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Background: Lepidium vesicarium (Cruciferae), one of the important medicinal plants
with a long history of medicinal use. The current study was designed to evaluate the free
radical scavenging and antimicrobial activities of the L. vesicarium EO as one of the Iranian
plant species.

Methods: The compositions of the EO from the aerial parts of L. vesicarium were analyzed

Keywords: by GC-MS and GC-FID. Furthermore, anti-oxidant and anti-microbial potentials were
-Lepidium vesicarium . . . K . . .

-GC-MS investigated via DPPH reagent and disk diffusion procedure, respectively.

-Anti-oxidant Results: A total of 18 compounds amounting 97.70% of the oil have been identified, while

-Anti-microbial

Benzyl cyanide (43.94%), Isothio cyanic acid (22.69%) and Benzyl isothio cyanate
(20.69%) were the main constituents. The EO showed no activity against the free radicals
and studied microbial strains (gram positive and gram negative and also fungi species).
Conclusion: On the whole, the presence of cyanide derivatives in studied EO revealed the
rational use of this plant in medicine. Comparing with other genesis of Lepidium, anti-
oxidant and anti -microbial properties of L. vesicarium essential oil were not noticeable.

Introduction

Many edible and perennial herbaceous species of
Cruciferae family such as rapeseed, broccoli sprouts and
common radish were used for medicinal uses and also
flavor agents in folk medicine. Bracicaceae family is
famous to have different types of glucose inolates in
volatile parts which play a major role to illustrate
important pharmacological properties, such as anti-
microbial, anti-oxidant and insecticidal.! Hence, the
substances of these plants can be considered candidate for
developing novel anti-microbial and radical scavenging
agents. Furthermore, numerous studies have been
reported the main pharmacological properties of different
species of this genus. Sexual performance boost (both in
animals and humans), enhancing the female fertility,
decreasing menopausal symptoms, improving the
memory, anti- cancer, osteoporosis prophylaxis and anti-
depressant characteristic are some of the pharmacological
properties.?® Some secondary metabolites like alkaloids,
glucosinolates, iso thiocyanates are probably responsible
for mentioned characteristic.® Lepidium vesicarium as a
weed species is abundantly distributed in the rangelands
of East Azerbaijan, Iran®. Furthermore, this species is
contradistincted by nodal swellings in stem.® Information
about the volatile composition of the different species of
Lepidium, available to date. AIll those previous

investigations revealed, phenyl acetonitriles,
benzaldehyde and benzyl isothio cyanate as the major
constituents in the oil.®7 With the exception of the reports
on the effect of environmental factors on seed
germination of L. vesicarium,® to the best of our
knowledge since now, there are no scientific data
available in the literatures on any volatile chemicals or
bioactivity study on this species. Since part of our mission
at the Pharmacognosy Department of Faculty of
Pharmacy, Tabriz, is to discover plant non- volatile,®1
and volatile compositions,'”'® which can be used as an
anti-oxidant,’®'” and anti-microbial agents,>1:12157
volatile constituents as well as anti-microbial and anti-
oxidant, properties of this plant were also evaluated. Other
investigations on the non-volatile compositions of L.
vesicarium are in progress.

Materials and Methods

Plant material

The aerial parts (leaves, stems and flowers) of L.
vesicarium were collected from Moghan East Azarbaijan
province, Tabriz in August 2016. A voucher specimen
(Thz-fph 1554) after identification was stored at the
Herbarium of the East Azerbaijan natural resources
research center, Faculty of Pharmacy, Tabriz University
of Medical Science, Tabriz, Iran after identification.
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Distillation of plant materials

The 100 g of chopped and powdered of Lepidium
vesicarium sample was subjected to hydro-distillation for
4h using a Clevenger type apparatus successively. The
yield of EO was determined (V/W) and dried via
anhydrous sodium sulphate, then stored in a sealed vial
for further analysis.

GC-MS and GC-FID analysis

The EO of the aerial parts of L. vesicarium was evaluated
by a Shimadzu GC-MS QP5050A at the Drug Applied
Research Center, Tabriz, Iran equipped with a methyl
silicon DB-1 column (60m x 0.25 mm). The carrier gas
was helium at a flow rate of 1.3 ml/min. The multi-step
oven temperature program was raised at a rate of 3°C min
from 50°C (kept for 2min) to 250°C (kept constantly for
7 min). In addition, the injector temperature and split ratio
were adjusted at 260°C and 1:33 correspondingly. On the
other hand, the mass spectral data yielded in these
condition:lonization voltage 70 ev, Ion source
temperature 210 ° C, quadropole temperature 120 C. For
identification of the components of EO, kovats indices
(KI), retention time (RT) and mass spectra (MS) were
compared directly with standard compounds as well as
computer matching with NIST and Willey/NBS library
along with published mass spectra.'®?? In order to carry
out the quantification of the constituents of EO (relative
percentage amount (area %)) Flame lonization Detector
(FID) chromatograms at the same GC-MS operational
conditions was used.

