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The antimycobacterial activity of the ethanolic extract from Berberis hispanica
root bark was evaluated against Mycobactérium smegmatis and M. aurum. The extract
was fractionated and the bands responsible for the activity were identified by
bioautography. The results revealed the existence of three of four bands responsible for
the antimycobacterial activity of the plant. A phytochemical study evidenced the nature
of the main classes of secondary metabolites in the crude extracts and in the active bands
of the bioautography. The molecules shown to be responsible for the antimycobacterial
activity of the plant included alkaloides, polyphenols and flavonoids.
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Tuberculosis, mainly due to
Mycobacterium tuberculosis, remains a major
public health problem; it generally infects the
lungs, but may affect any organ of the human body.
Responsible for nearly 2 million deaths annually,
tuberculosis is considered as the second main
cause of mortality through infection, after AIDS
(Acquired Immune Deficiency Syndrome)*. In 2011,
the estimate was of 8.7 million new tuberculosis
caseswith the number of deathsreaching 1,4 million.
The five countries that registered the highest
incidencein 2011 were, respectively, India, China,
South Africa, Indonesiaand Pakistan®.

* To whom all correspondence should be addressed.

In Morocco, the number of casesin 2010
reached 27143, of which 70% werereported in the
urban areas, particularly those surrounding large
cities’.

Between 1900 and 1980, an important
reduction in the number of people infected with
tuberculosis was observed in devel oped countries
due to improvements in social economic
conditions, the introduction of the BCG (Bacillus
Camette-Guérin) vaccine and the introduction of
effective antibiotic therapy. However, asof theend
of the 1980s, the resurgence of tuberculosis
threatened the world with on one hand multidrug-
resistant (MDR) and extensively drug-resistant
(XDR) bacilli*#, and on the other the pronounced
synergy between the human immunodeficiency
virus (VIH) infection and tubercul osis*®. In 1993,
the World Health Organization (WHO) declared
tuberculosis a global emergency’.

New molecul eswith an antimycobacterial
effect need to be developed especially in thelight
of emerging multidrug-resistant and extensively
drug-resistant M. tuberculosis complex strains.
Moreover they are needed for the treatment of
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opportunistic infections caused by atypical
mycobacteria, having also increased in the advent
of AIDS. Indeed these atypical, environmental
species are usually naturally resistant to the
majority of currently available antimybacterial
drugs®?°,

Research for biologically active
substancesfrom plantsused in traditional medicine
has regained interest. Medicinal plants represent
arich reservoir of biologicaly active substances
including compounds that act upon novel
molecular targets. New entities with novel
mechanisms of action are expected to contribute
to theresol ution of emerging antibiotic resistance™
13

A large number of extracts and pure
compounds from plants have been shown to
possess remarkabl e inhibitory activity against M.
tuberculosis and other mycobacterial species'*?8,
including against multidrug-resi stant strains*1°20,

Within this context, the purpose of the
present study wasto identify the active substances
responsible for the antimycobacterial activity of
Berberis hispanica.

Berberishispanica, barberry bush, Boiss.
& Reut., is a species belonging to the
Berberidaceae. It is original of Europe and the
British Ideslater naturalized in North America. The
1-1.5 m high bush is abundantly ramified with
angular branches of adark reddish color, facetted
leaves. The flowers are yellow and the fruit juicy,
bacciforme and bluish to blue-black, slightly
prunish in color?. In Morocco, the plant is
abundant in the rocky landscapes of the Middle
Atlas, Centra and Oriental MiddleAtlas, HighAtlas
and Saharan Atlas ranges and Rif mountains?2,

In traditional Moroccan medicine the
plant is indicated for the treatment of
inflammations, liver ailments, metrorragy and
digestive disorders. Infusions of Berberis
hispanica are used to treat gastro-intestinal atony
and hepatic and biliary disorders®?. The root bark
of the plant is used by the Berber tribes of the
MiddleAtlasin the treatment of eye aillments?.

Different parts of the Berberis hispanica
plant such as the root, bark, leaves and fruit have
been used in traditional medicine. Research within
the last two decades has shown the different
pharmacological and therapeutical effects of the
plant®. It islargely used in homeopathic medicine

J PURE APPL MICROBIO, 8(2), APRIL 2014.

against the pain and elimination of renal calculus®.
Recent studies have shown that Berberis
hispanica extracts have important antioxidant
properties?®?’. Root bark extracts of Berberis
hispanica were shown to posses interesting
profiles asimmunomodul ators®®. El Ouarti and al
(2011), also showed that the ethanolic extract of
root bark from this plant presents a remarkable
antimycobacterial in-vitro and ex-vivo. With the
latter being more accentuated than that observed
with amikacine, used as a second line
antituberculous agent®.

These results have led us to pursue
investigations for antimycobacterial compounds
from this plant. Therefore, the present study
consisted in the separation and identification by
bioautography followed by phytochemical
analysis of compounds responsible for the
antimycobacterial activity of B.hispanica. To our
knowledge this type of study has not been
previously pursued.

