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Abstract

Lijppia chevalieri Moldenke is an herbaceous, belonging to the Verbenaceae family largely used in
folk medicine in Burkina Faso and in certain African countries. The aim of the present review was to
give a detailed literature survey on its traditional uses, and phytochemistry and therapeutical
properties in order to systematize achievements and direct further research. Composition and
biological activities of its essential oil have been largely investigated. Literature shows that this
species of plant is used mostly for the treatment of malaria, mental disorder, liver pathologies,
hepatitis, anemia and respiratory disorders. We note that the most published studies on this plant
are concerned to its content of essential oil.
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Introduction

The genus of Ljgpia belongs to the family of Verbenaceae, and
includes approximately 200 species native of Central and South
America, but also tropical Africa [1, 2, 3, 4]. Lijppia chevalieri
Moldenke synonymous Lijppia adoensis Hochs and Lijppia rugosa
A. Chev is a shrub spread in western Africa (Figure 1). The bloom
is made in rainy season. Its natural environment in Africa is the
soudano-Guinean and Guinean savanna. It grows spontaneous in
the fallows and on banks, generally on armored grounds or gravel
soils [5, 6, 4]. The differentiation of Ljgpia chevalieri from Ljppia
multifiora Moldenke (this last one commonly known as “tea of
Gambia”) is difficult, because both are morphologically very
similar. Its bluish leaves (Ljgpia multifiors), exhale a deeper smell
of camphor when rustle. This species (Ljppia multiflora) is found
often in the shade and in wet places [5, 6, 4].

Reports have been published conceming to the uses of L
chevalieri in folk medicine in many region of the world. Likewise
many works on the phytochemistry and pharmacological activities
of its essential oil have been already appeared [7, 8, 4].

(o) BN

The aim of this paper was to make a summary of the vast
literature published about the traditional uses, the chemical
composition and pharmacological properties of some of the
chemical constituents of Ljppia chevalieriin order to systematize
achievements and direct further research.

Traditional uses

Lijppia chevalieri is used as a painkiller in folk medicine to treat
pathologies related to the malaria, but also in the treatment of
respiratory diseases [9]. Ethno medicinal investigations indicated
that its leaves are used in treatments of diarrheas and arterial
high blood pressure [5, 7, 4]. In Africa, L. chevalieriis traditionally
used as an antimalarial, as well as a sedative and also for the
treatment of respiratory diseases [9, 10]. Pousset [11] indicated
that L. chevalieri was used in association with other species of
plants as traditional drugs, improving the effects against malaria;
that association is named Malarial-5 [9], and is formed by L.
chevalieri (32 %), Cassia occidentalis L. (62%) and Spianthes
oleraceaL. (6%).
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In Burkina Faso, Nacoulma [5], performed an ethnomedicinal
investigation and showed the traditional medicinal uses of L.
chevalier, classifying them according to the internal and/or
external uses. As external traditional uses, the employ against the
gouty rheumatisms, the painful and infected wounds can be
highlighted, and as internal uses, the application of the flowery
leading heads against the pathologies of the liver, the bucco-anal
and digestive candidiasis, anaemia, nervousness of the
menopause, menorrhagia of the menopause, malaria, painful
menses, insomnias, irritability, fevers, nervous hepatitis, gout and
the mental disorders are relevant.

Current data on the phytochemistry and biological activities of L.
chevalieri have been mostly focused on its essential oil content
[5], since, like other members of Lamiales order, this species
synthesize and accumulate great quantities of essential il.