Determination of in-vitro radical scavenging activity
The free radical scavenging potential of EO was assessed
on the basis of reduction of DPPH (Sigma-Aldrich)
according to our previous works.*>?-% DPPH (8 mg) was
dissolved in chloroform (100 ml) to get a concentration of
80 mcg/ml. The various concentrations of the EO were
prepared from stock solution (1mg/ml). Correspondingly,
DPPH solution was added to all concentrations.
Subsequently, the mixture was shaked and incubated at
room temperature for 30 min. After the incubation period,
the reduction in the number of free radicals was measured
against a blank (methanolic solution of DPPH) using
Shimadzu spectrophotometer at 517 nm. All tests were
took place in triplicate. The percentage bleaching of
DPPH by EO was calculated by following Equation:
1%=100% [(Aplank —Ae0) /Apiank ] Eq. (1)
where A piank in t=30 min A goin t=30 min

RCso (50% scavenging activity of EO was extrapolated
from dose response curve (inhibition percentage against
various concentration). The same procedure was practiced
for the reference standard, Quercetine and the radical
scavenging capacity of the tested sample was compared
with it.?°

Anti- microbial activity

In this project, four lyophilized strains of gram-positive
bacteria (Staphylococcus epidermidis (ATCC 12228),
Staphylococcus aureus (ATCC 6538), Bacillus subtilis

(ATCC 9372) and Listeria monocytogenes (ATCC 1163),
two gram negative bacteria Escherichia coli (ATCC
8739) and Salmonella typhi (ATCC 1230) and one
Iyophilized fungi Candida albicans (ATCC 10231) were
obtained from the Institute of Pasture, Iran, respectively.
Subsequently, the anti-microbial property of the sample
was evaluated via disc diffusion method based on
standard NCCls methodology (with some modification).
For this aim, Muller-Hinton Agar plates, impregnated
with a 0.5 McFarland standard bacterial strain which were
prepared previously. A 10 microliter of the EO was
applied to each sterilized Filter paper discs (Whatman No
6 mm diameter) and allowed to disperse on discs.
Subsequently, inoculated discs placed on the seeded
Muller-Hinton Agar then incubated overnight at 37°C for
any reaction to occur between EO and bacterial species.
The assay were done in triplicate with 4 discs on one plate.
Amikacin and DMSO were used as a positive and
negative controls for microbial species respectively.
Degrees of the sensitivity of the studied microbial strains
against EO were expressed by measuring the diameter of
the inhibition zone (mm) and compared with the diameter
of growth inhibition zone of positive control.*%7

Results and Discussion

In the present study, the chemical constituents of odorous
green liquid EO of the aerial parts of L. vesicarium (1.7%
v/w) were determined by the GC-MS analysis and the
Koats index, molecular formula and relative area percent
are listed in Table 1. Furthermore, the anti-oxidant and
anti-microbial potentials of EO were evaluated. 19
compounds were detected in volatile part of the plant,
representing about over 98% of the total constituents of
oil. The components are compatible with the crucifera
family ingredients,??7 but at different area percents of
individual components which in 64.63% of compounds
were phenolic compounds including Benzyl cyanide
(43.94%) and Benzyl isothio cyanate (20.69%) as main
compounds. These two mentioned phenolics were
produced in degradation process of benzyl glucosinolate.”
The other major ingredient was isothio cyanic acid as a
straight chain hydrocarbon (HSCN) (22.69%).1%20.28
Additionally, Methallyl cyanid (3.48%) (N-compound)
and spathulenol (2.18%) (Sesquiterpen) were found in a
lesser amounts. Interestingly, there is a considerable
difference between the chemicals of other species of
Lepidium growing in difference locations. While, Benzyl
cyanide was found to be the major component of the L.
vesicarium oil, the oil of L. meyenii contained
phenylacetonitrii  as a main  constituent.t%20.2
Additionally, Delta-cadinen, spathulenol and
caryophyllene oxidie as a sesquiterpens compounds of L.
vesicarium, were not detected in other species to date.
Among all of the studied species, Benzyl iso-thiocyanate
is the single common phenolic compounds up to
now.1%2028 Fyrthermore, the anti-bacterial and anti-
oxidant activity of the EO were screened by disk diffusion
and DPPH methods respectively.
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Chemical Compositions and Biological Activities of Lepidium vesicarium

Table 1. Chemical compositions of the essential oil of Lepidium vesicarium.

