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ABSTRACT

Zygophyllum geslini Coss. is a medicinal plant growing wild in the northern Sahara of Algeria, belonging
to Zygophyllaceae family. The objective of this study was to evaluate some biochemical properties of the aqueous
lyophilized extract and the methanol leaf extracts of this plant, their antioxidant and antidiabetic activities were
also tested. The content of total phenols, flavonoids and tannins detected in the methanol extract (183.22 mg
Gallic acid equivalent/g Dry Extract, 101.13+0.02 mg Quercetin equivalent /g Dry Extract, 54.07+0.98 mg
Tannic acid equivalent/g Dry Extract respectively) was higher than those detected in aqueous lyophilized extract.
The best DPPH scavenging activity was found in the methanol extract followed by the aqueous lyophilized
extract (IC50=65.36 and 67.44 pg/ml, respectively), but still less effective than the positive controls. This two
extracts showed also a very good ferric reducing activity. In addition, animals treated with the methanol extract
showed a significant decrease in blood glucose level and glycosylated hemoglobin. A significant increase was
observed in serum insulin and liver glycogen levels. This study reveals that the methanol extract of Z. geslini can
be considered as excellent candidate for future studies on diabetes mellitus.
© 2024 International Formulae Group. All rights reserved.
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INTRODUCTION have been done to find new natural

The importance of medicinal plants has
increased recently with the aim to find drugs
against diabetes and cancer as well as finding
new molecules that possess antioxidant
activities for using them in the agri-food sector,
pharmaceutics and cosmetic  industries
(Shinsembu, 2019; Arar and Ghouini, 2021).

Oxidative stress is responsible for the
degradation of biomolecules (proteins, lipids,
and nucleic acids) leading to cell death and
physiological disorders (Subedi et al., 2014).
The synthetic antioxidants have shown toxic
effects on health, for that reason, many studies
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antioxidants as an alternative and to battle
effectively the imbalance between the
production of free radicals and the body's
antioxidant defense system (Dermane et al,
2024) In addition, the antioxidant activity of
bioactive compounds depends on their nature
and the solvents wused for extraction
(Maguirgue et al., 2022). Diabetes is associated
to the increase of the production of free radicals
and the decrease in the antioxidant potential
which causes disorders and complications in
favour of morbidities and significant
mortalities (Kolling et al, 2010), this pathology

9682-1JBCS


http://www.ifgdg.org/
https://dx.doi.org/10.4314/ijbcs.v18i3.30
http://ajol.info/index.php/ijbcs
http://indexmedicus.afro.who.int/
mailto:biomeriem@hotmail.com

M. TOUAIBIA and A. DHOHA / Int. J. Biol. Chem. Sci. 18(3): 1105-1114, 2024

is a serious disease in terms of its clinical and
even economic consequences. As a result,
populations with unfavorable socio-economic
conditions are more likely to turn to the
phytotherapy.

The genus Zygophyllum, is the largest
genus in the Zygophyllaceae family, it consists
of 285 species, which are subdivided into 25
genera and 240 species (Shawky et al, 2019). It
is widely distributed in semi-arid, deserts and
stepps from the Mediterranean to Central Asia,
South Africa and Australia (Bier et al., 2003).
Species belonging to genus Zygophyllum
represent a group of succulent plants that are
drought resistant and/or salt tolerant, living
under severe climatic conditions (Shawky et
al., 2019). Zygophyllum species have been
utilized in traditional medicine for various
ailments, such as treatment of rheumatism,
gout, diabetes, asthma, hypertension,
dysmenorrhea, as well as fungal infections
(Mohammedi, 2020; Hal et al, 2022,
Medjdoub et al., 2023). Some of them are
reported to be rich in triterpenoids (Igbal et al.,
2011), saponins, polyphenols and flavonoids
(Ahmed et al., 2007).

Zygophyllum geslini Coss. (Z. geslini)
Is a perennial plant in small bushes branched,
to whitish twigs, small fleshy leaves and
composed of two leaflets. The flowers are
small and white and the fruit is extended in
lobes (Kouadri Boudjelthia et al, 2017). In the
Northern Sahara of Algeria, Z. geslini is called
"El-Aggaya”, It is used in traditional medicine
for the treatment of dermatitis, diabetes,
hypertension, rheumatism and asthma as other
Zygophyllum species (Tigrine-Kordjani et al.,
2011). Hence, the aim of the present study was
to evaluate antioxidant and antidiabetic
properties of the aqueous lyophilized extract of
Z. geslini and its methanol faction, and a
characterization of total phenols, flavonoids
and tannins, which, to the best of our
knowledge, have not yet been reported.

MATERIALS AND METHODS
Plant material

The aerial parts of Z. geslini were
harvested in Jun 2021, from Ouargla (in the
North East of Algerian Sahara). The fresh
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leaves of this plant were selected and dried at
ambient temperature (24°C) for 10 days, finely
grounded and kept away from light and
humidity for later analyses.
Animals

Healthy adult male and female Albino
rats (weighing 200£2 g) were used throughout
the experimental period. They were kept under
standardized animal house conditions and fed
with standard rat feed prepared by the Medical
Research Institute, Pasteur-Algeria according
to W.H.O. standards and water Ad libitum. All
animal experiments were conducted in
accordance with the internationally accepted
laboratory animal guidelines and rules of the
ethical committee, University of Blida, for
animal experimentations.