Phytochemistry investigation

The most frequently found components of the essential oils of the
tissues of Ljppia chevalieri are: limonene, B-caryophyllene, o
cymene, camphor, linalool, apinene, and the thymol [10]. A study,
carried out at Burkina Faso, showed that the major component of
the essential oils of L. chevalieri leaves is thymol (27.4 %),
followed by pcymene (21.1 %), and 2-phenylethylproprionate
(126 %) [7], the flowers essentially accumulating B-
caryophyllene, 1,8-cineol, and germacrene [12]; those results
revealed that the compounds accumulated in different organs of
the plant are distinct. A quite different composition was reported
by [13] for the essential ail of L. chevalierileaves from Senegal,
which, according to these authors, contain 1,8-cineole (23 %) and
many sesquiterpenes, the most relevant being the germacrene D
(12 %) and B-caryophyllene (11 %). Those reports suggest that
an important difference in the essential oils composition of L.
chevalieri leaves can be found related to the geographical origin
of the plants, which in turn, can be related to the natural genetic
variability of that species. According to the former investigations
[4] on L. chevalierileaves essential oils of Burkina Faso, the major
components of leaves are B-caryophyllene (27.3 %), elemol (22.0
%) and caryophyllene oxide (18.6 %), while that of the flowers are
B-caryophyllene (29.8 %), elemol (11.0 %) and germacrene D
(15.0 %). The differences between the results of [7], [12], and [4]
can be explained by the variability that can be found in the soil
constitutions, which can affect the composition of the secondary
metabolites of plants, like [14] reported. The variability of the
secondary metabolites in plants also reflects adaptation
processes to climatic and edaphic conditions to which they face,
and in many cases that variability gives to plants (motionless
organisms) defense mechanisms against herbivores [15].

Among the essential cils (90 %; w/w on dry weight basis) found by
[4] in the leaves of Ljppia. chevalieri 88 % was represented by
sesquiterpenes, against nearly 70 % detected by [7] in a different
season of the year. Thirty-six constituents were identified by the
first authors and twenty-five by the second ones, indicating the
importance of the phenologic and development stages in the

composition of leaves essential oils of L. chevalier; importance
reported for other plants species and other secondary metabolites
by [16], who emphasized the capital importance of the nature of
soil, the microclimate, and also of the harvest time on the
biosynthesis of those compounds.

Initially, isotopic studies indicated that the carbon skeleton of
terpenes came from acetate [17]. Later, it was demonstrated that
the mevalonic acid was a universal precursor of these compounds
[17]. The initial stage of the process involves the condensation of
the thioethers of the acetic acid: formation of the aceto-acetate
and the condensation of this one with a molecule of acetyl-
coenzyme A synthase. At the end of the reaction, a compound of
five carbons, the dimethylallylpyrophosphate, is obtained. Five
types of enzymes participate in this series of reaction [17]. Once
that C5 compound is obtained, C10 and others are formed by
condensation [17]. Figure 2 shows the structure of major essential
oils found in Ljppia chevalieriby the former studies.

Recently Bangou [18] reported rutin and caffeic acid in the
methanolic extract (Figure 2) of Ljgpia chevalieri Those same
authors reported 20 phenolic compounds using HPLC-DAD
method, providing for most compounds only information about the
component type but not the complete chemical identification.
Others authors showed that certain positions of the hydroxyls on
the flavonoids increases the antibacterial activity [19, 20].
Particularly the position 7, 3' and 4' increase the activity of these
flavonoids on the streptococcus ones [19]. Methoxyl and hydroxy!
groups are important to define retention times under a particular
HPLC method and to determine values in a TLC analysis, using a
specific solvent system [21, 22]. Greenham [21] Greenham and
Tsimogiannis [23] reported that flavones such as scutellarein
(5,6,7,4-tetrahydroxyflavone) 7 and 4’-methyl ester, which are
similar of the apigenin and their counterparts (Table 1), can be
distinguished by their frontal references and by their UV spectrum,
but were not separable by HPLC [21, 24, 23]. According to [21],
flavones, like luteolin derivatives, when contain methoxyl groups,
display higher retention time. Indeed the number of substitution of
hydroxyls increases not only the polarity of the compound but also
decreases its time of retention. On the other hand a methoxyl
substitution makes the compound lipophilic and lengthens its time
of retention [21], suggesting, according to the structural
information they obtained, those multimethoxylate and
multihydroxylate flavones were present in the extracts. According
to [21], the flavones generally difficult to separate in HPLC were:
luteolin  (5,7,3,4"-tetrahydroxyflavone), ~ tricetin  (5,7,3',4’,5™

pentahydroxyflavone), 6-hydroxyluteolin (5,6,7,3,4-
pentahydroxyflavone), 6,8-dihydroxyapigenin (5,6,7,8,4-
pentahydroxyflavone) and hypolaetin (5,7,8,3 4"~

pentahydroxyflavone) (Table 1). By comparing the results found
by [20] and [21], it arises that each of compounds above-
mentioned could be incriminated in the investigation of the first
author.
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Table 1 Possible compounds include in the methanolic extract of Lippia chevalieri