No. Compound K2 literature KI Area Identification
method
1 Methallyl cyanide _ - 3.48 GC-MS,Is
2 Hexane nitrile 911.10 881 0.19 GC-MS,Is
3 Isothio cyanic acid 947.46 942 22.69 GC-MS,Is
4 Acetyl butyryl 961.52 959 0.18 GC-MS,Is
5 Nonyl aldehyde 1083.88 1084 0.86 GC-MS,Is
6 Benzyl cyanide 1094.87 1096 43.94 GC-MS, Is
7 Bicyclo[3.1.1]hept-2-en-4-ol, 2,6,6-trimethyl-acetate 1247.07 1287 0.18 GC-MS,Is
8 2H-1-Benzopyran, 3,4,4a,5,6,8a-hexahydro-2,5,5,8a-tetramethy 1283.51 1296 0.56 GC-MS,Is
9 Benzyl isothio cyanate 1324.81 1317 20.69 GC-MS,Is
10 Geranyl acetone 1430.86 1455 0.36 GC-MS,Is
11 3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl) 1466.94 1486 0.27 GC-MS, Is
12 Delta_cadinene 1518.01 1530 0.32 GC-MS,Is
13 Methoxy benzyl isothio cyanate 1558.79 1560 0.69 GC-MS,Is
14 Iso spathulenol 1565.64 1562 0.32 GC-MS,Is
15 Spathulenol 1569.30 1570 218 GC-MS,Is
16 Caryophyllene oxide 1575.99 1578 0.36 GC-MS, Is
17 6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-naphthalen-2-0  1673.11 1690 0.27 GC-MS,Is
18 Hexahydro farnesyl acetone 1831.93 1858 0.16 GC-MS,Is

Total identified  97.70%
Non_terpenoids 94.25%

Terpenoids 3.45%
Sesquiterpenes 0.32%
Oxygenated 3.13%

sesquiterpenes

Compounds listed in order of elution from a DB-1 column, Identification Method (Is = Kovats retention index according to authentic standard.

Kl is the Koats Index relative to C8—C20 n-alkanes on the DB-1 column.

The EO showed no inhibitory effect on microorganisms
(Mean Inhibition Zone Diameter + SD (MIZD 6 = 0.2
mm) in comparison to Amikacin (MIZD 15 + 0.1 mm)
and also on free radicals (RCso 0.957 £ 0.13 mg/ml) in
comparison to Quercetine (RCsp 0.003 £ 0.000 mg/mL)
respectively. The fact that, among the compounds,
phenolics possess anti-oxidant and anti-microbial
activities.?® In our study, lack of these secondary
metabolites may be led to weak radical scavenging
potential. Since the amount of the obtained EO is low,
further supplementary biological tests (such as various
antioxidant tests) were not performed.

Conclusion

Overall, according to the results, EO of L. vesicarium had
no noticible anti-oxidant and anti- microbial activity.
Moreover, the findings of this investigation revealed that
main constituents of EO of L. vesicarium are cyanide
derivatives which were in line with the previous studies.

Acknowledgments

This assay was financially supported by grant no. 95/122
from the Drug Applied Research Center of Tabriz
University of Medical Sciences.

Conflict of Interests
The authors claim that there is no conflict of interest.

References

1. Chehregani Rad A, Sedaghat M. Pollen grain and
ovule development in lepidium  vesicarium
(brassicaceae). Int J Agric Biol. 2009;11(5):1560-
8530.

2. Yucra S, Gasco M, Rubio J, Nieto J, Gonzales GF.

Effect of different fractions from hydroalcoholic
extract of black maca (lepidium meyenii) on testicular
function in adult male rats. Fertil Steril.
2008;89(5):1461-7. doi:10.1016/j.fertnstert.2007.04.
052

. Zhang Y, YuL, Ao M, Jin W. Effect of ethanol extract

of lepidium meyenii walp. On osteoporosis in
ovariectomized rat. J Ethnopharmacol. 2006;105(1-
2):274-9. d0i:10.1016/j.jep.2005.12.013

. Zheng BL, He K, Kim CH, Rogers L, Shao Y, Huang

ZY, et al. Effect of a lipidic extract from lepidium
meyenii on sexual behavior in mice and rats. Urology.
2000;55(4):598602. doi:10.1016/s00904295(99)0054
9-x

. Lee K-J, Dabrowski K, Sandoval M, Miller MJ.