Preparation of the extracts

Two extracts were prepared in order to
be tested: for the first one, the grounded plant
material (100 g) was refluxed at 60-70°C in
500 ml distilled water for 30 minutes, and the
decoction was double-filtered. The filtrate was
concentrated at 65°C by a rotavapor (Buchi
Labortechnink AG, Postfach, Switzerland)
under reduced pressure and frozen at -70°C
before lyophilization (Christ, alpha 1-2 LD).
The aqueous lyophilized extract (ALE) was
stored at ambient temperature until further use.

For the preparation of the second extract
(methanol extract: ME), 100 g of the powdered
aerial parts was macerated at room temperature
with MeOH-H20 (70:30, v/v) for 24 hours.
After filtration, the filtrate was evaporated till
dryness at 70°C. the crude extracts were
solubilized in methanol (1:1 wt/v) and stored at
4°C until use.

Total phenolic content

The total phenolic content from the
extracts was quantified using Folin-Ciocalteu’s
method (Wong et al., 2006). 200 ul of plant
extract was mixed with 1 ml of Folin Ciocalteu
reagent (diluted 10%) and incubated at room
temperature. After 4 min, 800 pl of sodium
carbonate (7,5%) was added. The absorbance
was measured after 2 h at 760 nm. The total
phenol content was expressed as mg Gallic acid
equivalent (GAE)/g of dry extract (DE).
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Total flavonoid content

The total flavonoid content in the
extracts was estimated by using aluminum
chloride colorimetric method (Djeridane et al.,
2006). Briefly, 0.5 ml of 2% AICI; ethanol
solution was added to 0.5 ml of extract. After
30 min incubation at room temperature, the
absorbance was measured at 430 nm and the
results were expressed as mg quercetin
equivalent per gram of plant dry extract (mg
QE/g DE).

Total tannin content

The total tannin content of the extracts
was carried out according to the method
described by Ali-Rachedi et al. (2018). Three
milliliters of 4% vanillin ethanol solution and
1.5 ml of concentrated hydrochloric acid were
added to 0.4 ml of extract. The mixture was
allowed to stand for 15 min, and the absorbance
was measured at 500 nm. The results were
expressed as mg tannic acid equivalent per
gram of plant dry extract (mg TAE/g DE).

Determination of antioxidant activity
DPPH radical scavenging assay

The DPPH (1,1-diphenyl-2-
picrylhydrazyl) radical-scavenging effect was
evaluated following the procedure described by
Bouaziz et al. (2008). In succinct terms,
aliquots (50 ml) of the extract were added to 5
ml of a methanol DPPH solution (0.004%).
After 30 min of incubation at room
temperature, the absorbance was read against a
blank at 517 nm. The inhibition of free radicals
DPPH in percentage (IP%) was calculated in
the following way:

(Ablank — A sample)
A blank

IP: Inhibition percentage;
A blank: Absorbance of the control reaction
(containing all reagents except the test extract);
A sample: Absorbance of the tested sample.

The results are expressed as 1C50, the
lower IC50 values indicate a higher antioxidant
activity. The synthetic antioxidants butylated
hydroxytoluene (BHT) and ascorbic acid were
used as positive controls.

IP% = X100
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Determination of ferric reducing antioxidant
power (FRAP assay)

The FRAP assay measures the change in
absorbance at 700 nm due to the formation of a
blue colored complex of ferrous ion (Fe?*) and
2,4,6-tripyridiyl-striazine (TPTZ). Prior to this,
colourless ferric ion (Fe®*) was oxidized to
ferrous ion (Fe?*) by the action of the electron-
donating antioxidants. This assay has been
described by Oyaizu (1986). 1 ml of the extract
mixed with 2.5 ml phosphate buffer solution
(pH 6.6) and 2.5 ml potassium ferricyanide
(1%). The resulting solutions were incubated at
50°C for 20 minutes. After incubation, the
reaction mixture was added to 2.5 ml of 10%
TCA (Trichlor acetic acid) and centrifuged at
3000 rpm for 10 minutes. 2.5 ml of the
supernatant was taken and 2.5 ml distilled
water and 0.5 ml of ferric chloride (0.1%) were
added to it. The absorbance was measured at
700 nm, using Gallic acid as a positive control,
and the results were expressed as mM
equivalent Gallic acid.

Determination of the antidiabetic activity

According to the protocol of Dheer and
Bhatnagar (2010) with slight modifications, a
single dose (100 mg/kg BW) of alloxan
monohydrate (Sigma Ltd, USA) dissolved in
normal saline was used for induction of Type
Il diabetes in rats after overnight fasting. After
one hour of alloxan administration, the animals
were fed standard pellets and water Ad libitum.
The animals were stabilized for a week and
animals showing blood glucose level
(estimated by GOD-POD method) more than
100 mg/dl were selected for the study.

The fasted rats were divided into six
groups of six animals each (three group of
normal animals and three groups for induction
of diabetes, each group includes 3 males and 3
females).

Group 1: Served as normal control rats and
received distilled water.