MATERIALSANDMETHODS

Plant material

The plant used in this investigation was
Berberis hispanica Boiss. et Reut. (= B. vulgaris
L., B. aetnensis auct. = B. vulgaris L. subsp.
australis (Boiss.) Heywood = B. vulgaris L. var.
australisBoiss. = B. vulgaris L. subsp. hispanica
(Boiss. et Reut.) Malag), collected in June 2007 in
theregion of Imouzzer-des-Marmoucha, Boulmane
Province, Marocco (33°29' N - 4°17' W, altitude
approximately 1600m). A herbal specimen (exciccata
INP76) was registered at the National Institute of
Medicinal and Aromatic Plants, University Sidi
Mohamed Ben Abdellah, Fes.

Theroot bark of the plant wasair dried in
the shade, then ground, in the microbial
biotechnology laboratory of the Faculty of
Sciences and Techniques of Fés. The powder was
stored, in glass hermetically closed flasks, for
subsequent preparation of different different
extracts.

Mycobacterial strains

The strains used in this study were non
virulent mycobacterial strains with faster growth
rates than that of the tuberculous bacilli. These
include:

M. aurum A+: a non tuberculous
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mycobacteria with a generation time of
approximately six hours, inhibition of itsgrowthis
highly predictive of activity against M.
tuber cul osis®.

M. smegmatisMC,155: anon tuberculous,
non pathogenic mycobacteria with a generation
time of approximately three hours, along with M.
aurum, its susceptibility to antitubercul ous agents
similar to that of M. tuberculosis®.

These mycobacteria were cultured on
Sauton medium at 37°C %%,

Preparation of plant extracts

The extraction of active substances was
carried out using ethanol as the solvent. Two
extracts were prepared from the root bark powder
of B.hispanica:

Extract 1 : the powder was macerated in
the shade for 24 hours in absolute ethanol in a
proportion of 8g per 50ml of solvent. After filtration,
carried out using awater aspirator vacuum pump,
the solvent wasdried at 37°C under vacuum using
arotary evaporator. The residue was then diluted
in2ml of steriledistilled water. ThepH of theextract
was adjusted to neutral with NaOH 1N. The extract
was sterilized by filtration using a0.45 um porosity
filter.

Extract 2 : 129 of the plant powder were
macerated in 50 ml of absolute ethanol for 24 hours,
after filtration and evaporation, the extract was
recovered in 2ml of ethanol.

Evaluation of theantimycobacterial activity of the
ethanolic extract usingthedisc diffusion method

The antimycobacterial activity of the
extracts was measured using the disc diffusion
method®*%, For this, asterile 6 mm diameter paper
disc was placed at the center of 90 mm plates
containing 30 ml of Sauton agar previously
inoculated with 100ul of mycobacteria liquid culture
at approximately 10° CFU/ml. The disc was then
impregnated with 20 pl of Extract 1 (corresponding
to 80 mg of plant dry matter). A disc impregnated
with 20 ul of sterile distilled water was used as
control. The plateswereincubated at 37°C for three
days. After incubation theinhibition zones around
the discs were measured. For each strain the
experiment was repeated three times.
Thedtatistical test used wasthet student.
Bioautography

In order to identify which moleculesin
the ethanolic extract of B hispanica were
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responsible for the antimycobacteria activity, an
adapted version of abioautographic method from
earlier reports was used®*’. Hexane-ethyl acetate
6:4 (v/v) was selected as the solvent system most
appropriate for separating the components present
in B. hispanica Extract 2 by thin layer
chromatography (TLC). The bioautography of this
extract was obtained as follows. Several spots
(approximately 5 mm in diameter), each containing
14yl of the 1:2, v/v, ethanol diluted extract, were
spotted onto asilicagel TLC plate (6 cm X 12cm).
The plate was allowed to develop using the
selected solvent. After air drying the plate was
covered with athin layer of Sauton agar previously
inoculated with aliquid culture of Mycobacterium
smegmatis, approximately 0,2 absorbance, at 595
nm. For this, 9 ml of the prepared medium was used
to cover the platesin 196 cm2 Petri dishes. After 24
hours of incubation at 37°C, the inhibition zone
was localized and its diameter measured. The
compoundsinhibiting mycobacterial growth were
characterized by themigration coefficient or R ratio
of the corresponding TL C bands. The experiment
was repeated six times.

Phytochemical study

In order to identify the molecules
responsible for the antimycobacterial activity of
B.hispanica, we determined the presence of total
polyphenols, flavonoid, tannin and alkaloid
contents in the crude plant extracts as well asin
the inhibition zones identified by bioautography.
Thefraction of the plant extract in these zoneswas
obtained by ethanol elution.