Compounds  Derivative Possible substitutions
3 4 5 6 7 8 3 & 5

Rutine O-rutinoside H  OH H OH H OH OH H

Flavone H H OH H OH H OH OH H
Saponarin H H OH Ol H H H OH H
5,8-dihydroxyflavone H H OH H H OH H H
6,7-dimethylether (Cirsimaritin) H H H CH;0  CH30 H H H
5,7,8-trimethoxyflavone H H CH30 H CHs0  CH;0 H H
5,3 4-trimethoxyflavone H H CH30 H H H CH;0 CH30 H
5,7,4 rihydroxyflavone H H OH H OH H H OH H
5,7,3'4-tetrahydroxyflavone H H OH H OH H OH OH H
5,7,345’-pentahydroxyflavone H H OH H OH H OH OH OH
3,5,7,8,4"- pentahydroxyflavone OH H OH H OH OH H OH
3,5,6,7,8,4"- hexahydroxyflavone OH H OH OH OH OH H OH
3,5,7,8,3'4- hexahydroxyflavone OH H OH H OH OH OH OH

R

A . RTeles

Figure 1: Ljppia chevalieri Moldenke (Photo catch in the forest of Gonsé, 25 km of Ouagadougou by Bangou M. Jean;
15h35mn/04 July 2011)
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In a general way, flavones and flavonols represent approximately
80 % of known flavonoids [17]. The ring A is, in more than 90 % of
the cases, substituted by two hydroxyl groups in C5 and in C7.
These hydroxyls can be free or etherifies, one of them can be
hired in a heterosidic connection [17]. Other substitutions can
intervene, with variable frequencies: free hydroxyls or etherifies in
C6 and/or in C8, isoprenylation or methylation in C6 or in C8,
implication of C6 and/or it in a connection carbon-carbon with a
sugar [17]. The ring B is substituted in 80 % of the cases in 4', can
be 3', 4-disubstituted or, less frequently, 3, 4, 5'-trisubstituted;
the major substitution are groups -OH or -OCH3. Other positions
(2" and 6') are only exceptionally substituted [17]. [10] Pascual
(2001) showed that the genus Lippia was rich in verbascoside
(Figure 3), which is a heteroside. According to [17], this
compound is a phenylpropanoic heteroside ester, constituted by
1, 2 or 3 oside, and a molecule of dihydroxyphenylethanol, and
the caffeic acid was the major phenylpropanoic acid reported by
that author; but [18] also isolated p-coumaric acid derivatives and
ferulic acid derivatives. In  the same way, the
dihydroxyphenylethanol can be etherified or, more rarely,
hydroxyled on the carbon 2 [2-(-3 4 ‘-dihydroxyphenyl-
dihydroxyphenyl)-dihydroxy-ethane]. These compounds seem to
be the most abundant in Lamiales [17]. Four ions were also found
in the methanolic extracts of Lippia chevalieri at different
concentrations by [25]; those ions were magnesium (1.765 mmol
L-1), sodium (0.461 mmol L-1), potassium (4.81 mmol L-1), and
calcium (0.43 mmol L-1) [25]. These ions are important for the
human cellular and nervous balance regulation (Mg2+, K+; Ca2+),
increase human body defense reaction (Mg2+), and control renal
insufficiencies (K*), as was reported by [5].