Group 2: Diabetic rats served as
diabetic control and received distilled water.
Group 3: Diabetic rats received methanol
extract (100 mg/kg) using an intra gastric tube
for 2
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weeks.
Group 4: Normal rats received methanol
extract (100 mg/kg) using an intra gastric tube
for 2

weeks.
Group 5: Diabetic rats received aqueous
lyophilized extract (100 mg/kg) using an intra
gastric

tube for 2 weeks.
Group 6: Normal rats received aqueous
lyophilized extract (100 mg/kg) using an intra
gastric

tube for 2 weeks.

The drug treatment was carried out every
day morning (100 mg/kg) and evening (100
mg/kg) with the help of intragastric tube for 2
weeks.

After 2 weeks, body weights were
measured and the animals were sacrificed
under ether anesthesia. The blood was
collected by heart puncture and the liver was
excised and chilled in ice cold 0.9% sodium
chloride.

The blood samples withdrawn from the
sacrificed animals were centrifuged at 3000
rom for 10 min, glycosylated hemoglobin,
Blood glucose and serum insulin were analysed
on the 15" day. The excised liver tissues were
processed and liver glycogen amounts were
estimated.

Statistical analysis

All tests were analyzed in triplicate. The
results were expressed as means + SD.
Statistical comparisons were made using one
way ANOVA and Student test. A P value <0.05
was considered as significant.

RESULTS
Extracts yields and polyphenolic contents
The aqueous lyophilized and methanol
extracts from Z. geslini leaves yielded 28.09%
and 25.64% respectively (Table 1). In the other
hand, the results for the quantitative
determination of the total phenols, flavonoids
and tannins contents of the aqueous and
methanol extracts of Z. geslini leaves are
recapitulated in Table 1. The Statistic analysis
of phenolic content revealed a high significant
difference between the aqueous (55.56 + 0.04
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mg GAE/g DE) and methanol extract (101.22
+ 0.32 mg GAE/g DE). The total flavonoid
content in the methanol extract (101.13+0.02
mg QE/g DE) was higher than that in the
aqueous extract (45.82+0.36 mg QE/g DE).
According to Table 1, the tannins are present in
higher amounts in methanol extract (ME) when
compared with the aqueous lyophilized extract
(ALE).

Antioxidant activity

To screen the antioxidant properties of
the extracts, two biochemical assays were
performed: the scavenging effect was
measured by the DPPH assay and the ferric
reducing effect was measured by FRAP test.

The DPPH method is based on the
reduction of the stable radical DPPH with a
violet colour to non-radical DPPH-H with a
yellow colour. The disappearance of the violet
colour can be monitored
spectrophotometrically at 517 nm.

The free radical scavenging potency of
the extracts is presented in Table 2. As
illustrated, the methanol extract of Z. geslini
was found to exhibit a very interesting radical
scavenging activity (67.44 + 0.91 ug/ml). The
IC50 of BHT and ascorbic acid were 22.5 +
0.62 pg/ml and 3.14 + 0.33 pg/ml, respectively.
N the other hand, ALE and ME showed a very
interesting ferric reducing activity, especially
for the aqueous lyophilized extract
(15.47+0.57).

Antidiabetic activity

Methanol and aqueous lyophilized leaf
extracts were assessed for their antidiabetic
activity. ME exhibited a significant decrease in
the blood glucose level in alloxan-induced
diabetic animals. A non-significant decrease
was seen with the aqueous lyophilized extract.
But both treatments did not produce
hypoglycemia in normal rats, which is a
therapeutic advantage.

In the present study, alloxan was used as
a diabetogen. It induces diabetes by destroying
b-cells of the pancreas partially, through
production of reactive oxygen species. Insulin
level was found to be decreased in the alloxan-
induced diabetic rats. Administration of ME
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(P<0.05) and ALE (P<0.05) induce an increase but a moderate and non-significant decrease
in serum insulin level which was statistically was seen with ALE.
significant (Table 3). Depletion of liver glycogen content was
A statistically significant increase seen in the diabetic control group. A significant
(P<0.05) was seen in the level of the increase (P<0.05) in the glycogen content of
glycosylated hemoglobin in the diabetic liver was observed after administration of
control group. The ME significantly decreased methanol leaf extract, but atill non significant
(P<0.05) the glycosylated hemoglobin level, with ALE.

Table 1: Yields and concentration of the major constituents of Z. geslini extracts.

Yield (%) Total phenols* Flavonoids** Tannins***

ALE?  28.09 % 55.56+0.04 45.82+0.36 27.54+0.33

MEP 25.64% 183.22+0.32 101.13+0.02  54.07+0.98

2 Aqueous lyophilized extract, ® Methanol extract.
Values are mean * IC of 3 replications. * expressed as mg gallic acid equivalent (GAE)/g DE; ** expressed as mg Quercetin
equivalent (QE)/g DE; *** expressed as mg tannic acid equivalent (TA)/g DE.

Table 2: Antioxidant capacity of Z. geslini extracts.

Samples DPPH IC50 (ug/ml)  FRAP assay (mM equivalent Gallic acid)

ALE? 67.44+0.91 15.47+0.57

MEP 65.36+0.55 6.96+0.36
BHT® 22.50+0.62 -
Ascorbic acid 3.14+0.33 -

Gallic acid - 1.14+0.11

2 Aqueous lyophilized extract, ® Methanol extract, © Butylated HydroxyToluene.

Table 3: Effect of methanolic and aqueous leaf extracts of Z. geslini on blood glucose level, serum
insulin, liver glycogen, and glycosylated hemoglobin.

