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Abstract

Objective: This work allowed the valorization of the leaves of Globularia alypum L. by extracting their global
biochemical composition and evaluating their biological potential.

Methods: The extraction was based on the use of four different methods (soxhlet, sonication, maceration and
infusion) in order to compare their effect on the quality of polyphenols and thus their potential efficacy to exploit in
different domains.

Results: The highest composition of polyphenols values was evaluated by infusion and soxhlet extract respectively
(89.35-74.25 mg Eq GAE/g ext. While, soxhlet method only assured an important extraction of flavonoids and
flavonols (65.45 mg CAT/g ext and 44.16 mg RE/g ext.). The samples were an area under discussion to a screening for
their antioxidant activities using the DPPH. FRAP and Nitric oxide assays. Soxhlet and maceration of leaves of G.
alypum showed the important antioxidant activity (DPPH and Nitric oxide) with an 1Csq (0.28; 0.34 mg/ml and 0.57;
0.67 mg/ml respectively). Concerning, the infusion and the maceration extract, it showed an important Radical-
Scavenging Activity and Ferric Reducing (FRAP) with 1Cs, (0.34 and 0.38 mg/ml respectively). For the first time, the
in vitro anti-inflammatory activity of the leaves G. alypum tested by four extraction methods was realized. The soxhlet
and maceration methods revealed an important anti-inflammatory effect by stabilization membrane (1.45 and 2.01
mg/ml respectively) and inhibition of protein denaturation (albumin) (1.80 and 1.73 mg/ml respectively).

Conclusion: As a term of exploitation and valorisation, the leaves of G. alypum have antioxidant and anti-
inflammatory effects thanks to their richness in phenols, flavonoids, flavonols, anthacynins, alkaloids, saponins and
vitamin E.
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Introduction

The plant kingdom is a treasure house of potential drugs and latterly there has been a swell consciousness about the
importance of medicinal plants [1]. Conductive to search for new chemical compounds having a potential antioxidant
and anti-inflammatory activities, we have investigated a medicinal plant, namely Globularia alipum L. sometimes
called Turbith, belongs to the family Globulariaceae which includes in Tunisia only one genus (Globularia) and two
sub-species. One is Arabica L. and the other, less-known, being eu-Alypum L. It’s characteristic of the mediterranean
regions. It is a very branching, upright shrub, 30-60 cm [2]. Reactive Oxygen Species (ROS) such as hydroxyl,
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superoxide and peroxyl radicals are formed in human cells by endogenous factors and exogenously result in extensive
oxidative damage that in turn leads to geriatric degenerative conditions, cancer and a wide range of other human
diseases [3]. In recent years, there has been a growing interest in finding phytoconstituents such as phenolics,
carotenoids, anthocyanins, and tocopherol. They stabilize cell membranes by reducing lipid peroxidation and
scavenging free radicals [4]. For the more they have been found to exert chemopreventive [5], a strong antioxidant
activity and may help to protect the cells against the oxidative damage caused by free radicals [6]. Such as carotenoids,
the natural pigments from plant origin react rapidly with these free radicals and delay or alleviate the extent of
oxidative deterioration [7]. Natural antioxidants, including also volatile chemicals can inhibit oxidative damage and
may consequently prevent inflammatory conditions [8]. The chemical composition exhibited the presence of phenolic
acid [9]. The iridoid glucosides [10]. In G. alipum. In addition, have demonstrated the extant of secondary metabolites
whatever polyphenols, flavonoids and anthocyanins [11]. Many researchers have reported diver’s types of antioxidants
in different kinds of higher plants [12]. More recent reports revealed that the extract of G. alipum is used as a source of
potential antioxidants [13].

Inflammation is the immune system’s response to harmful stimuli, such as pathogens, damaged cells, toxic
compounds, or irradiation [14]. Acts by removing injurious stimuli and initiating the healing process [15]. The rich
wealth of the plant kingdom represents novel compounds with significant anti-inflammatory activities [11]. According
to the study of [16]. G. alipum L. is widely used in folk medicine for its properties: Anti-inflammatory drug, anti-ulcer,
antioxidant, and various cancer lesions of the stomach, colon, rectum and oesophagus. The stability of polyphenols in
plant extracts relies on numerous factors including the drying and extraction methods. Another relevant aspect of
phenolic compound extraction is the selection of an appropriate pH that can influence the yield and stability of
phenolic compounds. Acidic conditions are associated with higher extraction yields on different vegetable sources of
phenolic compounds [17]. Which may explain that the quality control of herbal medicine and botanical supplements
are influenced by the development of different extraction methods in order to analyses these compounds?

Therefore, the aim of this present study is to extract the phenolic compounds present in leaves extract of G. alipum;
obtained by different methods in order to evaluate their effect on the biological potential (antioxidant and anti-
inflammatory activities) of these compounds.

Materials and Methods

Plant material

The leaves of G. alypum L. were collected in January 2019 from the Ouardanin region in Tunisia. The botany
identification was performed at the Department of Botany, Higher Institute of Biotechnology of Monastir (ISBM,
Monastir, Tunisia).