Pharmacological investigation

Antimicrobial activity

Essential oil of Ljppia chevalierihas bactericidal effect on Profeus
mirabilis CIP588104, Salmonella enterica CIP105150 and
Staphylococcus camorum LMG13567, belonging to the gram-
negative bacteria [7]. The studies related to the measurement of
MIC and MBC, with a range concentration of essential oil varying
from 0.03 to 0.8 % [7]. The minimum inhibitory concentration
(MIC) was defined as the lowest concentration that inhibits any
visible organism growth and the minimal bactericidal
concentration (MBC) were defined as the lowest extract
concentration at which 99.9% of the bacteria were killed [25]. The
carvacrol, a component of the essential oil of Ljgpia chevalier
exhibit a prominent antimicrobial activity. However an antagonistic
effect between p-cymene, thymol and carvacrol in the oil of L
chevalieri may explain its low antimicrobial activity [7]. Other
studies concerning to L. chevalierireported that some compounds
such as the elemol, 1,8-cineol, the camphor and the p-cymene
found in its essential oil have important antimicrobial effects [26,
27, 28, 29]. That could be due to the presence of the camphor
which its toxicity is recognized starting from a certain dose [30].

Thus, the strongest antimicrobial activity could be justified by its
content of toxic compounds. The mechanism of toxicity against
the micro-organisms could be explained by inhibition of the
hydrolytic enzymes (proteases) and carbohydrates or with other
interactions for inactivating microbial adhesion, the proteins of
transport of the cellular envelope and the non specific interaction
with the carbohydrates [18]. Recently methanolic extract of Ljppia
chevalienr was showed to have antibacterial activity on
Staphylococcus epidermidlis, Klebsiella pneumoniae, Pantoea sp,
and Stgphylococcus aureus ATCC25923. However Bacillus
cereus ATCC9144, Citrobacter freundli, Escherichia coli; Shigella
flexner, Staphylococcus aureus (wild strain), Strepfococcus
agalactiae and the two genus of Vibrio were insensitive to those
extracts [18]. Comparing previous studies [7, 26, 27, 28, 29, 25],
we could conclude that essential oils are more active than
methanolic extract. But the last author used very weak
concentration (25 ug mL1).

Antioxidant activity

The evaluation of the antioxidant activities of the methanolic
extract of Ljppia chevalier, by estimating the DPPH* and the ferric
reducing capacities have been evaluated by [18]. The following
results were found: the reducing capacity of the methanolic
extract of the Fe(lll) in Fe(ll) gave 15.16 mmol AAEg™!, which was
higher than that of the ascorbic acid (5.86 mmol AAEg) and
comparable at those of quercetin (13.19 mmol AAEg™) and the
gallic acid (18.46 mmol AAEg™). With regard to the DPPH*
scavenging activity, an ICs of 6.23 pg mL-" was found, which was
weaker than the values registered for the references (1.8 pg mL",
0.93 pg mL" and 0.60 ug mL-" for ascorbic acid, quercetin and
gallic acid,-respectively).

By using thin layer chromatography rutin, has been identified in
the methanolic extracts of Ljgpia chevalieri [18], confirming the
results reported by [31] and [32]. The presence of rutin in the
extracts of L. chevalieri may explain the antioxidant capacity
found, since rutin has been proven to possess a significant
antioxidant activity, even at low levels such as 500 ng [33].
However, some other derivative compounds like luteolin [24, 34],
derivatives of rosmarinic acid [35], or caffeic acid could explain
that antioxidant capability [36, 37, 38, 39, 40, 41]. Caffeic acid is
thought to prevent lipidic peroxidation of food and diseases
triggered by free radicals such as cancer atherosclerosis; those
compounds also can prevent the ageing of fabrics. The
magnesium is recognized to be implicated in certain antioxidant
activities through in the inhibition of the oxidation of the fatty acids
and in the reduction of the levels of cholesterol [42]. From a
chemiluminescence analysis it was showed that neither the leaf
oil nor that of the flowers of L. chevalieripossesses an antioxidant
property compared to atocopherol, both oils having low values of
ICsp (2%) [4].
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Enzymes activities

