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Abstract:

This work aimed to highlight the biological effects of Globularia alypum L., a medicinal plant

widely used in phytotherapy.

Globularia alypum L. is a plant used in traditional medicine in Morocco, the crude extracts
prepared from the leaves were obtained using maceration in methanol, ethyl acetate, butanol,
and water. The content of total polyphenols was determined using the Folin-Ciocalteu reagent,
the first range was for the ethyl acetate extract, followed by butanol, methanol, and aqueous
extracts, respectively. The flavonoids amount was determined using the aluminum chloride
colorimetric method, the methanolic extract presented the highest content of flavonoids,
followed by the one of butanol, then the ethyl acetate and aqueous extracts. The antioxidant
activity was carried out using the anti-free radical method based on 2,2-diphenyl-1-
picrylhydrazyle (DPPH), the ICso values were estimated for methanolic, ethyl acetate, butanol
and aqueous extracts while that of BHT and ascorbic acid. The high phenolic and flavonoid
amounts as well as the antioxidant potential of the extracts indicated that the G. alypum could

be exploited as a source of natural antioxidants.
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Introduction
“Oxidative stress is the result of the disproportion between the production of free reactive™

species and the capacity of the organism to trap these free radicals by detoxification. This
imbalance between the production of free radicals and their detoxification leads to cellular
damage that results in pathologies such as diabetes, cancer, and inflammatory diseases. (Favier,
2006) (Bhatti et al., 2022)

Due to the bioactivity of their secondary metabolites, various aromatic and medicinal plants
have been described as promising sources of natural antioxidants. Several studies have shown
that antioxidant molecules have crucial biological qualities that could be employed in
numerous fields such as food preservation, cosmetics, pharmaceuticals, and alternative
medicine as natural remedies. (Akbari et al., 2022) The local population widely uses medicinal
plants to cure different diseases. Thus, medicinal plants present a promising source to develop
new effective drugs.

Globularia alypum L. (G. alypum) belonging to the Plantaginaceae family is distributed
geographically from Europe to North Africa (Mediterranean basin). It is a shrub of 30 to 80
cm, woody and perennial, the floral apparatus with brown-red stems stirred, many leaves and
its bushes have blue flowers.

G. alypum is well-known for its traditional uses as home remedies, according to an
ethnopharmacological survey conducted by Ziyyat et al. in the eastern region of Morocco, G.
alypum (Ain larnab) leaves are widely used as a laxative agent in the Moroccan. (Ziyyat et al.,
1997) The leaves of G. alypum are described as a remedy for kidney diseases (Noureddine et
al., 2022) in addition to its hypoglycemic, spasmolytic and muscle relaxant effects (Bellakhdar
et al., 1991) (Chokri et al., 2010). Recently, Ouffai et al. reported that G. alypum was able to
inhibit alpha-amylase and alpha-glucosidase, which are two key enzymes involved in the
intestinal digestion of carbohydrates. (Ouffai et al., 2021)

The purpose of the present work was to provide an overview of the ethnobotanical uses of G.
alypum. in Morocco. to quantify total phenolic flavonoid contents, cytotoxicity, and

antioxidant capacity of four extracts of G. alypum.

Materials and Methods:
Ethnobotanical use of Globularia alypum L. The search started in July until August 2021

based on scientific publication databases, such as Pubmed (https://pubmed.ncbi.nlm.nih.gov/),
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web of science (www.webofknowledge.com). These articles were selected when citing the
“ethnobotanical uses of G. alypum.

The search equation is to combine keywords. Such as “Globularia alypum AND phytotherapy”

OR“Globularia alypum AND traditional use” OR “Globularia alypum AND ethnobotany

+Morocco”.

Plant material

The plant of G. alypum is purchased from an herbalist in the city of Taounate, and the name is

then verified by the National Agency of Aromatic and Medicinal Plants in Taounate.

The leaves were washed and cleaned with distilled water, then put to dry at room temperature

in an airy place in the shade to better preserve the molecules sensitive to heat and light and

reduced to a powder which will constitute the dry matter that will be used for the extraction.