Theprincipal chemical constituentswere
characterizedin the extracts by colorimetric essays.
Classic reactions used to detect the various
chemical entities were the cyanidin reagent test
for the flavonoids®*°, the ferric chloride reagent
for the tannins*1, the Folin-Ciocalteu reagent for
the polyphenols*? and the Draggendorf reagent
for the alkal oids®™. The experimental protocolsare
asfollows:

Detection of flavonoids: The test
consisted in the addition 5 ml of hydrochloric
alcohal (ethanol / distilled water / concentrated
hydrochloric acid, V/V/V), some magnesium
turnings and 1 ml of isoamyl alcohol to 5 ml of
extract. The appearance of a pink-orange, pink
purple or red color indicates the presence of
flavonoids.
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Detection of tannins: 1 ml of a2% ferric
chloride aqueous solution was added to 5 ml of
extract. The appearance of a blue-black or
brownish-green color indicated the presence of
tannins.

Detection of polyphenols: 500 ul of a10-
L dilution of the Folin-Ciocalteu reagent and 400 pl
of a Na,CO, solution containing 75 mg/ ml of
distilled water, was added to 100 pul of the extract,
and incubated for 2hours at room temperature. The
appearance of a dark blue color indicated the
presence of polyphenols.

Detection of alkaloids: These were
detected directly on the TLC plate by spraying
with the Draggendorf reagent. The appearance of
orange spots indicated the presence of alkaloids.

For all these tests the control consisted
of asample, without the extract, subject to the same
conditions. The tests were performed three fold.

RESULTS

Antimycobacterial effect of the ethanolic
extract by the disc diffusion method

The study of the antimycobacterial effect
of B. hispanica, showed that ethanolic Extract 1
was active against M. smegmatis and M. aurum
(Table1). The effect wasevidenced by the presence

of growth inhibition zones around the extract
impregnated discs.

The ethanolic extract from B. hispanica
root bark showed an important antimycobacterial
activity. This activity increased with the time of
incubation (Table1).

The diameters of theinhibition zonesfor
M. aurum A+ were significantly larger than those
for M. smegmatis MC,. Indeed, statistical results
showed that the values for the diameters of
inhibition differ significantly (o. = 5%).
Bioautography

Results of the TLC fractionation of the
ethanolic extract of B. hispanica, showed the
presence of four separate bands of which three
were biologically active (Table 2, Figure 1). This
activity wasevidenced by theformation of agrowth
inhibition zone around the band containing the
substance/swith antimycobacterial activity. Three
inhibition zoneswerevisible around three distinct
bands.

Phytochemical tests

Results from the phytochemical testsare
shown in Table 3. The presence of flavonoids,
tannins, total polyphenols and alkaloids was
demonstrated in the B.hispanica crude extract. The
presence of total polyphenols and flavonoids was
shown in the bands BH, (R, : 0,40) and BH, (R, :

Table 1. Antimycobacterial effect of the ethanolic extract of Berberis hispanica
root bark by the disc method

Diameter of the inhibition zone
against M. smegmatis (mm)

Diameter of theinhibition
zone against M. aurum (mm)

After 48 h/ 37 °C
13,66 +0,94

After 72 h/ 37 °C
33,16+ 0,24

After 48 h/ 37 °C
21+216

After 72 h/ 37 °C
51,66 + 2,35

*The results correspond to an average of three repetitions.

*The control did not present an inhibition zone.

Table 2. TLC characterization of the B.
hispanica extracts

Individualized R, factor
bands

BH? 0,40
BH.,? 0,65
BH,’ 0,72
BH 2 0,81

2 active band, °: non-active band.
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0,81). However, inband BH, (R, : 0,65), the presence
of polyphenols and alkal oids was shown.

DISCUSSION

Extracts of B.hispanica root bark were
shown to possess an antimycobacterial effect,
indicating the presence of one or more substances,
soluble in ethanol and capable of inhibiting the
growth of mycobacterial species. These results
confirm previous findings showing that in this
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plant species ethanol was effective in extracting
antimycobacterial compounds®.

In the literature, ethanolic plant extracts
have been shown to exert inhibitory activity against
several mycobacterial strains. In his study for the
development of plants from the North Central
region of Morocco, Sgalli et al (2007) showed that
the ethanolic extracts of 14 of the 36 plant species
tested showed antimycobacterial activity against
M. smegmatis, M.aurum, M. kansasii, M. bovisand
M. vaccae. These included Juniperus oxycedrus,
Pistacia lentiscus, Ruta montana, Populus alba,
Cistus albidus, C. monspeliensis, C. salviifolius,
Pistacia atlantica, Tamarix africana, Rubia
peregrina, Thymus pallidus, Vitex agnus-castus,
Verbascum sinuatum and Dittrichia viscosa*.

