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ABSTRACT

The chemical composition and antifungal activitafsthe volatile fractions from leaves, roots andwiérs of
Lupinus pilosus Murr. harvested in winter and sgriwere studied. The yields of volatiles ranged fl@®il to
0.04%. Those in spring were higher than in winfEhe GC and GC-MS analysis permitted us to ider@8y
compounds. The harvest season and the studied affeeted qualitatively and quantitatively the partage of the
different constituents. Spathulenol (1.0 to 8.78bulol (2.3 to 8.7%)g -bisabolol (7.0 to 8.8%) and nonanal (2.8
to 16.3%) were the major compounds of the studidatile fractions. Non- terpene derivatives (140372.5%) and
oxygenated sesquiterpenes (6.4 to 33.4%) were t®t rapresented chemical classes. The antifungaperties
depended on the studied organ and the harvest sedabe fraction obtained from roots harvested inteti showed
moderate antifungal activity against C. glabratada@. krusei ¢1Z= 10 mm).

Key words. Lupinus pilosusMurr ; chemical composition ; volatile fractionsseasonal variation ; antifungal
activity

INTRODUCTION

Lupinusis a large genus in the legumes family (Fabacéde).number of species in this genus is not wdihdd

and it is estimated to be greater than 1000 [1]s Tenus is grouped in species "Old World" growingthe
Mediterranean region and North Africa and the setihew world” growing in America. Species "Old Wirare
represented by only 12 annual species with chromesoeumbers ranging from 2n = 32 to 42. These speauie
divided into two distinct groups: species with siibseeds and those with rough seddginus pilosusMurr.

belongs to the latter group [2, 3, 4].

L. pilosusMurr. = L. variusBatt. et Trab .. hispanicus= L. microanthus= L. hirsutus(Fabaceae) grow wild in
TUNISIA in sandy uncultivated and cultivated sdB§. However, most genotypes bf pilosusgrow naturally on
calcareous soils [6]. This tolerance appears toelmed to the ability of these plarnts exclude bicarbonate or
prevent its transport to the lea&$.

This species is used by farmers to enrich the witit nitrogen [8]. The feed value of this speciesnbted by
Lemordant [9]. The seeds &f pilosus recognized as a good source of glucomannan, toefpprmalize blood
glucose levels and relieve the stress of pancrédp [upinus pilosusseeds are also used for liver disorders,
hemorrhoids and eczema [11, 12]. However, the ti@si¢hat are rich in alkaloids are toxic and bif&g.

Previous studies on this species have shown theepce of several quinolizidines alkaloids, such-as133-
hydroxymultiflorine and <)-13u0-hydroxymultiflorine, among the others [13, 14].€Thntioxidant activities of the
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aerial parts and roots essential oild.apinus pilosusave been previously evaluated by our team dudifigrent
phases of development [15].

The seasonal variations in chemical composition amungal activity of the volatile fractions éfipinus pilosus
Murr. have never been previously published. The pmsitions of the volatile fraction were analyzed bgs
chromatography coupled with mass spectrometry (G%)-Nh this research, we studied the chemical caitipos
of volatiles and their antifungal activities froeales, roots and flowers biipinus pilosugrowing wild in Tunisia
and collected in two different seasons.

EXPERIMENTAL SECTION

2.1. Equipment

2.1.1. Plant material

Lupinus pilosusMurr. ssp. digitatus (Forsk.) Mayor has been idiest according to the flora of TUNISIA [5] by Pr.
Fethia HARZALLAH SKHIRI. A reference specimen (H1@ps deposited at the Faculty of Sciences of Mamast
TUNISIA. Wild plants were harvested in winter (Dedser 2012) and in spring (April 2013) from the goarate

of Monastir (latitude 3546'0° N, longitude 10 59'0” E) in the coastal region of TUNISIA, with a suhbainhid
climate. The average values of maximum and mininemmperatures (° C) for December 2012 and April 20&8e
respectively 18.8 and 9.7 (average 14.25) and @2d14.7 (average 18.8). The averages of humiditlyrainfall

for December 2012 and April 2013 were respectig®o and 1.4 mm; 69 mm and 23.9%. The fresh plants,
previously separated in leaves, roots and floweese dried in the shade and at room temperature.

2.1.2. Biological material
Tests were performed on following pathogenic fuigandida albicanfATCC 90028),Candida glabrata(ATCC
90030),Candida kruse{ATCC 6258) andCandida parapsilosi$ATCC 22019).

These strains are maintained by subculture anddtorthe laboratory of Parasitology-Mycology at thniversity
Hospital Fattouma Bourguiba Monastir, TUNISIA.