The evaluation of a certain number of enzymatic activities of the
extracts of Ljppia chevalieriwas carried out by [43], including the
anti-acetylcholinesterase, anti-glutathione-S-transferase, — anti-
carboxylesterase and anti-xanthine oxidase activities. With the
exception of the inhibiting activity of the xanthine oxidase (14.00
%), the methanolic extract inhibited the three last enzymes with a
level higher than 35 % at a concentration of extract of 100 pg mL"
1. To give an idea of the potential of the L. chevalier activity as
enzymatic inhibitor, the following results from the report of [43] are
mentioned. The galantamine, used as reference for the inhibition
of the acetylcholinesterase, displayed 50.76% inhibition, against
the 39.26 % showed by the extract of L. chevalien. The ascorbic
acid, (56.72 %), used as reference for the carboxylesterase
inhibition, showed 56.72 % inhibition, while the extract of L.
chevalieri showed 37.68 %; and the allopurinol activity was 98.38
% as inhibitor of xanthine, while the extract of L. chevalieri
showed 14.00 %.With regard to the glutathion-S-transferase, the
reference (ethacrynic acid) did not displayed any inhibition, but
the extract of that species gave an inhibiting activity of 42.99 %.

Others activities

Studies tending to establish the toxicity of the essential oil such as
of Ljppia chevalier and in particular those of the terpenes, were
made by [30], most of evaluations conceming to the mode of
absorption. According to [30] the passage of the essential oil by
the cutanous layers would be dangerous. Héld [44] showed that
the thuyone is incriminated in the neurotoxicity of mice. In every
case it is assumed that the liver is the place of a first hepatic
passage [30], because of the importance of the enzymes of that
organ and their activity. The reactions in which the most frequent
terpenes are involved /7 vio are the oxidations by the CYP450,
the glucuronoconjugations, and the conjugations with glutathion
[30], the last one being important for the deletion of the toxic
potential of electrophiles compounds in tissues [30]. If renal or
hepatic insufficient have a particular sensibility to these
compounds is unknown, but that it influences the elimination could
be involved.

Among toxic essential oil met in the literature such as rosemary
anethole, pinocamphone, pulegone, fenchone, camphor, cineole
[45, 30], the two last were found in Lijgpia chevalieri 7, 4]. The

References

ingestion of the camphor in a dose superior to 50 mg/kg is toxic
for the human health [30]. In spite of the toxicity know for
camphor, it is described as “quickly absorbed by the gastronomic
skin and the tract-intestinal [30]. The thymol, administered by oral
route, can provoke abdominal pains even a light collapse in dose
from 0.3 to 0.6 grams [30].

Conclusion

Few phytochemical studies have been made on Ljppia chevalier;
out of conceming its essential oil. Pharmacological studies have
been oriented on its antimicrobial, antifungal, repellant and
larvicidal effects. The present paper highlighted Ljppia chevalieri
as a medicinal plant. Further analysis of Ljppia chevalier should
be focused to (1) the identification and isolation of the 20
polyphenolic compounds found in its methanolic extract, (2) to
take back this activity with other type of extracts to isolate more to
polyphenolic compounds, (3) the evaluation of the capacity of the
extracts and/or compounds isolated from its extracts to increase
the rate of the superoxide dismutase, the catalase and of the
glutathion in the human organism.

Author’s contribution

Norma Almaraz-Abarca and N&g-Tiero Roland Meda have
supervised article writing. Yougbaré-Ziébrou Mouhibatou was
solicited to read the manuscript. The plant species identification
and the validity of the research works were carried out by Jeanne
Millogo-Rasolodimby and Odile Germaine Nacoulma.

Acknowledgement

We are grateful to the Interuniversity Council of the French
Community of Belgium/University Committee for the Development
(CIUF/CUD) for the financial support through the training and
excellence research fellowship. The authors thank Malka Frangois
and Compaoré Saidou for their participation of plants material
collected.

[1].

2].

Moldenke HN. Additional notes on the [3]. Cesar ANC and Marina EPL. The

genus Lippia. XIX. Phytologia, 1984; vol
56, 420-447. ISSN  0031-9430.
http://biostor.org/reference/62883

Munir AA. A taxonomic revision of the
genus Lippia [Houst. ex]
(Verbenaceae) in Australia. J. Adelaide
Bot. Gard. 1993; 15(2): 129-145.