Moreover, the ethanolic extracts from
Mallotus philippensis, Vitex negundo,
Colebrookea oppositifolia, Rumex hastatus,
Mimosa pudica, Kalanchoe integra and
Flacourtiaramontchii* aswell asK. vesicatoria*
were active against M. smegmatis. Other studies
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on the ethanolic extracts of Acacia nilotica and
Combretumkraussii (Ieaves, bark and roots) have
shown a strong inhibitory effect against
Mycobacterium aurumn®.

The antimycobacterial activity of
B.hispanica ethanolic extract increases with the
time of incubation. The diameter of inhibition
obtained after thefirst incubation period (48 hours)
wasdueto theinhibition of the mycobacterial cells,
whereas the inhibition obtained at the end of the
second incubation period (72 hours) was due to
the lysis of the cells that have grown during the
first incubation. These observations suggest that
the extract favored mycobacterial cell lysis.

M. aurum A+ showed greater sensitivity
to the extract than M. smegmatis. AsM.aurum A+
has a greater generation time than M. smegmatis
MC, thisallows moretimefor the extract to diffuse
resulting inlarger inhibition zones. Thisdifference
inthe degree of inhibition between the two species
has been reported in several previousstudiesusing
the disc diffusion method*182,

Table 3. Detection of flavonoids, total polyphenols and tannins in the crude
extracts and biologically activesfractions of B. hispanica

Flavonoids Total polyphenols Tannins Alkaloids
CE + + + +
BH, + + - -
BH2 - + - +
BH, + + - -

+: presence; - : absence; CE: Crude extract; BH,, BH,, BH, : Active bands.

* At the point of deposition, the spots of the same extract were deposited.

Fig. 1. Bioautography of the B.hispanica extract.

J PURE APPL MICROBIO, 8(2), APRIL 2014.



922

The B.hispanica extract inhibited the
growth of M. smegmatisand M. aurumthat present
a susceptibility profile to antituberculous agents
similar to that of M. tuberculosis®. Their growth
inhibitionishighly predictive of theactivity against
M. tuberculosis®*. This suggests that the B
.hispanica extract could be equally active against
tuberculous bacilli. Indeed, these two non-
pathogenic mycobacteria have been considered
as surrogates for the evaluation of active
substances against M. tuberculosis growth”,

The antimycobacterial activity of
B.hispanica was demonstrated by bioautography.
By thismethod the TL C separation of thedifferent
constituentsfrom the ethanolic extract of the plant
wasfirst obtained, followed by the evaluation and
localization on the TLC plate of the active
substances. Theidentification of three active bands
withdifferent R, coefficient suggested the existence
of several biologically active components with
antimycobacterial activity in the B.hispanicai
extract. These compounds were found to belong
to different chemical classes.

The chemical analysis that was carried
out on the crude extract and products from the
TLC bands responsible for the antimycobacterial
activity showed that the active substances
responsible for the antimycobacerial activity
observedinbandsBH, (R, : 0,40) and BH, (R, : 0,81),
were polyphenols and flavonoids. However, the
active substances of band BH, (R, : 0,65), were
alkaloids and polyphenoals other than flavonoids.
Theresults obtained a so showed that tanninswere
not responsible for the observed biological
activity.

Polyphenols are products of the
secondary metabolism of plantsand cover alarge
range of chemical substances characterized by the
presence of a phenol group. Flavanoids and
tannins are polyphenols. However, akaloids are
not polyphenoals.

Polyphenolsarevery well knownfor their
excellent biological activities*5t, Moreover, severd
studies have shown that these molecules posses
an antimycobacterial effect. In 2004, Okunade et
al., showed that several polyphenolsextracted from
medicina plants, tradicionally used inthe treatment
of respiratory diseases, could inhibit the in vitro
growth of M. tuberculosis®*%“8, Another study
showed that polyphenols from green teainhibited

J PURE APPL MICROBIO, 8(2), APRIL 2014.

HAQUAT et d.: ANTIMYCOBACTERIAL ACTIVITY & FRACTIONATION OF B. hispanica

the in vivo growth of M. tuberculosis®.

Several studies, carried out on the
biological activity of plant flavanoids, have
revealed that these molecules posses an
antibacterial effect®®, as well as an
antimycobacterial effect59605753,

Recent studies have shown that alkaloids
represent apotential sourcein the development of
new antituberculous agents®*-%, Berberine from
Hydrastis canadensiswas reported asresponsible
for the observed activity against resistant strains
of M. tuberculosis® and that originating from
Xanthorhiza simplicissima showed an
antimycobacterial  effect against M.
intracellularae®®. Berberine from Thalictrum
rugosum and from Berberis fremontii was also
capable of inhibiting M. smegmatis growth®®.
Berberine, the principal alkaloid and the most
biologically active substance from B.hispanica®”#,
could be the alkaloid responsible for the
antimycobacterial effect observed in band BH.,.
However, berberine was not the only molecule
responsible for the antimycobacterial activity of
this plant, as alkal oids were absent from the other
two active bands.