2.2. Methods

2.2.1. Hydrodistillation

Each sample was ground and subjected to hydrddigiit for 4 hours. The volatile compounds wergaoted with
hexane.

After drying the extract over anhydrous sodium atalf the solvent was evaporated and the volatikre wept in a
refrigerator until study.

The yields of volatile fractions were calculatedfalfows: FV / PM x 100 with VF = mass of the valatfraction
and PM = mass of dry plant material.

2.2.2. GC-FID and GC-M S analysis

The GC-FID analyses were accomplished with a HR3SB&ries Il instrument equipped with HP-WAX and 5BIP-
capillary columns (both 30 m x 0.25 mm, 0.2 film thickness), working with the following temure
program: 60°C for 10 min, ramp of 5°C/min up to 220injector and detector temperatures 250°C; eagas
helium (2 ml/min); detector dual FID; split ratio3D; injection of 0.5ul). The identification of the components was
performed, for both columns, by comparison of tihefiention times with those of pure authentic sas@nd by
means of their linear retention indices (l.r.ilatve to the series af-hydrocarbons.

GC-EIMS analyses were performed with a Varian CB&38as-chromatograph equipped with a DB-5 capillary
column (30 m x 0.25 mm; coating thickness Ou®%) and a Varian Saturn 2000 ion trap mass deteatmalytical
conditions: injector and transfer line temperat26 and 240°C respectively; oven temperature pragred from
60°C to 240°C at 3°C/min; carrier gas helium atlfmim; injection of 0.2ul (10% hexane solution); split ratio 1:30.
Identification of the constituents was based on ganson of the retention times with those of autitesamples,
comparing their linear retention indices relatigethe series ofi-hydrocarbons, and on computer matching against
commercial [16, 17] and home-made library masstspduwilt up from pure substances and componenksiofvn

oils and MS literature data [18, 19, 20, 21, 22brkbver, the molecular weights of all the identifisubstances
were confirmed by GC-CIMS, using MeOH as Cl iongzias.
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2.2.3. Antifungal activity of Lupinus pilosus Murr .volatile fractions

The diffusion method on solid medium (Sabouraud@hiphenicol) was used. The fungal inoculums weepamed
by sterile physiological water NaCl 9 %o, from atowé of 24 hours. The inoculum was adjusted to laevaf 1

McFarland using a densitometer (Bio Merieux). lseaond step, we flooded the surface of Sabourawdiumewith

2-3 ml of fungal inoculum. Then, the excess wasaesd using a sterile Pasteur pipette. The dishes diéed by
incubation in the oven for 15 minutes at 37 ° Csk3iof n° 3-sterile Whatman paper 6 mm in diametene used.
Each one was impregnated with 20 pL of test samplbch corresponds to 1.2 mg/disc of tested VelatiThen,
the impregnated discs were placed on the surfaBalburaud medium in the presence of control disksegnated
only by solubilizing solvent extract and a positoantrol disc (Fluconazole).

After incubating Petri dishes at 37 °C for 18 h, preceed to measure the diameters of the cleabitidn zones
(d12) surrounding the discs [23].

RESULTSAND DISCUSSION

3.1. Volatilesyields

The yields of volatile fractions obtained from thapinus pilosusMurr. leaves, roots and flowers harvested in
winter and spring are summarized in Table 1. Tleddgi depended on the studied organ and the hawasbn. The
yields ranged from 0.01 to 0.04%. This is in agreenwith the researches of Clara Grosso et al. fatiod that the
yields of aerial parts essential oils of nine pagiohs of the legumBterospartum tridentaturwere below to 0.05%
[24]. Our study showed, also, that the yields dhtite fractions of leaves and roots harvestedpiring (flowering
stage) are higher than those harvested in wintas i in harmony with the results found by Merdgiaet al. who
showed that the yield of the aerial parts essentlabf Ruta chalepensibarvested in April (flowering stage) is
greater than that of aerial parts collected duatiger months [25]. Li et al. studied the yielddexves essential oils
of Cinnamomum cassia different stages of development. These reseasdiound a correlation between the yields
of essential oils and the cell oils density of sddeaves. Their results showed that two yeardeddes have the
highest density of oil cells, which coincides wille most important oil yield (2.12%) [26]. Duringet development
of the plant, the biosynthesis of secondary mettsotan be affected by temperature, moisture,rsdilre, wind,
harvest time and altitude [27].

Our results showed also that the flowers volatigetion yield was the highest (0.04%).

Table 1. Seasonal variation in yields of leaves, roots and flower s volatile fractions of Lupinus pilosus Murr.

