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Abstract
The flora of the Algerian Sahara is rich in aromatic plants used in traditional medicine and many of them are
endemic species that can be valued as a source of bioactive products. Phenolic compounds of plant material, find
jobs in various sectors. This study was carried out to determine the total phenolic content and flavonoid, in
addition to the evaluation of the biological activities of the phenolic compounds extracted from the aerial and
underground parts of the medicinal plant endemic to the Algerian Sahara: Salvia chudaei Batt. & Trab.
(Lamiaceae). This plant was subjected to two types of extractions (Soxhlet and maceration). The aerial part
extract obtained by Soxhlet had a higher total phenolic content and flavonoid. The antioxidant activity of these
extracts was evaluated using the DPPH test. Extracts from the aerial and underground parts obtained by
maceration showed strong antioxidant activity with EC50 values of 14 and 15 μg/mL respectively, whereas the
EC50 of the reference (ascorbic acid) was 22 μg/mL. The results of the anti-hemolytic activity carried out by the
H2O2 test revealed that the extract of the underground part obtained by maceration has a good anti-hemolytic
activity (EC50 55 μg/mL).
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Introduction

These conditions were chosen after an optimization of

Medicinal plants can be considered as reservoirs of

the

bioactive molecules not yet explored, among these

laboratory.

extraction

conditions

carried

out

in

the

biomolecules, phenolic compounds (phenolic acids,
flavonoids, condensed tannins etc.) (Karmakar et al.,

Determination of total phenolic content (TPC)

2011).The genus Salvia, the largest genus of the

The total phenol concentration of the extracts of the

Lamiaceae family, includes nearly 900 species

different parts of the studied plant was determined by

distributed throughout the world. Algeria has 23

the method of Singleton and Ross (1965), using the

species of the genus Salvia (Quezel and Santa, 1963).

Folin-Ciocalteu reagent. From a prepared stock

A large number of Salvia spp. are used as infusions

solution of 10 mmol/L gallic acid, daughter solutions

and food flavorings, in cosmetics, perfumery and in

are prepared with concentrations ranging from 0.2

the pharmaceutical industry. Salvia species have been

mmol/L to 2.4 mmol/L. 200 μl of each solution or

described as species with a wide range of biological

extract are introduced into test tubes to which 1 mL of

activities, including anti-cholinesterase, antibacterial,

the Folin-Ciocalteu reagent (10%) is added. After 2

antimalarial, anticancer and antioxidant (Perry et al.,

minutes, 4 mL of 20% (w/v) sodium carbonate

2003; Tepe et al., 2005; Kamatou et al., 2008; Kotan

(Na2CO3) is added. The solutions are kept in the dark

et al., 2008).

for 2 hours at room temperature. The absorbance of
each solution is read using a LNICAM-DISCPD2000-

The aim of this study is to evaluate the antioxidant

1 UV-Vis spectrophotometer at a wavelength of 765

and

nm against a blank (same solution without the gallic

anti

hemolytic

compounds

activities

extracted

from

of
the

the

phenolic

aerial

and

acid

solution).For

the

phenolic

extracts,

the

underground parts of the endemic species in the

measurements were carried out by the same protocol.

Algerian Sahara: Salvia chudaei Batt. & Trab.

The TPC is expressed in milligrams of gallic acid
equivalent per milligram of extract (mg EAG/mg

Materials and methods

extract).

Plant material
The plant material consists of the aerial and

Dosage of flavonoids

underground parts of S. chudaei harvested in October

Quantification of flavonoids was carried out with

2015 in the Tamanrasset region of southern Algeria,

aluminum trichloride (AlCl3) (Bahorum et al., 1996).