CONCLUSIONS

This investigation focused the study of
the antimycobacterial activity of the ethanolic
extract of Berberis hispanica root bark aswell as
that of its biologically active fractions. The
ethanolic extract from thisplant reveal ed important
antimycobacterial activity. Theactive bands (BH,,
BH,, BH,) identified by bioautography, also
showed antimycobacterial activity. The
phytochemical study showed that this activity
could be attributed to several biologicaly active
substances including polyphenols, alkaloids and
flavonoids. In perspective, this investigation
should be completed with an ex vivo study on the
effect of the active molecules, responsible for the
observed bacterial inhibition, on mycobacteria
infecting macrophages, and with theidentification
of their chemical structure.

REFERENCES

1 WHO: Global tuberculosisreport 2012. Geneva,
2012; WHO/HTM/TB/2012.6.



10.

11.

12.

13.

HAQUAT et d.: ANTIMYCOBACTERIAL ACTIVITY & FRACTIONATION OF B. hispanica 923

S.E.l.S. santé en chiffres. Direction de la
Planification et des Ressources Financiéres
DivisiondelaPlanification et des Etudes Service
des Etudes et de I’Information Sanitaire;
Royaume Du Maroc Ministére De La Santé.
2010; pp 177.

Chan, E.D., Iseman, M.D. Multidrug-resistant
and extensively drug-resistant tuberculosis: a
review. Curr. Opin. Infect. Dis., 2008; 21: 587—
595.

Jones, K.D.J., Hesketh, T., Yudkin, J.
Extensively drug-resistant tuberculosis in sub-
Saharan Africa: an emerging public-health
concern. T. Roy. Soc. Trop. Med. H., 2008; 102:
219-224.

Gutierrez-Lugo, M.T., Bewley, C.A. Natural
products, small molecules, and genetics in
tubercul osis drug development. J. Med. Chem.,
2008; 51:2606-2612.

Low, N., Pfluger, D., Agger, M. Disseminated
Mycobacterium avium complex disease in the
SwissHIV Cohort Study: increasing incidence,
unchanged prognosis. AIDS,, 1997; 11(9): 1165-
1171.

Raviglione, M.C., Snider, D.E.J., Kochi, A.
Global epidemiology of tuberculosis: morbidity
and mortality of aworldwide epidemic. J. Am.
Med. Assoc., 1995; 273: 220-226.

Gillespie, S.H., Morrissey, |., Everett, D. A
comparison of the bactericidal activity of
quinolone antibiotics in a Mycobacterium
fortuitum model. J. Med. Microbiol., 2001; 50:
565-570.

Prendki, V., Germaud, P,, Bemer, P., Masseau,
A.,Hamidou, M. Lesinfectionsamycobactéries
non tuberculeuses. Rev. Med. Interne., 2008;
29(5): 370-379.

Ziza, J.M., Desplaces, N. Infections
ostéoarti cul aires amycobactéries atypiques. Rev.
Rhum., 2006; 73: 394-400.

Balell, L., Field, R.A., Duncan, K., Young, R.J.
New small molecule synthetic
antimycrobacterials. Antimicrob. Agents.
Chemother., 2005; 49: 2153-2163.

Clements, J.M., Coignard, F., Johnson, I.,
Chandler, S., Palan, S., Waller, A., Wijkmans, J.,
Hunter, M.G. Antibacterial activities and
characterization of novel inhibitors of LpxC.
Antimicrob. Agents. Chemother ., 2002; 46: 1793-
1799.

Pereira, M., Tripathy, S., Indamdar, V., Ramesh,
K., Bhavsar, M., Date, A., lyyer, R.,
Acchammachary, A., Mehendale, S., Risbud, A.
Drug resistance pattern of Mycobacterium
tuberculosis in seropositive and seronegative
HIV-TB patientsin Pune, India. Indian. J. Med.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Res., 2005 ; 121: 235-239.

Bamuamba, K., Gammon, D.W., Meyers, P,
Dijoux-Franca M. & Scott, G. Anti-
mycobacterial activity of five plant species used
as traditional medicines in the Western Cape
Province (South Africa). J. Ethnopharmacaol.,
2008; 117: 385-390.

Jiménez-Arellanes, A., Meckes, M., Torres, J.,
Luna-Herrera, J. Antimycobacterial
triterpenoids from Lantana hispida
(Verbenaceae). J. Ethnopharmacol., 2007; 111:
202-205.

Negi,A.S., Kumar, J.K., Lugman, S., Saikia, D.,
Khanuja, S.P.S. Antitubercular potential of
plants: a brief account of some important
molecules. Med. Res. Rev., 2010; 30: 603-645.
Newton, SM., Lau, C., Wright, C.W. A Review
of antimycobacterial natural products. Phytother.
Res., 2000; 14: 302-322.