Parameters NC DC ALE ME
Blood glucose level (mg/dl) 82.05+0.12 556.2+0.32 488.50+0.05** 264.50+0.19
Serum insulin 43.45+0.21 11.23+£0.45 26.25+0.77* 48.65+0.33*
Glycosylated hemoglobin 5.37+0.79 09.33+0.56* 08.64+0.86 07.45+0.75 **
Liver glycogen 4324026  01.94%0.65 3.05£0.51* 04.3620.01**

NC: normal control; DC: Diabetic control; ALE: Aqueous lyophilized extract; ME: Methanol extract
Student's paired test:*P<0.05;* *P<0.01.
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DISCUSSION

Studies were performed to assess the
phenolic content of the aqueous and methanol
extracts and also to determine their anti-
oxidant and anti-diabetic effects. The ALE
yield was higher than ME, these results are
similar to those reported by Kouadri
Boudjelthia et al. (2017) who noted that highest
extraction yields was obtained for the aqueous
extract (29.03%), however, methanol extract
led to a performance of (26.32%).

Generally, plant diversity is responsible
for the wide variability of physico-chemical
properties influencing the extraction vyields
(Belmimoum et al.,, 2017). Among other
things, the solubility of phenolic compounds is
affected by the polarity of the solvent used.
Consequently, it is very difficult to develop an
extraction process suitable for the extraction of
all phenolic compounds from the plant (Garcia-
Salas et al., 2019). The fluctuations and the
variations in the yields can be attributed to
several environmental, pedoclimatic and
genetic factors (Rodolfo et al., 2006; Ebrahimi
etal., 2008). The selectivity of the solvent used
can also influence the total phenol and
flavonoid content (Lee et al., 2003).

Radjeh et al. (2019) reported that total
phenolics and flavonoids content varied
significantly according to the species, the
maturity stage, the extraction method and the
nature of the solvents used for the preparation
of the extracts. For flavonoids and tannins, the
amounts obtained are generally moderate, but
still close to those recorded by Shehab et al.
(2015) on ethanol and methanol extracts of
Zygophyllum hamiense from the Sahara of
Mubhaisnah in Dubai.

The antioxidant activity of plant extracts
is usually linked to their phenolic content. For
that reason, several research studies have
evaluated the relationships between the
antioxidant activity of plant extracts and their
phenolic content (Abdallah and Esmat, 2017).
In some studies, a correlation between them
was found (Miliauskas et al., 2004; Ahmed et
al., 2020). In this study, the findings have
shown a relationship between the antioxidant
activity and total phenolic contents. This agrees
well with the idea that the phenolic compounds
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have a key role in free radical scavenging
and/or reducing systems. Nevertheless, these
results must be interpreted with caution as the
method used for estimating the total phenolic
content has weak selectivity because the Folin—
Ciocalteu reagent reacts positively with
different antioxidant compounds (phenolic and
non-phenolic substances) (Que et al., 2006).
The ME has shown the highest total
polyphenolic contents and antioxidant capacity
than ALE, it probably due to the polarity and
good solubility of phenolic components in
methanol.

It is generally assumed that the ability to
act as a hydrogen donor and the inhibition of
oxidation are due to the synergism between the
antioxidants in the extracts, which makes the
antioxidant capacity dependant not only on the
concentration of phenols, but also on their
structure and the interaction between them
(Hmid et al., 2013). Thus, it is possible to
deduce that the lower antioxidant power of the
ALE is to its low content of phenols compared
to ME. The DPPH radical scavenging activity
of the tested samples was in the order: Ascorbic
acid >BHT> ME > ALE. Therefore, there is a
high significant difference between the
standards and ME and a very high significative
difference between the standards and the ALE.

The ability of the different extracts of Z.
geslini to reduce the ferricyanide complex
(Fe®) to the ferrous form (Fe?*) was recorded
by measuring the formation of Perl’s Prussian
blue at 700 nm. The lowest reducing activity
was recorded for Gallic acid (positive control).
All extracts showed a very good ferric reducing
activity, better than positive control:
ALE>ME>Gallic Ac.

The mechanism of phenols depends on
their reactivity as hydrogen or electron donator.
The high activity is due to the number of
hydroxyl groups available (Villano et al.,
2007). polyphenolics have a high redox
potential, permitting them to act as reducing
agents, hydrogen donors, singlet oxygen
quenchers and metal chelating potential (Ignat
et al., 2011). These metabolites can interact
with free radicals generated by the human body
in response to the aggressions of the
environment (Miwonouko et al., 2024;
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Ouedraogo et al., 2023). They are also known
for their antidiabetic virtues by stimulating the
regeneration of the damaged P-cells in the
alloxan diabetic rats (Arar et Ghouini, 2021).

Insulin level was found very low in
alloxan-induced diabetic rats. The opposite
effect was seen on treatment by the leaf
extracts, it may be indicative of the islet cells
regeneration, and possibly, attenuation of the
alloxan initiated degenerative changes more
prominently in the ME-treated group as
compared to the ALE-treated group. The same
treatment, however, did not increase the serum
insulin level in normoglycemic rats, so it can
be concluded that the extract has the potential
to enhance the glucose-dependent insulin
release from the pancreatic -cells and thereby
decrease the blood glucose level only in
alloxan-induced diabetic rats. This effect is
very similar to biguanides. This class of
medicines regulates blood sugar level to its
normal value and do not produce
hypoglycemia, it also exhibits a favorable
effect on lipid profile.

