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Bioactives are chemical compounds often referred to as secondary metabolites. Thirty five bioactive
compounds were identified in the methanolic extract of Aspergillus niger. The identification of bioactive
chemical compounds is based on the peak area, retention time molecular weight and molecular
formula. Gas chromatography-mass spectrometry (GC-MS) analysis of Aspergillus niger revealed the
existence of the 6-Acetyl-R-d-mannose, 4-[Dichloromethyl]-2-[[2-[1-methyl-2-pyrrolidinyl]ethyl]amino-6-
trichloro, 2-Furan-carboxaldehyde,5-methyl, 2,2,2-Trifluoro-N-[2-(1-hydroxy-2,2,6,6-tetramethyl-piperidin-
4-yl), 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one, HEPES (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid), Tetraacetyl-d-xylonic nitrile, Eicosanoic acid, phenylmethyl ester,
Dodecanoic acid, 3-hydroxy, Desulphosinigrin, Glycyl-dl-serine, 2,5-Dimethyl-4-hydroxy-3(2H)-furanone,
2,5-Furandicarboxaldehyde, 2H-Oxecin-2-one,3,4,7,8,9,10- hexahydro-4-hydroxy-10-methyl, 6-Acetyl-3-d-
mannose, DL-Leucine, N-glycyl, 4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6-methyl, I-Gala-l-ido-octonic
lactone, 2H-Pyran,tetrahydro-2-(12-pentadecynyloxy), 5-Hydroxymethylfurfural, Strychane,l-acetyl-20a-
hydroxy-16-methylene, a-D-Glucopyranoside, O-a-D-glucopyranosyl-(1.fwdarw.3)R-D-fru, Boroxin,
tris(2,3-dimethylbut-2-yl), 16-Nitrobicyclo[10.4.0lhexadecane-1-0l-13-one, 3-[3-Bromophenyl]-7-chloro-
3,4-dihydro-10-hydroxy-1,9(2H,10H)-a, Uric acid, 1,2,4-Trioxolane-2-octanoic acid ,5-octyl-,methyl ester,
Tetraacetyl-d-xylonic nitrile, 1,2-Cyclopentanedicarboxylic acid, 4-(1,1-dimethylethyl)-,dimethyl, 2-
Bromotetradecanoic acid, i-Propyl 11,12-methylene-octadecanoate, 1H-2,8a-
Methanocyclopentala]cyclopropa [e]cyclodecan-11-one, and Octadecanoic acid. The FTIR analysis of A.
niger proved the presence of aromatic rings, alkenes, aliphatic fluoro compounds, tetiary amine, C-N
stretch, aromatic nitro compounds, ammonium ions and organic nitrate which shows major peaks at
696.30, 744.52, 821.68, 844.82, 900.76, 931.62, 1026.13, 1145.72, 1207.44, 1234.44, 1261.45, 1315.45,
1359.82, 1377.17, 1413.82, 1452.40, 1631.78, 1741.72, 2924.09, 3118.90, 3217.27 and 3271.27. Datura
stramonium was very active against A. niger. Methanolic extract of bioactive compounds of A. niger
were assayed for in vitro antibacterial activity against Pseudomonas aerogenosa, Escherichia coli,
Proteus mirabilis, Staphylococcus aureus and Klebsiella pneumonia by using the diffusion method in
agar. The zones of inhibition were compared with different standard antibiotics. The diameters of
inhibition zones ranged from 0.46+0.1 to 6.52+0.61 mm for all treatments.

Key words: Aspergillus niger, bioactive compounds, gas chromatography-mass spectrometry, fourier-transform
infrared spectroscopy.



INTRODUCTION

Aspergillus spp are ubiquitous opportunistic moulds that
cause both allergic and invasive syndromes. The genus
comprises approximately 180 species, of which 33 have
been associated with human disease (Segal et al., 1998;
Perfect et al., 2001). Aspergillus niger is the third most
common species associated with invasive pulmonary
aspergillosis (Bellini et al., 2003; Anupama et al., 2007). A.
niger has a great economical and biotechnological interest
and is extensively used for production of extracellular
enzymes and organic acids such as citric acid (Baker, 2006;
Perrone et al.,, 2007; Mogensen et al., 2010). It also
produces fumonisin B2 (FB2) along with OTA. 9, 19, 27.
Fumonisins are suspected to cause human and animal
toxicoses, and are regarded as carcinogenic (Susca et
al., 2010; Chacko et al., 2012; Gebreselema et al., 2013).
A culture yielding Aspergillus spp, in addition to enabling
a diagnosis of invasive aspergillosis, may further define
therapeutic options via susceptibility testing or the
isolation of a species possessing inherent antifungal
resistance; examples of the latter include Aspergillus
terreus and Aspergillus nidulans, which are both resistant
to amphotericin B (Walsh, 2004). The main disadvantage
of culture is that it is relatively slow (the process takes
days), is relatively insensitive, and requires specialized
expertise for species determination.

In common with other pathogenic fungi, the ability to
grow at 37°C distinguishes Aspergillus spp from other
nonpathogenic environmental moulds. Aspergillus spp
can be recovered on most routine solid and liquid
microbiological media (example, blood agar, chocolate
agar, brain heart infusion broth). A fungal-specific
medium example, sabouraud dextrose agar should be
included at the time of initial specimen set-up in clinical
scenarios in which Aspergillus spp (or other moulds) are
considered possible pathogens, because of superior yield
(Horvath and Dummer, 1995). The addition of antibiotics
example, chloramphenicol and gentamicin to the medium is
required for the recovery of Aspergillus spp from specimens
obtained from nonsterile sites, since they prevent bacterial
overgrowth. Cycloheximide, a eukaryotic protein synthesis
inhibitor, is frequently added to fungal media to inhibit the
overgrowth of cultures by non-pathogenic environmental
moulds; however, on occasion, cycloheximide may inhibit
the growth of Aspergillus spp. The aim of this study were
analysis of the secondary metabolites and the evaluation
of antibacterial and antifungal activity .

MATERIALS AND METHODS
Collection and growth condition

A. niger was isolated from dried fruit and the pure colonies were
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selected, isolated and maintained in potato dextrose agar slants
(Usha and Masilamani, 2013). After the species were identified by
the identification key, spores were grown in a liquid culture of potato
dextrose broth (PDB) and incubated at 25°C in a shaker for 16 days
at 130 rpm.

Production, extraction and determination of metabolites

The metabolites were determined and extracted for gas
chromatography (GC) analysis using the method of Siddiquee et al.
(2012) with some modifications. The extraction was performed by
adding 25 ml methanol to 100 ml liquid culture in an Erlenmeyer
flask after the infiltration of the culture. The mixture was incubated
at 4°C for 10 min, and then shook for 10 min at 130 rpm.
Metabolites was separated from the liquid culture and evaporated
to dryness with a rotary evaporator at 45°C. The residue was
dissolved in 1 ml methanol, filtered through a 0.2 ym syringe filter,
and stored at 4°C for 24 h before being used for gas
chromatography—mass spectrometry (GC-MS) (Imad et al., 2014a).
The identification of the components was based on comparison of
their mass spectra with those of NIST mass spectral library as well
as on comparison of their retention indices either with those of
authentic compounds or with literature values.

GC-MS analysis

Bioactive compound were examined for the chemical composition
using GC-MS (Agilent 789N) equipped with a DB-5MS column (30
mx0.25 mm i.d., 0.25 um film thickness, J&W Scientific, Folsom,
CA). The oven temperature was programmed as for the previous
analysis (Imad et al., 2015a; Muhanned et al., 2015). Helium was
used as the carrier gas at the rate of 1.0 ml/min. Effluent of the GC
column was introduced directly into the source of the MS via a
transfer line (250°C). lonization voltage was 70 eV and ion source
temperature was 230°C. Scan range was 41 to 450 amu. The
constituents were identified after being compared with available
data in the GC-MS library in the literatures (Imad et al., 2015b;
Mohammed et al., 2013).

Fourier transform infrared spectrophotometer (FTIR)

The powdered sample of the A. niger specimen was treated for
fourier transform infrared spectroscopy (Shimadzu, IR Affinity 1,
Japan). The sample was run at infrared region between 400 nm
and 4000 nm.

Determination of antibacterial activity of crude fraction of A.
niger compounds

The test pathogens (E. coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae and Staphylococcus aureus) were swabbed in Muller
Hinton agar plates. 90ul of fungal extracts was loaded on the bored
wells. The wells were bored in 0.5cm in diameter. The plates were
incubated at 37°C for 24 h and examined. After the incubation the
diameter of inhibition zones around the discs was measured.
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Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

134 J. Pharmacognosy Phytother.
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Figure 1. Morphological characterization of Aspergillus niger. (B) Microscopic observation (A) colony.

Determination of antifungal activity

A. niger isolate was suspended in potato dextrose broth and diluted
to approximately 105 colony forming unit (CFU) per ml. They were
“flood inoculated onto the surface of Potato dextrose agar and then
dried. Standard agar well diffusion method was followed (Perez et
al., 1990; Perez et al.,, 1999; Erdemogllu et al., 2003; Bagamboula
et al., 2004). Five-millimeter diameter wells were cut from the agar
using a sterile cork-borer, and 25 pl of the samples solutions
(Nerium olender, Ricinus communis, Datura stramonium, Linum
usitatissimum, Anastatica hierochuntica and Gramineae poaceae)
were delivered into the wells. The plates were incubated for 48 h at
room temperature (Huda et al., 2015a; Ameera et al., 2015; Imad et
al., 2015c). Antimicrobial activity was evaluated by measuring the
zone of inhibition against the test microorganisms. Methanol was
used as solvent control. Amphotericin B and fluconazole were used
as reference antifungal agent (Anesini and Perez, 1993; Rukayadi
et al,, 2006; Huda et al., 2015b). The tests were carried out in
triplicate. The antifungal activity was evaluated by measuring the
inhibition-zone diameter observed after 48 h of incubation.

Statistical analysis

Data were analyzed using analysis of variance (ANOVA), and
differences among the means were determined for significance at P
< 0.05 using Duncan’s multiple range test (by statistical package for
the social sciences (SPSS) software) Version 9.1 (Imad et al,
2014b).

RESULTS AND DISCUSSION
Isolation of fungi from dried fruit
The fungi were isolated from dried fruit by serial dilution

method. Based on morphological, characteristics of fungi
was isolated in selective media of potato dextrose agar

media. Morphological, Microscopical and microscopical
characteristics of fungal strains were determined using
specific media light and compound microscope Figure 1.

Production and Identification of secondary
metabolites from the methanolic crude extract of A.
niger by gas chromatography and mass spectrometry
and fourier-transforminfrared spectroscopy

The 400 ml of fermentation broth (PDA broth) which
contain 200 ul of the standardized fugal suspensions
were used to inoculate the flasks and incubated at 37°C
on a shaker at 90 rpm for 7 days. After fermentation, the
secondary metabolites were produced by isolated
microorganisms.