N 23 ° 81 '756 "East: E005 ° 93' 888".The plant was

Aluminum trichloride forms a yellow complex with

identified by the botanists of the National Institute of

flavonoids. The complex formed absorbs in the visible

Forest Research -INRF- Research Station for the

at 415 nm. The flavonoid used as a reference in this

protection of arid zones-Tamanrasset (Algeria). A

method is rutin. From the rutin solution 1 mmol/L,

specimen of the plant was deposited in the herbarium

the concentrations solutions ranging from 0.01 to0.05

(number PM/03) laboratory biogeochemistry desert

mmol/L are prepared. 1 mL of each solution of the

environments, Ouargla University (Algeria).

rutin or extract is added to 1 mL of 20% (w/v) AlCl3.
After incubation in the dark for 40 minutes at room

Extraction of phenolic compound

temperature, the assay is carried out by UV/Visible

The extraction of the phenolic compounds of S.

spectrophotometry at 415 nm. The flavonoid content

chudaei was carried out by Soxhlet with a mixture of

(TF) is expressed in milligrams of rutin equivalent per

ethanol/water (80%), after three extraction cycles

milligram of extract (mg ER/mg extract).

and duration of 100 min for the aerial part and 20
min for the underground part. Extraction by

Antioxidant activity

maceration was carried out by the same binary for 60

The DPPH (diphenylpicryl-hydrayl) method is based

min, at 30°C for the aerial part and at 15°C for the

on the reduction of an alcoholic solution of the stable

underground part.

radical species DPPH• in the presence of a hydrogen-
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donor antioxidant (AH), which results in the

Radical attack was induced by the addition of 0.5 mL

formation of a Non-radical form, DPPH-H (diphenyl

of H2O2 to the pre-incubated erythrocyte suspension

picryl hydrazine) (Blois, 1958).

(15 min) with 1 mL of each daughter solution of
ascorbic acid or extract at different concentrations.

A volume of 100 μL of reference extract or

After two hours incubation with H2O2 at 37°C., the

antioxidant (ascorbic acid) is added to 3 mL of the

reaction mixture is centrifuged at 1500 g/10 min and

mol/L) freshly prepared in

hemolytic (hemoglobin release) is evaluated by

methanol. After a 30 min rest in the dark, the

measuring the absorbance of the supernatant at 540

absorbance is measured at 517 nm against the white.

nm.

DPPH solution

(5×10-6

The anti-radical activity of the extracts is expressed as
a percentage inhibition of the DPPH radical according
to the equation:

The concentration of H2O2 in the reaction mixture
was adjusted to cause 90% hemolytic of the red blood
cells after 2 h of incubation.
The resistance of the blood to free radical attack is

The

antioxidant

efficiency

of

the

extracts

is

expressed by the percentage inhibition:

determined by the calculation of the EC50 parameter,
which

represents

the

inhibitory

concentration

necessary to decrease the free radical content in the

% hemolytic inhibition: percentage inhibition of

reaction medium by 50%.The antioxidant capacity of

hemolytic; AbsControl: absorbance of the control;

a compound is higher the lower it's EC50(Brand-

AbsSample: absorbance of the sample.

Williams et al., 1995).

The

anti-hemolytic activity

of the

extracts is

Anti-hemolytic activity

determined by the calculation of the parameter EC50

The anti-hemolytic activity is carried out in vitro

which

according to the protocol described by Manna et al.

necessary to reduce 50% hemolytic of the red blood

(2002), with some modifications. This activity is
based on the power of phenolic extracts of S. chudaei
to prevent the destruction of red blood cells.

sampling

from

a

non-smoker

the

inhibitory

concentration

cells.
Statistical analysis
The data were analyzed using R (Windows GUI front-

The human blood used in this test is obtained by
venous

represents

healthy

volunteer. The blood collected in a heparin tube is
centrifuged at 1500 g/5 min, after removal of the

end) and MatLab (Version 16) softwares. All data
were expressed as means ± standard deviations of
triplicate

measurements.

One-way

analysis

of

variance (ANOVA) with Tukey’s test was used to
determine

the

significant

differences

(p<0.05)

plasma; the pellet is washed three times with volumes

between

of phosphate buffer (PBS without potassium, pH 7.4

correlations have been established between the

and 0.1 M).

different variables.

During each wash, the suspension is homogenized by

the

means.