Extraction

In the first step, the fresh leaves were dried at room temperature, and were powdered after dryness. This was carried
out in pressurized extractor at the ratio of 20 g of leaves powder with 100 ml ethanol. Each extract was prepared for
soxhlet, sonication and maceration methods. However, the infusion extract was prepared by adding 100 ml of boiling
distilled water to the sample (10 g) and were left to stand at room temperature for 5 min. Then after filtration, the
sample was lyophilized. Afterwards, dried crude concentrated extracts were weighed to calculate the extractive yield
and stored in a refrigerator (4°C) in air tight bottles until used for analysis [18].

Phytochemical analysis

The ethanol and aqueous extracts were submitted to phytochemical analysis for secondary metabolites identification
using the phytochemical methods, which were previously described by [19]. In general, the presence or absence of
saponin, coumarin, terpenoids, carbohydrate and quinone molecules were subsequently detected by the addition of an
appropriate chemical agent to the preparation in a test tube.

Saponins: The extract (1 ml) was shaken vigorously with distilled water. A stable persistent froth for 20 min was a
positive indicator.

Coumarins: NaOH (2 ml, 10%) was added to 1 mL of extract and formation of yellow color indicates the presence of
coumarins.

Terpenoids: The extract (2 ml) was added to acetic anhydride (2 ml) and concentrated H,SO, drops. Formation of
blue, green rings indicated the presence of terpenoids.

Carbohydrates (Molisch’s test): Few drops of Molisch’s reagent were added to the extract (1 ml), followed by 1 ml
of conc. H,SO, drops. The mixture was allowed to stand for two-three minutes. Formation of a red or dull violet colour
at the interphase of the two layers was a positive test.

Quinones: An extract (1 ml) was treated with concentrate HCI drops and observed for the formation of yellow
precipitate or coloration.

Determination of Polyphenols Content
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Total Phenolic Content (TPC)

The TPC of G. alipum leaf extracts was determined according to the method of [20]. It was based on the reaction with
Folin-Ciocalteu’s procedure, using gallic acid as the standard. 0.5 ml of the sample was shared with 2.5 ml of folin-
ciocalteu reagent and 2 ml of Na,COs (75 mg/ml). After incubation at 40°C for 40 min, the absorbance was deliberated
at 765 nm. All determinations were performed in triplicate and quantification was done on the basis of the standard
curve of gallic acid. The TPC was expressed as mg Gallic Acid Equivalents (GAE) per g of extract.

Total flavonoids

The content of flavonoids was determined by [21]. Method using catechin as a reference compound. 0.5 ml of extract,
2.5 ml of distilled water and 0.15 ml (5%) sodium iodide Na2NO2 were shaken. Then 0.3 ml of AICI; (10%) was
added and allowed to stand for 6 min before adding 1 ml of NaOH (1 M) and 0.5 ml of distilled water. After incubation
for 15 min, the absorbance was then recorded at 510 nm. The total flavonoids content was expressed in milligrams of
Catechin equivalent per gram of samples. Analysis of each sample was performed in triplicate.

Flavonols content

The content of flavonols was determined by AICI3 method as described by [22]. Briefly, 0.5 ml of the plant extract was
blended with 1 ml aluminium trichloride (2%) and 0.3 ml of acetate of sodium (5%). The mixture was shaken and
allowed to rest at room temperature in obscurity for 2 h 30 min. The absorption at 440 nm was then noted. The
absorption of rutin solutions was measured under the same conditions. All determinations were carried out in triplicate.
The amount of flavonols in plant extracts was calculated in milligrams of Rutin Equivalents (RE) per gram of samples.

Total anthocyanin contents

The Total Anthocyanin Content (TAC) was estimated using the pH-differential method as described by [23]. 1 ml of
TAE solution (1 mg/ml) was blended separately with 9 ml buffer at pH 1.0 (0.1 M HCI/4.9 mM KCI) and another at
pH 4.5 (24.8 mM sodium acetate). Then, the mixture was incubated for 1 h in the dark. Absorbance was measured at
510 nm and 700 nm in buffers of pH 1.0 and pH 4.5, respectively. The total anthocyanin content was expressed as
milligrams cyanidin-3-glucoside equivalents per gram of dry weight purification (mg C-3-G/g DW). For the
calculation, we have used this formula:

Anthocyanin content (mg/g)=(A x MW x DF x V x 1000)/(e x L x Wt)

Where

A: (A515 nm-A750 nm) pH1.0-(A515 nm-A700 nm) pH 4.5

MW=Cyanidin-3-glucoside molecular weight (449.2)

L=Cell path length (usually 1 cm)

DF=Dilution factor

¢=Cyanidin-3-glucoside molar absorptivity (26,900)

V=the final volume (ml), and Wt=Extract weight (mg).