Gas chromatography and mass spectroscopy analysis
of compounds was carried out in methanolic extract of A.
niger, as shown in Table 1. The GC-MS chromatogram of
the seventeen peaks of the compounds detected was
shown in Figure 2. Chromatogram GC-MS analysis of the
methanol extract of A. niger showed the presence of
twenty major peaks and the components corresponding
to the peaks were determined as follows. The First set up
peak were determined to be 6-Acetyl-R-d-mannose
(Figure 3). The second peak indicated to be 4-
[Dichloromethyl]-2-[[2-[1-methyl-2-pyrrolidinyl]ethylamino-
6-trichloro (Figure 4). The next peaks considered to be 2-
Furan-carboxaldehyde, 5-methyl, 2,2,2-Trifluoro-N-[2-(1-
hydroxy-2,2,6,6-tetramethyl-piperidin-4-yl), 2,4-Dihydroxy-
2,5-dimethyl-3(2H)-furan-3-one, HEPES, Tetraacetyl-d-
xylonic nitrile, eicosanoic acid, phenylmethyl ester,
dodecanoic acid, 3-hydroxy, Desulphosinigrin,
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Figure 4. Mass spectrum of 4-[Dichloromethyl]-2-[[2-[1-methyl-2-
pyrrolidinyl]ethylJamino-6-trichloro with Retention Time (RT)= 3.613.

6-Acetyl-R3-d-
N-glycyl, 4H-Pyran-4-one,2,3-
I-Gala-l-ido-octonic

ketones, alkanes, hydrogen bonded alcohols and phenols
compounds shows major peaks at 894.97, 927.76,
1024.20, 1236.37, 1317.38, 1608.63, 2306.86, 2850.79,

lactone, 2H-Pyran,tetrahydro-2-(12-pentadecynyloxy), 5-
Hydroxymethylfurfural, Strychane,1l-acetyl-20a-hydroxy-
16-methylene, a-D-Glucopyranoside, O-a-D-
glucopyranosyl-(1.fwdarw.3)3-D-fru, Boroxin, tris (2,3-
dimethylbut-2-yl), 16-Nitrobicyclo[10.4.0]hexadecane-1-ol-
13-one, 3-[3-Bromophenyl]-7-chloro-3,4-dihydro-10-
hydroxy-1,9(2H,10H)-a, Uric acid, 1,2,4-Trioxolane-2-
octanoic acid ,5-octyl-,methyl ester, Tetraacetyl-d-xylonic
nitrile,  1,2-Cyclopentanedicarboxylic acid ,4-(1,1-
dimethylethyl)-,dimethyl, 2-Bromotetradecanoic acid, i-
Propyl 11,12-methylene-octadecanoate, 1H-2,8a-Metha-
nocyclopenta[a]cyclopropale]cyclodecan-11-one and
Octadecanoic acid (Figures 5 to 34). Many compounds
are identified in the present study. Some of them are
biological compounds with antimicrobial activities.
Fourier-transform infrared analysis of dry methanolic
extract of A. niger proved the presence of aromatic rings,
alkenes, aliphatic fluoro compounds, alcohols, ethers,
carboxlic acids, esters, nitro compounds, aldehydes,

2922.16, 3184.48, 3277.06 and 3292.49, respectively.
(Table 2 and Figure 35).

Antibacterial activity

Four clinical pathogens selected for antibacterial activity
namely, k. pneumoniae, P. aeroginosa, E. coli, S.
aeureus. and maximum zone formation against k.
pneumonia (Table 3 and Figure 36).

Antifungal activity

Each extract plant showed notable antifungal activities
against A. niger (Figure 37). In agar well diffusion method
the selected medicinal plants (N. olender, R. communis,
D. stramonium, L. usitatissimum, A. hierochuntica and G.
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Figure 25. Mass spectrum of 16-Nitrobicyclo[10.4.0]hexadecane-1-ol-
13-one with retention time (RT)= 8.797.
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Figure 26. Mass spectrum of 3-[3-Bromophenyl]-7-chloro-3,4-
dihydro-10-hydroxy-1,9(2H,10H)-a with retention time (RT)=
9.043.
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Figure 27. Mass spectrum of uric acid with retention time
(RT)=9.672.
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Figure 28. Mass spectrum of 1,2,4-Trioxolane-2-octanoic acid ,5-
octyl-,methyl ester with retention time (RT)= 11.320.
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Figure 30. Mass spectrum of 1,2-Cyclopentanedicarboxylic acid ,4-(1,1-
dimethylethyl)-,dimethyl with retention time (RT)= 13.975.
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Figure 32. Mass spectrum of i-Propyl 11,12-methylene-octadecanoate with retention time
(RT)= 15.022.
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Figure 36. Antimicrobial activity of A. niger.



Table 1. Major bioactive chemical compounds identified in methanolic extract of Aspergillus niger.

SIN Phytochemical compound RT (min) Formula Molecular weight Exact mass Chemical structure MS Fragment- ions

60, 97, 126, 144, 163, 192

1 6-Acetyl-R-d-mannose 3.201 CeH14O7 222 222.073953

54, 67, 84, 98, 110, 124, 141, 149, 177,

CHHEEI/
o=y
OH OH
OH
Cl 1
4-[Dichloromethyll-2-[[2-[1-methyl-2- ‘ e N Y 207
2 pyrrolidinyllethylamino-6-tichioro 3613 Cq3H17CIsNg 403 403989586 3(5\ /\/Q
™ MH
| =]
A_:.z__,__——ﬂffc 3
Q

53, 81, 95, 110

3 2-Furancarboxaldehyde,5-methyl 3.722 CeHs02 110 110.0367794

O\ F
2,2,2-Trifluoro-N-[2-(1-hydroxy-2,2,6, 6-tetramethyl- ‘ \ 69, 81, 109, 126, 140, 166, 192, 211, 265,
4 oiperidin-4-y) 3.779 .C13Hz3FaN05 26 296.171164 HO—N f 281

—H

poaceae) were effective against A. niger (Table test medicinal plants, and mostly comparable to CONCLUSION
4). D. stramonium was very highly active against the standard reference antifungal drug
A. niger. A. niger was found to be sensitive to all amphotericin B and fluconazole to some extent. The results of this study showed that A. niger
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Table 1. Contd.

HO /
P .

73, 84,101,144
5 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one 4.076 CeHsOs4 144 144.042258 5. 73,84, 101,

55, 65, 84, 99, 112, 143, 157, 174, 207,
C 237

A

-
6  HEPES 4271 CgH1gN2045 238 238.098728 |\
M
I\/c- H

()

60, 67, 73, 95, 112, 133, 176, 197, 215,

7. Tetraacetyl-d-xylonic nitrile 4.465 CiaH17NOg 343 343.090332 233 281, 270

Ll
8 Eicosanoic acid , phenylmethyl ester 4546 CatHicO2 402 402.349781 u"“@ %1 71,85, 91, 108, 126, 147, 167, 207,
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9 Dodecanoic acid , 3-hydroxy

10 Desulphosinigrin

1" Glycyl-dl-serine

12 2,5-Dimethyl-4-hydroxy-3(2H)-furanone

4.574

4.763

4.929

C12H2403

C1gH17NOgS

CgH1pNz04

CsHsO3

216

279

162

128

216.125445 ‘
OH OH
OH
2 B H
HO |
O
279.077658 H
5 P
) \H/\\/
M
H
H
[
Hal ]
162064056 2
NH A
OH
128.047344

Hoxﬁ Qﬁ%

55, 69, 83, 96, 112, 138, 151, 180, 200

60, 73, 85, 103, 127, 145, 163, 213, 262

60, 74, 85, 114, 126

57,72, 85, 94,128
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Table 1. Contd.

13 2,5-Furandicarboxaldehyde 5.066 CeHsO3 124 124.016044 //\:,)W | 53, 67, 95, 124
I::I

0

N/E : /C I
14  2H-Oxecin-Z-0ne,34,7,89,10- hexahydro-4- 5 51 CroHisOs 184 184.109944 55,70, 81, 95, 112, 124, 142, 166, 184
hydroxy-10-methyl-,[4 /
CH
CI
NH. ||
i HaN H
16 DL-Leucine, N-glycyl 5.616 CgHygMa03 188 188.116093 H 55, 86, 114, 132, 157, 188
i) /
|:|
HO ” H
18 4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6-methyl  5.942 CoHsOs 144 144.042258 e 55, 72, 85, 101, 115, 144
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19 I-Gala-l-ido-octonic lactone

20 2H-Pyran,tetrahydro-2-(12-pentadecynyloxy)

21 5-Hydroxymethylfurfural

22 Strychane,1-acetyl-20a-hydroxy-16-methylene

6.577

6.737

7.120

8.053

CsH140s

C20H3602

CeHs03

Ca1H2gN2072

23

30

12

8

8

6

8

G 1,73, 84,112, 127, 142, 159, 189, 22
238.068868 HO ] ) 61, 73, 84,112, 127, 142, 159, 189, 220

o
COH
/M%\ 7, 85, 101, 135, 156, 177, 198, 21
308.27153 @,CM 55, 67, 85, 101, 135, 156, 177, 198, 219,

255, 279, 307
,-/f"'ﬂ: I
126.031694 Cx i
OH
H
f//}
57, 70, 88, 97, 130, 166, 196, 224, 239,
//’ 253, 281, 295, 338
i M K\c

53, 69, 81, 97, 126

338.199429

M



http://www.chemspider.com/Molecular-Formula/C10H30O5Si5
http://www.chemspider.com/Molecular-Formula/C10H30O5Si5
http://www.chemspider.com/Molecular-Formula/C10H30O5Si5

158 J. Pharmacognosy Phytother.

Table 1. Contd.

a-D-Glucopyranoside ,0-a-D-glucopyranosyl-
% (1.fwdarw.3)8-D-fru 7.8%6

24 Boroxin, tris(2,3-dimethylbut-2-yl) 8.442 C1gHagB303

25 16-Nitrobicyclo[10.4.0]hexadecane-1-ol-13-one 8.797 ':1 EHE?N'::'#

C1sH32016

504

336

297

504.169035

336.317837

297.194008

HO

OH

HO

OH

0

60, 73, 85, 97,113, 126, 145, 187

55, 69, 84, 95, 115, 137, 157, 181, 209,
251,292, 321

55, 69, 81, 98, 126, 158, 173, 209, 249,
267, 297
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Table 1. Cont’d.