Similarly,

Person's

test

Results and discussion

simple turning of the tube, the supernatant and the

Quantitative

interface layer are removed immediately after

flavonoids

centrifugation. At the end of the last centrifugation,

The results of quantitative estimation of total

the cell pellet obtained is diluted with the same

phenolic, flavonoid content and the yield of phenolic

phosphate buffer to obtain a hematocrit of 4%. Two

extracts from the aerial and underground parts of

milliliters of the erythrocyte suspension are mixed

Salvia chudaei using two types of extractions (Soxhlet

with 5 mL of PBS solution.

and maceration) were mentioned in the table 1.
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Table 1. Total phenolic, flavonoid content and the yield of phenolic extracts from S. chudaei.
Extraction method

Plant part

Maceration
Soxhlet

TPC (mg EAG/mg extract)

TF (mg ER/mg extract)

Yield (%)

Aerial

0.016 ± 0.0004

0.062 ± 0.0005

11.7 ± 0.008

Underground

0.004 ± 0.0001

0.03 ± 0.0003

2.07 ± 0.552

Aerial

0.023 ± 0.0003

0.071 ± 0.0004

12.7 ± 0.003

Underground

0.015 ± 0.0008

0.033 ± 0.0003

8.4 ± 0.337

TPC : Total Phenolic Content ; TF : Total flavonoïds.
The results of the assay reveal that the amount of the

These quantities were (0.023 ± 0.0003 mg EAG/mg

phenolic compounds in the crude extracts is greater

extract) for Soxhlet and (0.016 ± 0.0004 mg EAG/mg

by using the Soxhlet as the extraction method.

extract) for maceration. The amounts measured for
the underground part were (0.015 ± 0.0008 mg

The largest amounts of total phenols are recorded in

EAG/mg extract) for Soxhlet and (0.004 ± 0.0001 mg

the aerial part, for both methods.

EAG/mg extract) for maceration.

Table 2. Antioxidant activity of the phenolic extracts of S. chudaei.
Extraction method

Plante part

Maceration

Aerial

15 ±0.38

Underground

14 ±0.12

Aerial

34 ±0.66

Underground

34 ±0.32

Soxhlet

EC50 (μg/mL)

Ascorbic acid

22 ±0.27

The results of the estimation of the flavonoid content

From the results obtained, we note that the yields

showed that the aerial part is the richest. The

vary from an extraction method to another and from a

quantities ranged from (0.071 ± 0.0004mg ER/mg of

part of the plant to another.

extract) for the extract obtained by Soxhlet and
(0.062 ± 0.0005mg ER/mg of extract) for those from
the maceration, followed by extracts from the
underground part, whose quantities ranged from
(0.033 ± 0.0003mg ER/mg of extract) For Soxhlet
and (0.03 ± 0.0003 mg ER/mg of extract) for
maceration.

This difference is explained by the difference in
diffusion of the solvent in the plant powder in the
maceration stage and probably by the nature of the
solvents used for the extraction (Naczk and Shahidi,
2004).

The results of the polyphenol and flavonoid assays

In the literature, several plants of the genus Salvia

revealed the presence of these compounds in both

were evaluated for their phenolic content (Asadiet al.,

parts of Salvia chudaei with different amounts

2010).Indeed, numerous studies have shown that

depending on the extraction method, the part of the

extrinsic factors (such as geographical and climatic

plant and the type of the solvent. The aerial part was

factors), genetic factors but also the degree of

the richest (p <0.05) in these compounds. There is a

maturation of the plant and the duration of storage

significant difference (p <0.05) in the TPC and TF
results.

have a strong influence on the polyphenol content
(Aganga and Mosase, 2001; Hamia et al., 2014).We

The aerial part extract obtained with Soxhlet present

can clearly see that the majority of these species, like

the highest yield (12.7%), followed by the aerial part

the one targeted in this study, represent a promising

extract obtained with maceration (11.7%).

source of phenolic compounds.
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Table 3. Anti-hemolytic activity (EC50)of the phenolic extracts of S. chudaei.
Extraction method

Plant part

Maceration

Aerial

87

underground

55

Aerial

120

underground

22

Soxhlet

EC50(μg/mL)

Ascorbic acid

16

Biological activities of extracts of Salvia chudaei

This observation of the antioxidant activity of the

Antioxidant activity

extracts of this plant depends on other chemical

The antioxidant capacities of the extracts of the plant

structures of antioxidant compounds contained in

studied were determined and compared with the

these extracts.

activity of the standard, ascorbic acid. The results
obtained for the DPPH test, expressed in terms of a
50% inhibitory concentration of the radicals (EC

50),

are presented in table 2.