Leaves (%) Roots (%) Flowers (%)
Winter Spring  Winter  Spring Spring
Yield 0.01 0.03 0.02 0.03 0.04

3.2. GC-FID and GC-M S analyses

3.2.1. Congtituents of leaves, roots and flower s volatiles fractions of Lupinus pilosusMurr .

The constituents of the leaves, roots and flowelatie fractions ofLupinus pilosusMurr. collected during the
winter and spring seasons are reported in Table 2.

The volatile fractions of leaves collected duritg twinter and spring are composed by 33 and 41 iché&n
respectively. The volatile fractions of roots hatesl in winter and spring contained 43 and 35 camgs,
respectively. Furthermore, 40 compounds were ifledtin the volatile fraction of flowers collectéd spring.

The volatile fractions of roots harvested in bottasons and that of leaves harvested in spring ioedta
sesquiterpene hydrocarbons as major constituents-t&tpene derivatives represented the major cledroiass of
the volatile fraction of leaves harvested in wirdad that of flowers (see Table 3).

Among the 83 identified compounds, only a few citashts are in common to all the five studied \vitddtactions:
nonanal B-caryophyllene, viridiflorene, spathulenol, viriidifol and hexahydrofarnesyl acetone.

The constituents of the leaves and roots variedrdaty to the season of harvest. However, duriegstime season,
the chemical compositions of the volatile fractimasied depending on the studied organ.

As shown in Table 2, nonanal (12.2%) and spathulé®d %) were the major volatile compounds of kesav
harvested during winter and spring, respectivelgnahal (16.3 %) was also the main volatile constitwf the
flowers harvested in spring. Globulol (8.7 %) anebisabolol (8.8%) were the major volatile composirod roots
harvested in the winter and spring seasons, rasphct
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Table 2. Chemical composition (%) of leaves, rootsand flowersvolatile fractions of Lupinus pilosus Murr. during the winter and spring

Seasons

. L.ri. HP-5  Lr.i. HP-WAX Leaves (%) Roots (%) Flowers(%)
No Constituents Winter  Spring Winter  Spring Spring
1 Furfural 834 1438 0.4
2 (E}2-hexenal 856 1209 1.7 0.8 0.7 0.6
3 2-heptanone 891 1186 0.6
4 Heptanal 901 1179 6.2 1.8 43
5 Benzaldehyde 963 1493 0.6 0.7 14
6 1-octen-3-ol 980 1390 0.9
7 6-methyl-5-hepten-2-one 987 1340 0.4
8 2-pentyl furan 993 1241 1.8 5.4 1.6 15
9 n-decane 1000 1000 0.9
10 Octanal 1002 1278 49 1.9 47
11 trans2-(2-pentenyl) furan 1005 - 1.3
12 Limonene 1032 1198 0.6 5.1
13 1,8-cineole 1034 1209 0.6 14 0.4
14 Phenylacetaldehyde 1045 1618 1.3 1.1
15 (E}2-octenal 1063 1343 0.6 12
16 1-octanol 1071 1560 0.7 0.6 1.3 1.2
17 (E,E}3,5-octadien-2-one 1095 1521 0.9
18 Linalool 1101 1560 0.7 3.4
19 Nonanal 1104 1382 12.2 5.4 3.9 2.8 16.3
20 cis-pmenth-2-en-1-ol 1123 1642 0.6
21 trans-pmenth-2-en-1-ol 1142 1649 0.6
22 (E}2-nonenal 1162 1444 0.9 0.5
23 2-methoxy-3-(1-methylpropyl) pyrazine 1176 1511 1.9 0.8
24 ndodecane 1200 1200 0.7 15
25 Safranal 1201 1598 21 14
26 Decanal 1206 1481 11 11 0.7 0.9
27  B-cyclocitral 1222 1636 2.0 15
28 cumin aldehyde 1241 1765 0.8 0.6
29 Carvone 1244 1742 13 1.2 3.7
30 (E}2-decenal 1263 1592 0.6
31 acide nonanoigque 1276 2204 0.8
32 (E}anethole 1285 1816 1.8 0.9 2.9
33 Carvacrol 1301 2219 2.6
34 Undecanal 1307 1649 1.2 2.0
35 pvinylguaiacol 1310 2179 10.7 3.7 21
36 (E,E)2,4-decadienal 1316 1706 1.0 1.0
37  a-terpinyl acetate 1351 1695 1.6 5.2 1.0
38 (E)}p-damascenone 1383 1593 3.1 3.3 2.3
39 ntetradecane 1400 1400 0.8 1.7 3.1
40  a-dihydroionone 1411 - 14
41 B-caryophyllene 1419 1598 5.2 2.8 21 3.0 0.4
42 transa-bergamotene 1437 1782 0.6 0.9
43 Aromadendrene 1440 1649 0.6 0.5
44 (E)}geranylacetone 1454 1842 1.3 15 1.6
45 Alloaromadendrene 1461 1622 0.7 0.6 0.7
46 2-methyltetradecane 1465 - 0.8 1.2 1.3 3.9
47 B-chamigrene 1472 1755 5.2 7.1
48  y-himachalene 1480 1698 2.3 2.7
49 (E)}p-ionone 1487 1930 7.8 4.7 3.8 13
50 Valencene 1493 1717 1.3 1.8
51 Viridiflorene 1495 1715 10 0.6 23 0.8 0.5
52  B-bisabolene 1509 1708 1.8 3.2
53 transy-cadinene 1514 1750 0.5
54  §-cadinene 1524 1732 1.7 0.8
55 (E)}nerolidol 1564 2006 0.9 11
56 Ledol 1567 2008 0.6 0.7
57 Spathulenol 1577 2136 11 8.7 5.3 33 1.0
58 Caryophyllene oxide 1582 1966 7.3 7.3
59 Globulol 1584 2055 7.1 8.7 2.3
60 Viridiflorol 1591 2104 2.0 0.5 5.4 0.7 1.0
61 Guaiol 1597 2101 11 3.2 0.8
62 nhexadecane 1600 1600 2.1 35
63 Tetradecanal 1615 1915 0.7
64 1,10-diepi-cubenol 1616 2045 0.5
65 epil0-y-eudesmol 1622 2111 0.8 3.3 0.8
66 caryophylla-4(14),8(15)-dien-5-ol 1637 2292 10 18 37
67 T-cadinol 1641 2162 0.7 2.9 0.9
68 B-eudesmol 1650 2240 0.6
69  a-cadinol 1654 2188 0.8 2.8 0.4
70  a-bisabolol 1684 2237 7.0 8.8
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71 epia-bisabolol 1686 2252 2.6 5.2