3-[3-Bromophenyl]-7-chloro-3,4-dihydro-10-hydroxy-

% 1,9(2H,10H)-a
27 Uric acid
28 1,2,4-Trioxolane-2-octanoic acid ,5-octyl-methyl

ester

29 Tetraacetyl-d-xylonic nitrile

9.043

9.672

11.320

12.276

CqgH13BrCIND g

CrHaN403

C14H17NOg

416

168

CioHs60s 344

343

416.976732
Ti
NH
168.02834 HM
| —
e
0% M NH
O
L)

344.256275 0 O-C)'\/\/\/\/
A

343.090332

57,69, 97, 147, 219, 246, 321, 401, 419

54, 69, 82, 97, 125, 140, 168

56, 69, 83, 98, 111, 143, 155, 185, 215,
259, 281, 311

60, 73, 112, 133, 164, 197, 228, 270
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Table 1. Cont’d.

30 1,2-Cyclopentanedicarboxylic acid A4-(11- 13.975 CihaOs 242 242151809

dimethylethyl)- dimethyl 57,67, 81,107, 126, 154, 186, 211, 242

31 2-Bromotetradecanoic acid 14.771 C14Hz7802 306 306.119442 gig 7??66831 99, 111, 138, 153, 201, 227,
0 j
%Mﬁc
OH
32 16-Nitrobicyclo[10.4.0Jhexadecane-i-1-ol-13-one 14.908 CgHa7MNOy 207 297.194008 gie 6567812'938' 126, 158, 173, 209, 221,
O
CI
L
33 i-Propyl 11,12-methylene-octadecanoate 15.022 CoMuO2 338 338.318481 0 ggs 6559832*7329161 133;25 139, 167, 193,
1H-2,8a-
34 Methanocyclopentala]cyclopropale]cyclodecan-11-  17.214 CaHx07 556 556.246105 51,77, 91, 105, 122, 135, 161, 187, 215,

one 241,284, 312, 347
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35

Octadecanoic acid

17.048

CigH3602

284

284.27153

v

(

eV

60, 73, 83, 97, 115, 129, 143, 157, 171,
185, 199, 227, 241,255, 284

Table 2. Fourier-transorm infrared spectroscopy peak values of A. niger.

SIN  Peak (Wave number cm-) Intensity Bond Functional group assignment  Group frequency
1 696.30 58.479 C-H Aromatic rings 690-900

2 744.52 68.028 C-H Alkenes 675-995
3 821.68 75.498 C-H Alkenes 675-995
4 844.82 74141 C-H Alkenes 675-995
5 900.76 71557 C-H Alkenes 675-995
6 931.62 69.887 C-H Alkenes 675-995
7 1026.13 52.098 C-F stretch Aliphatic fluoro compounds 1000-10150
8 1145.72 65.416  C-F stretch Aliphatic fluoro compounds 1000-10150
9 1207.44 75.125 C-H Tetiary amine, C-N stretch 1150-1207
10 1234.44 74.798 - Unknown -

11 1261.45 75.761 - Unknown -

12 1315.45 75.890 - Aromatic nitro compounds 1310-1390
13 1359.82 74.081 - Aromatic nitro compounds 1310-1390
14 1377.17 73.205 - Aromatic nitro compounds 1310-1390
15 1413.82 74.198 - Ammonium ions 1390-1430
16 1452.40 73.841 -CHS3 Methyl-CH. asym 1430-1470
17 1631.78 76.752 - Organic nitrate 1620-1640
18 1741.72 77.128 - Unknow -

19 2852.72 78.925 - Methylene-CH. asym 2840-2860
20 2924.09 72.033 - Methylene-CH. asym 2915-2935
21 3118.90 87.299 - Unknown -

22 3217.27 83.936 O-H Normal polymeric O-H stretch 3200-3400
23 3271.27 82.140 O-H Normal polymeric O-H stretch 3200-3400
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Table 3. Zone of inhibition (mm) of test bacterial strains to A. niger bioactive compounds and standard antibiotics.

Bacteria
Fungal products Antibiotics  Klebsiella Pseudomonas Staphylococcus Proteus Escherichia
pneumonia  eurogenosa aureus mirabilis coli
Fungal products 6.52+0.61 4.71+0.52 6.16+0.42 5.51+0.62 6.3010.43
Rifambin 1.12+0.1 1.10£0.1 1.21+0.5 0.60+0.1 0.81+0.2
Streptomycin 1.25+0.3 1.11+0.3 1.30£0.5 1.73£0.2 1.34+0.6
Kanamycin 0.82+0.3 0.53+x0.4 0.60+0.2 0.46x0.1 0.92+0.1
Cefotoxime 1.29+0.5 1.50+0.1 1.27+0.1 1.22+0.6 1.25+0.3

Table 4. Zone of inhibition (mm) of test different bioactive compounds and standard
antibiotics of plants to A. niger.

SIN Plant Zone of inhibition (mm)

1 Nerium olender (Alkaloids) 4.19+0.25
2 Ricinus communis (Alkaloids) 4.70

3 Datura stramonium (Alkaloids) 7.81+0.61
4 Linum usitatissimum {Crude) 7.60+0.50
5 Anastatica hierochuntica (Crude) 3.52+0.09
6 Gramineae poaceae (Crude) 7.50+0.13
7 Amphotericin B 5.0+0.20
8 Fluconazol 13.0+0.00
9 Control 0.00

Figure 37. Antifungal activity of extract plant on A. niger.



produce many important secondary metabolites with high
biological activities. Based on the significance of
employing bioactive compounds in pharmacy to produce
drugs for the treatment of many diseases, the purification
of compounds produced by A. niger can be useful.
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The present study is a survey conducted to indicate the healing medicinal plants, traditionally used by
the Moroccan population, and especially to select the healing plants mainly used in the form of
essential oils. This survey allowed an inventory of 59 species of healing plants belonging to 37 families.
The results showed that the whole plant is the most commonly used part (31%), followed by the leaves
(29%). Most plants are Moroccan and are used as a single powder and as essential oils. The most
common frequency of use is 2 times per day and the treatment duration depends mainly, on the
pathological field and the nature of the wound. Also, the results revealed that plants whose leaves are
the most used as essential oils are: Rosmarinus officinalis, Lavandula angustifolia and Artemisia
tridentata. This study showed that medicinal plants play an important role in healing practices. It’s a
very valuable source of information for the studied areas and for national medicinal flora. So, it could
be a database for further research in the field of herbal medicine, pharmacology and in order to
manufacture new drugs based on medicinal plants.

Key words: Medicinal plants, pharmacological properties, healing, traditionnal medicine, ethnobotanical survey,

Morocco.

INTRODUCTION

Since ancient times, man has always used medicinal
plants to treat himself; and for fifteen years, researches
have increased worldwide and have sought to investigate
the pharmacological activities of these plants. Indeed, it is
estimated that 80% of the population of developing
countries, use traditional medicine (Bousta and Ennabili,
2011). These countries include Morocco, whose
knowledge of phytotherapy and traditional medicine is
transmitted by the culture through generations. These
knowledge are developed, and enriched, thanks to the
strategic geographic position of the kingdom.

The geographical position of Morocco provides a

remarkable range of bioclimates, a great biodiversity, a
good wealth of medicinal and aromatic plants and a
variety of traditional knowledge. Indeed, the Moroccan
flora is composed of over 4200 species and subspecies
belonging to a large botanical known family, with 130
families and 940 species represented by: Aferaceae,

Fabaceae, Poaceae, Brassicaceae, Caryophylaceae,
Lamiaceae, Apiaceae, Scrophulariaceae and other
families (Bellakhdar, 1998). Medicinal plants are

therefore a precious heritage for humanity and especially
for Morocco.
Wounds have always had a considerable impact on
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Figure 1. Map of Morocco showing the surveyed cities, Source:
http://www.diplomatie.gouv.fr/fr/dossiers-pays/maroc/.

health especially those related to chronic skin wounds
constitute a major health burden in developing countries
(Agyarea et al.,, 2009). Subsequently, surgical wounds
present in Morocco, a  problem of drug
therapy.Inflammation,swelling, pain and infection due to
these wounds are closely related properties and involved
in @ big number of skin trauma.

To complete the partial and fragmentary studies
conducted everywhere in Morocco, ethnobotanical
surveys help to gather a very valuable source of
information, ready to be scientifically exploited. In this
context, the present study is part of the latter surveys. It
aims to make a thorough inventory of medicinal plants
with healing properties, traditionally used in Morocco and
to choose the healing plants that are likely to be used in
subsequent studies.

MATERIALS AND METHODS
Area of the study

Morocco is located at the north western tip of the African continent,
separated from Spain by the 14 km of the Strait of Gibraltar. It is
bathed in the west by the Atlantic Ocean and in the north by the
Mediterranean Sea, both of which give it two coastlines spanning
nearly 3500 km. Constituting a North-South passage area, Morocco
has a surface of 710,850 km? and belongs to both the
Mediterranean and the Sahara worlds (Bellakhdar, 1998). Due to its
strategic location, Morocco has a rich flora. Changes in the climate
and terrain are the major factors that can explain this floral wealth.
Indeed, it has two coastlines and therefore receives rain streams
from the Atlantic Ocean, which accumulate against the mountain

barriers of the Atlas. This leads to heavy rainfalls in the cities of
Rabat, Casablanca, Fez and the formation of snow in the high
peaks of the Atlas, while the south and east stay arid.Moreover, the
botanical interest of Morocco is intense and contains at least 2.5
million hectares of forest (about 15% of the total area) which
contains cedars, palms, date palms, fig trees, olive trees, almond
trees, acacias, fruit trees, cork oaks, pines, eucalyptus, and
endemic plant that is the Argan tree, which is found nowhere else in
the world, but in Morocco. (Bellakhdar, 1998).

Among the big and great cities in this country, we find
Casablanca, Marrakech, Agadir, Fez, Tetouan, Tangier and Oujda,
in addition to the towns of Mohammedia, Salé, Kenitra and
Taroudant in the Agadir area. The study chose to carry out its
investigation in these cities because they belong to the most
populated regions of Morocco. They are not only best known for
their richness on medicinal plants, climate and biodiversity, but also
for their cultural diversity. They are a home from the numerous
herbalists who live there. The surveyed cities (framed in red) are
illustrated in Figure 1.

METHODOLOGY

This study was conducted to establish an inventory, as complete as
possible, of medicinal plants traditionally used because of their
healing properties by herbalists located in the main Moroccan cities
to treat their patients. The study investigation lasted about five
months (from 21 September, 2014 to 16 January, 2015). The total
number of herbalists contacted is 202 whose distribution is
represented in Table 1.

To have an overview of the local traditional uses and the
pharmacopoeia’s floristic diversity of these Moroccan cities, the
ethnobotanical survey was conducted using series of direct and
telephonic interviews with herbalists of the cities cited in Table 1. It
was carried out using a predetermined questionnaire with specific
questions about the healing plant: its local name, its origin (country,
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Table 1. Number of herbalists contacted per city.