Chemical reagents and solvents

L-ascorbic acid, butylated hydroxytoluene (BHT), Folin-Ciocalteu phenol reagent, gallic acid,

quercetin, and 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 3-(4,5-dimethylthiazol-2yl)-2,5-

diphenyltetrazolium bromide (MTT), were purchased from Sigma (St. Louis, MO, USA). All

other chemicals were of analytical grade.

Preparation of extracts

Extraction of the samples was carried out by maceration with methanol, butanol, ethyl acetate

and water to obtain four extracts of different polarities. Briefly,50 g of dried leaves of G.

alypum, were allowed to macerate for 12 hours in 250 ml of each solvent under stirring, and

then the macerate was filtered through a Watman 1 filter paper. The extracts obtained were

concentrated and removed from the solvent under reduced pressure, using a rotary evaporator

(Buchi R-11). At the end of the extraction, All the extracts were preserved in the refrigerator

(4°C) until their use for further analysis. (Saidan et al., 2015)

Determination of total phenolic content

The total phenolic content of G. alypum leaf extracts were determined using the Folin-

Ciocalteu colorimetric method, as described by Sanchez-Moreno (Sanchez-Moreno, 2002)

with slight modification. Technically, 0.5 mL of the diluted extracts (0.1g/mL), was added to

4 mL of sodium carbonate NaCOz (1M), and 5mL of the Folin-Ciocalteu reagent (10 times

diluted in the distilled water), were mixed, the mixture was then thoroughly homogenized and

incubated for 30 min at 45 °C. After incubation, the absorbance of each sample was measured

at 765 nm by a spectrophotometer. (CECIL1010), against methanol as blank and the total
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phenolic content was calculated by using the gallic acid calibration curve (y = 0.0026x +
"0.0087, R2 = 0.9978). All assays were performed in triplicate. The Total phenolic content was
expressed as mg GAE/g of extract.
Determination of total flavonoids
The total flavonoid content of G. alypum. Leaves extracts were determined using aluminum
chloride colorimetric method previously reported, by Chang et al. (Chang et al., 2020). Briefly,
0.1 mL of each plant extract (1 mg/mL) was mixed with 0.02 mL of aluminum trichloride
solution (10 %). 0.02 mL of sodium acetate (1 M), 0.3 mL of methanol and 0.56 mL of distilled
water. Then, the mixture was kept standing for 30 min at room temperature. The absorbance
was measured against blank by spectrophotometer (CECIL1010) at a wavelength of 415 nm.
The total flavonoid content was calculated by using the quercetin calibration curve (y = 0.0074x
+0.1042, Rz = 0.9978). All trials were performed in triplicate. Results were expressed as mg
of catechin equivalents per g extracts (mg QE/g).
DPPH Assay
The capacity of G. alypum extracts to scavenge DPPH radicals, was evaluated according to the
method used previously by McDonald et al. (McDonald et al., 2001), and Zoubhri et al. (Zouhri
et al., 2001). Technically, 50 pL of different dilutions of the extracts were added to 1950 uL
of ethanolic solution of DPPH (0.5 mM), The mixture was incubated in the dark for 30 minutes.
The absorbance was measured by spectrophotometer (CECIL1010) at 517 nm. Ascorbic acid
and BHT were used as positive controls.
DPPH inhibition rates were calculated using the following formula: % of inhibition = [(A
control-A sample)/A control] x 100 (A: absorbance). The 50% DPPH inhibitory concentration
(ICs0) was determined from the equation of the percent inhibition versus concentration curve
of the different extracts.
Cytotoxicity
The 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) test was used to
analyze cell growth (Amal et al., 2016) (Daoudi et al., 2013). Cells were obtained from
sacrificed rabbits. The spleen and thymus were aseptically extracted from the animal and a
suspension was prepared by pressing the organ through a fine wire mesh. Cell suspensions
were then washed by repeated centrifugation in RPMI medium, and erythrocytes were lysed
using 154 mM ammonium chloride. In 96 well plates, 5000 cells were plated per well. After
that, the plate was incubated for 72 hours at 37°C in a humidified incubator with 5% CO2.
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Before incubation, the prepared extracts were introduced at 0.1 mg/mL to the cells. The optical
“density (O.D) was measured at 570 nm. o

Statistical analysis

Results were expressed in triplicates as means* standard deviation (SD). Statistical analysis

was performed using one-way analysis of variance, by Graph Pad Prism 8 software. Values of

p<0.05 were considered statistically significant.