Linn. [4].

chemistry of the genus Lippia
(Verbenaceae). Citation information. The
Design Life of Structures. 1998; Chapter
5. DOI: 10.4324/9780203168875.ch5

Mevy JP, Bessiere JM, Dherbomez M,
Millogo J and Viano J. Chemical
composition and some biological
activities of the volatile oils of a

[5].

chemotype  of Lippia  chevalieri
Moldenke. Food Chem. 2007; 101: 682-
685.
DOI:10.1016/j.foodchem.2006.01.052.

Nacoulma OG. Plantes médicinales et
Pratiques médicales Traditionnelles au
Burkina Faso: cas du plateau central
T1&T2.Thése Doctorat d’Etat és

PAGE [294| |



Jean et al/. International Journal of Drug Delivery 4 (3) 289-296

[2012]

Sciences Nat. Université de

QOuagadougou. 1996, tome | et Il.

[6]. Arbonnier M. Arbres, arbustes et lianes
des zones séches d’Afrique de 'Ouest.
Ed. ISBN CIRAD, Pont-sur-Yonne,

2002; 392, 574p.

Bassole IHN, Ouattara AS, Nebie R,
Ouattara AT, Kabore ZI, and Traore SA.
Chemical composition and antibacterial
activities of the essential oils of Lippia
chevalieri and Lippia multiflora from.
Burkina Faso. Phytochem. 2003; 62:
209-212. DOI: 10.1016/S0031-
9422(02)00477-6.

Bassole IHN, Nebie R, Savadogo A,
Ouattara CT, Barro N and Traore SA.
Composition and antimicrobial activities
of the leaf and flower essential oils of
Lippia chevalieri and Ocimum canum
from Burkina Faso. Full Length
Research Paper. African Journal of
Biotechnology. 2005; Vol. 4 (10): pp.
1156-1160. ISSN 1684-5315

Gasquet M, Delmas F, Timon-David P,
Keita A, Guindo M, Koita N, Diallo D,
Doumbo O. Evaluation in vitro and in
vivo of a traditional antimalarial,
‘Malarial-5. Fitoterapia. 1993; 64: 423-
426. www.cabi.org

[7].

[8].

9]

[10]. Pascual ME, Slowing K, Carretero E,

Sanchez Mata D & Villar A. Lippia:
traditional  uses,  chemistry  and
pharmacology: a review. J.

Ethnopharmacol. 2001; 76: 201-214.
DOI: 10.1016/S0378-8741(01)00234-3.

[11]. Pousset JL, Place des medicaments
traditionnels en  Afrique. Politiques
Nationales. Méd. Trop. 2006; 66, 606-
609.

[12]. Menut C, Lamaty G, Samate D, Nacro M
and Bessiere, J-M. Contribution a
1’étude  des  Lippia africaines:
constituants volatils de trois espéces du
Burkina Faso. Revista ltaliana Eppos,
1993; 11: 23-29.

[13].Dorman HJD and Deans S.G.
Antimicrobial agents from  plants:
antibacterial activity of plants volatile
oils. J. Appl. Microbiol. 2000; 88: 308-
316. DOI: 10.1046/).1365-
2672.2000.00969.x

[14]. Lavola A, and Julkunen-Tiitto R. The
effect of elevated carbon dioxide and
fertilization on primary and secondary
metabolites in birch, Betula pendula
(Roth). Oecologia, 1994; 99: 315-321.
DOI: 10.1007/BF00627744

[15]. Hadacek F, Secondary metabolites as
plant traits: current assessment and
future perspectives. Critical Reviews in
Plant Sciences, 2002; 21: 273-322. DOI:
10.1080/0735-260291044269

[16]. Millogo H. Etude des paramétres
phytochimiques et des  activités
biologiques de Parkia biglobosa (Jacq)
Benth (Mimosaceae). Thése de Doctorat
d’Etat es Sciences Naturelles, Université
de Ouagadougou. 2008. 169p.

[17]. Bruneton J. Pharmacognosie:
phytochimie-plantes médicinales. 2¢. éd.
Tec. et Doc. Lavoisier, Paris. 1993, 915
p. ISSN: 2-85206-911-3

[18]. Bangou MJ, Almaraz-Abarca N, Méda
NTR, Zeba B, Kiendrebeogo M, Millogo-
Rasolodimby J and Nacoulma OG.
Polyphenolic composition of Lantana
camara and Lippia chevalieri, and their
Antioxidant and Antimicrobial Activities.
International Journal of Phytomedicine.