Surveyed cities Number of herbalists Surveyed cities Number of herbalists

Casablanca 80 Marrakech 20
Fes 20 Tanger 18
Kenitra 8 Tétouan 5
Mohammedia 5 Agadir 10
Rabat 18 Taroudant 3
Salé 12 Qujda 3
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Figure 2. Distribution of collected healing plants.
region or city), its harvest season, its parts used, its form of RESULTS

preparation, the administration way of the plant, the frequency of
use per day, the duration of the treatment, and if the plant is used
alone or in combination with other plants.

Interviews were conducted in the dialect language of the country.
The identification of the scientific names of the medicinal plants was
carried out by a Professor Pharmacognosist at the High School of
Technology (EST) in Casablanca, and with reference to the book of
traditional medicinal plants (Bellakhdar, 1998). The study was able
to collect 211 questionnaires in relation with the healing plants.
Among the 202 herbalists contacted, 152 accepted to answer to the
questions, while the others either refused to respond to our request,
or were not specialized in medicinal plants or were unreachable.

The study was especially interested to find a relationship
between the criteria of the plants that were collected during the
investigation, in order to highlight information that will be used for
the selection of healing plants for further experimental studies.

Statistical analysis

The counting of the results was carried out by an established mask
on Statistical Package for the Social Sciences (SPSS) software,
version 21. The relationship between the variables was evaluated
by the test of independence Chi-square (x?) with a confidence level
of 95% and by calculating the p-value. The results are considered
significant when the p-value is less than 0.05.

Floristic screening
Scientific name of the listed plants

The survey allowed an inventory of 59 species of healing
medicinal plants. So, the analysis identified several plants
but the most represented are: Salvia verbenaca at a
frequency of 21%, Pinus halepensis (9%), Aloe vera
(5%), Artemisia tridentata (5%), Inula viscosa ait. (5%),
Rosmarinus officinalis (4%) and Lavandula angustifolia of
3%. The classification of these species by their frequency
is represented in Figure 2. All the indexed healing plants
and their corresponding properties are listed in Table 6
and 7,

Families of healing plants

The recorded healing medicinal plants belong to 37
families four of which are predominant.: Lamiaceae
(34%), Asteraceae (18.7%), Pinaceae (8.9%) and
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Figure 4. Distribution of healing plants based on Moroccan regions, (1)
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(10) Oriental, (11) Doukkala-Abda, (12) Rabat-Sale-Zemmour- Zaér.
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Aloaceae (5.4%). The rest of results are shown in Figure
3.

Origin of plants

The plants were classified according to their original area
and where they are most prevalent. Most of Moroccan
healing plants are distributed in the region of Souss-
Massa-Draa (11%), followed by the region of Marrakech-
Tensift-Al Haouz and the region of Gharb-Chrarda-Beni
Hssen with 10%, while 6% of the plants are not Moroccan
Figure 4.

Plants season

The availability and distribution of plants depend on the
season and climate. The study obtained information on
the harvest season for each plant. Spring is the season
with high percentage of plants (50%), followed by
summer (14%), winter (9%) and autumn (5%). Figure 5
illustrates the obtained results.

Ethnobotanical and pharmacological screening
Used parts of plant

The used parts of plants were collected and classified
according to their order of importance. The whole plant is
the most commonly used form with a frequency of 31%,
followed by leaves with 29%, flowers (12%), bark (7%)
and seeds (7%). The term "Other" refers to other parts of
the plant found, as mucilage for Aloe vera species and
stigma for Crocus sativum species. Figure 6 includes all
these results.

Form of use

To facilitate the use of medicinal plants, herbalists
recommend several types of preparations: powder,
decoction, infusion and cold water, use as essential oils
and many others. The most widely used form is a single
powder of 57%, followed by the form of essential oils of
22% and by other forms (11%), like the application of the
plant directly on the wound, or formed into a wound



168 J. Pharmacognosy Phytother.

31%

29%

I I i

B Spring
m All seasons

» Summer

B Winter
B Autumn
Figure 5. Distribution of healing plants by season.
7% 7% 6%
Flowers Bark Seeds Other

Wholeplant Leaves

Figure 6. Distribution’s frequency of used parts of healing plants.

6% 4%

# Powder

® Essential oils

# Other

m Infusion

® Decoction
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dressing or applied as a cream Figure 7.

Way of administration

The most common ways of drugs administration are
dermal and oral. In this study, the extreme majority staffs
for dermal administration (90.5 %), 16% for a combi-

nation of dermal and oral administration and 2% for the
oral way were found out.

Frequency and duration of use

According to each herbalist, medicinal plants are applied
one to five times a day and the diagnosis may sometimes
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vary depending on the wound. The treatment period for
its part, can extend to a month, but that depends on the
pathological field (case of the patient) and on the depth of
the wound. In this study, 39% for a frequency use of 2
times a day (morning and evening), 32% for 1 time a day
(especially at night), 19% for 3 times a day, and 9%
represents the frequency that depends on the wound and
the treated patient’'s case were obtained (Figure 8). For
the duration of treatment, the majority of herbalists were
unable to inform us about the exact duration of therapy
because it depends on the wound, the patient's healing
duration, the response to the treatment and the
effectiveness of this latter. The study got a major
frequency of 68.3% for the criterion "Other" (depending to
the wound, to the patient's case and the response of the
latter to the treatment), 16.2% for a period of 1 week to10
days and 12.7% for a period of 2 weeks (Figure 9).

Plants association
According to herbalists, there are plants that can be

associated with other species or mixed with vegetable or
essential oils from other plants. The study investigation

revealed that the predominant part (66.4 %) is for a single
use of plants without any association with other species
and the rest (33.6 %) is for the association of plants with
others. Names and frequencies of associated plants are
listed in Table 2.

Evaluation of the independence of variables with Chi-
square test

Let X and Y be two qualitative variables with | and k
modalities, respectively. The study test that X and Y are
independent (Hy). The Chi-square variable is associated
with a number of degrees of freedom (v) calculated
including: v = (k-1) (I-1) (Mountassir, 2014). The study
also based on the calculation of p value to test the
independence of two variables. The test is significant and
H, is rejected when the p value is less than 0.05.

Crossing between used parts and form of use

Consider X as the qualitative variable that represents the
part of the plant used and Y qualitative variable that



170 J. Pharmacognosy Phytother.

Table 2. List and frequencies of associated plants.

Healing plant Associated medicinal plants

Aloe vera
Arnica L.

Myrtus communis L.(1)
Artemisia absinthium (1)

Lavandula angustifolia (3), Myrtus communis L. (1), Matricaria recutita (1), Thymus vulgaris

Artemisia tridentata
melaleuca (1)

Calendula officinalis
Inula viscosa ait.
Saponaria vaccaria L.
Globularia alypum L.
Lavandula angustifolia
Marrubium vulgare
Rosmarinus officinalis

Argania spinosa (1)
Salvia verbenaca (1)
Argania spinosa (1)
Artemisia abstinthium (1)

(1), Artemisia absinthium (1), Quercus faginea lamk (1), Rhus albidum schousb. (1), Tea

Lavandula angustifolia (1), Rosmarinus officinalis (1)
Argania spinosa (2), Matricaria rectutita (1)

Calendula officinalis (1), Thymus vulgaris (1)

Plantago major (6), Verbena officinalis (9), Pinus halepensis (6), Thymus vulgaris (1),

Salvia verbenaca

Plantago psyllium (1), Inula viscosa ait. (1), Argania spinosa (1), Myrtus communis L (1),

Artemisia tridentata (1), Marrubium vulgare (2), Lavandula angustifolia (1)

Thymus vulgaris
Laurus nobilis L.
Smilax aspera L.

Rosmarinus officinalis (1)
Argania spinosa (1)
Matricaria recutita (1)

Pinus halepensis

Plantago major
Urtica dioica
Verbena officinalis
Curcuma longa.

Salvia verbenaca (2), Verbena officinalis (2), Artemisia tridentata (2), Myrtus communis L. (1),
Marrubium vulgare (1), Plantago major (1)

Salvia verbenaca (1), Verbena officinalis (1)

Thymus vulgaris(1), Rosmarinus officnalis(1)

Salvia verbenaca (1), Plantago major (1), Papaver rhoeas L. (1)
Artemisia tridentata (1), Marrubium vulgare (1), Allium cepa (1)

(Frequency).

Table 3. Contingency table: Used parts*form of use.

Form of use/ Part Leaf Flower Roots Bark Fruit Seeds Whole plant Other Total
Powder 298 0.21 0.00 2.86 0.06 0.14 4.96 0.64 11.85
Decoction 0.70 0.34 0.32 0.03 052 0.64 0.97 0.01 3.53
Infusion 470 0.51 0.19 094 059 0.07 2.7 0.47 10.18
Essential oils 165 185 079 173 033 0.01 1.76 0.51 8.64
Other 0.00 0.00 043 1.83 0.64 0.09 1.58 537 9.95
Total 10.05 2.91 1.74 740 214 0.95 11.97 6.99 44.15

represents the use form of the plant. The study want to
test that X and Y are independent (H,), for a significance
level of 95% using a contingency table with double entry.
Table 3 summarizes the results of this test. According to
this table, v = 28, x%.ps=44.15 and ¥?, 4=16.93 SO X%ops >
X2 a. Therefore, Hy is rejected.

Crossing between used parts and use form as
essential oils

Let the qualitative variable X: Used parts, and Y: Use
form as essential oils. According to the contingency Table
4, v=T7, X%ps=69.1 and X2 =2.17 SO X%ups > X3v:q- Ihere-
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Table 4. Contingency table: used parts*use as essential oils form.

Form of use Leaves Flower Roots

Bark Fruit

Seeds Whole plant Other Total

Use as essential oils  47.81 1.36 5.88

5.88 2.91 0.98 1.36 2.9

69.10

fore Hy is rejected.

In order to exactly know the part of the plant which is
most often used in the form of essential oils, or in other
words, the part of the plant which is most often used as
essential oils form, the study has made the crossing
between using form as essential oil and every part of the
plant (leaf, flower, fruit, root, bark, seeds and whole plant)
(Table 5). From Table 5, the p value of the Chi-square
test of 0.003 (less than 0.05) made the study to conclude
that the use in the form of essential oils depends on the
leaves.

For the second crossing, the p value: 0.116 is higher
than 0.05, the study doesn’t reject Hy, and reached the
conclusion that the use form of essential oils doesn'’t
depend on the flowers. The p value of the third crossing
(0.214) higher than 0.05 doesn’t reject Hp and conclude
for an independence between the use form as essential
oils and roots (at a confidence level of 95%). For the
fourth crossing, the p value (0.06) is higher than 0.05;
therefore study didn’t reject H, and conclude that the use
form as essential oils is independent of the barks. For the
fifth crossing, the p value (0.663) is higher than 0.05, so
the study didn’t reject Hy, and conclude that the use form
as essential oils doesn’t depend on the fruit. Then, the p
value (0.567) of the sixth crossing is higher than 0.05, so
the study did not reject Hy and conclude that the use form
as essential oils does not depend on seeds. Finally,
according to the Chi-square of the seventh crossing, the
p value is less than 0.05. So the study rejects H, and
concludes that the use in the form of essential oils
depends on the whole plant.