Estimation of alkaloid content

The total alkaloid content of G. alypum leaves was determined. After pulverization, 5 g of the tested leaves was
engrossed in 200 ml of acetic acid in ethanol (10%). After incubation for 4 h at room temperature, the extract was
concentrated using a water bath. A drop of concentrated ammonium hydroxide was added. Then, the solution was
filtered again after addition of dilute ammonium hydroxide. The residue obtained was first dried and then weighed. To
calculate the alkaloid content, this formula was used:

%Alkaloid=Weight of precipitate/Weight of original sample=x 100

Estimation of saponin

The saponin content was evaluated based on the method described by [25]. 5 g of the plant powder was supplemented
to 20 ml of ethanol (20%). After extraction for 30 min, the sample was heated over a water bath at 55°C for 4 h. Then,
the residue was re-extracted again with 20 ml of ethanol (20%). In a water bath at 90°C. The filtrate was reduced to 40
ml and extracted again twice with 20 ml diethyl ether. After that, n-butanol (60 ml) was added, and the extract was
washed twice with 10 ml of 5% aqueous sodium chloride. Finally, the sample was evaporated to dryness to a constant
at 40°C. According to this equation, the saponin content was calculated:

%saponins contents weight of residue/weight of sample =x 100

Estimation of phytate

The total phytate content was estimated using the study described by [24]. 2 g of the crushed plant was added to 50 ml

of hydrochloric acid (2%) for 3 h. Then, 25 ml of the filtrate was supplanted to 5 ml of ammonium thiocyanate solution

(0.3%). To attain the desired acidity, 53.5 ml of distilled water was added. Then 0.05 M of iron 111 chloride was titrated

in order to obtain a reddish-brown colour which persists for 5 min. The formula to calculate the phytate content was:
Phytate (%)=titre value x 0.00195 x 1.19 x 100.

Vitamin A estimation
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This method was described by [26], we added 20 ml of petroleum ether to 1 g of pulverized plant on a shaker for about
30 min. After decantation and evaporation of the petroleum ether, 0.2 ml of chloroform-acetic anhydride (1:1 v/v) and
2 ml of trichloroacetic acid-chloroform (1:1 v/v) were added to the residue. The absorbance was calculated at 620 nm.
The vitamin A standard was also prepared in the same way at varying concentrations and a standard curve plotted.

Vitamin E estimation

Vitamin E estimation was determined according to the method described by [26]. 20 ml of ethanol was mixed with 0.5
g of the pulverized sample on a shaker for 20 min. After filtration, 1 ml of the filtrate was withdrawed and was added
to 1 ml of ferric acid in ethanol (0.2%) and 1 ml of a-a-dipyridine (0.5%). Then, the solution was added up to 5 ml
with distilled water. The absorbance was measured at 520 nm. The vitamin E standard was also prepared in the same
way at varying concentrations and a standard curve plotted.

Evaluation of Biological Activities

DPPH radical scavenging assay

For the evaluation of antioxidant activity, the DPPH free radical scavenging assay was carried out. This
method is based on electron-transfer that produces a purple color that decays in the presence of an antioxidant, which
can donate an electron to DPPH. Then the absorbance change is measured at A=517 nm. The antiradical activity of the
plant extract was examined based on the scavenging effect of the stable DPPH free radical activity [27].
According to the method of [28], 180 pl of various concentrations of extracts was added to 1620 ul of DPPH, prepared
daily, kept in the darkness at room temperature for 30 min and the absorbance was measured at 517 nm against a blank.
The following equation was used to determine the percentage of the radical scavenging activity of each extract. The
antiradical activity was expressed as 1Csq, the extract dose required to induce a 50% inhibition and the value was
obtained by interpolation from linear regression analysis. The ability to scavenge the DDPH radical was determined by
dint of the following formula:
[(ADPPH-AS)/ADPPH]*100
Where: AS is the absorbance of the solution containing the sample and ADPPH is the absorbance of the DPPH
solution.

Determination of Ferric-Reducing Antioxidant Power (FRAP)

The FRAP method was used to determine the total antioxidant activity by measuring the reduction of ferric ion to the
ferrous form in the presence of antioxidant compounds [29]. It was revealed to [30] method Briefly, Samples was
blended with 2,5 ml sodium phosphate buffer (pH 6.6) and 2.5 ml of potassium ferricyanide (1%). After incubation at
50°C for 20 min, 2.5 ml of trichloroacetic acid (10%), 2.5 ml of distilled water and 0.1 ml of ferric chloride (0.1%)
were added, and the mixture was centrifuged. The absorbance was measured at 700 nm. Results were expressed on

(ICso).

Nitric radical scavenging activity

At physiological pH, nitric oxide generated from aqueous sodium nitroprusside solution interacts with oxygen to
produce nitrite ions, which may be quantified by the Griess Ilosvoy reaction [31]. Nitric oxide scavenging activity was
determined according to the method described by [32]. In brief, 2 ml of sodium nitroprusside (10 mM) was prepared in
0.5 ml phosphate buffer saline (pH 7.4) and varied with 0.5 ml of either plant extracts or ascorbic acid as a standard, at
various concentrations (0.009-10 mg/ml). After incubation at 25°C for 2 h 30 min, 0.5 ml of griess reagent (1.0 ml of
0.33% sulfanilic acid reagent prepared in 20% glacial acetic acid at room temperature for 5 min with 1 ml of
naphthylethyl-enediamine dichloride) was added to 0.5 ml of the incubated solution. After incubation at room
temperature for 30 min the absorbance was measured at 540 nm. The amount of nitric oxide radical inhibited by the
extracts was determined based on the following equation:

Nitric oxide (NO) radical scavenging activity=(Abs control-Abs sample)/(Abs control) x 100

Where, Abs control was the absorbance of NO radical+methanol; Abs sample was the absorbance of NO
radical+sample extract or standards (Vitamin C).