Vol. 4, N1 (2012a), (In press)
DOI:10.5138/ijpm.v4i1.526
[19]. Cushnie TPT and Lamb AJ.

Antimicrobial activity of flavonoids. Int. J.
Antimicrob. Ag. 2005; 26: 343-356.
DOI:10.1016/j.ijantimicag.2005.09.002

[20]. Vaquero MJR, Alberto MR, Manca MC.
Antibacterial  effect  of  phenolic
compounds from different wines. Food
Control. 2007; 18: 93-101.
doi:10.1016/j.foodcont.2005.08.010.

[21]. Greenham J, Harborne JB and Williams
CA. Identification of Lipophilic Flavones
and Flavonols by Comparative HPLC,
TLC and UV Spectral Analysis.
Phytochemical Analysis. 2003; 14: 100-
118. DOI: 10.1002/pca.693

[22]. Mabry TJ, Markham KR and Thomas
MB. The Systematic Identification of
Flavonoids. Springer-Verlag. 1970. New
York.

[23]. Tsimogiannis D,  Samiotaki M,
Panayotou G and Oreopoulou V.

Characterization of Flavonoid Subgroups
and Hydroxy Substitution by HPLC-
MS/MS. Molecules, 2007; 12: 593-606.
ISSN 1420-3049

[24]. Tsimogiannis DI and Oreopoulou V. Free
radical scavenging and antioxidant
activity of 5,7,3V,4V-hydroxy-substituted
flavonoids. Innovative Food Science and
Emerging Technologies. 2004; 5: 523-
528. DOI: 10.1016/].ifset.2004.05.006

[25]. Bangou BM. Etude phytochimique et
activités biologiques des tiges feuillées
de Lantana camara L. et de Lippia
chevalieri Moldenke: deux Verbenaceae
du Burkina Faso. Ph.D. Université de
QOuagadougou. 2012b, 136p

[26]. Baydar H, Sagdic O.Ozkan G. and
Karadogan T. Antibacterial activity and
composition of essential oils from
Origanun, Thymbra and Sajureja species
with commercial importance in Turkey.
Food Control. 2004; 15: 169-172. DOI:
10.1016/S0956-7135(03)00028-8

[27]. Burt S. Essential oils: their antibacterial
properties and potential applications in
foods — a review. International Journal of
Food Microbiology. 2004; 94: 223-253.
ISSN 0168-1605

[28]. Leung AY & Foster S. Encyclopaedia of
common natural ingredients used in
food, drugs, and cosmetics (2nd ed.).
New York: John Wiley & Sons. 1996.
P.232-233.

[29]. Pauli A and Schilcher H. Specific
selection of essential oil compounds for
treatment  of  children’s  infection
diseases. Pharmaceuticals. 2004; 1: 1-
30. DOI:10.3390/pharm01010001

[30].[30] Couderc VL. Toxicité des huiles
essentielles. Université Paul-Sabetier de
Toulouse. These d’Etat. 2001. 84p.

[31]. Yakhlef G. Etude de I'activité biologique
des extraits de feuilles de Thymus
vulgaris L. et Laurus nobilis L. Université
El Hadj Lakhdar-Batna. 2010. 89p.

[32]. Coulidiati HT. Phytochimie et activités
biologiques d’extraits de trios (3)
Especes de Combretaceae du Burkina
Faso: Combretum acutum Laws;
Combretum nioroens Aubrex. Ex Keay et

PAGE [295| |



Jean et al/. International Journal of Drug Delivery 4 (3) 289-296

[2012]

[33].

[34].

[35].

[36].

Combretum sericeum G. Don. Thése
unique de doctorat. 2010. 148p.