Crossing between use form of essential oil and the
healing plant

Here, the study wants to test if the use in the form of
essential oils form depends on the plant species.
According to Table 5, the p value is less than 0.05
(0.000). These results are significant and the H,
hypothesis is rejected.

Crossing between use form of essential oil, leaf-part
and healing plant

The study wants to show through this crossing that the
use of the leaves in the form of essential oils depends on
the healing plant species. Indeed, Table 5 gives a p value
less than 0.05. Furthermore, plants whose leaves are

more often used in the form of essential oils are: R.
officinalis, L. angustifolia, A. tridentata, M. communis L
and T. vulgaris (Figure 10)

DISCUSSION

The phytotherapy is frequently used by the Moroccan
population. In fact, according to some study, 70 to 80% of
Moroccan people use medicinal plants to heal: 60% of
them are female, and more than 50% are illiterate
(Zeggwagh et al., 2013). 55 to 90% of people use plants
to treat chronic diseases of which 16.8% are for the
dermatological affections and wounds in Fez (Zeggwagh
et al., 2013). Moreover, in the region of Ksar Lakbir,
11.6% of plants are employed to treat skin diseases
(Merzouki et al., 2000), 15% in the region of Essaouira
(Mehdioui et al., 2007), 17% in Ifran (Rhafouri et al.,
2014) and 12.5% in the region of Zaér (Lahsissene et al.,
2010). On the other hand, medicinal plants are used for
dermatological affections by 27% in the region of El
Hajeb (EL Amri el al., 2014), by 11.80% in the region of
Agadir (El Hafian et al., 2014), by 10% in Kenitra (Salhi et
al.,, 2010), by 12% in the region of Haut Atlas Oriental
(Belamdini et al., 2014) and by 16% in the region of
Meknes-Tafilalet (Fadil et al., 2014).

Indexed healing medicinal plants

A number of 59 species of healing medicinal plants has
been inventoried in this study, of which majority are: S.
verbenaca, P. halepensis, A. vera, A. tridentata, |I.
viscosa ait , R. officnalis, L. angustifolia. In parallel, the
national literature review enabled us to screen 59
Moroccan healing plants including: S. verbenaca, P.
halepensis, I. viscosa ait., A. tridentata and A. vera, in
addition to 54 other healing plants (Bellakhdar, 1998).
Another national ethnobotanical study shows that A. vera,
L. officinalis, M. recutita, M.s communis, C. officinalis and
T. vulgaris have wound healing properties (Sijelmassi,
2011). This shows the proximity of the results of this
study with those found in the literature.

On the other hand, an ethnobotanical survey confirmed
that S. verbenacais has been employed by the local
population to facilitate the wound healing, in the region of
Zaér (Lahsissene et al., 2009), Haut Atlas Oriental
(Belamdini et al., 2014) and of Settat (Bammi et al.,
2002). Moreover, it has been shown that S. verbenaca
and /. viscosa ait. have a healing potential on wounds,
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Table 5. Chi-square test: use as essential oils and used part of plants.

Parameter Pearson Chi-square Fisher’s exact test Interpretation
Crossing Value DOF P value Signification exacte (bilateral) Exact significance (unilateral) Significance
1 Use as essential oils form*Leaves 8.787 1 0.003 0.004 0.003 S
2 Use as essential oils form*Flowers 2.466 1 0.116 0.168 0.092 NS
3 Use as essential oils form*Roots 1.541 1 0.214 0.293 0.195 NS
4 Use as essential oils form*Bark 3391 1 0.066 0.075 0.052 NS
5 Use as essential oils form*Fruit 0.190 1 0.663 0.705 0.457 NS
6 Use as essential oils form*Seeds 0.327 1 0.567 0.556 0.380 NS
7 Use as essential oils form*Whole plant. 7.204 1 0.007 0.008 0.005 S
8 Use as essential oils form*Name ofplant. 128.265 55 0.000 - - S
9 Use as essential oils form*Leaf-part*Name of plant. 8.787 1 0.003 0.004 .003 S
*DOF: Degree Of Freedom; NS: No Significant; S: Significant.
Table 6. Inventory of healing plants recorded in our ethnobotanical survey.
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1 We (1)
Other (1)

Other (1)

Other (1)

Other (1)

Other (1)

1We (1), 2
We (1),
Other (1)

Other (2)

1 We (1),
2We (1)
Other (1)

Other (2)

1We (2),
Other (1)

1We (1)
1Mo (1)
Other (5

Cu

Cu(1)

Cu(1)

Cu (1)

Cu(1)

Cu(2)

Cu(3)

Cu(2)

Cu(3)

Cu (7)

Yes (1)

Yes (1)

Yes (1)

Yes

No (1)

Yes (2)

Yes (2)

No (3)

Yes (7)

[19]

(20]

(24

(22]

23]

[24].

(251

(26]

[27

(28]

29]

No

Yes

No

No

No

No

No

Yes

No

No

Yes

Fakchich et al.
(2014)

Bellakhdar (1998)

Bellakhdar (1998)

Fakchich et al.
(2014), Merzouki
et al. (2000)

Fadil et al. (2014)

Bammi and Douira
(2002)

Sijelmassi (2011),
Tahri et al. (2012)
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wge < e
Mentha x i
Uiail) %
piperita L. € o
Ocimum P
| 0,
basilicum e 0%
A
Rosmarinus .
L) %
officinalis s %

Po (1), Salt (1), 19d (1), 2 vd (1), 2We (1),

%‘ @O oiveol 1) 3td(1) omere) M6

I(n;(l), EO Vaselin (1),

1), Mac Qil Cu (2), Or

00 %B Aol 112,200 () orer@

Fz(; W B0 Honey)  2vd (1), Other (1) émgr((ll)) cu )

'E”;Ezi)c @ (Cf)‘s‘or o Hyd) 2We(d)  Cu()

Po (3), Inf Honey (2)

(2), Dec . 14d (2), 244 (6), Other(5),  Cu(?),
e (), vegetalol o4 o) 1We@®  or)

E0(7) ®

Fakchich et al.
(2014),

Yes (2) [30] Yes Lahsissene et al.
(2009), Daoudi et
al. (2015)

Yes (2) [31] No

Yes (2) [32] No

Yes (1) [33] No
Fakchich et al.
(2014), EI Amri et
al.

Yes (8) [34] Yes (2014),Lahsissene

etal. (2009), Salhi
et al. (2010),
Bellakhdar (1998)

and are used by the population of Settat’s
province (Tahri et al, 2012). Indeed, S.
verbenaca, I. viscosa ait., A. tridentata and R.
officinalis are recorded as healing medicinal
plants by a survey in the region of Gharb of
Morocco (Mechrad Bel Ksir) (Benkhnigue et al.,
2011), whereas it was found that A. tridentata, I.
viscosa, R. officinalis and S. verbenaca have
healing properties against wounds, in Kenitra
(Salhi et al., 2010).

Families of healing plants
The study has indexed 37 families of

whichLamiaceae, Asteraceae, Pinaceae and
Aloaceae are predominant. In fact, several studies

have confirmed the dominant presence of these
families. An ethnobotanical survey in Fez
(Zeggwagh et al., 2013), at Kenitra (Salhi et al.,
2010) and in the region of Haut Atlas Oriental
(Belamdini et al., 2014) showed that Lamiceae,
Asteraceae and Apiaceae are the most
represented. Another one, has demonstrated that
Lamiaceae, Fabaceae and Apiaceae are the
dominant families at the region of Agadir (El
Hafian et al., 2014), Whereas, two other research
teams found that Lamiaceae, Asteraceae and
Liliaceae are the major families used by the local
population of Ifran (Rhafouri et al., 2014) and
Essaouira (Mehdioui et al., 2007). Finally, the
national study of medicinal plants found that
Asteraceae, Fabaceae and Poaceae are the
predominant families in Morocco, which explains

this  similar  distribution
(Bellakhdar, 1998).

through  regions

Origin of plants and season

The plants were found in most parts of Souss-
Massa-Draa, followed by the region of Marrakech-
Tensift-Al Haouz and the region of Gharb-
Chrarda-Beni Hssen. This distribution can be
explained by climate changes, soil and reliefs type
from one region to another (Bellakhdar, 1998),
and also by the cultural outcome of each region
which has its own traditional use of medicinal
plants. On the other hand, spring is the season of
flowering aromatic plants and it's an ideal
bioclimatic period for them, that is why the study
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Fakchich et al.
o (2014),
Olive oil Lahsissene et al
WEnL @), (2009), Merzouki
, Honey (2), 1We(9)2 et al. (2000),
(3).R(2), 1t/d (19), 2 /d(13) k Daoudi et al
Salvia Sy Po (44), Inf  Butter (1), ' ' We (5), Cu (43),0r  Yes(6),No g
verbenaca Adalall 21.3% FI(2), F (2),EO (1) Cider 3t/d (8), 5td (1), Other (32) (12) @ [35] No (2015), Belamdini
: ' . Other (8) etal. (2014),
Ro (1) vinegar (2), Bammi and
Alcohol (1), Douira.(2002),
Water (1) Tahri et al. (2012),
Salhi et al. (2010),
Bellakhdar (1998)
Thymus I L(D) EO(2),Inf  Vegetal oil 1 We (1), Cu (2), 0r Sijelmassi (2011),
wulgaris s 14% W) ) ) 21d(2).31d (1) Oter(l) (1) Yes (2) (36] ves Bellakhdar (1998)
Laurus L 35 Po (1), EO Argan oil
Lauraceae nobilisL. se 0.5% L(1) 1) ) 1t/d (1), 2 t/d(1) Other (1) Cu (1) Yes (1) [37] Yes
Cinnamomumv
Liliaceae erum o 0.5% Ba (1) (Pl‘; WO g1y 20d (1) 1We (1) 8‘; .0 ves) [38] No
Smil Cider
DTSRI 0.5% L@ Po(1) vinegar(l)  1td(1) Otherl)  Cu(l) Yes(1) 39] Yes
' Propolis (1)
Fakchich et al.
(2014), Semwal et
al. (2014), Hseini
Po (1) and Kahouadji
Lawsonia . L ! (2007),
Lythraceae inermis N 0.5% Dec(1), Honey (1)  2td (1) 2We (1) Cu (1) No (1) [40] Zeggwagh
Inf(1) (2013)
Lahsissene and
Kahouadiji (2010),
Bellakhdar (1998)
Myristicaceae ;fgéf;‘nf Sl 05% FI@)LQ (Elc))(z), Po 10d (2), 20 (1) Oher)  Cu() Yes (2) [41] No

found the majority of aromatic plants in spring.
Also, the season of harvesting can influence the
composition of the plant on several essential
metabolites.