Anti-inflammatory Activity

Preparation of blood samples for membrane stabilization assays

The Human Red Blood Cell (HRBC) membrane stabilization method has been used as a method to study the in vitro
anti-inflammatory activity [33]. The blood was taken from a healthy human volunteer who did not undergo any Non-
Steroidal Anti-Inflammatory Medicines (NSAIDS) for 2 weeks. Then it was varied with identical volume of Alsever
solution (2% dextrose, 0.8% sodium citrate, 0.5% citric acid and 0.42% NacCl). The samples were stored at 4 °C for 24
h and the supernatant was removed after a centrifugation at 2500 rpm for 5 min. After washing with sterile saline
solution (0.9%w/v NaCl), the cell suspension was centrifuged at 2500 rpm for 5 min for three times till the supernatant
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was clear and colourless. The cellular component was reconstituted to a 40% suspension (v/v) with phosphate buffered
saline (10 mM, pH 7.4) and was used in the assays.

Hypotonicity solution induced haemolysis

G. alypum leaves were prepared (0.039 to 10 mg/ml), respectively using distilled water. 1 ml of phosphate buffer, 2 ml
hyposaline and 0.5 ml of HRBC suspension were added to each concentration. After incubation at 37°C for 30 min and
centrifugation at 3000 rpm for 20 min, the haemoglobin content of the supernatant solution was mesured
spectrophotometrically at 560 nm. As a standard reference, we used Aspirin. The percentage inhibition of haemolysis
or membrane stabilization was calculated according to the method posted by [34].

%Inhibition of haemolysis=100 x {OD1-0D2/0OD1}

Where:

OD1=0Optical density of hypotonic-buffered saline solution alone.

0OD2 =Optical density of test sample in hypotonic solution.

Inhibition of protein denaturation assay

Protein denaturation beget loose of biological properties of protein molecules. Protein denaturation has been correlated
with the formation of inflammatory disorders similar to rheumatoid arthritis, diabetes as well as cancer. Therefore, the
ability of a substance to prevent the protein denaturation may also help to prevent the inflammatory disorders [35]. In
this assay egg albumin is used as protein [36]. Denaturation of protein is induced by keeping the reaction mixture at
70°C in a water bath for 10 minutes [37]. A reaction mixture consists of various concentrations of plant extract 10
mg/ml (cascade dilution), 200 pl of egg albumin was added to 1400 pl of phosphate buffered saline. As a negative
control, distilled water instead of extracts with above mixture is used. After incubation at 37°C for 15 min, the mixed
solution was heated at 70°C for 5 min. Following cooling under running tap water, their absorbances were measured at
660 nm. Diclofenac is taken as a positive control [36]. The experiment is carried out in triplicates and percent
inhibition for protein denaturation is calculated using following equations [36].

% Inhibition of denaturation=(1-D/C) x 100

With: D is the absorbance of extract and C is the absorbance of negative control.

Statistical analysis
Results are presented as mean values + standard deviation. Statistical analyses, using excel, of experimental results are
based on SPSS.

Results and Discussion

Yield’s G. alypum determination

The extraction yield is presented in (Table 1). Results revealed that different extraction methods of G. alypum give
different amounts of extractable soluble compounds, which was an expected result. The highest extraction yield was
exhibited by the soxhlet method (71.9%) and it was approximately 1.5 times higher than that of the maceration method
(48.8%); 2.4 times higher than that of the infusion method (30%) and 1.1 times higher than that of the sonication
method (64.8%) [38]. Evaluated the influence of different plants residues on extraction yield and observed that the type
of residue was more influential than the solvent system on extraction yield. In addition, [39] demonstrated that
sonication’s has better performance than maceration. This conclusion was confirmed by the results of scanning
electron microscope, in which more cell surface damage and deeper gaps were found [39]. That can increase phenolic
compounds extraction from plants. The acidity can influence the quality of phenolic compounds. (Table 2) showed that
soxhlet and maceration’s extraction presented the highest acidity middle (5.42 and 5.5 respectively). The more the
middle is acidic, the more phenolic compounds are stable and the more their oxidation is weaker. It is worth noting that
although the high pH used to inactivate antinutrients in cowpeas reduced their polyphenol content by up to 67%, no
concurrent formation of lysinoalanine was observed [40]. Compared to the study of [41], our study showed the highest
values of yield obtained by soxhlet and maceration of the leaves of G. alypum (91.90% and 48.80%; 43.50% and
30.40%). Hence, the difference in yield registered between the two extracts could be owing to the impact of the heat,
which has a straight action on various thermo-sensitive phenolics.