The estimation of glycosylated
hemoglobin  (HbAi) gives an accurate
reflection of mean plasma glucose

concentration over this period and correlates
best with the degree of the glycemia. A
significant decrease with leaf extracts (P<0.01)
was observed in both treated groups as
compared to alloxan-induced diabetic rats. On
ALE-treated group, the decrease was moderate.

The liver glycogen was found depleted
in the diabetic control group. A significant
increase in the liver glycogen level was
observed for the ME-treated group, which may
be due to its ability to increase insulin level. A
high amount of liver glycogen indicates
attenuation of diabetes severity and can be
considered as an index of the presence of
antidiabetic activity of the tested extracts. All
the above observations suggest that the ME
would be a promising antidiabetic drug (Arar
et Ghouini, 2021).

Much attention has been focused on the
role of oxidative stress in diabetes, and it has
been suggested that oxidative stress may
mediate common events in the pathogenesis of
different diabetic complications (Sepici Dincel
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et al, 2007). Human diabetics and
experimental diabetic animal models exhibit
high oxidative stress due to persistent and
chronic hyperglycemia that may result in
depletion of the antioxidant defense system and
thus lead to an enhanced de novo free radical
generation, and the interaction of these free
radicals with membrane lipids would result in
an increased lipo-peroxidation that can be
prevented by antioxidants including plant
phenolic compounds (Arawwawala et al,
2009).

Conclusion

In this paper, we have reported in vitro
antioxidant and antidiabetic activities of Z.
geslini aqueous and methanol leaf extracts, and
reveal their richness in phenolic, flavonoids
and tannins. This study has further revealed
that the Increasing intake of natural
antioxidants may help to maintain a tolerable
antioxidant status, thus preventing the
oxidative stress that could lead to the diabetes
mellitus. These results should be encouraged
by further studies, which could ultimately lead
to the development of a new formulation that
retain substantial antidiabetic capacity with
minimal side effects, it would be also
interesting to elucidate its mechanisms in
detail.

COMPETING INTERESTS
The authors declare that they have no
competing interests.

AUTHORS’ CONTRIBUTIONS:

This work was carried out with the
collaboration of all the authors. TM conducted
the work, analyzed the data and drafted the
manuscript, and AD contributed to the
interpretation of the data and the critical
revision of the article. The final manuscript
was approved by all authors.

REFERENCES

Abdallah HM, Esmat A. 2017. Antioxidant
and anti-inflammatory activities of the
major  phenolics  from Zygophyllum
simplex L. Journal of


https://www.sciencedirect.com/science/article/abs/pii/S0378874116324394#!
https://www.sciencedirect.com/science/article/abs/pii/S0378874116324394#!
https://www.sciencedirect.com/journal/journal-of-ethnopharmacology

M. TOUAIBIA and A. DHOHA / Int. J. Biol. Chem. Sci. 18(3): 1105-1114, 2024

Ethnopharmacology. 205(9): 51-56. DOI:
10.1016/j.jep.2017.04.022.

Ahmad VU, Khan SS, Ahmed A, Khan A,
Farooq U, Arshad S, Bilge Sener B,
Erdemogluc N. 2007. Sulfated triterpene
glycosides from Zygophyllum fabago,
Natural Product Communications, 2:
1085-1088.

DOI: 10.1177/1934578X0700201106

Ali-Rachedi F, Meraghni S, Touaibia N,
Mesbah S. 2018. Analyse quantitative des
composés phénoliques d'une endémique
algérienne Scabiosa atropurpurea sub.
Maritima L. Bulletin de la Société Royale
des Sciences de Liege, 87: 13-21.
DOI: 10.25518/0037-9565.7398

Arar K, Ghouini A. 2021. Diabetes mellitus
quality care management: The promise of
herbal supplementation. GSC Advanced
Research and Reviews, 09(01): 7-12.
https://doi.org/10.30574/gscarr.2021.9.1.

0197
Arawwawala M, Thabrew |, Arambewela L.
2009. Antidiabetic  activity  of

Trichosanthes cucumerina in normal and
streptozotocin—induced diabetic rats. Int.
J. Biol. Chem. Sci., 3(2): 287-296.
DOI: 10.4314/ijbcs.v3i2.44504

BA, Chase MW, Thulin M. 2003.
Phylogenetic relationships and taxonomy
of subfamily Zygophylloideae
(Zygophyllaceae) based on molecular and
morphological data. Plant Syst. Evol.,

Beir

240: 11-39. DOI:
https://doi.org/10.1007/s00606-003-
0007-0

Belmimoun A, Meddah B, Side-Larbi K,
Sonnet P. 2017. Phytochemical study of
Zygophyllum album extract. International
Journal of Engineering Technologies and
Management Research, 4(5): 1-10.
DOI: 10.29121/ijetmr.v4.i5.2017.73

Bouaziz M, Feki I, Jemai H, Ayadi M, Sayadi
S. 2008. Effect of storage on refined and
husk olive oils composition: stabilization
by addition of natural antioxidants from
Chemlali olive leaves. Food Chem., 108:
253-262.