Used parts of plant

The high frequency use of the whole plant can be

explained by the facility of the manipulation of the
plant. In fact, another study showed that people
are more likely to pick the whole plant and to use
it instead of choosing a specific desired part (Tahri
et al.,, 2012). This can probably explain the high
use of the whole plant in this study. The high use
of the leaves can be explained by the fact that
they are the seat of several reactions

(photosynthesis for example) and they contain
several metabolites that are primordial for the
pharmacological properties of the plant (Salhi et
al., 2011). Also, their performances are better
compared to other parts of the plant. Indeed, other
studies have shown that essential oils yield of
leaves of some plants is higher compared to
flowers (Bassole et al., 2001).
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Myrtaceae

Papaveraceae

Pédaliaceae

Pinaceae

Plantaginaceae

Poaceae

Rhamnaceae

Ranunculaceae

Salicaceae

Sapotaceae

Solanaceae

Melaleucatea

Myrtus
communis L.

Papaver
rhoeas L.
Sesamum

indicum

Pinus
halepensis

Plantago major

Plantago
psyllium

Avena sativa
L.

Rhamnus
alaternus L.

Clematis
cirrhosa L.

PopulusL.

Argania
spinosa

Capsicum
annuum

s

S
o salal

Olanly

sl

aladl

ki)

RINR

S

Calodud

oS

1.4%

1.9%

0.5%

0.5%

9.0%

2.8%

0.9%

0.5%

0.5%

0.5%

0.5%

0.9%

0.9%

Po (3)

Po (1)
Di (1)

EO (1)

Po (14), Inf

=

Po (1)

Po (1)

Mac (1)

Po (1)

EO (1),
Other (2)

Po (2)

Castor oil
1)
Almond oil

@

Vegetal oil
1),
Almond oil
(1), Castor
0il(1)

Olive oil
(1), Rancid
butter (1),
Cider
vinegar (1)

Lemon

juice (1)

Milk juice
()

1td (2), 2t/d (2)

10d (1), 2td (2),
3/d (1), Other (1

10d (1)

1td (1)

1t/d (7), 2 t/d (6),
Other (3)

1vd (1), 2td (1),
3Ud (1)

1td (1)

1vd (1)

10d (1)

1t/d (1)

2td (1)

1t/d (2), Other (1)

1t/d(2)

Other (3)

Other (3), 2
We (1)

Other (1)

Other (1)

1We (3),2
We (1),
Other (11)

Other (3)

Other (1)

Other (1)

1Mo (1)

Other (1)

2We (1)

1 We (1),
Other (2)

Other (2)

Cu(3)

cu()

Cu (1)

Cu (14), Or

Cu (1)

Cu (1)

cu()

Cu (1)

Cu (1)

Cu (3)

Cu(2)

Yes (1)

Yes (4)

No (1)

Yes (1)

Yes (1), No
@

No (1)

Yes (1)

No (1)

Yes (1)

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

(54

No

No

No

No

Yes

Yes

No

No

No

No

No

No

No

Sijelmassi (2011),
Wahid (2013),

Tahri et al. (2010),
Bellakhdar (1998)

Fakchich et al.
(2014)

Zeggwagh et al
(2013)

Bammi and
Douira. (2002)

Sijelmassi (2011),
ElAmri et al.
(2014), Bellakhdar
(1998)

Bellakhdar (1998)

Zeggwagh et al.
(2013)
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W () Po (2), Inf
) Veronica <t 1 We (1), Cu (3), Or Yes (2), No
Scrophulariaceae aquatica Ll a0 1.9% L(1) (DSr),(f)O (1), 2t/d(2), 3t/d (2) Other (2) ) I [55] No
Po (3), Inf
W(2), L Alcohol (1),
Urticaceae Urtica dioica il 1.4% 2,R(1), % Egc(l)y Cider ;Zjd ((21))' 214 (), é:,::r(é))y (C3L; @0 yeg @ [56] Yes
Bo (1) Mac (1) vinegar (1)
1td (1), 2td (1),3
Verbena 3 W(3) 1We (1),
o &gy .89 t/d (2),
Verbenaceae officinalis sy 2.8% Ro (1) Po (4) @ Other (3) Cu(4) [57] Yes Bellakhdar (1998)
Other (1)
- Curcuma .. Po (1) Honey (1),
| 0
Zingiberaceae longa p sl 0.5% W (1) Butter (1) Other (1) Other (1) Cu (1) [58] Yes
Peganum Fakchich et al.
Zygophyllaceae hargmala L Jaall 0.5% Po (1) - 2td (1) 1We (1) Cu (1) Yes (1) [59] No (2014), Bellakhdar
. (1998)

(Frequency) ; Ba: Barks; Bo: Boughts; Bu: Bulb; Cu: Cutaneous; Cr: Cream; Dec: Decoction; Di: Direct application; Dr: Dressing; D: Day; EO: Essential oils; F: Fruit; Fl: Flowers; Inf:
Infusion; L: Leaves; Mac: maceration; Mo:Month; Mu: Mucilage; Nu: Nuts; Po: Powder; Pu: Pulp; Ro: Rods; R: Roots; S: Seeds; W: Whole plant; We: Week. t/d: time/day.

*Other: Depending the pathological field and to the wound.

Form of use

The high use of the plant as a powder form,
according to herbalists, can be explained by the
facility and the rapidity of the operation, the nature
of the herbalist’'s profession and his experience.
But it can also be explained by the effectiveness
of this method on the healing of skin wounds. This
was confirmed by other regional studies which
found that the use of plant in powder form is
frequently used by the local population of
Essaouira (25%) (Mehdioui et al., 2007), Ifran
(22%) (Rhafouri et al., 2014), Kenitra (25.9%)
(Salhi et al., 2010), in the region of Zaér (11.5%),
Atlas Oriental (27.92%) (Belamdini and Douira,
2002) (Lahsissene et al., 2010), and in the region
of Haut.

The important use of essential oils can be

explained by the fact that they contain several
essential compounds, and active ingredients
responsible for the plant's activities and its
effectiveness.

Way of administration

The important frequency of use of dermal way can
be explained by the nature of the disease, which
is the skin healing, and also because the
effectiveness of treatment is direct and more
important by dermal way.

Frequency and duration of use

The frequency and the duration of use changes

from one herbalist to another because everyone
has its personal diagnosis of the pathological field
and of the patient’'s case. However, majority of
herbalists recommend using the plant 2 twice a
day in the morning and at the night, but they were
not able to adjudicate about the treatment
duration. They estimate that they have to examine
thepatient before giving a diagnosis decision.

Plants association

These plant associations are explained by the fact
that the efficiency of the plant increases when it
associated with one or more other plants and that
the wound healing time decreases. For example,
consider S. verbenaca which is the main
inventoried species. The herbalists interviewed
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Plant

Properties

Aloe vera

Allium cepa

Pistacia lenticus L
Pistacia terebinthus L.
Rhusalbidumschousb.
Carum carvi L.
Centella asiatica
Coriandrum sativum
Atristolochia long.
Arnica L.

Artemisia tridentata

Calendula officinalis
Chamaemelum nobile
Inula viscosa ait.
Matricaria recutita
Pulicaria arabica
Saussurea coctus
Tanacetumparthenium
Opuntia ficus-indica
Saponaria vaccaria L.
Cassia absus L.
Chenopodium L.

Vicia sativa L.
Quercus faginea lamk.
Geranium L.
Globularia alypum L.
Hypericum perforatum
Crocus sativum
Lavandula angustifolia
Marrubium vulgare
Mentha x piperita L.
Ocimum basilicum
Origanum vulgare

Rosmarinus officinalis

Salvia verbenaca

Thymus vulgaris
Laurus nobilisL.
Cinnamomum verum
Smilax aspera L.
Lawsonia inermis
Myristica fragrans
Melaleuca tea
Myrtus communis L.

Healing, antidiabetic, anticancer, against burns, against redness, for hair and face care, against kidney

problems, against stretch marks and varicose veins

Healing, against cold

Healing, against skin abscesses

Healing, against abscesses, hair care

Healing, anti diarrhea and abscesses

Healing

Healing

Healing, antidiuretic, antiseptic, antispasmodic, anti diarrhea, carminative
Healing, against pimples

Healing, antiseptic, antidiabetic, antiinflammatory

Healing, hemostatic, anticancer, antiseptic, antidiabetic, antibiotic, draining, wormer, against sinusitis,

against cold, digestive, against stomach problems, acne, eczema

Healing, anti-hepatitis, anticancer, antifungal, assists delivery

Healing

Healing, against stomach ulcers, against burns, against anal fissures

Healing, antipyretic, anti-inflammatory, antispasmodic, antiallergic, soothing, softening, black marks
Healing

Healing

Healing, antispasmodic, antiseptic, antiviral, for breathing and digestive apparatus, calming
Healing, against stretch marks, anti wrinkles

Healing, against constipation

Healing

Healing, antipyretic, antirheumatic

Healing. against stomach problems

Healing, anti-haemorrhagic, anti diarrhea, blackening

Healing

Healing, antidiabetic, against burns

Healing

Healing, antiseptic, against herpes, against eyes problems

Healing, toning, strengthens immunity, antiseptic

Healing, antirheumatic, against pimples and abscesses

Healing, against burns, against stomach problems, against cold, against headaches
Healing, antiseptic, calming

Healing

Healing, hypertensive, antioxidant, antiseptic, anti-hepatitis, antifungal, Antibiotic, detoxifying,
energizing, antioxidant, enhances memory

Healing, antidiabetic, antispasmodic, against pimples, against stomach problems, against bad cold,
against bloating, anti acne

Healing, antibiotic, antiseptic, strengthens immunity, digestive, hair care
Healing, against facial tasks

Healing, antiseptic, antirheumatic, constipating, against gases

Healing

Healing, antimycosic, antidiarrhea, against abscess, hair care

Healing, face care

Healing

Healing, antispasmodic, antiseptic, hair care
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Papaver rhoeas L.
Sesamum indicum
Pinushalepensis
Plantago major
Plantago psyllium
Avena sativa L.

Rhamnus alaternus
L.

Clematis cirrhosa L.
PopulusL.
Argania spinosa

Capsicum annuum
Veronica aquatica

Urtica dioica
Verbena officinalis
Curcuma longa

Peganum harmala L.

Healing.

Healing, anti tasks, against sunlight

Healing, antiseptic, analgesic, against burns, against digestive problems
Healing, antiinflammatory, analgesic, against urinary and digestive problems
Healing, antiseptic.

Healing

Healing, against black tasks

Healing, against black tasks

Healing

Healing, against sunburn, face care, anti wrinkles, anti tasks, anti eczema
Healing, antiseptic

Healing, antihemorrhagic, against pimples, anticancer, kidney problems, anemia, diarrhea,
remineralizing, against anemia

Healing, anti-haemorrhagic, antirheumatic, antidiuretic, against hair loss, against hemorrhoids
Healing, antiinflammatory, activates immune system

Healing

Healing

—
X
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Figure 10. Workforce of healing plants whose leaves are used as essential oils.

said that S. verbenaca is used most often when it is
associated with other plants, and its efficiency increases
exceeding 80% if it is associated with P. halepensis or V.

officinalis. Indeed, this result was confirmed by another
ethnobotanical study, which showed that S. verbenaca is
often associated with these plants (Bellakhdar, 1998).



