Comparison of Essential Oils of Ferula orientalis L., Ferulago sandrasica
Pesmen & Quézel and Hippomarathrum microcarpum Petrov and Their

Antimicrobial Activity
Ferula orientalis L., Ferulago sandrasica Pesmen & Quézel ve Hippomarathrum
microcarpum Petrov’un Ugucu Yag ve Antimikrobiyal Etkilerinin

Karsilagtinilmasi

ABSTRACT

Objectives: To determine the chemical composition and
essential oils of aerial parts of Ferula orientalis L., roots @
Pesmen & Quézel and aerial parts of Hippomarathru

Materials and Methods: Essential oils were ana

antimicrobial activity of the essential oils were d

Results: a-pinene (75.9%) and B-pin
for aerial parts of F. orientalis; limon a-pinene (15.6%) and terpinolene
(13.9%) for F. sandrasica; B-caryophyllen .4%) and caryophyllene oxide (23.1%)

for aerial parts of H. microcar,
orientalis and roots of F. sa ica'and from aerial parts of H. microcarpum were
active against Staph ccu eus and Candida albicans strains. However,
acti ainst Pseudomonas aeruginosa and Escherichia coli.

2 icrobial activities against Staphylococcus aureus and

L

ely. Essential oils from aerial parts of F.

essential oils were

Conclusion:

Candida albig ese species may be attributed to the presence of the main



OZET
Amag: Ferula orientalis L.nin toprak ustu kisimlarindan, Ferulago sandrasica
Pesmen & Quézel'in kdklerinden ve Hippomarathrum microcarpum Petrov'un toprak
ustl kisimlarindan elde edilen ugucu yaglarin igerigini ve antimikrobiyal aktivitelerini
belirlemek.

Gere¢ ve Yontemler: Bu calismada turlerden elde edilen ugucu yaglarin igeri
GC ve GC/MS ile analiz edilmigtir. Antimikrobiyal aktivite biyootografi yénte

incelenmisgtir.
Bulgular: Sirasiyla; a-pinen (%75.9) ve B-pinen (%3.4) F. orientalis} @ u

Kisimlarinin; limonen (%28.9), a-pinen (%15.6) ve terpinoleA@, (%13 F.
sandrasica’nin koklerinin; B-karyofillen (%31.4) ve karyofillg 3.1) H.
microcarpum’un toprak Ustlu kisimlarinin ana bilesenleri ol nmustur. F.

orientalis’in toprak Ustl kisimlarindan ve F. sandrasiGanin koklerfgden elde edilen

ugucu yagdlar Staphylococcus aureus ve Candida alh erine karsi etkili oldugu

gorulurken, Pseudomonas aeruginosa ve Es 1 e karsi etkisiz oldugu
ri

U n P. aeruginosa, S. aureus, C.

gOrulmustar. H. microcarpunm’un toprak ustu
albicans ve E. coli’'ye karsl etkisiz oldug it edi tir.
Sonug: Bu turlerin Staphylococcus dida albicans'a kargi antimikrobiyal

eus v
a bilesenlerin varligindan kaynaklanabilir.
iyootografi, Ferula, Ferulago, Hippomarathrum

thenember of Apiaceae family and has been found to be a rich

aktiviteleri ugucu yaglarinda buluna

Anahtar kelimeler: Antimikr

INTRODUCTION
Ferula L. genus |

eflla species are known as “Caksir, asaotu, kingor, heliz etc.”

n as “heliz” in Turkey® and have been used as carminative,

elminitic, analgesic* and stimulants.> Ferula species have been found
sesquiterpenes and sesquiterpene coumarins.® Fresh peeling stems of
orientalis L., known as “at kasnisi” is used by local people to give flavor to the

les.® It is 100-150 cm high, grows on rocky slopes at 1600-2900 m and has
distinguished yellow flowers, with a flowering time in late May and June.” Ferulago
W. Koch. is represented by approximately 83 taxa throughout the world and is a
perennial genus of Apiaceae.? Ferulago species are known as “Caksir, seytanteresi,

kisnis” and F. sandrasica is known as “kuzu kisnisi” in Turkey.? Since ancient times
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Ferulago species have been used for the treatment of intestinal worms, hemorrhoids,
as tonic, aphrodisiac, digestive, sedative, ulcers, against snake bites, spleen
diseases and headache. These species have been found to involve coumarins,
quinones, flavonoids and sesquiterpenes.® F. sandrasica Pesmen & Quézel is an
endemic glabrous species, 30-35 cm high, grows on rocky serpentine slopes, at 2000
m and it is flowering time in June and July.”