DOI: 10.1016/j.foodchem.2007. 10.074

1112

Dermane A, Tayama W, Kindji Kpoyizoun P,
Kola P, Metowogo K, Eklu-Gadegbeku
K. 2024. Evaluation of the antioxidant
and anti-inflammatory properties of the
hydroethanolic extract of the leaves of
Blighia  sapida KD  Koeniglnt.
International Journal of Biological and
Chemical Sciences, 18(1): 10-19. DOI:
https://dx.doi.org/10.4314/ijbcs.v18i1.2

Dheer R, Bhatnagar P. 2010. A study of the

Antidiabetic ~ Activity of Barleria
prionitis L. Indian  Journal  of
Pharmacology, 42: 70-73. DOl

https://doi.org/10.4103/0253-7613.64493
Djeridane A, Yous M, Nadjemi B,
Boutassouna D, Stocker P, Vidal N: 2006.
Antioxidant activity of some Algerian
medicinal plants extracts containing
phenolic compounds. Food Chem., 97:
654-60.
DOI: 10.1016/j.foodchem.2005.04.028
Ebrahimi NS, Hadian J, Mirjalili MH, Sonboli
A, Yousefadi M. 2008. Essential oil
composition and antimibacterial activity
of Thymus caramanicus at different
phonological stages. Food Chemistry.
110: 927-931. DOl:
10.1016/j.foodchem.2008.02.083.
Garcia-Salas P, Morales-Soto A, Segura-
Carretero A, Fernandez-Gutiérrez A.
2010.  Phenolic-Compound-Extraction
Systems for Fruit and Vegetable Samples.
Molecules, 15: 8813-8826.
DOI: 10.3390/molecules15128813
Hal DM, Eltamany EE, Abdelhameed RFA,
Ahmed SA, Ibrahim AK, Badr JM. 2022.

Chemical Review on Genus
Zygophyllum. Rec. Pharm. Biomed. Sci.,
6(2): 105-129. DOl:

10.21608/rphs.2022.148635.1154

Hmid I, Elothmani D, Hanine H, Oukabli A,
Mehinagic E. 2013. Comparative study of
phenolic compounds and their antioxidant
attributes of eighteen pomegranate
(Punica granatum L.) cultivars grown in
Morocco. Arab. J. Chem., 10(2): 2675-
2684. DOI:
http://dx.doi.org/10.1016/j.arabjc.2013.1
0.011


https://www.sciencedirect.com/journal/journal-of-ethnopharmacology
https://www.sciencedirect.com/journal/journal-of-ethnopharmacology/vol/205/suppl/C
http://dx.doi.org/10.1177/1934578X0700201106
https://www.researchgate.net/profile/Fahima-Ali-Rachedi?_sg%5B0%5D=OC23tNnUQg1pZwJos5l2IhtS_HeDqGFuaQMYvjOnlj4wqxi6QPc31rCDsN9tMBIVF9cuDbY.rMyt0agiYepbXqVcMDz3ayZP3_XwrvY5kGMJ6kQZhhSk8d0f4dFXlqXjqLHzX6UOSZ3HXWTe_Wj9ZOKz1dxWMg&_sg%5B1%5D=gfwipqCtYiB_yn2UYH1cLhBTqjUFkQC-6VDh82wT6v8cOV3IP2b234Gm6A7y1W49J2lVGFI.sAXowUCGTAjBe0EDzDnPsmyG10aNtdsvh5W-E_BHVC0-9D3dKCjPJvP6OOKD-JQoyXQFd5k6t2x2NCgKpceKKw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/Souad-Meraghni-2213374424?_sg%5B0%5D=OC23tNnUQg1pZwJos5l2IhtS_HeDqGFuaQMYvjOnlj4wqxi6QPc31rCDsN9tMBIVF9cuDbY.rMyt0agiYepbXqVcMDz3ayZP3_XwrvY5kGMJ6kQZhhSk8d0f4dFXlqXjqLHzX6UOSZ3HXWTe_Wj9ZOKz1dxWMg&_sg%5B1%5D=gfwipqCtYiB_yn2UYH1cLhBTqjUFkQC-6VDh82wT6v8cOV3IP2b234Gm6A7y1W49J2lVGFI.sAXowUCGTAjBe0EDzDnPsmyG10aNtdsvh5W-E_BHVC0-9D3dKCjPJvP6OOKD-JQoyXQFd5k6t2x2NCgKpceKKw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/Nourhene-Touaibia-2213386748?_sg%5B0%5D=OC23tNnUQg1pZwJos5l2IhtS_HeDqGFuaQMYvjOnlj4wqxi6QPc31rCDsN9tMBIVF9cuDbY.rMyt0agiYepbXqVcMDz3ayZP3_XwrvY5kGMJ6kQZhhSk8d0f4dFXlqXjqLHzX6UOSZ3HXWTe_Wj9ZOKz1dxWMg&_sg%5B1%5D=gfwipqCtYiB_yn2UYH1cLhBTqjUFkQC-6VDh82wT6v8cOV3IP2b234Gm6A7y1W49J2lVGFI.sAXowUCGTAjBe0EDzDnPsmyG10aNtdsvh5W-E_BHVC0-9D3dKCjPJvP6OOKD-JQoyXQFd5k6t2x2NCgKpceKKw
https://www.researchgate.net/scientific-contributions/Sabrina-Mesbah-2213392233?_sg%5B0%5D=OC23tNnUQg1pZwJos5l2IhtS_HeDqGFuaQMYvjOnlj4wqxi6QPc31rCDsN9tMBIVF9cuDbY.rMyt0agiYepbXqVcMDz3ayZP3_XwrvY5kGMJ6kQZhhSk8d0f4dFXlqXjqLHzX6UOSZ3HXWTe_Wj9ZOKz1dxWMg&_sg%5B1%5D=gfwipqCtYiB_yn2UYH1cLhBTqjUFkQC-6VDh82wT6v8cOV3IP2b234Gm6A7y1W49J2lVGFI.sAXowUCGTAjBe0EDzDnPsmyG10aNtdsvh5W-E_BHVC0-9D3dKCjPJvP6OOKD-JQoyXQFd5k6t2x2NCgKpceKKw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Bulletin-de-la-Societe-Royale-des-Sciences-de-Liege-1783-5720?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Bulletin-de-la-Societe-Royale-des-Sciences-de-Liege-1783-5720?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://doi.org/10.25518/0037-9565.7398
http://dx.doi.org/10.29121/ijetmr.v4.i5.2017.73
http://dx.doi.org/10.1016/j.foodchem.2007.10.074
http://dx.doi.org/10.1016/j.foodchem.2005.04.028
http://dx.doi.org/10.3390/molecules15128813
https://dx.doi.org/10.21608/rpbs.2022.148635.1154
https://www.sciencedirect.com/journal/arabian-journal-of-chemistry/vol/10/suppl/S2

