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ABSTRACT KEYWORDS
Secondary metabolites are organic molecules synthesized by plants when Ballota hirsuta Benth;
interacting with their environment. To demonstrate this effect, we have Flavonoids;
followed the seasonal variation of theamount of flavonoidsin Ballotahirsuta Seasonal variation.

Benth which grows in Tessala Mountains.The results showed that the
leavesaretherichest organs in flavonoids in the four seasons. The accumu-
lation of flavonoidsin the leaveswasrecorded much morein summer andin
spring; however the low concentrations have been recorded in winter and
autumn. The stalks and roots contain the lowest concentrations in fla-
vonoids. This uneven variation of the flavonoids concentration among the
three types of organs and between the different sampling seasonsis closely
linked to the environmental conditions and the phonological stages of the

plant. © 2015 Trade SciencelInc. - INDIA

INTRODUCTION

Phenolic compounds are secondary metabolites
of higher plants. They have an active potential and a
wide variety of chemical structure. They are recog-
nized by their anti-inflammatory, antibacterial and
antiviral activitied. Theycontribute effectively to
the plants tolerance to various stresses: ultraviol et
radiation, herbivores?. The accumulation rate of
polyphenols varies depending on various environ-
mental factors aswell as on theplant growth stage.

The current study focused on theshaggy Hore-
hound (Ballota hirsuta Benth.) characterized by a
calyx with afolioseblade widely reticulate multifi-

dus with5 main teeth and a pink corolla with bifid
upper lip. The stems are woody and hairy of 24 to
60 cm in height and the lower leaves are sessile
with very obtuse teeth whilethe upper |eavesare cor-
date or truncated at the base'®.

The work of Ferreres et al. (1986)“ reported
that fourteen flavonoids have been identified, by a
chromatographic analysis, in the aeria partsof the
shaggy Horehound (Ballota hirsuta Benth), includ-
ing eight aglycones (savigenin, Kumatokenin...) and
six glucosides (luteolin-7-glucoside, quercetin-3-
glucodide...).

The objective of this study is to follow the ef-
fect of the seasons on the quantitative variation of
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flavonoids in the leaves, stalks, and roots of the
shaggy Horehound (Ballota hirsuta Benth.) of
Tessala Mount of the prefecture of Sidi Bel-Abbes
in Western Algeria.

MATERIALSAND METHODS

Plant material

The plant material is made up of the aeria and
underground parts of shaggy Horehound (Ballota
hirsuta Benth.), namely: theleaves, stalksand roots.
Thesamplings of the studied species were collected
from athicket at an dtitude of 789 m. The canopy is
a natural formationconsisting of dwarf fan Pam
(ChamaeropshumilisL.), fringed rue
(RutachalepensisL.), mountains rue
(RutaMontanal..), grayish-white Germander
(TeucriumpoliumL.), silver Sage (Salvia
argenteal .), ciliated thyme (Thymus ciliatus (Desf.)
Benth), sea squill(Urgineamaritmal.),thorny
Calycotome(Calycotome intermediaPresl.),green
oak(Quercusilex L.) and olive (Olea europea L),

Theclimatic conditionsprevailinginthisregion
are characterized by annua thermal amplitude of
33°C where the minimum temperatures border 2.5°C
and the maxima are around 35.5°C; the rainfall is
between 335 and 409 mm. Therelative humidity dis-
plays amaximum of 77% in winter and aminimum

of 52% in summer. These climatic characteristics
indicate that the region where the shaggy Horehound
evolvesislocated in semiarid bioclimaticzone char-
acterized by fresh winter®®. The samples were col-
lected during the four seasons of the year 2012 ina
station at the following coordinates. X: 35 ° 16
’14.6',Y:’0 © 46°24.6 © (Figure 1). The station ben-
efitsfromoptimal conditionsof exposureto the Sun.
After being washed under running water, the plant
material was dried at room temperature and away
from light to maximally preserve the integrity of
molecules. Thus, according to Bruneton (1987)7,
thismethod of drying does not degrade the phenolic
compounds. The samples were then ground and
sieved to obtain ahomogeneousgranular structure.

Extraction of polyphenols

The performeddosage responds to two objec-
tives, namely, the treatment of a large number of
samples from very little vegetable matter and the
transposition to any type of tissues (leaves, roots
and stalks). Morphology of shaggy horehound isil-
lustrated in Figure 2.

A quantity of 0.2 g of each plant organ was cold
maceratedat 4 ° C in a mortar containing 10 ml of
methanol at 80%. The mixture was centrifuged at
4000 rpm for 10 minutes. The supernatant was re-
covered after submitting the mixturetovortex agita-
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Figure 1 : Location site of shaggy horehound (Ballota hirsuta Benth) in the mountainsof Tessala(Western Algeria)
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Figure 2: Morphology of shaggy horehound (Ballota hursitaBenth) of Tessala Mount (Western Algeria)

tion. This operation was repeated twice to retrieve
the maximum phenolic compounds. The supernatant
from each of the three organs, constituting the
hydroal coholic extract, has been kept at -20 °C.