Results:

Ethnobotanical use of G. alypum

From a geographical standpoint, G. alypum is widely reported as a medicinal plant in
Chefchaouan, Sefrou, Tata, South of Morocco, and Tafilalet.

G. alypum was widely indicated for the treatment of intestinal, genitourinary, respiratory
disorders, diabetes, and tuberculosis. This species is used in the case of fever, ulcers,
microorganism's infections, laxative, ear infection, inflammation, skin infection, and wounds
(Table 1).

Furthermore, according to the data from bibliography the preparation method is linked to the
cultural background. For example, the decoction of G. alypum leaves is administered in powder
form, but it can also use by infusion or maceration for the treatment of diabetes.

The most frequently used parts are leaves and stems, and the used methods of preparation were

decoction, infusion, maceration, and cataplasm according to the ethnobotanical reports.

Total phenolic content

The phenolic contents were ranged from 183.33 + 3.25 to 264 + 1.32 mg GAE/g of extract.
Where ethyl acetate extract showed the maximum polyphenols content, in contrast with
methanol extract which shown the lowest polyphenols content. The results are shown in the
table 2.

Table 1: Ethnobotanical use of G. alypum in Morocco

Area of study  Local man Ethnobotanical Used part Preparation administration reference
use
Tafilale Ain larneb diabetes Leaves nd n.d (Eddouks et
al., 2002)
Imouzzer Ida  Taslgha Antiseptic, Leaves Cataplasm, decoction, oral (Saadi et al.,
Outanane baldder maceration, powder 2013)

ailments, burns,
diabetes,
digestive, skin
buttons,
|
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tuberculosis,
wound healing

Tata Province  Ain larnab — Hypoglycemic, Leaves Infusion, decoction oral (Abouri et al.,
Tasselgha digestive, 2012)
laxative,
purgative,
stimulant,
depurative,
antiseptic,
antimycotic,
constipation,
gastric ulcers

Chefchaouen  Ain larnab diabetes Leaves Infusion oral (Merzouki et
al., 2002)
Central Ain larnab — anti-diabetic Leavesand Infusion, decoction n.d (Hachi et al.,
Middle Atlas  Tasselgha Stem with 2016b)
leaves
Ksar Lakbir Ain larnab Hypoglycemic, leaves infusion oral (Merzouki et
digestive, for al., 2000)
bilious
stimulation and
laxative,
Taroudant Ain larnab — diabetes leaves Decoction oral (Katiri et al.,
Tasselgha 2017)
Sidi Slimane Ain larnab diabetes leaves Decoction (Laadim et
al., 2017)
Sefrou Taselgha -Ain  Diabetes Flower Decoction oral (Bousta et al.,
lerneb mellitus 2014)
Fez- Ain larnab diabetes leaves Decoction oral (Jouad et al.,
Boulemane 2001)

Table 2. Total polyphenols content from extracts of G. alypum.

Total polyphenols

Extracts
(mg EAG /g)
Methanol extract 183.33+3.25
Butanol extract 201+1.15
Ethyl acetate extract 264 +1.32
Aqueous extract 198 + 2.64

Values of total polyphenols content are expressed as concentration mean + SD (mg EAG /g) of three experiments.

Total flavonoids content

The flavonoids content of different extracts of G. alypum is estimated by the aluminum chloride
colorimetric method. the results are represented in the table 3, which shows that the content of
flavonoids in the different extracts was 43.04 + 1.35 mgEQ/g for methanol extract, 41.90 £
0.83 mg EQ/g for butanol extract, 36.71+ 1.67 mg EQ/g for aqueous extract and 30.42 + 2.17
mg EQ/qg for ethyl acetate extract.

Table 3. Flavonoids content from extracts of G. alypum.
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Extracts Flavonoids content (mg EQ /g)
Methanol extract 43.04+1.35
Butanol extract 41.90£0.83
Ethyl acetate extract 3042 +2.17
Aqueous extract 36.71+ 1.67

Values of flavonoids content are expressed as concentration mean + SD (mg EQ /g) of three experiments.