In the study of Krimat et al., (2015), the aerial part of
Salvia chudaei, the EC50 (measured by DPPH) of the
diethyl ether extract was the most active than the
hydro-methanol extract and the chloroform extract.

From these results, we note that the EC50 values vary

In addition, Matkowski et al.

from an extraction method to another. Phenolic

antioxidant activity of phenolic extracts of the roots

extracts

underground

and leaves of the three plants of the genus Salvia (S.

maceration had nearly similar EC50 values of 15 and

miltiorrhiza, S. verticillata, S. przewalskii). The

14 μg/mL, respectively. However, the Soxhlet extracts

reported EC50 for root extracts of the first and second

showed the same EC50 value, which is 34 μg/mL and

species was lower than that of leaf extracts, whereas

therefore less active than the first extracts obtained

for the third species the EC50 of the leaves was lower

with maceration. Since these extracts have not shown

than the roots.

obtained

by

aerial

and

any particular richness in total phenols or flavonoids,
their important antioxidant activity can therefore be
explained by the presence of other types of molecules
endowed with this activity.
The antioxidant activity of our extracts was compared
to that of vitamin C, used as a reference antioxidant.
The latter is often used as a synthetic antioxidant in
the agro-food industries. We observed that extracts
obtained by maceration have a very high antioxidant

Victor et al.

(2008) studied the

(2007) tested dichloromethane, ethyl

acetate, methanol and aqueous Salvia pratensis
extracts. The latter did not exhibit an interesting
antioxidant activity.
Numerous studies carried out on natural products
have shown that phenolic compounds are particularly
responsible for antioxidant activity (Apostolidis et al.,
2007, Nickavar et al., 2008, Kamatou et al., 2008).

power compared to that of vitamin C (EC50 = 22

Anti-hemolytic activity

μg/mL), whereas Soxhlet extracts have been shown to

The results of the anti-hemolytic activity of the

be much less active than vitamin C.

various phenolic extracts shown in table 3 showed

Statistically, the difference between the results of the
different parts and the two extraction methods used is
very highly significant (p <0.001).
We did not find a linear correlation between the EC50
values and the phenol or flavonoid amounts. This was
expected since the values reported in tables 1 and
2shows an independence of the antioxidant activity of
the total phenol and flavonoid amounts.
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that vitamin C had a greater inhibitory capacity than
those of the phenolic extracts of Salvia chudaei. We
have observed that the extract of the underground
part, obtained by Soxhlet, exhibits the highest activity
(EC50 value 22 μg/mL against the underground part
extract obtained by maceration (EC5055 μg/mL). At
the same time, the EC50 of the aerial part extract
obtained by maceration was lower than that of the
Soxhlet

extract. They

respectively.

are 87

and120 μg/mL,
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In the literature consulted, no studies on the anti

On the other hand, there is no correlation between

hemolytic activity of S. chudaei Batt. & Trab. was

the antihemolytic activity and the total polyphenol

discussed. However, studies of the antihemolytic

and flavonoid contents and their antioxidant activity.

activity of extracts of other plants have been carried
out in particular by the work of Suboh et al. (2004),

It would be interesting to isolate and then identify the

which have reported that the extract of Nigella sativa

active ingredients responsible for these activities and

seeds protect the erythrocytes from damage Oxidative

then evaluate them in vivo.

effects induced by hydrogen peroxide (H2O2).
Reference
Erythrocytes are a very suitable cell model for the

Aganga AA, Mosase KW. 2001. Tannins content,

study of oxidative stress. Because of their ease of

nutritive value and dry matter digestibility of

isolation, their simplicity, the richness of their
polyunsaturated fatty acid membranes and the high
oxygen and hemoglobin cell concentration, these cells
are extremely susceptible to oxidative damage
(Wajeman et al., 1992; Arbos et al., 2008; Çimen,
2008).
This cellular system could be very useful for the study

Lonchocarous

capussa,

Sclerocarya
Rhuslancea

birrea,
seeds.