O’'Donnell, G., Bucar, F., Gibbons, S.
Phytochemistry and antimycobacterial activity
of Chlorophytum inornatum. Phytochemistry.,
2006; 67(2): 178-182.

Green, E., Samie, A., Obi, C.L., Bessong, PO.,
Ndip, R.N. Inhibitory properties of selected
South African medicinal plants against
Mycobacterium tuberculosis. J.
Ethnopharmacol., 2010; 130: 151-157.
Lakshmanan, D., Werngren, J., Jose, L., Suja,
K.P, Nair, M.S., Varma, R.L., Mundayoor, S.,
Hoffner, S., Kumar, R.A. Ethyl p-
methoxycinnamate isolated from a traditional
anti-tuberculosis medicinal herb inhibits drug
resistant strains of Mycobacterium tuberculosis
invitro. Fitoterapia., 2011; 82: 757—761.
Valdés, B., Rejdali, M., Achhal El Kadmiri, A.,
Jury, S.L., Montserrat, J.M. (Eds.): Catalogue
des plantes vasculaires du Nord du Maroc,
incluant des clés d’identification. Volume 1.
Madrid : Consejo Superior de Investigaciones
Cientifico, 2002; pp 496.

Bellakhdar, J. : La pharmacopée marocaine
traditionnelle. Médecine arabe ancienne et savoirs
populaires. In: Ibis Press (ed). Berwick Maine,
Paris, 1997; pp 764.

Taleb, M.S., Fennane, M. Diversité floristique
du parc national du haut atlas oriental et des
massifs ayachi et maésker (Maroc). Ac. Botan.
Malacit., 2008; 33: 1-21.

Imanshahidi, M., Hosseinzadeh, H.
Pharmacological and therapeutic effects of
Berberis vulgaris and its active constituent,
berberine. Phytother. Res., 2008; 22(8): 999-1012.
Arayne, M.S,, Sultana, N., Bahadur, S.S. The
berberisstory: Berberisvulgarisin therapeutics.
Pak. J. Pharm. Sci., 2007; 20(1): 83-92.

J PURE APPL MICROBIO, 8(2), APRIL 2014.



924

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

HAQUAT et d.: ANTIMYCOBACTERIAL ACTIVITY & FRACTIONATION OF B. hispanica

Benboubker, H., Philippot S., Kirsch, G., Aarab,
L., Bagrel, D. : Activités antioxydantes et
cytoprotectrices de substances naturelles:
application en chimiothérapie. In: Cancer du
sein : surdiagnostic, surtraitement. Paris:
Springer-Verlag France, 2012; pp 243-244.
El Youbi, A.E.H., Bousta, D., Jamoussi, B.,
Greche, H., El Mansouri, L., Benjilali, J.,
Soidrou, S. H. Activités antioxydante,
apoptotique et antiproliférative de Tetraena
gaetula (Emb. & Maire) Beier & Thulin et de
BerberishispanicaBoiss. & Reut. originairesdu
Maroc. Phytothérapie., 2012; 10(3): 151-160.
El Youbi, A.E.H., Bousta, D., Ouahidi, |., Aarab,
L. Effets antidépresseurs, antinociceptifs et
immunomodulateurs des extraits aqueux et
protéique de Berberis hispanica Boiss. & Reut.
du Maroc. Phytothérapie., 2011; 9: 25-32.
El Ouarti, A., Hassi, M., Sqalli, H., Aarab, L.,
Ennabili, A., Houari, A., Haggoud, A., Ibnsouda,
S., Iraqui, M. Activité antimycobactérienne extra
et intracellulaire de I’ écorce des racines de
Berberishispanica. Bull. Soc. Pharm. Bordeaux.,
2011; 149: 67-84.
Chung, G.A.C., Aktar, Z., Jackson, S., Duncan,
K. Highthroughput screen for detecting
antimycobacterial agents. Antimicrob. Agents.
Chemother., 1995; 39: 2235-2238.
Chaturvedi, V., Dwivedi, N., Tripathi, R.P,,
Sinha, S. Evaluation of Mycobacterium
smegmatis as a possible surrogate screen for
selecting molecules active against multi-drug
resistant Mycobacterium tuberculosis. J. Gen.
Appl. Microbiol., 2007; 53(6):333-7.
Akihisa, T., Franzblau, S.G., Ukiya, M., Okuda,
H., Zhang, F., Yasukawa, K., Suzuki, T., Kimura,
Y. Antitubercular activity of triterpenoids from
Asteraceae flowers. Biol. Pharm. Bull., 2005;
28(1):158-60.
Nigou, J. et Besra, G.S. Characterization and
regulation of inositol monophosphatase activity
in Mycobacterium smegmatis. Biochem. J., 2002;
: 385-390.
Bauer, A.W., Kirby, W.M.M., Sherris, J.C.,
Turck, M. Antibiotic susceptibility testing by
standardized single disk method. Am. J. Clin.
Pathol., 1966; 45(4): 493-496.
Gautam, R., Saklani, A., Jachak, S.M. Indian
medicinal plantsasasource of antimycobacteria
agents. J. Ethnopharmacol ., 2007; 110: 200-234.
Afolayan, A.J, Meyer, J.J.M. Theantimicrobial
activity of 3, 5, 7 trihydroxyflavone isolated
from the shoots of Helichrysum aureonitens. J.
Ethnopharmacol., 1997; 57: 177-181.
Caccamese, S., Cascio, O., Compagnini, O. An
isolation of an antimicrobial bromoditerpene

J PURE APPL MICROBIO, 8(2), APRIL 2014.