DPPH Assay

Antioxidant properties of different extracts were analyzed using DPPH Assay. The ICsy of the DPPH
radical, were respectively 93.61+ 7.15 pg / ml for Butanolic extract, 90.53+ 3.5 pug / ml for the
methanolic extract, 83.48+ 3.48 ug / ml for the aqueous extract and 97.61+ 5.73ug / ml for ethyl acetate
extract. (Table 4)

Table 4. Inhibition concentration 50% (IC50, pug/ml) of G. alypum by DPPH assay

Extracts 1Csp (ug/mL)
Methanol extract 90.53+ 3.5
Butanol extract 93.61+7.15
Ethyl acetate extract 97.61+5.73
Aqueous extract 83.48+ 3.48
BHT 174.26 + 3.67
Ascorbic acid 3457+184

Values of inhibition concentration 50% are expressed as concentration mean + SD (ug/mL) of three experiments.

Table 5. Phytoconstituents of G. alypum

Study Part Extract / Active compounds Molecular Activity
Fraction formula

(Es-Safi et Aerial Water- 6-hydroxyluteolin 7-O-laminaribioside C,7H30017

al., 2005) Parts Methanol
Eriodictyol 7-O-sophoroside C27H32016 Antioxidant
6-hydroxyluteolin 7-O-B-d-glucopyranoside Ci15H1007
luteolin 7-O-sophoroside C15H1006

(Friscic et Leaf Methanol Mannitol CsH1406

al.,2022)
Catalpol C15H22010
Aucubin C15H2209 Antioxidant,
Caffeoylglucoside isomer C15H1809 anti-inflammatory,
Verminoside (6-O-Caffeoylcatalpol) Co4H28013 antimicrobial activities
Geniposide C17H24010
Globularioside C24H29ClO11

(Mohamed Leaf Methanol Gentisic acid C7Hs04

etal.,2022) Aqueous
Quercetin C15H1007
4-Hydroxybenzoic acid C7HsO3 Attenuate Hyperglycemia
Protocatechuic acid C7Hs0a
Catechin C15H1406
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Apigenin Ci15H100s
Cinnamic acid CsHsO»
p-Coumaric acid CoHsO3
Vanillic acid CsHsOq4
Apigenin 7-O-glucoside C21H20010
(Ouffai et Aerial  Diethyl ether Gallic acid C7HeOs
al., 2021) parts fraction —
p-Coumaric acid CoHsOs3
Rutin C27H30016
Naringenin C15H120s antioxidant
Quercetin C1s5H1007 Alpha-amylase, alpha-
- - glucosidase inhibitory
Ethyl acetate Gallic acid C7HeOs capacity
fraction
Rutin C27H30016
Ferulic acid C10H1004
Quercetin C15H1007

Cytotoxicity

Cytotoxicity activity of four plant extracts was assessed against splenocytes using the MTT
assay. Results obtained in Figure 1 indicate that the four extracts at 0.1 mg/ml showed no

cytotoxicity effect against splenocytes.

1.0 n.s
I 1 Hm Control

0.8 HlE Methanol extract

0.6 B Ethyl acetate extract
g ] mm Butanol extract

0.4 B Aqueous extract

0.2

0.0-

Figure 1: Cytotoxicity of different extracts of G. alypum. Values were expressed as mean + SD
of three experiments, Comparison was realized against control (n.s: p>0.05)

Discussion:

The principal objective of this research was to quantify polyphenols, and flavonoids, and to
evaluate the antioxidant properties of four extracts of G. alypum leaves to prevent cells from

oxidative damage.

G.alypum is a plant widely used in Moroccan pharmacopoeia (Abouri et al., 2012; Bellakhdar
etal., 1991; Bousta et al., 2014; Eddouks et al., 2002; Hachi et al., 2016a, 2016b; Jouad et al.,
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2001; Katiri et al., 2017; Laadim et al., 2017; Merzouki et al., 2002, 2000; Saadi et al., 2013;

“Ziyyat et al., 1997; Ouhaddou et al., 2020) for its therapeutic virtues, according to the results

obtained in the bibliographic part. The leaves are the part of the plant most recommended in
the management of diabetes and digestive diseases, that's why we have chosen the leaves in
our study as the material of study. Moreover, the leaves may contain more bioactive molecules
than other parts of the plant and the extraction from leaves is generally easier than from stems

therefore the yields can be better.

