters and body
weight

According to bodyweight and biochemical results for the con-
trol and the treated mice samples presented in Table 5, all groups
with uncontrolled glucose levels (groups 2 (negative control), 4, 5,
Table 2
Extracts yield resulted from multistep extraction.

Solvent Extract weight (mg) % yield

n-Hexane 371.9 10.78
Chloroform 214.6 6.22
Methanol 1033.7 29.96
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and 8) showed decrease in bodyweights concomitant with hyper-
glycemia. While groups 3 (diabetic mice treated with gliben-
clamide), 6, and 7 show a better control on glucose level and
have improved (normal) bodyweights. On the other hand, ASAT
(aspartate transaminase) and ALAT (alanine transaminase) bio-
chemical results for groups 2, 4, 5, 8 were elevated as a result of
hepatic damage, while groups 3, 6, and 7 show restored ASAT
and ALAT as a result of restored hepatic function. Urea and crea-
tinine levels for groups 2, 4, 5, and 8 which failed to maintain blood
glucose levels have been elevated. While groups with maintained
blood glucose levels have normal levels or close values to normal
group (positive control).

3.5.2. One-Day effect
According to the in vivo biological assay, the highest one-day

effect was obtained after the use of methanol extract with a lowest
glucose level of 206.8 mg/dL after 5 h of extract administration. In
addition, boiled water extract shows a promising one-day effect
with a lowest blood glucose level of 333.5 mg/dL after 12 h. On
the other hand, microwaved water extract shows lower biological
activity than boiled water extract with a blood glucose level of
389.2 mg/dL. Both n-hexane and chloroform extracts’ one-day
effect show very weak activity with a blood glucose level of more
than 400 mg/dL during all intervals. One way ANOVA with 95%
confidence show p-value of less than 0.001, while variance homo-
geneity test shows high samples homogeneity. All results of one-
day effect are presented in Fig. 2.

3.5.3. Twenty-eight days effect
According to the 28-days effect of plant leaves extracts pre-

sented in Fig. 3, n-hexane extract shows no change in the blood
glucose level with a concentration of more than 400 mg/dL. While
the rest of the plant extracts show lower blood glucose level and
methanol extract shows the best biological activity with a blood
glucose level of 146.8 mg/dL after 28 days. Methanol extract shows
similar biological activity of positive control (Glibenclamide).
While the rest of the plant extracts show lower biological activity.
According to Fig. 3, boiled water extract shows better biological
activity with blood glucose level of 238.7 mg/dL when compared
to 331.5 mg/dL produced after the consumption of microwaved
water extract.
4. Discussion

The current investigation was done in order to evaluate the
potential antidiabetic activity of Q. coccifera plant leaves extract
through in vitro inhibition of a-amylase and a-glucosidase
enzymes and in vivo blood lowering activity on animal model. Dif-
ferent phytochemical tests were performed on the produced
extracts and both methanolic and boiled water extracts were found
to have different classes of compounds (alkaloids, tannins, glyco-
sides, and terpenoids). All the tested classes have been previously
studied and found to exert a potential antidiabetic activity either
in in vivo or in vitro model (Ye et al., 2021, Fraga-Corral et al.,
2021, Pałasz et al., 2019, Singh et al., 2022). Different species from
the same family have been studied before, and the phytochemical
testing of plants extracts detected the presence of alkaloids, tan-
Solvent Extract weight (mg) % yield

Boiled water 1627.3 47.17
Microwaved water 1814.8 52.6



Table 3
Phytochemical screening of plant leaves crude extracts.

Extract type Type of compounds
Alkaloid Tannins Glycosides Terpenoid

n-hexane – – – –
Chloroform + + – + +
Methanol + + + + + + ++ + +
Boiled water + + + + ++ +
Microwaved water + – + –

+: indicates the presence of compound after 10–15 min, + +: indicates the presence of compounds after 5–10 min, + + +: the presence of the compounds before 5 min, and -:
the absence of the compounds after 1 h.

Table 4
Alpha-amylase and glucosidase IC50 results.

Plant Extract a-amylase IC50 (mg/ml) a-glucosidase IC50 (mg/ml)

n-haxane > 100 > 100
Chlorofom 2.41 4.81
Methanol 0.17 0.38
Boiled water 1.02 0.98
Microwaved water 2.08 2.13
Acarbose 0.59 1.01

Fig. 1. In vitro a-amylase and a-glucosidase results of plant leaves extracts.

Table 5
The 28-days effect of different plant leaves extracts on bodyweight and biochemical parameters.