M. TOUAIBIA and A. DHOHA / Int. J. Biol. Chem. Sci. 18(3): 1105-1114, 2024

Ignat I, Volf I, Popa VI. 2011. A Critical
Review of Methods for Characterisation
of Polyphenolic Compounds in Fruits and
Vegetables. Food Chemistry, 126: 1821-
1835. DOI:
10.1016/j.foodchem.2010.12.026.

Igbal S, Khan A, Ahmad VU, Khan MA, Bader
S, Farooq U, Khan SS, Zahoor A, Tareen
RB. 2011. Two new triterpenoids from
Zygophyllum  eurypterum.  Natural
Product Communications. 6: 179-182.
DOI: 10.1177/1934578X1100600206

Kolling M, Winkley K, Von Deden M.
2010. For someone who's rich, it's not a
problem. Insights from Tanzania on
diabetes health-seeking and medical
pluralism among Dar es Salaam's urban
poor  Research. Globalization and
Health, 6: 8. DOI: 10.1186/1744-8603-6-
8

Kouadri Boudjelthia W, Hammadi K, Kouidri
M, Dijebli N. 2017. Evaluation of
Antidiabetic Activity of Two Plants
Berberis vulgaris and Zygophyllum
geslini. J Phys Chem Biophys. 7: 236.
DOI: 10.4172/2161-0398.1000236

Lee KW, Kim YJ, Lee HJ, Lee CY. 2003.
Cocao has more phenolic phytochemicals
and a higher antioxidant capacity than
teas and red wine. Food Chemistry, 51:
7292-7295. DOI: 10.1021/jf0344385.

Maguirgue K, Wangso H, Oksom JBS,
Bakaranga-Via |, Nadjioroum NA,
Otchom BB. 2022. Evaluation
phytochimique, potentiels antioxydants et
anti-inflammatoires in vitro des extraits
des feuilles de Commelina benghalensis
Linn. (Commelinaceae): Phytochemical
evaluation, antioxidant and anti-
inflammatory. potentials in vitro of

Commelina benghalensis Linn.
(Commelinaceae). Int. J. Biol. Chem. Sci.,
16(6): 2673-2684.

DOI: 10.4314/ijbcs.v16i6.17

Medjdoub H, Bouhada Y, Boufeldja T. 2023.
Antidiabetic Effect of Zygophyllum
geslini aerial Part: in vivo and in vitro
studies. Phytothérapie, 21(4): 194-198.
DOI: 10.3166/phyto-2022-0372

1113

Miliauskas G, Venskutonis PR, Van Beek TA.

2004. Screening of radical scavenging
activity of some medicinal and aromatic
plant extract. Food Chemistry, 85: 231-
237. DOl:
https://doi.org/10.1016/j.foodchem.2003.
05.007

Miwonouko KF, Dermane A, Kombate B,

Gbekley EH, Anani K, Metowogo K,
Karou SD. 2024. Antioxidant and
antimicrobial activities of Cassia alata L.
Roxb. Leaves. International Journal of
Biological and Chemical Sciences, 18(1):
236-243. DOI:10.4314/ijbcs.v18i1.19

Mohammedi Z. 2020. Phytochemical,

antidiabetic and therapeutic properties of
Zygophyllum. Herbal Medicines Journal,
5(4): 163-177. DOl:
https://doi.org/10.22087 /hmj.v5i4.813