Quantification of flavonoids

Themethod of the a uminium trichloride (AICI3)
is generally used for the determination of the total
content of flavonoid hydroalcoholic extracts®. A
guantity of 500ul of hydroalcoholic extract was
mixed with 1500 pl of distilled water and 150 pl of
sodium nitrate to 5 %. The mixture was |eft at rest
for 5 min in the dark at room temperature. It has
been added a quantity of 150 ul
aluminumtrichlorideto 10 %. A quantity of 500ulof
soda of 1 M has been added to the new mixture
which hasrequired arest of 11 mininthedark. The
final mixture was submitted to vortex agitation and
the absorbance was read using a spectrophotometer
at 510 nm{,

A calibration curvewas carried out with the cat-
echin at different concentrations (0-10 -20-30-40-
50 mg/l) under the same operating conditions asthe
samplesused in the quantification of flavonoids. The
results were expressed in milligram of catechin
equivaent per gram of dry matter (mg EC/gMYS).

Satistical analysis

The average concentration was determined on
the basis of three measures. It is expressed as mean
+ standard deviation. The analysis of variance witha
classfication criterion (ANOVA 1) was used to com-
pare the amounts of flavonoidsin the vegetative or-
gans of the studied species. It hasallowedcomparing
the quantitative variation of flavonoids during the
four seasons of sampling. The processing of there-
sults was done using the software package of
STATISTICA 6 and Excel 2007 spreadshest.

RESULTS

The levels of flavonoids are significantly dif-
ferent in the three vegetative organs of the studied
plant whatever the season of sampling. The differ-
ence is confirmed by the varianceanalysis test (p <
0.05). The highest quantitiesare recorded in the
leaves, followed by the stalks and roots (Figure 3).

The leaves show higher concentrations in fla-
vonoids during the seasons of summer (68.68+ 1.57
mg Cl /g of theMS) and spring (64.39+ 1.33 mg CI
/g of the MS). These levels reveal a decrease in
autumn (51.04 + 1.54 mg CI /g of the MS) and in
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winter (56.59 + 1.15 mg CI /g of the MS). The dif-
ference observed was confirmed by theANOVA test
(F,obs = 93.456 > Fth = 4.066 ; P < 0.05). How-
ever, the quantitative difference in flavonoids be-
tween seasonsisnot significant in the case of stalks
(F,obs=0.136 < F,th =5.143 ; P< 0.05) and roots
(F,obs=0.090 < Fth=5.143 ; P< 0.05).

DISCUSSION

The contents of flavonoidsin shaggy Horehound
(Balota hirsuta Benth) show variability depending
on the seasons and the studiedorgan. Leaves synthe-
size and secrete significant quantities compared to
stalks and roots regardless the season of sampling.
Secretions are primarily due to specialized histo-
logical structures. Several categories of secretory
tissues can coexist simultaneously within the same
species and even within the same organi*. THEY
are universally present in thefoliar cuticle and epi-
dermal cellsof leaveswhere polyphenolsarein high
concentration*a, Generally, the number and shape
of trichomes (secretory canals) are very
variablecharacters that are strongly influenced by
environmental factors, such astemperature and light
intensity!®3,

Theflavonoidsprovidethe pigmentation of flow-

ers, fruits and seeds to attract pollinators and pro-
tect the plant against summer radiation*¥, Thismay
explain the important quantities of flavonoids re-
corded in spring and summer seasons; whilethelev-
elsare more or less low in autumn and winter. The
Shaggy Horehound (Ballota hirsuta Benth.) leaves
contain a significant amount of phenylpropanoid
(precursors of main flavonoids) in summer period.
This quantity decreases during the winter pe-
riod*®36, Other studies reported high levels of cat-
echininsummer and anthocyaninin springinsamples
of Penni setumpur pureum7,

The Sage (Salvia officinalisL.) leavesarericher
in total flavonoids during the season of spring™®.
Theseresultsindicate that polyphenolic compounds
areinfluenced byclimatic environmental factorg*.
Thelow levelsare obtained in rootsand stalks. Sev-
eral studies demonstrated that the roots synthesize
much more alkal oidsthan phenolic compounds??.

The quantity of these metabolites in the
methanolic extracts of the plant depends mainly on
their origin?y. Some factors such asthe variety, the
growing season, the harvest season, the climatic and
environmental conditions, and the geographic loca
tion, greatly affect the metabolites content??. Infact,
the phenolic content of a plant depends also on a
number of intrinsic (genetic) and extrinsic factors
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Figure 3 : Average concentrations of flavonoids in the vegetative organs of Ballota hirsuta Benth of Tessala M ount

(Western Algeria)
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(storage conditions)[?3.

Thedifficulty in comparing the results obtained
with those of theliterature is due mainly to the con-
ditions where the plant evolves as well as to the
methods of extraction and quantification(?4.

CONCLUSION

In the current study, the effect of climate on the
quantitativedistribution of theflavonoidsinthethree
organs. leaves, stalks and roots during the four sea-
sons has been highlighted. THE results show that
theleavesaccumulate relatively high amountsof fla-
vonoids in the four seasons, compared with stalks
and roots. The summer period is characterized by
the dominance of theflavonoidsintheleaves; thisis
closely linked to the effect of the climatic condi-
tions (temperature etc.) on the trichomes devel op-
ment. The presence or absence of these sites of syn-
thesis of flavonoids for each season must be seen
alongside the quantity of metabolites secreted by
each organ. The uneven distribution of flavonoids
measured during the four seasons confirms that the
secretion of secondary metabolites respondsto abi-
otic stress (climate...).
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