Table 1: Comparison between the different pH of G. alypum leaves.

Aqueous extract(g) Organic extract (g)

Methods | Infusion | Maceration | Sonication | Soxhlet

pH 6.38 5.5 5.90 5.42
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Table 2: Comparison between the different yield’s method of G. alypum leaves.

Aqueous extract(g) Organic extract (g)
Methods | Infusion | Maceration | Sonication | Soxhlet

30% 48,8% 64,8% 71,9%

Phytochemical screening

The presence of bioactive constituents was assessed by the qualitative phytochemical screening of the ethanol or water
extracts and results of screening are presented in Table 3. The phytochemical screening of all extracts obtained by
different methods exhibited the presence of phenolic compounds, saponins, terpenoids, coumarins, carbohydrates and
quinons in the leaves of G. alypum. However, saponins are detected only in the infusion extracts, see (Table 3). On the
other hand, sonication’s method presented richness on carbohydrates and terpenoids. But soxhlet’s method
demonstrated richness on coumarins. This plant is rich in biomolecules which can be valorised and exploited in various
biological activities. This finding corroborates with the previous study on the G. alypum leaves extracts obtained with
methanol using maceration extraction [42].

Table 3: Phytochemical screening tests of Globularia alypum leaves.

Phenolic compounds | Soxhlet | Sonication | Maceration | Infusion
Saponins - - - ¥ n
Coumarins ++ + + + +
Terpenoids + ++ + ~
Carbohydrates ++ ++ + ++ ¥
Quinons - - - ~

The results of phytochemical screening test. Key: (+) Presence and (-) Absence.

Determination of phenolic compounds

Phenolic compounds are one of the most effective antioxidative constituents that contribute to the antioxidant activity
[43]. Play a role in free radical scavenging capacities [44]. Total Phenolic Content (TPC) of G. alypum leaves was
determined by the folin-ciocalteu assay. The result showed that the leaves of G. alypum are rich on phenolic
compounds. According to (Table 4). The highest TPC and flavonols were obtained from the leaves by infusion and
soxhlet of G. alypum (89.35; 74.25 mg GAE/g ext and 44.16 and 32.31 mg Eq RE/g ext, respectively). While soxhlet
and maceration methods showed good extraction of flavonoids (65.45 and 58.50 mg CAT/g ext). However, infusion,
sonication and soxhlet allowed a large quantity of anthocyanin’s extraction (2.84; 2.066 and 1.95 mg Eq Cyanidin-3-
glucoside/g ext). In another work, [45] obtained the highest rate of polyphenols 139 g GAE/g of dry plant extract and
from macerated ethanol extract of G. alypum. On the contrary, our study showed the richness of polyphenols obtained
by infusion (89.35 mg GAE/g ext.) with the highest rate compared with the study of [46] (55.10 mg GAE/g ext.). This
result suggests that the amount of polyphenols was 1.62 times lower than the one we established. This variability can
be elucidated by the difference among the extracting solvents (water or ethanol), the quality of the soil where the plant
is planted, and the climate. These factors can influence the richness of G. alypum. In fact, many studies have notified
that polar fractions have more phenolic contents. Water availability, temperature, altitude, UV, soil and humidity
constitute important factors that affect metabolism and secondary metabolite accumulation [47]. Thus, as a survival
strategy, environmental variations in different provenances lead to the variation of the phenolic compounds of plants
[48]. Therefore, it is important to note that many factors influence the quality of polyphenols, as a consequence, their
biological activities. Processing techniques involving extraction solvent, pH, light and heat can markedly influence the
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levels and efficacy of bioactive compounds of dietary supplements such as polyphenolic compounds [49].

Table 4: Phytochemical constituents identified in the various extracts of G. Alypum leaves.

Phenolic compounds soxhlet Sonication Infusio
Maceration | n

Phenols (mg GAE/g ext) 74.25+0.08b | 52.68 * 6 61+ 89.35 +
0.08d 0.10c 0.02a

Flavonoids (mg CAT/g ext) 65.45+1.82a | 4253+1.36 | 58.50+0.00 | 51.22 +
C d b 0.80c

Flavonols (mg RE/g ext) 4416 +0.30a | 28.87+0.79 | 23.87£0.14 | 32.31 +
c d 0.10b

Anthocyanins ( mg cyanidin-3-glucoside/ L) | 1.95+0.02¢ | 2.066+0.02 | 0.24+0.08d | 2.84 +

Results of the ANOVA test are significantly different at p<0.05 and each data point is represented by the average of
three repetitions + SD. Values with different superscripts within the same column are significantly different (P<0.05),
as determined by the Student-Newman-Keuls test.

The ANOVA test confirmed that the interaction between the different methods of extraction and the quantity of
phenolic compounds had a significant effect.