72 nheptadecane 1700 1700 1.3

73 Pentadecanal 1716 2013 0.7 0.7 1.3 1.2

74 noctadecane 1800 1800 1.1 2.6

75 Hexadecanal 1814 2112 1.1

76 Hexahydrofarnesylacetone 1843 2118 5.9 8.2 08 5 7 11.8

77 nnonadecane 1900 1900 2.7

78 Farnesylacetone 1920 2359 1.4

79 methyl hexadecanoate 1925 2205 1.5 0.6 0.7

80 Hexadecanoic acide 1961 2933 7.1

81 ethyl hexadecanoate 1994 2251 6.7

82 neicosane 2000 2000 3.7

83 Octadecanal 2014 2402 2.0
Total 90.9 93.3 91.3 91.2 93.3

The nitrogen derivative, 2-methoxy-3-(1- methylpypyrazine, characterized only the volatile cimsints of the
roots.

3.2.2. Seasonal variation

As shown in Table 2, the chemical composition af tlolatile fractions varied significantly depending the
season. In the leaves volatile fractions, the nempene derivatives subjected to major variatiomseyp-vinyl
guaiacol, nonanal and heptanal (10.7%, 12.2% aB& Gn winter and 3.7%, 5.4% and 1.8% in the spring,
respectively). For oxygenated sesquiterpenestrinisl was observed for spathulenol and caryophgl(&n7 % and
7.3 % in spring and 1.1 % and 0% in winter, respebf). In case of sesquiterpene hydrocarb@shamigrene,
was the compound interested by this behavior (5.2 %pring and 0% in winter). The percentages of-tevpene
derivatives were higher in winter (46.1%) than fmisg (17.8%). On the contrary, oxygenated sesmetees were
higher in spring (30.3%) than in winter (13.7%) ifle&a3).

In the volatile fractions of roots, the main vailip among non-terpene derivatives was noted fexddecanoic
acid and 2- pentyl furan (7.1% and 5.4% in winted 8% and 1.6% in spring, respectively). Among @nated
sesquiterpenes, this was observedufbisabolol, globulol, caryophyllene oxide and vifiigrol (0%, 8.7%, 0% and
5.4% in winter and 8.8%, 0%, 7.3% and 0.7% in sprirespectively). The percentages of the apocawaten
hexahydrofarnesylacetone also varied significamthssing from 7.5% in spring to 0.8% in winter. Tiegcentages
of non-terpene derivatives and oxygenated monotepavere higher in winter (28.5%, 17.5%) than inrgp
(14.3%, 1.0%), while those of sesquiterpene hydtmoss were higher in spring (21.0%) than in winféi7%)
(Table 3).