Group Body weight ± SD Biochemical parameters

ASAT ± SD ALAT ± SD Urea ± SD Creatinine ± SD

1 24.7 ± 1.7 249.7 ± 22.4 43.1 ± 3.8 0.21 ± 0.01 3.1 ± 0.23
2 17.8 ± 1.3 487.6 ± 19.8 99.7 ± 7.9 0.73 ± 0.07 5.9 ± 0.42
3 25.3 ± 0.81 287.2 ± 22.7 76.2 ± 9.4 0.31 ± 0.03 3.9 ± 0.38
4 16.9 ± 2.7 491.3 ± 17.1 103.6 ± 13.3 0.71 ± 0.02 6.1 ± 0.39
5 20.3 ± 0.79 398.2 ± 20.7 88.5 ± 10.9 0.42 ± 0.04 4.7 ± 0.61
6 26.7 ± 2.6 268.3 ± 18.4 53.1 ± 6.4 0.23 ± 0.01 3.3 ± 0.17
7 22.1 ± 1.8 324.9 ± 16.4 80.1 ± 10.8 0.39 ± 0.03 4.3 ± 0.23
8 19.8 ± 0.93 401.5 ± 23.7 91.8 ± 6.7 0.46 ± 0.01 4.9 ± 0.18

Fig. 2. In vivo biological assay of different plant leaves extracts with one-day effect.

Fig. 3. In vivo biological assay of different plant leaves extracts with 28-days effect.
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nins, glycosides, and terpenoids (Yusof and Abdullah, 2020).
According to the in vitro a-amylase and a-glucosidase results pre-
sented in Fig. 1 and Table 4, methanol extract was found to exert
the best inhibitory effect with an IC50 of 0.17 and 0.38 mg/ml
respectively. In another species (Quercus robur) from the same fam-
ily, ethanolic extract was found to exert the best antidiabetic activ-
ity as reported by Ștefănescu et al (Ștefănescu et al., 2022). This
could be a result of the presence of the highest concentration of
all the chemical classes that reported to exert the most promising
antidiabetic activity as mentioned in Table 3 and reported before
(Ye et al., 2021, Fraga-Corral et al., 2021, Pałasz et al., 2019,
Singh et al., 2022). Using of plant leaves extracts was found to be
safe for use up to 500 mg/kg, this finding was similar to previous
finding about extracts from different Quercus species that were
used previously as complementary and alternative medicine and
food mentioned in literature (Morales, 2021). According to the ani-
mal study, group 6 which used methanolic extract were able to
maintain an average body weight similar to the normal mice pos-
itive control group (group1) and it was better than the positive
control group which used glibenclamide as a treatment (group
3). On the other hand, the rest of the groups had either a small
reduction in the bodyweight like boiled water extract, or large
reduction in the bodyweight in the other groups like the negative
control group (group 2: diabetic mice treated with distilled water).
All extracts were unable to reduce the blood glucose level for mice
to a normal level with a peak activity of 5hs. While after 28 days,
methanol and boiled water extracts were able to exert the best
antidiabetic biological activity as shown in Figs. 2 and 3. The
decline in the bodyweight in the groups failed to maintain blood
glucose level, resulted from the excessive catabolism of fats and
structural proteins to be used as a source of energy due to the lack
of carbohydrates, and due to the absence of insulin which plays a
vital role in regulating proteins synthesis (Hatting et al., 2018,
Ludwig and Ebbeling, 2018). In addition to bodyweight sign, bio-
chemical indicators like ASAT, ALAT, creatinine, and urea elevation
in groups failed to maintain blood glucose level (groups 4, 5, 7, and
8), were another indicator of the inability of the mentioned
extracts to maintain a healthy life of mice. While methanol extract
was able to maintain blood glucose level in addition to the bio-
chemical indicators which reflect a normal life style for the tested
mice group. The elevation of ASAT and ALAT was an indicator of
cellular leakage and hepatocellular injury, while high creatinine
and urea levels indicated a renal injury (Contreras-Zentella et al.,
2016, Vaidya et al., 2008). The normal level of the biochemical
markers is a result of the possible protective property of methano-
lic extract that resulted from the antioxidant, anti-inflammatory
and healing properties (Makhlouf et al., 2018, Burlacu et al.,
2020, Anlas et al., 2019).
5. Conclusion

The results in this study confirmed the traditional use of Q. coc-
cifera for patients suffering from diabetes. It was observed that
methanolic extract which contain the major chemical classes with
a possible antidiabetic activity resulted in the highest antidiabetic
activity in vitro and vivo. In addition, boiled water extract resulted
in a promising biological activity with a moderate ability to reduce
blood glucose level. Methanolic extract was able to produce lower
IC50 in a-amylase and a-glucosidase inhibitory activity when com-
pared to the positive control sample (Acarbose). Similarly, in vivo
results of methanolic extract indicate a better blood glucose lower-
ing activity than glibenclamide positive control group, and similar
to the normal mice group over 28 days period with normal bio-
chemical and bodyweight sign. Thus, methanolic extract can possi-
bly be used alone without any drug, with a possibility to inhibit the
5

two tested enzymes which are responsible for the breakdown and
absorption of carbohydrates.
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