Vitamins analysis of Globularia alypum

This study observed vitamins A and E in the dehydrated leaves of Globularia alypum (Figure 1). The uppermost
vitamin content was vitamin E at 3.965 mg/g of dried extract. Whereas the vitamin content was 0.0961 mg/g of dried
extract. Vitamins are renowned nutrient that abetted to health and well-being. Although needed in small amounts they
play a vital role in normal body physiology and their deficiencies have been linked to some diseases [50]. Vitamin E is
well-known antioxidant that plays a major role in cells that display oxidative stress including cancer cells [51]. Vitamin
A derivatives such as all trans-retinoic acid are used in the management of acute promyelocytic leukaemia [52]. Some
of these vitamins and their derivatives have been mooted as chemopreventive agents [52]. The discovery of more
sources of these vitamins and their derivatives like Globularia alypum can be an approach to supervise chronic
diseases.

Figure 1: Vitamin contents of G. alypum leaves (dried weight).

0.0961
= Vitamin A
(mg/ml)

3.965

Alkaloids, saponins and phytate analysis of Globularia alypum

Our results showed that the leaves of Globularia alypum contain alkaloids, saponins and phytate (Figure 2). These
leaves are rich of alkaloids (11.90%), but have a trace of phytate (0.03%) and an average amount of saponins (0.67%).
Alkaloids are a group of important secondary metabolites among those [53]. Alkaloids give dynamic biological
activities in human or animal Body [54]. It also give anti-inflammatory, demulcent, ganglionic blocking, anti-
plasmodic activity, insecticidal and a hepatoprotective activity. Among the natural ailments used for providing, a major
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source of pharmaceuticals or promoted for marketed form [54].
Figure 2: Anti-nutrient compaosition of G. alypum leaves.
B Alkaloids % Saponins % W Phytate %

0,03
0.67 o

DPPH scavenging activity

The different methods of extraction of Globularia alypum evaluated scavenged DPPH efficiently. Their scavenging
activity was dose dependent. The maceration and soxhlet extraction exhibited the highest scavenging activity with the
lowest 1Csy (0.28 and 0.33 mg/ml). All the extracts had lower activity than the standards ascorbic acid (0.01 mg/ml)
sees Table 4. In addition, the lowest antioxidant activity is displayed by sonication method (0.40 mg/ml). It is known
that sonication, is a method of applying sound energy in order to agitate some particles in a sample. According to the
study of [55]. Ultrasound could inhibit the browning of the fresh apple juice to a certain extent, but at the same time it
accelerated the degradation of polyphenols and decrease of antioxidant activity of fresh apple (Malus pumila Mill)
juice [55]. Results are in agreement with previous data indicating high antioxidant effect of G. alypum [56]. This
potentiality is mostly correlated with the type of phenolic compounds according to plant part. Flavonol aglycones such
as quercetin, myricetin and kaempferol, containing multiple hydroxyl groups, had higher antioxidant activity than their
glycosides such as rutin, myricitrin, astragalin [57]. Generally, phenolic compounds such as flavonoids, phenolic acid
and tannins are considered to be a major contributor to the antioxidant activity in medicinal plants [58]. The study of
revealed that the aqueous extract of the leaves of G. alypum has an important antioxidant activity with an I1Cs, (0.164
mg/ml). The richness of G. alypum leaves on phenolic coumpounds can enlighten their significant and powerfully
antioxidant potential. On the other hand, it has been reported that antioxidants possess diverse biological activities,
such as anti-inflammatory, anti-carcinogenic and anti-atherosclerotic anti-genetoxic activities. These activities may be
related to their antioxidant activity [59].

Determination of Ferric-Reducing Antioxidant Power (FRAP)

Our results revealed considerable antioxidant capacity by the FRAP method, (Table 5). Interestingly, the higher FRAP
value was established on the leaves from samples obtained by infusion and maceration (ICs, are 0.34 and 0.38 mg/ml.
These samples with highest values of polyphenols and anthocyanins (infusion) and flavonoids (maceration), explain
the important antioxidant activity than the other samples. Demonstrated that aqueous extract of the leaves of G. alypum
has an antioxidant activity with an 1Cs, (8.9 mM trolox equivalent).

Determination of nitric radical scavenging activity

Nitric oxide is an extremely unstable specy beneath the aerobic condition. It reacts with O2 to create the stable
products nitrates and nitrite through the intermediates NO,, N,O4 and N3O,. It is expected by using the Griess reagent.
In the presence of test compound, which is a scavenger, the quantity of nitrous acid decreases? The amount of decrease
reflects the extent of scavenging. Our result revealed that only the ethanolic extracts obtained by maceration and
soxhlet exhibited a high capacity to scavenge nitrous oxide radicals in a dose-dependent decreasing manner i.e., the
concentration was the inverse of the scavenging activity. These extracts showed the highest activity with the lowest
I1Cs, respectively (0.57 mg/ml and 0.67 mg/ml), comparing with a standard ascorbic acid (0.09 mg/ml). Nitric oxide is
a well-known free radical with pleiotropic effects across some physiological processes in the body [60]. It is known to
play a role in vasodilatation, smooth muscle relaxation, inhibition of platelet aggregation, immunity [61]. It is
constitutively produced by the body in nanomolar concentration to maintain normal cellular function [62] (Table 5).
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Table 5: Antioxidant activity of the leaves of G. alypum.