Nuengchamnong N, Hermans-Lokkerbol
A and Ingkaninan K. Separation and
Detection of the Antioxidant Flavonoids,

Rutin and Quercetin, Using HPLC
Coupled on-line  With  Colorimetric
Detection of  Antioxidant  Activity.
Naresuan University Journal. 2004;
12(2): 25-37. office.nu.ac.th

Compaore M, Lamien-Meda A,
Mogosan C., Lamien C.E.,

Kiendrebeogo M., Vostinaru O., Vlase L.,
lonescu C. and Nacoulma O.G.
Antioxidant, diuretic  activities and
polyphenol content of Stereospermum
kunthianum  Cham.  (Bignoniaceae).
Natural Product Research. Vol. 25, No.
19 (2011), 1777-1788. DOl
10.1080/14786419.2010.488630

Penchev P, Angelov G and Condoret J-
S. Extraction des agents antioxydants
(acide rosmarinique) & partir de la
mélisse (Melissa officinalis L.). Revue de
génie industriel. 2010; 5: 115-123. DOI:
10.1073/pnas.091093398.

Li RW, Lin GD, Myers SP and Leach
DN. Anti-inflammatory activity of Chinese
medicinal vine plants. Journal of
Ethnopharmacology. 2003; 85: 61-67.
DOI: 10.1016/S0378-8741(02)00339-2

[37].

[38].

[39].

[40].

[41].

Anselmi C, Bemardi F, Centini M,
Gaggelli E, Gaggelli N, Valensin D &
Valensin G. Interaction of ferulic acid
derivatives with human erythrocytes
monitored by pulse field gradient NMR
diffusion and NMR relaxation studies.
Chemistry and Physics of Lipids. 2005;
134 109-117. DO
10.1016/j.chemphyslip. 2004.12.005.

Katsube T, Imawaka N, Kawano Y,
Yamazaki Y, Shiwaku K & Yamane Y.
Antioxidant  flavonolglycosides  in
mulberry (Morus alba L.) leaves isolated
based on LDL antioxidant activity. Food
Chemistry.  2006; 97: 25-31. DOI:
10.1016/j.foodchem.2005.03.019.

Guilgin 1. Antioxidant activity of caffeic
acid  (3,4-dihydroxycinnamic  acid).
Toxicology. 2006; 217, 213-220. DOI:
10.1016/j.tox.2005.09.011.

ltagaki S, Kurokawa T, Nakata C, Saito
Y, Oikawa S, Kobayashi M, Hirano T &
Iseki K. In vitro and in vivo antioxidant
properties of ferulic acid: A comparative
study with other natural oxidation
inhibition. Food Chemistry. 2009; 114:
466-471. DOI:
10.1016/j.foodchem.2008.09.073.

Méda NTR. Etude phytochimique et
activités biologiques des galles et des
feuilles de Balanites aegyptiaca (L.) Del.
(Balanitaceae) utilisées en médecine

[42].

[43].

[44].

[45].

traditionnelle au Burkina Faso. These de
doctorat, Université de Ouagadougou.
2010. 154p.

Buyck J. Rdles du calcium et des
transports ioniques de I'épithélium des
voies aériennes dans la réponse a
l'agression septique par Pseudomonas
aeruginosa. Université du Droit et de la
santé - Lille 2 Ecole Doctorale Biologie-
Santé de Lille. 2008. 175p.

Bangou MJ, Kiendrebeogo M, Compaoré
M, Coulibaly AY, Méda N-TR, Aimaraz-
Abarca N, Zeba B, Millogo-Rasolodimby
J and Nacoulma OG. Enzyme Inhibition
Effect and Polyphenolic Content of
Medicinal Plant Extracts from Burkina
Faso. Journal of Biological Sciences.

2011; 11 (1): 31-38.
DOI:10.3923/jbs.2011.31.38
Hold KM, Sirisoma NS, lkeda T,

Narahashi T and Casida JE. -athujone
(the active component of absinthe): -
Aminobutyric acid type Areceptor
modulation and metabolic detoxification.
PNAS, 2000; Vol 97 (8): 3826-3831.
PMCID: PMC18101

Burkhard PR, Burkhard K, Haengeli CA
and Landis T. Original communication:
plant-induce seizures: reappearance of
an old problem. Journal of Neurologie.
Abstract. 1999; Vol.246 (8): 667-670.
PMID: 10460442

PAGE 296 | |