Table 3. Constituents of leaves, roots and flower s volatile fractions of Lupinus pilosus Murr. harvested during the winter and spring

seasons
Leaveg%) Roots(%) Flowers(%)
Winter Spring Winter  Spring Spring
Monoterpene hydrocarbons 0.0 0.0 0.6 5.1 0.0
Oxygenated monoterpenes 2.7 4.1 17.5 1.0 04
Sesquiterpene hydrocarbons 6.2 15.9 7.7 21.0 0.9
Oxygenated sesquiterpenes 13.7 30.3 33.4 30.9 6.4
Apocarotenoids 22.2 234 0.8 15.2 13.1
Phenylpropanoids 0.0 18 0.9 2.9 0.0
Nitrogen derivatives 0.0 0.0 1.9 0.8 0.0
Non-terpene derivatives 46.1 17.8 28.5 14.3 72.5

3.3. Seasonal variations of antifungal activities of leaves, roots and flowers volatile fractions of Lupinus
pilosus Murr.

Seasonal variations of antifungal activities ofvies roots and flowers volatile fractions lafpinus pilosusMurr.
are shown in Table 4. It can be noted that thefiargal activity was dependent both on the studieghio and the
harvest season. The diameters of the inhibitioregqhlZ) ranged from 6 to 10 mm. The volatile fractiohroots
harvested in winter was the most active especégbinstC. kruseiandC. glabratawith an inhibition zone diameter
of 10 mm. This fraction showed antifungal activltystrated by®IZ=10mm agains€. glabratacomparable to that
of fluconazole (2 mg.mt) at a concentration of 60 mg.MLIt is interesting to note that this active fragtiis the
richest in terpenes (59.2%). Indeed, these commurdude monoterpenes, sesquiterpenes and thegreoated
derivatives, known active antimicrobial agents [28]can also be noted that this fraction is pattdy rich in
potentially antifungal agents such as globulol @)7[29], linalool (3.4%) [30, 31], T-cadinol (2.9%nda-cadinol
(2.8%) [32], 2-methoxy-3-(1-methylpropyl) pyrazi(ie 9%) [33, 34] and 1,8-cineole (1.4%) [35].
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Table 4. Seasonal variation of antifungal activities of leaves, roots and flower s volatile fractions of Lupinus pilosus Murr. (60 mg.mL ™)

Leaves (mm) Roots (mm) Flowers (mm)_ . A

Winter Spring Winter  Spring Spring Flu™ (2mg.mL)
C. krusei(ATCC 90028) 8x0 7+0 10x0 6.5%0 8x0 28+2
C. glabrata(ATCC 90028) 60 6+0 10+x0 8+0 60 11+0
C.parapsilosigATCC 90028) 85+0 7+0 6+0 6+0 60 28+2
C. albicang(ATCC 90028) 7+0 850 80 6+0 8+0 211

The data are displayed with mean standard deviatifovo replications after 18h of incubation at 87°
#Flu: Fluconazole

The mechanism of action of terpenoids is not fulhderstood, but it is assumed that these lipophicypounds
could damage the cell membrane [36]. Highly lipdiphiompounds of essential oils can easily passuiin the
plasma membrane to induce biological responses. [@&}oterpenoids isolatddom another legume species,
Psoralea glandulosawvere also endowed with antifungal activity agagight species of yeasts [37].

A study of methanol and ethanol extractsVidia faba(fabaceae) revealed activity agai@ndida albicansand
Candida maltoseThe yeasts showed more sensitivity to methamoditacts than ethanolic ones [38].

CONCLUSION

Our results showed that the different percentafiés pilosusconstituents, as well as their antifungal actgtivere
function of the collecting season (abiotic factas}l of the different biosynthesis performed byheargan.

Nonanal (12%) and spathulenol (8.7%) were the maptatile constituents of leaves harvested duringter and
spring, respectively. On the contrary, globulol’@®) anda-bisabolol (8.8%) were the major volatile constittseof
roots harvested in winter and spring, respectivelye chemical study showed also that nonanal (15886 the
major constituent of the volatile fraction of tHevfers.

The seasonal chemical variation can be explainesebgonal changes in temperature, humidity anéatiias well
as the different stages of plant development artdmoéism.

The fraction obtained from roots harvested in wintas endowed with moderately antifungal propertigainstC.
glabrataandC. krusei (®IZ = 10 mm).
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