38.

39.

40.

41.

42.

46.

47.

from a marine alga aided by improved
bioautography. J Chromatogr ., 1989; 478: 255-
258.

Hoefler, C.: Contribution a |1’ étude
pharmacologique des extraits de Rosmarinus
officinalisL., et notamment desjeunes pousses:
activités cholérétiques, anti-hépatotoxiques,
anti-inflammatoires et diurétiques. Universite De
Metz Centre Des Sciences De L’ environnement,
Thése, 1994 ; pp 65.

Karumi, Y., Onyeyili, PA., Ogugbuaja, V.O.
Identification of active principles of M.
bal samina (Balsam Apple) leaf extract. J. Med.
Sci., 2004; 4(3):179-182.

Biaye, M.: Actions pharmacologiques des
tannins : faculté de medecine, de pharmacie et
d’ odonto-stomatologie, département de
pharmacie, université Cheikh Anta Diop De
Dakar, Thése, 2002; pp 11.

Kablan, B.J., Adiko, M., Abrogoua, D.P.
Evaluationin vitro del’ activité antimicrobienne
de Kalanchoe crenata et de Manotes longiflora
utilisées dans les ophtalmies en Cote d’Ivoire.
Phytothérapie., 2008; 6: 282-288.

Singleton, V.L., Orthofer, R., Lamuela-Raventos,
R.M. Analysis of total phenols and other
oxidation substrates and antioxidants by means
of Folin Ciocalteu reagent. Methods. Enzymol.,
1999; 299: 152-178.

Randerath, K. Chromatographie sur couches
minces. Paris : Edition Gauthier-Villars, 1971;
pp 337-339.

Sqalli, H., El ouarti, A., Ennabili, A ., Ibnsouda,
S, Farah, A., Haggoud, A., Houari, A ., Iraqui,
M. Evaluation del’ effet antimycobactérien de
plantes du centre-nord du Maroc. Bull. Soc.
Pharm. Bordeaux., 2007; 146: 271-288.
Gupta, V.K., Shukla, C., Bisht, G.R.S, Saikia,
D., Kumar, S., Thakur, R.L. Detection of anti-
tuberculosis activity in some folklore plants by
radiometric BACTEC assay. Lett. Appl.
Microbiol., 2011; 52: 33-40.

Labuschagné, A., Hussein, A.A., Rodriguez, B.,
Lall, N. Synergistic Antimycobacterial Actions
of Knowltonia vesicatoria (L.f) Sims. Evid.
Based. Complement. Alternat. Med., 2012;
808979.

Eldeen, [.M.S, Van Staden, J. Antimycobacterial
activity of some trees used in South African
traditional medicine. S. Afr. J. Bot., 2007; 73:
248-251.

Newton, S.M., Lau, C., Gurcha, S.S., Besra,
G.S,, Wright, C.W. Theevaluation of forty-three
plant species for in vitro antimycobacterial
activities; isolation of active constituents from
Psoralea corylifolia and Sanguinaria



49.

50.

51.

52.

53.

55.

56.

57.

58.

HAQUAT et d.: ANTIMYCOBACTERIAL ACTIVITY & FRACTIONATION OF B. hispanica 925

canadensis. J. Ethnopharmacol., 2002; 79(1):
57-67.

Kim, SK.,Kim,H.,Kim, SA., Park, H.K., Kim,
W. Anti-Inflammatory and AntiSuperbacterial
Activity of Polyphenols Isolated from Black
Raspberry. Korean. J. Physiol. Pharmacaol.,
2013; 17: 73-79.

Madaan, R., Bansal, G., Kumar, S., Sharma, A.
Estimation of Total Phenols and Flavonoids in
Extracts of Actaea spicata Rootsand Antioxidant
Activity Studies. Indian. J. Pharm. Sci., 2011;
73(6): 666-9.

Wang, H., Zhao, M., Yang, B., Jiang, Y., Rao, G.
I denti(cation of polyphenolsintobacco |leaf and
their antioxidant and antimicrobial activities.
Food. Chem., 2008; 107(4): 1399-1406.
Asres, K., Bucar, F., Edelsbrunner, S., Kartnig,
T., Hoger, G., Thiel, W. Investigations on
antimycobacterial activity of some Ethiopian
medicinal plants. Phytother. Res., 2001; 15: 323~
326.