The genus of Hippomarathrum Link is a member of Apiaceae family and it Q

microcarpum Petrov is a gray shrub filled with yellowish flowé
that the coumarins and furanocoumarins found in the s and frult§of the genus of
Hippomarathrum.'? Essential oils or their compone been shown to exhibit
antimicrobial, antiviral, antimycotic, antitoxigemi asitic and insecticidal
properties. It is considered that these chara a

these compounds in plants.'3

cs)are related to the function of

The aim of this study w. pr ed and compared the chemical
composition of the essential oils of aecial parts of F. orientalis, roots of F. sandrasica
growing wild in Turkey. We determined chemical
GC and GC/MS analysis and examined the

essential oils by thin-layer chromatography (TLC)-

and aerial parts of H. microc,
composition of the ess

antimicrobial activiti

bioautography assay“§io the"best of our knowledge, this is the first report on the

@ antimicrobial activity of essential oils for F. orientalis, F.
_mi€rocarpum.

| D METHODS
t Material

The plant materials were collected from different parts of Turkey and were

chemical co

sandrasi

identified by Prof. Dr. Hayri Duman (Gazi University, Faculty of Science, Department
of Biology) and the voucher specimens are kept in AEF (Herbarium of Ankara

University Faculty of Pharmacy). Locality of these species are given in Table 1.



Isolation of the essential oil
Roots and aerial parts were subjected to hydrodistillation for 3 h using a
Clevenger-type apparatus in accordance with the method recommended in the

European Pharmacopoeia. Obtained oils were dried in anhydrous sodium sulphate

yields of the aerial parts of Ferula orientalis, roots of Ferulago sandrasicg
parts of Hippomarathrum microcarpum are 0.022%, 0.019%8an
respectively.
GC/MS analysis

GC/MS analysis was performed with an A@ilent 597 SD system.

Innowax FSC column (60 m x 0.25 mm, 0.25 m as used with
helium as carrier gas (0.8 mL/min). GC oven tempé
min and programmed to 220°C at a rate of 4 ept constant at 220°C for
10 min and then programmed to 240° /min. Split ratio was adjusted
at 40:1 and injector temperature was . Mass spectra were recorded at 70
eV and mass range was from m/z 39lto 45
GC analysis

GC analysis was p, h an Agilent 6890N GC system. Temperature

of FID detector was r to obtain the same elution order with GC/MS,

cation of the essential oil components were performed by
eir relative retention times with those of authentic samples or by
mpafigon of their relative retention index (RRI) to series of n-alkanes. Computer
matehing against commercial *'5 and in-house “Baser Library of Essential Oil
stituents” established by genuine compounds and components of known oils,

ongside MS literature data'®'” was used for the identification.

Determination of Antimicrobial Compounds from Essential oils by TLC-Bioautography
Assay



Chromatography was carried out on 0.2 mm silica gel 60 Fz2s4 aluminum sheet
TLC plates. 10 ul essential oils were applied with minicaps capillary pipette to the
TLC plates. TLC plates were developed with toluene:ethyl acetate, 93:7, as a mobile
phase and TLC plate for bioautography was prepared in parallel. After the
development, TLC plates were valued at UV 254 nm and 366 nm for determination of
fluorescent compounds. To visualize alcoholic vanillin—sulphuric acid reagent

used the separated compounds and heated for 3 min at 110°C.

Preparation of Microorganisms and TLC Bioautography Assay
After TLC separation, the antimicrobial activity of the esse @ e
determined with direct bioautography.'®'® Pseudomonas aeruginosa@ATC 88,

Staphylococcus aureus ATCC BAA 1026, Candida albican 433 and

(MHB) were standardized 108 CFU.mL™" (correspo
plates were placed on Nutrient Agar plate
containing inocula was overlayed TLC plates cgbated at 37°C for 24h. Then by
incubation, 2,3,5-triphenyl-2H-tetrazoliu lo C) solution was sprayed on
TLC plates. The treated plates w cu at 37°C for 2 h and afterwards
incubation, the inhibition zones wereWisible/as pale spots against a red background.
RESULTS

A total of thi

ounds were identified for essential oil of aerial parts of

wed Wy a-pinene (15.6%), terpinolene (13.9%), camphene (2.6%), myrcene
, p-cymene (2.8%) and 2,3,6-trimethylbenzaldehyde (3.2%).