The total content of the phenolics in the different extracts varied from 183.33% 3.25 to 264 +
1.32 mg GAE/g of extract. The highest content of polyphenols was obtained in the ethyl acetate
extract. followed by butanol extract. then the aqueous extract, and the methanolic extract. For
flavonoids content, methanolic extract was in the first range, followed by butanol extract,

aqueous extract then the extract of ethyl acetate.

Comparing these results with the available literature on the same species, the values obtained
are considerably higher than those reported by Chograni et al (Chograni et al., 2013) who
reported that the values of polyphenol and flavonoid content in the extracts of Tunisian G.
alypum leaves were respectively 22.30 mg GAE /g and 4.72 mg Rutin equivalent per gram of
dry weight. Similar considerations can be made when comparing our values with those of
(Djeridane et al., 2006) have noticed 4.54 mg QE / g of dry mass of the water ethanol extract
(30/70) of the whole plant from G. alypum, this result showed that the flavonoids content was
five times lower than that of our study. On the other hand (Ouffai et al., 2021) found higher
values in the diethyl ether fraction (331.88+17.8 pg GAE/mg total phenolic and 223.46+2.37
pg CE/mg flavonoids). This difference may be due to the difference in part use and solvent of

extraction.

The antioxidant activity of the various extracts of G. alypum. was determined by the DPPH
test, DPPH determines the anti-free radical potency of antioxidants. The antioxidant activity of
the aqueous extract was greater than that of all other samples tested, with an 1Csp of 83.48 +
3.48 ug / mL, followed by the methanolic extract (90.53+ 3.5 pg /mL), butanolic extract
(93.61+ 7.15 pg / mL), and the extract prepared with ethyl acetate (97.61+ 5.73 pg / mL). in
agreement with previous studies. (Mohamed et al., 2022) (Ouffai et al., 2021) (Taghzouti, et
al., 2016)
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It can be concluded that all the extracts exhibited a lower antioxidant activity compared to
“ascorbic acid (34.57 + 1.84 pug/mL) and higher than that of BHT (174.26 + 3.67 pg/mL). The
presence of high levels of polyphenols and flavonoids may explain this antioxidant activity.

Indeed, new active compounds were isolated from the hydromethanolic extract of stem and
leaves of G. alypum, identified as novel phenolic compounds and two known flavonoid
glycosides (6-hydroxyluteolin 7-O-B-D glucopyranoside and luteolin 7-O-sophoroside). These
compounds have exhibited an interesting antioxidant activity using DPPH test as described by
(Es-Safi et al., 2005, 2006, 2007). The antioxidant activity of phenolic compounds is mainly
due to their redox properties, which make them act as reducing agents.

In previously published studies on the phytochemistry of the aerial part of G. alypum, it was
shown that this plant contains numerous secondary metabolites with antioxidant activity, such

as polyphenols and flavonoids, which exhibit strong antioxidant activity (see Table 5).

MTT assay was used to determine the cytotoxicity of the four extracts of G. alypum, the results
showed that the viability of cells did not decrease at 0.1mg / mL of plant extract. in agreement

with the results obtained in a previous study. (Hajji et al., 2022)

In another study reporting the chronic toxicity of G. alypum in rats over an 8-week period, it
was demonstrated that the administration of 0.7 g/kg of G. alypum did not exhibit any toxic
effects. (Skim et al., 1998). Even with intraperitoneal administration of different doses of
Globularin, a compound isolated from the methanolic extract of G. alypum, which showed no
mortality up to a dose of 1g/kg body weight in rats. Even at this high dose, (Merghache et al.,
2013).

Conclusion

In this study, we quantified the polyphenol and flavonoid content, as well as the antioxidant
activity, in four extracts of G. alypum. The results revealed that the leaves of G. alypum are
rich in polyphenols and flavonoids. Although the antioxidant activity of the extracts was lower
than that of the positive control, ascorbic acid, it was higher compared to BHT. These findings
are promising and suggest that further in vivo studies are needed to explore the potential
therapeutic applications of this plant. However, additional in vivo cytotoxicity tests and
chemical fractionation are necessary to ensure the safety of this plant and to identify the

bioactive compounds.
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