Okunade, A.L., Elvin-Lewis, M.PF., Lewis,
W.H. Natural antimycobacterial metabolites:
current status. Phytochemistry., 2004; 65: 1017—
1032.

Seephonkai, P., Isaka, M., Kittakoop, P.,
Palittapongarnpim, P, Kamchonwongpaisan, S.,
Tanticharoen, M., Thebtaranonth, Y. Evaluation
of antimycobacterial, antiplasmodial and
cytotoxic activities of preussomerins isolated
from thelichenicol ousfungus Microsphaeropsis
sp. BCC 3050. Planta. Med., 2002; 68: 45-48.
Anand, PK., Kaul, D., Sharma, M. Green tea
polyphenol inhibits Mycobacterium
tuberculosis survival within human
macrophages. Int. J. Biochem. Cell. Biol., 2006;
38(4): 600-9.

Kuete, V., Nguemeving, J.R., Penlap Beng, V.,
Azebaze, A.G.B., Etoa, F.X., Meyer, M., Bodo,
B., Nkengfack, A.E. Antimicrobial activity of
the methanolic extracts and compounds from
Vismia laurentii De Wild (Guttiferae). J.
Ethnopharmacol., 2007; 109: 372-379.

Kuete, V., Tabopda, T.K., Ngameni, B., Nana,
F., Tshikalange, T.E., Ngadjui, B.T.
Antimycobacterial, antibacterial and antifungal
activitiesof Terminaliasuperba(Combretaceae).
S. Afr. J. of Bot., 2010; 76: 125-13.

Schinor, E.C., Salvador, M.J,, Ito, 1.Y., Dias,
D.A. Evaluation of the antimicrobial activity of
crude extracts and isolated constituents from
Chresta scapigera. Braz. J. Microbiol., 2007;
38: 145-149.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Koysomboon, S., Van Altena, |., Kato, S.,
Chantrapromma, K. Antimycobacterial
flavonoidsfrom Derrisindica. Phytochemistry.,
2006; 67: 1034-1040.

Kuete, V., Ngameni, B., Fotso Simo, C.C.,
Kengap Tankeu, R., Tchaleu Ngadijui, B., Meyer,
JJM., Lall, N., Kuiate, J.R. Antimicrobial
activity of the crude extracts and compounds
from Ficus chlamydocarpa and Ficus cordata
(Moraceae). J.Ethnopharmacol ., 2008; 120: 17—
24,

Jha, D.K., Panda, L., Lavanya, P, Ramaiah, S,,
Anbarasu, A. Detection and confirmation of
alkaloids in leaves of Justicia adhatoda and
bioinformatics approach to elicit its anti-
tuberculosisactivity. Appl. Biochem. Biotechnal.,
2012 ; 168(5):980-90.

Rane, R.A., Gutte, S.D., Sahu, N.U. Synthesis
and evaluation of novel 1,3,4-oxadiazole
derivatives of marine bromopyrrolealkaloidsas
antimicrobial agent. Bioorg. Med. Chem. Lett.,
2012; 15: 22(20):6429-32.

Sureram, S., Senadeera, S.P., Hongmanee, P,
Mahidol, C., Ruchirawat, S., Kittakoop, P.
Antimycobacterial activity of
bisbenzylisoquinoline alkaloids from Tiliacora
triandra against multidrug-resistant isolates of
Mycobacterium tuberculosis. Bioorg. Med.
Chem. Lett., 2012; 22(8):2902-5.

Gentry, E.J., Jampani, H.B., Keshavarz-Shokri,
A., Morton, M.D., Velde, D.V., Telikepalli, H.,
Mitscher, L.A., Shawar, R., Humble, D., Baker,
W. Antitubercular natural products: berberine
from the roots of commercial Hydrastis
canadensis powder. Isolation of inactive 8-
oxotetrahydrothalifendine, canadine, beta-
hydrastine, and two new quinic acid esters,
hycandinic acid esters-1 and -2. J. Nat. Prod.,
1998; 61(10): 1187-1193.

Okunade, A.L., Hufford, C.D., Richardson,
M.D., Peterson, J.R., Clark, A.M. Antimicrobia
properties of alkaloids from Xanthorhiza
simplicissima. J. Pharm. Sci., 1994; 83(3): 404-
406.

Mitscher, L.A., Wu, W.N., Doskotch, R.W.,
Beal, J.L. Antibiotics from higher plants.
Thalictrum rugosum. New
bisbenzylisoquinoline alkaloids active vs
Mycobacterium smegmatis. Chem. Commun.,
1971; 11: 589-590.

Birdsall, T.C., Kelly, G.S. Berberine: therapeutic
potential of anakaloid foundin several medicina
plants. Altern. Med. Rev., 1997; 2(2): 94-103.

J PURE APPL MICROBIO, 8(2), APRIL 2014.