Crossing between used parts and form of use

From this crossing, the study obtained that x%yps > X3 a.
Therefore, H, is rejected. The study concluded that the
used form of the plant depends on the used parts.

Crossing between used parts and use as essential
oils

The study found out, through this crossing, the use in the
form of essential oils depends on the leaves and on the
whole plant but it is independent of the other parts like:
flowers, roots, barks, fruit and seeds. The dependence of
the use in essential oils to the whole plant confirms the
results of the Chi-square test of Table 4. So, the study
can conclude from the results, that the use of essential
oils depends on part of the plant which is used and more
specifically on the leaves. This can be explained by the
fact that leaves contain all the essential plant metabolites
including essential oils.

Crossing between use form of essential oil with
healing plant

The statistical results of the crossing (Table 5) allowed us
to conclude that the use of essential oils form actually
depends on the healing plant species.

Crossing between use form of essential oil, leaf-part
and healing plant

This crossing enabled us to conclude that the use of the
leaves as essential oils depends on the nature of the
healing plant. Furthermore, the study found that R.
officinalis, L. angustifolia, A. tridentata, M. communis L
and T. vulgaris are the plants whose leaves are more
often used in the form of essential oils. Based on these
results, the study has chosen to use these plants in
subsequent experimental studies, as part of of the study
research work, to develop and manufacture a
phytomedicine.

CONCLUSION

The use of medicinal plants has been in existence for
decades; it has been and remains until today requested
by the Moroccan population. Furthermore, phytotherapy
is a discipline that is changing these days, and people
are more likely to go to the natural products to heal and
for treatments of wounds.

Indeed, this study was conducted in order to make the
most complete inventory of the healing medicinal plants
used in Morocco and to gather all the necessary infor-
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mation about the therapeutic uses of these plants and
their specific properties. Thus, the ethnobotanical survey
allowed us to reveal a large number of information. It
allowed the identification of 59 species of healing plants
belonging to 37 families, whose S. verbenaca is the
major species. It is presented in this study that among
these families, Lamiaceae is the most represented family
in the surveyed citie

On the pharmacological side, the whole plant is the
most used part; powder is the most common used form.
There is a relationship between the form of use and the
used part of the plant; especially for essential oils use
form. It was also discovered that the leaves which are the
most commonly used part as essential oils, and that, of
course, depends on the nature of the plant. The indexed
plants are distributed specifically in the Souss-Massa-
Draa region and their distribution varies from one region
to another. Plants are more available in spring, they are
used most often 2 times per day and the duration of the
use varies depending to the wound and the pathological
field.

This study is the result of a series of ethnobotanical
surveys made with herbalists and traditional healers in
the cities of Casablanca, Mohammedia, Rabat, Salé,
Kenitra, Fez, Marrakech, Agadir, Taroudant, Tangier,
Tetouan and Oujda. Using direct and telephonic
interviews, the survey was carried out over a period of
five months, and allowed the study to know the healing
medicinal plants used by the Moroccan population of the
main cities of Morocco. It revealed the wealth of floral and
plant heritage and much other relevant information. It is
therefore, necessary to expand the field/population of this
study to other regions of the Kingdom, to include all the
healing medicinal plants traditionally used, and also to
safeguard this precious plant heritage.

These conclusive results allowed the study to justify (as
preliminary information gathered in the field) the choice of
healing plants that will be used in subsequent
experimental studies, to manufacture a new wound
healing product.
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Neutrophils are leukocytes that are actively recruited to sites of tissue infection and/or injury by
directed movement (chemotaxis). In vitro assessment of inhibition of neutrophil chemotaxis is a
physiologic indicator of anti-inflammatory potential. To identify nontoxic, anti-inflammatory agents,
plant-derived compounds (curcumin, resveratrol, rosmarinic acid and piperine) were assessed for
effects on in vitro neutrophil movement. Effects were determined on directed migration (chemotaxis)
towards the potent chemoattractant of bacterial cell wall origin, f-met-leu-phe (fMLP). Curcumin
significantly inhibited neutrophil chemotaxis in a concentration-dependent manner with statistically
significant inhibition at 50 and 100 pM. Similarly, resveratrol (25, 50, 100 pM) and rosmarinic acid (100
M) significantly inhibited fMLP-induced chemotaxis in concentration-dependent manners. Piperine had
no effect on neutrophil chemotaxis. These results indicate that curcumin, resveratrol and rosmarinic
acid have the potential to elicit anti-inflammatory effects.

Key words: Neutrophils, phytochemicals, chemotaxis, inflammation.

INTRODUCTION

An important in vivo biological event is chemotaxis, which
is directed cell movement towards a chemical or
biological agent. Chemotaxis occurs in many cell types
with examples being leukocyte influx into an inflammatory
nidus, migration of endothelial cells for blood vessel
formation during angiogenesis, development of an
embryo and cancer cell metastasis. Chemotaxis is
regularly assessed in immune cells where their
mobilization and deployment to sites of inflammation are
integral parts of the immune response (Kruger et al.,
2015).

One immune cell type, the polymorphonuclear
neutrophil (PMN), has been well studied for its
chemotactic behavior relevant to its important role in
innate immunity and inflammation (Headland and Norling,
2015). Recruitment of neutrophils to sites of inflammation
or injury involves the following commonly recognized
steps: tethering, rolling, adhesion, crawling and
endothelial transmigration (Kolaczkowska and Kubes,
2013). Neutrophil chemotaxis is induced by
chemoattractants such as chemokines (interleukin-8: IL-
8), bacteria-derived agents (f-met-leu-phe: fMLP) and
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vasculature-derived components (complement proteins
such as C5a) (McNeely et al., 1993). Regardless of the
cue, neutrophils in circulation first recognize chemotactic
signals in the endothelium close to an inflammatory site,
roll along the endothelium and extravasate into the tissue
where they fight infections and interact with other cells of
the immune system. Neutrophils are the first cells to
arrive at an inflammatory site and they do that in massive
numbers (Bardoel et al., 2014).

Therefore, assessment of neutrophil chemotaxis is an
important early function in acute inflammation.
Noteworthy is the fact that impaired recruitment or
inappropriate or excessive activation of neutrophils can
lead to disease states such as rheumatoid arthritis,
inflammatory bowel disease and chronic obstructive
pulmonary disease (den Broeder et al., 2003; Kaur and
Singh, 2013; Larmonier et al., 2011). It is for this reason
that neutrophils have become targets for pharmaceutical
approaches to functional regulation. Constant concerns
about an ever-expanding population of patients with
inflammation-mediated diseases coupled with lack of
nontoxic yet efficacious anti-inflammatory agents are
sufficient reasons to continue the search for other
therapeutic options and strategies. One alternative
strategy is the use of plant compounds that have anti-
inflammatory properties.

Reports indicate anti-inflammatory properties of
rosmarinic acid (derived from rosemary), resveratrol
(from skins of red grapes), curcumin (derived from
turmeric) and piperine (derived from black pepper).
Rosmarinic acid caused susbstantial reduction in
inflammation in three different rat models of inflammation,
local (carrageenin-induced paw edema) and systemic
(liver ischemia/reperfusion injury, thermal injury) (Rocha
et al, 2015). Additionally, it reduced inflammation
(example, neutrophil infiltration) in LPS-challenged
horses (Pearson et al., 2012) and reduced number of
inflammatory cells in the airways of an experimental
model of respiratory allergy (Costa et al., 2012).
Resveratrol inhibited inflammation, with reduced
neutrophil infiltration as a marker, in a rat cerebral
ischemia/reperfusion model of stroke (Fang et al., 2015)
and inhibited airway inflammation and hyperreactivity in
mice (Zang et al., 2015). Curcumin, administered as oral
doses, inhibited neutrophil infiltration into lavage fluid in
mouse models of extrinsic (Hemophilus influenza-
induced) and intrinsic  (tumor-induced)  airway
inflammation (Moghaddam et al., 2009), and significantly
inhibited neutrophil infiltration and inflammatory cytokine
production in a murine model of asthma (Narumoto et al.,
2012). Piperine inhibited inflammation in a rat
periodontitis model (Dong et al., 2015) and reduced
proinflammatory cytokine levels, infarct volume and
neuronal loss in a rat model of stroke (Vaibhav et al.,
2012).

Given the cited results, plant-derived compounds with
anti-inflammatory  potential,  specifically = curcumin,
resveratrol, rosmarinic acid and piperine, were selected

for assessment of effects on chemotaxis of human
neutrophil. These compounds were assessed by the
leading front method of chemotaxis to determine their
effects on fMLP-induced chemotaxis of human
neutrophils (Kinane et al., 1989). Other reports document
anti-inflammatory potential of each one of these plant
compounds (Budhiraja and Dhingra, 2014; Hassan-
Khabbar et al., 2010; Nonose et al., 2014; Sabina et al.,
2011) as well as nontoxic host effects (Wang et al., 2015;
McCrea et al., 2015).

MATERIALS AND METHODS
Isolation of human neutrophils

Heparinized venous blood was obtained from normal healthy,
medication-free human donors after receiving informed consent
following a protocol approved by the Saint Louis University
Institutional Review Board. Neutrophils were isolated by dextran
sedimentation and Ficoll-Hypaque density gradient centrifugation
(Boyum, 1968). Contaminating erythrocytes were removed by
hypotonic lysis. Cell purity was determined by differential counts of
Wright-Giemsa stain (Sigma-Aldrich, St. Louis, MO) of cytospin
preparations (routinely >95%) and neutrophil viability was
determined by trypan blue (Sigma-Aldrich) exclusion (routinely
>98%).

Phytochemical compounds

The phytochemicals, curcumin, resveratrol, rosmarinic acid and
piperine were obtained commercially (Sigma-Aldrich). The
compounds were solubilized in dimethylsulfoxide (DMSO: Sigma-
Aldrich) at 100 mM stock concentrations and stored at -80°C.
Phytochemicals used for chemotaxis were assessed at several
concentrations (0.01, 0.1, 1, 10, 100 pM: concentrations were
generated by diluting stock solutions in chemotaxis buffer
(formulation described below)). The highest concentration (0.1%) of
DMSO used for solubilization of plant-derived compounds was
assessed in the assay as the vehicle control.