Activity-guided fractionation of phytochemicals of
maca meal, their antioxidant activities and effects on
growth, feed utilization, and survival in rainbow trout
(oncorhynchus  mykiss) juveniles.  Aquaculture.
2005;244(1-4):293-301. doi:10.1016/j.aquaculture. 20
04.12.006

. Cui B, Zheng BL, He K, Zheng QY. Imidazole

alkaloids from lepidium m eyenii. J Nat Prod.
2003;66(8):1101-3. d0i:10.1021/np030031i

. Saarivirta M. The formation of benzylcyanide,

benzylthiocyanate, benzylisothiocyanate and
benzylamine from benzylglucosinolate in lepidium.
Planta Med. 1973;24(06):112-9. doi:10.1055/s-0028-
1099477

. Rechinger KH. Plants of the touran protected area,

iran. Iran J Bot. 1977;1(2):155-80.

. Modaressi M, Delazar A, Nazemiyeh H, Fathi-Azad

F, Smith E, Rahman MM, et al. Antibacterial iridoid

248 | Pharmaceutical Sciences, September 2018, 24, 246-249


https://doi.org/10.1016/j.fertnstert.2007.04.052
https://doi.org/10.1016/j.fertnstert.2007.04.052
https://doi.org/10.1016/j.jep.2005.12.013
https://doi.org/10.1016/s0090-4295(99)00549-x
https://doi.org/10.1016/s0090-4295(99)00549-x
https://doi.org/10.1016/j.aquaculture.2004.12.006
https://doi.org/10.1016/j.aquaculture.2004.12.006
https://doi.org/10.1021/np030031i
https://doi.org/10.1055/s-0028-1099477
https://doi.org/10.1055/s-0028-1099477

Asnaashari S, et al.

glucosides from Eremostachys laciniata. Phytother
Res. 2009;23(1):99-103. d0i:10.1002/ptr.2568

10. Yaripour S, Delnavazi MR, Asgharian P, Valiyari S,
Tavakoli S, Nazemiyeh H. A survey on phytochemical
composition and biological activity of zygophyllum
fabago from iran. Adv Pharm Bull. 2017;7(1):109-14.
doi:10.15171/apb.2017.014

11.Asgharian P, Heshmati Afshar F, Asnaashari S,
Lotfipour F, Baradaran B. Evaluation of various
biological activities of the aerial parts of scrophularia
frigida growing in iran. Iran J Pharm Res.
2017;16(1):277-89.

12. Asnaashari S, Delazar A, Asgharian P, Lotfipour F,
Bamdad Moghaddam S, Heshmati Afshar F. In-vitro
bioactivity and phytochemical screening of extracts
from rhizomes of eremostachys azerbaijanica rech. F.
Growing in iran. Iran J Pharm Res. 2017;16(1):306-
14.

13.Delazar A, Nazemiyeh H, Heshmati Afshar F, Barghi
N, Esnaashari S, Asgharian P. Chemical compositions
and biological activities of scutellaria pinnatifida a.
Hamilt aerial parts. Res Pharm Sci. 2017;12(3):187-
95. doi:10.4103/1735-5362.207199

14.Garjani A, Vaez H, Delazar A, Rameshrad M,
Heshmati Afshar F, Asgharian P. Cardioprotective
effects of methanolic extract of scrophularia frigida on
ischemia-reperfusion-induced injuries in isolated rat
heart. Iran J Pharm Res. 2017;16:35-45.

15. Asgharian P, Delazar A, Lotfipour F, Asnaashari S.
Bioactive properties of Eremostachys macrophylla
montbr. & auch. Rhizomes growing in iran. Pharm
Sci. 2017;23(3):238-43. d0i:10.15171/ps.2017.35

16.Valiyari S, Jahanban-Esfahlan R, Shahneh FZ,
Yaripour S, Baradaran B, Delazar A. Cytotoxic and
apoptotic activity of Scrophularia oxysepala in MCF-
7 human breast cancer cells. Toxicol Environ Chem.
2013;95(7):1208-20. doi:10.1080/02772248.2013.85
4362

17.Asgharian P, Heshmati Afshar F, Asnaashari S,
Bamdad Moghaddam S, Ebrahimi A, Delazar A.
Characterization of terpenoids in the essential oil
extracted from the aerial parts of scrophularia
subaphylla growing in iran. Adv Pharm Bull.
2015;5(4):557-61. doi:10.15171/apb.2015.075