1C50 mg/ml
Control Methods
Vit C BHT Soxhlet Sonication Maceration | Infusion
0.34 0.40 £ 0.28 £ 0.38 +
DPPH | 0.01 +0.006a - 0.003c 0.006e 0.003b 0.003d
0.90 + 0.55 + 0.38 = 0.34 +
FRAP | 0.01 +0.00a - 0.003e 0.006d 0.006¢ 0.006b
Nitric 0.67 £ 0.90 + 0.57 + 1.20 +
oxide 0.09 + 0.00a - 0.006¢ 0.010d 0.006b 0.058e

Results of the ANOVA test are significantly different at p<0.05 and each data point is represented by the average of
three repetitions + SD. Values with different superscripts within the same column are significantly different (P<0.05),
as determined by the Student-Newman-Keuls test.

The ANOVA test confirmed that the interaction between the different methods of extraction and the antioxidant
activity had a significant effect.

Table 6: Correlation between antioxidant compounds and activities.

Polyphenols DPPH test FRAP test Nitric oxide test
1Cs0 (mg/ml) | 1Cso (Mmg/ml) | 1Cso (Mg/ml)
Phenols (mg GAE/gext) -0.404 -0.663* -0.413
Flavonoids(mg CAT/g ext) -0.610* -0.865** -0.491
Flavonols (mg RE/g ext) -0.989** -0.785** -0.994**
Anthocyanins mg cyanidin-3-glucoside/ L | -0.385 -0.131 -0.507

**The correlation is significant at 0.01(bilateral).

* The correlation is significant at 0.05 (bilateral).

Results of the Person test confirmed that the interaction between the different antioxidants and activities had a
significant effect.

Correlation between antioxidant compounds and activities

The correlation was calculated using Person correlation coefficient; (Table 6). The DPPH radical activity showed an
important correlation with the flavonoids and flavonols (r=- 0.610, r=-0.989). Additionally, the FRAP radical activity
showed a higher correlation with the flavonoids and flavonols (r=-0.865, r=-0.785). For themore, the nitric oxide test
correlated strongly with the flavonols (r=-0.994). In contrast, DPPH, FRAP and nitric oxide tests showed a weak
correlation with the anthocynins (r=-0.385; r=-0.131; r=-0.507). Person's coefficient is negative, which means that
there is a strong correlation between phenolic compounds and antioxidant activities. This also allows us to conclude
that the lower the ICsg, the greater the antioxidant activity and the richer the plant is in phenolic compounds.

Evaluation of Anti-inflammatory Activity

Hypotonicity solution induced haemolysis

G. alypum leaves showed a concentration dependent anti-inflammatory activity, and the protection percent increased
with increase in the concentration of the samples of each method. The investigation recommended good ability of the
ethanolic leaves extract obtained by soxhlet to resist the cell lysis in small ICsy (2.35 mg/ml) as compared to the
standard drug Ascorbic acid (0.77 mg/ml), though not greater than Ascorbic acid (see Table 5). These extracts exposed
membrane stabilization effect by inhibiting hypotonicity provoked lyses of erythrocyte membrane. The erythrocyte
membrane is analogous to the lysosomal membrane [63]. Its stabilization explains that the extract can be well
stabilizing lysosomal membranes. Stabilization of lysosomal membrane is important in limiting the inflammatory
response by preventing the release of lysosomal constituents of activated neutrophil such as bactericidal enzymes and
proteases, which cause further tissue inflammation and damage upon extra cellular release [64]. Various NSAIDs are
recognized to have membrane stabilization effects owing to osmotic loss of intracellular electrolyte and fluid
components. The extract may inhibit the processes, which may stimulate or enhance the efflux of these intracellular
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components [65]. From the study of this experiment, it may be concluded that the ethanolic extract of the leaves of G.
alypum obtained by soxhlet has good membrane stability, hence good anti-inflammatory activities. According to the
study of [66]. Our study can explain the importance of phytochemical constituents present in G. alypum leaves. The
richness on flavonoids and flavonols (65,459 mg CAT/g ext. and 44 mg Eq RE/g ext.) can explain the highest anti-
inflammatory charachteristics of this extract. Flavonoids, also known as nature’s tender drugs, possess various
biological/pharmacological  activities including anticancer, antimicrobial, antiviral, anti-inflammatory,
immunomodulatory, and antithrombotic activities [66]. Of these biological activities, the anti-inflammatory capacity of
flavonoids has long been utilized in Chinese medicine and the cosmetic industry as a form of crude plant extracts [67].
Inhibition of protein denaturation