Ouedraogo B, Bayala B, Kaboré B, Zongo Pfi,

Ouedraogo E, Coulibaly LI, Adico Mdw,
Djigma Fw, Yonli A, Koala M, Simpore
J. 2023. Antioxidant and cytotoxic
properties of Combretum paniculatum
and Fadogia agrestis extracts on prostate
and cervical cancers cell lines. Int. J. Biol.
Chem. Sci., 17(6): 2158-2169
DOI: 10.4314/ijbcs.v17i6.2

Oyaizu M. 1986. Studies on products of the

Que

browning reaction. Antioxidative
activities of browning reaction products
prepared from glucosamine. Japn. J.
Nutr., 44; 307-315. DOl:
http://dx.doi.org/10.5264/eiyogakuzashi.
44,307

F, Mao L, Pan X. 2006. Antioxidant
activities of five Chinese rice wines and
the involvement of phenolic compounds.
Food Research International, 39(5): 581-
587. DOI: 10.1016/j.foodres.2005.12.001

Radjah A, Chorfi H, Bouatrous Y. 2019. Stage

of development and solvent effects on
phytochemistry and antioxidant activity
of three Algerian plants. Analele
Universitatii  din  Oradea, Fascicula
Biologie, 25(2): 91-99. DOl:
https://bioresearch.ro/2019-2/091-099-
AUOFB.26.2.2019-RADJAH.A .-
Stage.of.development.pdf


http://dx.doi.org/10.1177/1934578X1100600206
https://doi.org/10.1016/j.foodchem.2003.05.007
https://doi.org/10.1016/j.foodchem.2003.05.007
https://www.ajol.info/index.php/ijbcs
https://www.ajol.info/index.php/ijbcs
https://doi.org/10.4314/ijbcs.v18i1.19
http://dx.doi.org/10.4314/ijbcs.v17i6.2
https://www.sciencedirect.com/science/article/abs/pii/S0963996905002577#!
https://www.sciencedirect.com/science/article/abs/pii/S0963996905002577#!
https://www.sciencedirect.com/science/article/abs/pii/S0963996905002577#!
https://www.sciencedirect.com/journal/food-research-international
https://www.sciencedirect.com/journal/food-research-international/vol/39/issue/5
http://dx.doi.org/10.1016/j.foodres.2005.12.001

M. TOUAIBIA and A. DHOHA / Int. J. Biol. Chem. Sci. 18(3): 1105-1114, 2024

Rodolfo J, Koroch A, Simon J, Hitimana N.
2006. Quality of geranium oils: Case
studies in southern and eastern Africa.
Journal of Essential oil Research, 18:
116-1121. DOI:
https://doi.org/10.1080/10412905.2006.1
2067131

Sepici-Dincel A, Acikgoz S, Cevik C,
Sengelen M, Yesilada E. 2007. Effects of
in vivo antioxidant enzyme activities of
myrtle oil in normoglycemic and alloxan
diabetic rabbits. J. Ethnopharmacol.,
110: 498-503. DOl:
10.1016/j.jep.2006.10.015

Shawky EM, Gabr NM, Elgindi MR, Mekky
RH. 2019. A Comprehensive Review on
Genus  Zygophyllum.  Journal  of
Advenced Pharmacy Research, 3(1): 1-
16. DOI: 10.21608/aprh.2019.5699.1066

Shehab NG, Gharbieh E, Bayoumi F. 2015.
Impact of phenolic composition on
hepatoprotective and antioxidant effects
of four desert medicinal plants. BMC
Complementary and Alternative
Medicine, 15: 401. DOI: 10.1186/512906-
015-0919-6

Shinsembu KC. 2019. Diabetes mellitus and
nature’s pharmacy of  putative

1114

antidiabetic plants. Journal of Herbal
Medicine, 15: 100230. DOI:
10.1016/j.hermed.2018.09.001

Subedi L, Timalsena S, Duwadi P, Thapa R,
Paudel A, Parajuli K. 2014. Antioxidant
activity and phenol and flavonoid
contents of eight medicinal plants from
Western Nepal. Journal of Traditional
Chinese Medicine, 34(5): 584-590. DOI:
https://doi.org/10.1016/S0254-
6272(15)30067-4

Tigrine-Kordjani N, Meklati BY, Chemat F.
2011. Contribution of microwave
accelerated distillation in the extraction of
the essential oil of Zygophyllum album L.
Phytochem. Anal., 22(1): 1-9. DOI:
10.1002/pca.1236.

Villano D, Fernandez-Pachon MS, Moya ML,
Troncoso AM, Garcia-Parrilla MC. 2007.
Radical scavenging ability of
polyphenolic compounds towards DPPH
free radical. Talanta., 71: 230-235. DOI:
10.1016/j.talanta.2006.03.050.

Wong SP, Leong LP, Koh JHW. 2006.
Antioxidant activities of aqueous extracts
of selected plants. Food Chem., 99: 775-
783.

DOI: 10.1016/j.foodchem.2005.07.058


https://doi.org/10.1080/10412905.2006.12067131
https://doi.org/10.1080/10412905.2006.12067131
http://dx.doi.org/10.1016/j.jep.2006.10.015
http://dx.doi.org/10.21608/aprh.2019.5699.1066
https://doi.org/10.1186%2Fs12906-015-0919-6
https://doi.org/10.1186%2Fs12906-015-0919-6
http://dx.doi.org/10.1016/j.foodchem.2005.07.058