18.Asgharian P, Heshamti Afshar F, Asnaashari S,
Bamdad Moghaddam S, Delazar A. The seasonal
variations of the chemical composition of essential oil
obtained from scrophularia frigida. Jundishapur J Nat
Pharm Prod. 2016;11(1). e29742. doi:10.17795/jjnpp-
29742

19.Tellez MR, Khan IA, Kobaisy M, Schrader KK,
Dayan FE, Osbrink W. Composition of the essential

oil of lepidium meyenii (walp.). Phytochemistry.
2002;61(2):149-55. doi:10.1016/S0031-9422(02)002
08-X

20.Dini A, Migliuolo G, Rastrelli L, Saturnino P,
Schettino O. Chemical composition of lepidium
meyenii. Food Chem. 1994;49(4):347-9. doi:10.101
6/0308-8146(94)90003-5

21. Adams RP. Identification of essential oil componen by
gas chromatography/ Quadrupole Mass spectroscopy.
Ilinois, USA: Allured Publishing Corporation; 2004.

22.Massada Y. Analysis of essential oil y gas
chromatography and mass spectrometry. New York:
John Wiley and Sons; 1976.

23.Hamishehkar H, Ranjdoost F, Asgharian P,
Mahmoodpoor A, Sanaie S. Vitamins, are they safe?
Adv Pharm Bull. 2016;6(4):467-77.
doi:10.15171/apb.2016.061

24.Takao T, Kitatani F, Watanabe N, Yagi A, Sakata K.
A simple screening method for antioxidants and
isolation of several antioxidants produced by marine
bacteria from fish and shellfish. Biosci Biotechnol
Biochem. 1994;58(10):1780-3. d0i:10.1271/bbbh.58.1
780

25.Zhishen J, Mengcheng T, Jianming W. The
determination of flavonoid contents in mulberry and
their scavenging effects on superoxide radicals. Food
Chem. 1999;64(4):555-9. do0i:10.1016/s0308-8146
(98)00102-2

26.Bendimerad N, Taleb Bendiab SA, Benabadji AB,
Fernandez X, Valette L, Lizzani-Cuvelier L.
Composition and  antibacterial  activity  of
pseudocytisus integrifolius (salish.) essential oil from
algeria. J Agric Food Chem. 2005;53(8):2947-52.
doi:10.1021/jf047937u

27.Maffei M. Chemotaxonomic significance of leaf wax
n-alkanes in the umbelliferae, cruciferae and
leguminosae (subf. Papilionoideae). Biochem Syst
Ecol. 1996;24(6):531-45. doi:10.1016/0305-1978
(96)00037-3

28.Ganzera M, Zhao J, Muhammad I, Khan IA. Chemical
profiling and standardization of lepidium meyenii
(maca) by reversed phase high performance liquid
chromatography. Chem Pharm Bull. 2002;50(7):988-
91. doi:10.1248/cph.50.988

29.Estevinho L, Pereira AP, Moreira L, Dias LG, Pereira
E. Antioxidant and antimicrobial effects of phenolic
compounds extracts of Northeast Portugal honey.
Food Chem Toxicol. 2008;46(12):3774-9. d0i:10.10
16/j.fct.2008.09.062

Pharmaceutical Sciences, September 2018, 24, 246-249 | 249


https://doi.org/10.1002/ptr.2568
https://doi.org/10.15171/apb.2017.014
https://doi.org/10.4103/1735-5362.207199
https://doi.org/10.15171/ps.2017.35
https://doi.org/10.1080/02772248.2013.854362
https://doi.org/10.1080/02772248.2013.854362
https://doi.org/10.15171/apb.2015.075
https://doi.org/10.17795/jjnpp-29742
https://doi.org/10.17795/jjnpp-29742
https://doi.org/10.1016/S0031-9422(02)00208-X
https://doi.org/10.1016/S0031-9422(02)00208-X
https://doi.org/10.1016/0308-8146(94)90003-5
https://doi.org/10.1016/0308-8146(94)90003-5
https://doi.org/10.15171/apb.2016.061
https://doi.org/10.1271/bbb.58.1780
https://doi.org/10.1271/bbb.58.1780
https://doi.org/10.1016/s0308-8146(98)00102-2
https://doi.org/10.1016/s0308-8146(98)00102-2
https://doi.org/10.1021/jf047937u
https://doi.org/10.1016/0305-1978(96)00037-3
https://doi.org/10.1016/0305-1978(96)00037-3
https://doi.org/10.1248/cpb.50.988
https://doi.org/10.1016/j.fct.2008.09.062
https://doi.org/10.1016/j.fct.2008.09.062