The anti-inflammatory activity of medicinal plants is used to prevent several adverse effects associated with synthetic
anti-inflammatory drugs (Table 7). Many investigations indicate that the anti-inflammatory activities of plants could be
attributed to their content in phytochemicals. The anti-inflammatory activity in vitro aqueous and ethanolic extracts of
leaves of G. alypum is estimated by calculating the percentages inhibition of protein denaturation. The spatial
structures of proteins are sensitive to the environment (heat, pH, ionic strength, solvents etc.) and then change
irreversible in form: Denaturation. Egg albumin is a reserve of protein, globular, soluble in water. It is sensitive to the
rise in temperature (coagulation thermal). The formation of inter or intramolecular disulphide bridges during heating
by irreversible exchanges and the resulting disorderly polymerization leads to a decrease in its solubility. In
inflammatory syndromes, a hypoalbuminemia is seen, which suggests its denaturation during inflammation [68]. Our
results revealed that ethanolic extracts obtained by maceration and soxhlet have the highest inhibition of albumin
(protein) denaturation effect with an 1Cs, (1.73 and 1.80 mg/ml). These extracts presented an anti-inflammatory effect
0.59 and 0.61 times bigger than diclofenac (control). The infusion extract doesn’t have an anti-inflammatory activity at
10 mg/ml (the percentage of inhibition of protein denaturation is -20.37%). As a consequence, these extracts have an
important anti-inflammatory effect. This could be due to the richness of these extracts of G.alypum in bioactive
compounds. Mainly the flavonoids which exert a strong inhibition on Cyclo Oxygenase (COX) and lipoxygenase [69].
According to our knowledge, most of the works consulted on this biological activity are carried out in vivo by the
plantar edema method. Similarly, to our result, the study of [70] showed also that the leaves of G. alypum have an anti-
inflammatory activity in vivo. GAME (methanolic extract of the leaves of G. alypum) demonstrated richness and
especially various chemical compounds which are the source of these different biological activities (antioxidant, anti-
inflammatory, anti-microbial and wound healing effect [70].

Table 7: In vitro anti-inflammatory activity of G. alypum leaves.

IC50 (mg/ml) | Inhibition of HY haemolysis | Inhibition of prot. denaturation
Diclo - 2.91 £ 0.003c
Asc A 0.76 = 0.003a -
GA 0.93 £ 0.003b -
SO 1.45 + 0.003c 1.80 + 0.006a
SON 2.22 = 0.006e 3.04 +0.001d
MA 2.01 +£0.003d 1.73 £0.003b
IN 2.94 + 0.006f NF
Control: Diclofenac/Ascorbic acid/Gallic acid/ Methods: SO: Soxhlet/SON: Sonication/MA: Maceration/IN:

Infusion/NF: Not

found

Inhibition of HY haemolysis:

Inhibition

of hypotonicity

solution

induced

haemolysis/Inhibition of prot. denat: Inhibition of protein denaturation assay. NF: Not found. Results of the ANOVA
test are significantly different at p<0.05 and each data point is represented by the average of three repetitions + SD.
Values with different superscripts within the same column are significantly different (P<0.05), as determined by the
Student-Newman-Keuls test.

The ANOVA test confirmed that the interaction between the different methods of extraction and the anti-inflammatory
activity had a significant effect.

Table 8: Correlation between antioxidant compounds and activities.

Inhibition of prot.
Inhibition of HY haemolysis | denaturation

ICso (mg/ml) ICso (mg/ml)
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Phenols (mg GAE/gext) 0.048 -0.209
Flavonoids(mg CAT/g ext) -0.318 0.806**
Flavonols (mg RE/g ext) -0.863** 0.087
Anthocyanins mg cyanidin-3-glucoside/ L | -0.324 -0.808**

**The correlation is significant at 0.01(bilateral).

* The correlation is significant at 0.05 (bilateral).

Results of the person test confirmed that the interaction between the different antioxidants and activities had a
significant effect.

Correlation between antioxidant compounds and activities

The correlation was calculated using Person correlation coefficient; (Table 8). The inhibition of hypotonicity solution
induced haemolysis activity showed an important correlation with the flavonols (r=-0.863). Additionally, the inhibition
of protein denaturation assay showed a higher correlation with the flavonoids and anthocyanins (r=-0.806, r=-0.808).
Person’s coefficient is negative, which means that there is a strong correlation between phenolic compounds and anti-
inflammatory activity. This also allows us to conclude that the lower the 1Csy, the greater the anti-inflammatory activity
(inhibition of hypotonicity solution induced haemolysis activity and inhibition of protein denaturation assay) and the
richer the plant is in phenolic compounds (Figure 3).

Figure 3: Percentage of inhibition of protein denaturation of leaves of G. alypum.
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Conclusion

The leaves of G. alypum demonstrated richness and particularly a variety of chemical components which are the source
of these different biological activities (antioxidant and anti-inflammatory). These results give good reason for its
traditional use to treat infections and injuries. Furthermore, laboratory study and chemical isolation of this plant leaves
strength corroborate an effectual drug molecule in pharmacologic aspects effectively, in both types of pharmaceutical
stadiums. In addition, our results can explain the importance of different methods extraction of phenolic compounds.
The acidity can alter the quality of polyphenols as a consequence the biological potentials of medicinal plants,
especially the aerial parts (leaves and flowers) which contain a vulnerable biomolecule to environmental conditions
(temperature, etc.).
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