Ziziphus

Kirkia
Animal

mucropata,

acuminata
Feed

Science

and
and

Technology 91, 107-113.
http://dx.doi.org/10.1016/S0377-8401(01)00235-8
Apostolidis E, Kwon YI, Shetty K. 2007.
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Food Science and Emerging Technologies 8, 46-54.

Under the conditions of this test, the free radicals are

http://dx.doi.org/10.1016/j.ifset.2006.06.001

generated in the aqueous medium and react with the
membrane

lipids

of

the

erythrocytes

during

Arbos KA, Claro LM, Borges L, Santos CAM,

hemolytic. Nevertheless, lipophilic antioxidants are

Weffort-Santos AM. 2008. Human erythrocytes as

the most effective, since hydrophilic antioxidants act

a system for evaluating the antioxidant capacity of

significantly but they can not directly protect the red

vegetable extracts. Nutrition Research 28, 457-463.

cell membrane. In addition, hydrophobic compounds

http://dx.doi.org/10.1016/j.nutres.2008.04.004

which enter the lipid double layer or indirectly
regenerate other antioxidants and/or enter into

Asadi S, Ahmadiani A, Esmaeili MA, Sonboli

various enzymatic processes (Lesgards, 2000).

A, Ansari N, Khodagholi F. 2010.In vitro

Since ascorbic acid is classified as a water-soluble
compound, it can then act against free-radical
propagation in the aqueous phase. However, our
phenolic extracts show activities against free radicals
that are less effective than that observed for ascorbic
acid.

antioxidant

activities

and

an

investigation

of

neuroprotection by six Salvia species from Iran: a
comparative study. Food Chemistry & Toxicology
48(5), 1341-9.
Bahorun T, Grinier B, Trotin F, Brunet G, Pin
T, Luncky M, Vasseur J, Cazin M ,Cazin C,

By establishing the relationship between total

Pinkas M. 1996. Oxygen species scavenging activity

phenols, flavonoids and the total antioxidant capacity

of phenolic extracts from Hawthorn fresh plant

of the different extracts of the studied plant and their

organs

antihemolytic activity, Person's test correlations

Arzneimittel-Forsching, 46(11), 1086-1089.

and

pharmaceutical

preparations.

shows that there is a correlation between the total
phenol contents (68.4%) And total antioxidant

Blois MS. 1958. Antioxidant determination by the

capacity but this relationship is low with flavonoids

use of a stable free radical. Nature181, 1199-1200.

(19.1%).

113 Hammoudi et al.

Int. J. Biosci.

2017

Brand-Williams W, Cuvelier ME, Berset C.

Kotan R, Kordali S, Cakir A, Kesdek M, Kaya

1995. Use of a free radical method to evaluate

Y, Kilic H. 2008. Antimicrobial and insecticidal

antioxidant activity. Food Science and Technology

activities of essential oil isolated from Turkish Salvia

28, 25-30.

hydrangea DC. ex Benth. Biochemical Systematics

Çimen MYB. 2008. Free radical metabolism in

and Ecology 36, 360-368.

human erythrocytes. Clinica Chimica Acta 39, 1-11.

Krimat S, Dob T, Toumi M, Kesouri A, Noasri

http://dx.doi.org/10.1016/j.cca.2007.12.025

A. 2015. Assessment of phytochemicals, antioxidant,

Frei B, Stocker R, England L, Ames BN. 1990.
Ascorbate: The most effective antioxidant in
human blood plasma. Advances in Experimental
Medicine and Biology. 264, 155-163.
Hamia C, Guergab A, Rennane N. E. Birache
M, Haddad M, Saidi M, Yousfi M. 2014.
Influence des solvants sur le contenu en composes
phénoliques et l'activité antioxydante des extraits du
Rhanterium adpressium. Annales des Sciences et
Technologie 47, 33-38.