Leading front method of neutrophil chemotaxis

Appropriate concentrations of the bacteria-derived chemoattractant,
f-met-leu-phe (fMLP: Sigma-Aldrich), was determined empirically by
ascertaining concentration response curves of fMLP. Chemotaxis
was measured using the leading front method of Zigmond and
Hirsch (1973) as modified by Heuertz et al. (1999). Briefly,
neutrophils were pretreated (10 min, 37°C) with plant-derived
compounds in chemotaxis buffer consisting of Hanks’ balanced salt
solution (Sigma-Aldrich) containing N-2-hydroxyl-ethyl-piperazine-
N’-2-ethanesulfonic acid (Hepes, 10 mM, pH 7.4: Sigma-Aldrich)
and bovine serum albumin (1%: Sigma-Aldrich). Chemoattractant
(fMLP) or buffer control (random neutrophil movement) was added
to wells of the lower chamber in the chemotaxis assembly. A
cellulose-nitrate filter (3 um pore size: Sartorius Filters, Inc.,
Hayward, CA) was positioned on top of the lower chamber.
Neutrophils (200,000 in 50 pl/well) were then added to wells of
the upper chamber and the 48-well chemotaxis apparatus
(Neuroprobe, Cabin John, MD) was assembled and neutrophils
(200,000 in 50 pl/well) were added to wells of the upper chamber.
After set-up, the chemotaxis apparatus was incubated (35 min,
37°C) to allow time for the neutrophils to detect and react to the
fMLP. After incubation, filters were removed from the chemotaxis
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Figure 1. Concentration response curve of fMLP-induced chemotaxis by
human neutrophils. The leading front method of chemotaxis was used. n=5.

assembly, fixed in isopropanol and stained with Harris acid
hematoxylin (Sigma-Aldrich). Filters were viewed microscopically
and neutrophil movement into the filter was quantified by identifying
distance traveled by the leading two neutrophils, hence the reason
the procedure is called the leading front assay. Net neutrophil
migration into the filter was determined using the formula: (distance
moved in response to treatment) minus (distance moved in
response to buffer) = net migration of neutrophil movement in
pm/35 min. A suboptimal concentration of fMLP was used for
testing plant-derived compounds in order to determine whether
inhibition or augmentation of neutrophil movement resulted.

Statistical analysis

All data were reported as the mean + SEM. Comparisons of sample
means were analyzed using repeated measures ANOVA followed
by Dunnett multiple comparisons. Differences with p < 0.05 were
considered significant.

RESULTS
fMLP concentration response curve

Results of the fMLP concentration response curve
indicated that peak neutrophil movement was at 5 nM
fMLP (Figure 1). Suboptimal concentrations were 0.5 and
1 nM fMLP. Declining neutrophil chemotaxis was evident
at 50 to 1,000 nM fMLP.

Neutrophil chemotaxis after pretreatment with plant-
derived compounds

The suboptimal concentration of 0.5 nM fMLP was used
for assessment of effects of phytochemical-pretreatment
on neutrophils. Several concentrations of phytochemicals
(0, 0.01, 0.1, 1, 10, 100 uM) were assessed to determine

their effects on neutrophil chemotaxis. Curcumin
significantly inhibited fMLP-induced neutrophil
chemotaxis in a concentration-dependent manner with
statistically significant inhibition at 50 and 100 uM (Figure
2A) whereas vehicle (0.1% DMSO) had no effect on the
chemotaxis (data not shown). Resveratrol inhibited fMLP-
induced chemotaxis in a concentration-dependent
manner with statistically significant inhibition at 25, 50
and 100 uM (Figure 2B). Rosmarinic acid inhibited fMLP-
induced neutrophil chemotaxis in a concentration-
dependent manner with statistically significant inhibition
evident at 100 uM (Figure 2C). Piperine had no effect on
fMLP-induced chemotaxis of neutrophils (Figure 2D).
Trypan blue viability assays were performed in parallel
with chemotaxis assays using the highest concentrations
of all agents tested. None of the agents tested had any
effect on PMN viability.

DISCUSSION

Neutrophils are actively recruited to sites of tissue
infection and/or injury by directed movement
(chemotaxis). In vitro assessment of inhibition of
neutrophil chemotaxis is a physiologic indicator of anti-
inflammatory potential (Antonicelli et al., 2004). The
concentration response curve of fMLP showed
suboptimal (0.5 and 1 nM fMLP), peak (5 nM fMLP) and
declining (50 to 1,000 nM fMLP) neutrophil chemotaxis.
Use of suboptimal concentrations allowed for
interpretation of augmentation as well as inhibition
outcomes. Declining chemotaxis at higher fMLP
concentrations was not used due to the desensitization of

neutrophil surface receptors to fMLP at those
concentrations.
Plant-derived compounds (curcumin, resveratrol,
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Figure 2. Effect of phytochemicals on fMLP-induced chemotaxis of human neutrophils. Cells were pretreated (10
minutes, 37°C) with indicated compounds and concentrations and then added to the chemotaxis unit for assessment of
fMLP (0.5 nM)-induced chemotactic movement by the leading front method. A. Curcumin concentration response curve.
n=6 at each concentration. B. Resveratrol concentration response curve. n= 6 at each concentration. C. Rosmarinic
acid concentration response curve. n=6 at each concentration. D. Piperine concentration response curve. n = 3 at each
concentration. For all panels: * = p < 0.05 versus fMLP alone (0 concentration of plant compound). ** = p < 0.01 versus

fMLP alone (0 concentration of plant compound).

rosmarinic acid, piperine) were assessed for effects on in
vitro neutrophil movement, that is, on chemotaxis towards
the potent chemoattractant of bacterial cell wall origin, f-
met-leu-phe (fMLP). Recent studies have shown that
curcumin exerts anti-cancer activities on multiple types of
cancer (Deguchi, 2015). For this reason, curcumin is one
of the most promising phytochemicals that targets
cancers and inflammation-mediated diseases. In the
present study, curcumin significantly inhibited neutrophil
chemotaxis in a concentration-dependent manner with
statistically significant inhibition at 50 and 100 uM (Figure
2A). Neutrophil chemotaxis to an IL-8 homologue in mice
(MIP-2) proceeds through a signalling pathway that
initiates at a G-protein-coupled receptor (CXCR2).
Activation of this receptor renders an effect on F-actin
polymerization in the lamellar region of the neutrophil

through  phosphoinositide  3-kinase  (PI3K) and
phosphatidylinositol(3,4,5)-trisphosphate (P1(3,4,5)P3)
pathway which includes protein kinase B (Akt/PKB) and
guanosine triphosphatases Cdc42 and Rac 2. Larmonier
et al. (2011), showed that curcumin inhibited actin
formation at the leading edge of neutrophils during
movement, an event that involved PI3K and PI (3,4,5P3).
The finding that ERK phosphorylation was not affected
indicated that the curcumin effect was not targeted to
initial stages of MIP-2/CXCR2 signal transduction in the
neutrophil. The inhibitory effect herein reported may be
due to regulation of F-actin polymerization through
phosphoinositide 3-kinase (PI3K) and
phosphatidylinositol(3,4,5)-trisphosphate (P1(3,4,5)P3) in
the lamellar region of a migrating neutrophil, all of which
are vital components of leading edge formation



(Larmonier et al, 2011).

Resveratrol, the polyphenol present in skins of red
grapes and in red wines, has been linked with anti-
inflammatory and anti-cancer activities (Inoue and
Nakata, 2015; Wang et al., 2015)". It is herein shown that
resveratrol inhibited fMLP-induced chemotaxis in a
concentration-dependent manner with  statistically
significant inhibition at 25, 50 and 100 uM (Figure 2B).
This result confirms prior reports (Inoue and Nakata,
2015; Wang et al., 2015) that resveratrol has anti-
inflammatory activities. Inoue and Nakata state that
resveratrol is a phytoalexin indicating that it is an
antimicrobic synthesized by plants in response to assault
by pathogenic bacteria or environmental stresses with
resultant resistance to infection and stresses. Other anti-
inflammatory processes ascribed to resveratrol are
cyclooxygenase inhibition (Inoue and Nakata, 2015) and
prevention of cytokine-induced vascular leakage (Wang,
Dabrosin et al. 2015).

Rosmarinic acid from Rosmarinus officinalis has been
shown to be anti-inflammatory in vivo by reducing
number of leukocytes that roll, adhere and migrate to an
inflamed site after injection of inflammatory agents in a
rat model (Nogueira de Melo et al., 2011). Following up
on this report, the question was posed as to whether
purified rosmarinic acid rendered a similar effect in vitro
as rosemary essential oil did in vivo. As shown herein,
rosmarinic aid displayed significant anti-chemotactic
effect, albeit at a single concentration (100 uM: Figure
2C). To our knowledge, this is the first report of inhibition
of chemotaxis of human neutrophils by rosmarinic acid.

While piperine from Piper nigrum has been reported to
have anti-inflammatory (Mujumdar et al., 1990; Sunila
and Kuttan, 2004) and pro-inflammatory properties
(Mujumdar et al., 1990; Sunila and Kuttan, 2004),
piperine exhibited no effect on fMLP-induced neutrophil
chemotaxis at the doses tested (Figure 2D). Mujumdar
and Dhuley assessed piperine action in in vivo acute and
chronic models of inflammation and identified that an
anti-inflammatory piperine action was significantly
manifested during acute inflammation at early stages.
However, Sunila and Kuttan assessed piperine effect on
solid tumor development and found that piperine
increased total leukocyte number at the tumor site
thereby implicating phagocyte recruitment and pro-
inflammatory processes at the site. In another study,
chemotaxis of macrophages (cell line Raw 264.7 of
murine origin) was inhibited by piperine in a dose-
dependent manner at concentrations similar to those
used in the current study (Woo et al.,, 2007). It was
therefore of interest to define the effect of piperine on
chemotaxis of human neutrophils.

The present study identified the use of a well-established
and long-used method to assess anti-inflammatory
effects of phytochemicals, specifically the anti-
inflammatory effect of inhibition of neutrophil
chemotaxis. Studies suggest that neutrophil and cancer
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cell movement share common features such as
mechanisms of signal transduction, movement as
receptor-mediated events and induction by chemokine
chemoattractants (Soon, 2007; Wang, 2009). Therefore,
prevention of chemotaxis by phytochemicals has the
potential to alleviate disease conditions involving
inflammation. As the inflammatory process becomes
better elucidated, the list of diseases caused or affected
by inflammation grows longer. Interestingly, links
between cancer and inflammation have been identified,
especially as related to cell movement (Lin and Karin,
2007). For this reason, effects of phytochemicals on
cancer cell movement deserve assessment for anti-
metastasis potential. Future studies focus on mechanistic
actions of these phytochemicals relevant to neutrophil
chemotaxis.

CONCLUSION

Plant-derived compounds, such as resveratrol, curcumin
and rosmarinic acid, inhibit chemotaxis of human
neutrophils. These results indicate that phytochemicals
have the ability to inhibit neutrophil recruitment to sites of
infection and injury, and therefore have potential as anti-
inflammatory agents with mechanistic action targeted at
initial step of the innate immune response.
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