antimicrobial and cytotoxic properties of S. chudaei
Batt. et Trab. endemic medicinal plant from Algeria.
Journal of Materials and Environmental Science 6
(1), 70-78.
Lesgards JF. 2000. Contribution à l'étude du statut
antioxydant de l'homme ; aspect chimiques et
biochimiques. Thèse de doctorat. 19-20 p.
Manna C, D’angelo S, Migliardi V, Loffredi E,
Mazzoni O, Morrica P, Galletti P, Zappia V.
2002. Protective effect of the phenolic fraction from

Hammoudi R, Dehak K, Hadj Mahammed M,

virgin olive oils against oxidative stress in human

Ouldelhadj MD. 2015. Composition chimique et

cells. Journal of agricultural and food chemistry 50,

activité antioxydante des huiles essentielles de

6521-6526.

Deverra scoparia Coss. & Dur. (Apiaceae). Lebanese
Science Journal 16(2), 27-36.

Matkowski A, Zielin´Ska S, Oszmian´Ski J,
Lamer-Zarawska E. 2008.Antioxidant activity of

Kamatou GPP, Viljoen AM, Gono-Bwalya AB,

extracts from leaves and roots of Salvia miltiorrhiza

Van Zyl RL, Van Vuuren SF, Lourens ACU,

Bunge, S. przewalskii Maxim, and S. verticillata L.

Başer KHC, Demirci B, Lindsey KL, Van

Bioresource Technology 99, 7892-7896.

Staden J, Steenkamp P. 2005. The in vitro
pharmacological

activities

and

a

chemical

Nickavar B, Abolhasani L, Izadpanah H. 2008.

investigation of three South African Salvia species.

α-amylase inhibitory activities of six Salvia species.

Journal of Ethnopharmacology 102, 382-390.

Iranian Journal of Pharmaceutical Research, 7(4):
297-303.

Kamatou

GPP,

Vanzy

l,

Vanvuuren

SF,

Figueirdo, Barroso G, Pedro, Viljoen AM.

Perry NS, Bollen C0, Perry EK, Ballard C.

2008. Seasonal Variation in essential oil composition,

2003. Salvia for dementia therapy: review of

oil toxicity and the biological activity of solvent

pharmacological activity and pilot tolerability clinical

extracts of three South African Salvia Species. South

trial. Pharmacology Biochemistry and Behavior 75,

African 74, 230-237.

651-659.

https://doi.org/10.1016/j.sajb.2007.08.002

Quezel P, Santa S. 1963. Nouvelle flore de l'Algérie

Karmakar I, Dolai N, Saha P, Sarkar N, Bala

et des régions désertiques méridionales, Ed, CNRS,

A, Kanti P. 2011. Scavenging activity of Curcuma

Paris, Tom 2, 793.

caesia rhizome against reactive oxygen and nitrogen
species. Orient Pharmacology Experimental medicine

Singleton VL, Rossi JA. 1965. Indice de Folin,

11, 221-228.

polyphenols totaux. American Journal of Enology and

http://dx.doi.org/10.1007/s13596-011-0030-6

Viticulture 16, 144-158.

114 Hammoudi et al.

Int. J. Biosci.
Suboh

SM,

2017
TA. 2004.

Víctor L, Silvia A, Esther C, Jose M, García M,

Protective effects of selected medicinal plants against

Bilto

YY,

Rita YC, María IC. 2007. In vitro Antioxidant and

protein

Anti-rhizopus activities of Lamiaceae herbal extracts.

degradation,

Aburjai

lipid

peroxidation

and

deformability loss of oxidatively stressed human

Plant Foods For Human Nutrition 62, 151–155.

erythrocytes. Phytotherapy research 18, 280-284.

http://dx.doi.org/10.1007/s11130-007-0056-6

Tepe B, Daferera D, Sokmen A, Sokmen M,

Wajeman H, LantzB, Girot R. 1992.Les maladies

Polissiou M. 2005. Antimicrobial and antioxidant

du globule rouge. Paris. INSERM.

activities of the essential oil and various extracts of
Salvia

tomentosa

Miller

(Lamiaceae).

Food

Chemistry 90, 333-340.
http://dx.doi.org/10.1016/j.foodchem.2003.09.013

115 Hammoudi et al.