Twenty-one compounds were characterized in the oil of the roots of
Hippomarathrum microcarpum representing 98.7% of the oil. The major constituents
were found as, B-caryophyllene (31.4%), caryophyllene oxide (23.1%), bornyl acetate
(9.1%), a-humulene (4.9%), germacrene D (4.2%), B-phellandrene (4.6%), a-pinene
(3.0%) and caryophylla-2(12),6-dien-58-ol (=caryophyllenol 1) (3.0%). The essential
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oils obtained from these species did not show much qualitative and quantitative
similarity. a-pinene, camphene, B-pinene, limonene, B-phellandrene, p-cymene and
B-caryophyllene were determined main compounds for three species. Trans-verbenol
was observed main compound for essential oils of F. orientalis and F. sandrasica.
Thuja-2,4(10)-diene, pinocarvone, trans-pinocarveol, myrtenol and cuparene were
only found for essential oils of the aerial parts of F. orientalis.

Sabinene, a-phellandrene, (Z)-p-ocimene, y-terpinene, (E)-B-ocim Q

terpinolene, a-copaene, bornyl acetate, a-humulene, germacrene D,

caryophyllene oxide and humulene epoxide-Il were determined main

essential oils of F. sandrasica and H. microcarpum. Caryophylla-2(12),6-dien-5p3-ol

(=Caryophyllenol 1) was only found for essential oils of {he parts of H.
microcarpum. The composition of the essential oils qbtai g€ species and
their relative percentages are given in Table 2.

Results of antimicrobial activity by bioau method showed that
essential oil of from aerial parts of F. orientali
against S. aureus and C. albicans strai ey were not active against E.
coli strain. Similarly, essential oil of fr
that contain active compounds agaifist S. s and C. albicans. Essential oil was

determined more effective agai ns than S. aureus. But it had not good

activity againts E. coli. Es ils did not give any inhibiton zone against P.
aeruginosa. TLC evaluati@n o ential oils was shown in Figure 1.
DISCUSSION

Monote ydrocarbons; P-cymene, myrcene, y-terpinene, limonene,

terpinol n -ocimene, oxygenated monoterpenes; carvacrol methyl ether,
2,5-Di oxyspcymene, trans-Chrysanthenyl acetate, cis-Chrysanthenyl acetate
d agone, aldehydes like; 2,3,6-Trimethylbenzaldehyde, (E)-2-Decenal and
o) al and alkane derivatives; hexadecanoic acid, sesquiterpene hydrocarbons; a-
ene, 4,6-guaiadiene and 7-Epi-1,2-dehydrosesquicineole and oxygenated
squiterpenes like cubenol, humuleneepoxide Il and spathulenol were found as
major components of some Ferulago species.
Some Ferula species contain monoterpene hydrocarbons; [(-Pinene,

sabinene, camphene, [-phellandrene and (E)-B-ocimene, alkane derivatives;



nonane,—-sesquiterpene hydrocarbons; germacrene D, germacrene B, 6-Cadinene,
(Z2)-B-Farnesene, dehydrosesquicineole and eremophilene; and oxygenated
sesquiterpenes; germacrene D-4-ol, a-Cadinol, shyobunone, epi-shyobunone, 6-Epi-
shyobunone, B-Eudesmol and a-Eudesmol were found as major components of
some Ferula species.

In addition; esters like bornyl acetate was found to be major componen
some Ferula and Ferulago species.?°

Previous studies demonstrated that the major components of esse

leaves from Ferulago sandrasica were ocimene (30.5%), carene-3-3

showed that the major components of
trimethylbenzaldehyde (38.9%) and !
dimethoxy-p-cymene (63.4%); a-pine and sabinene (15.8%); (Z2)-B-
ocimene (32.4%); pcymene (18.4%); methyl ether (78.1%); a-pinene
(25.4%); a-pinene (40.8%); trans-c anthenyl acetate (83.5%); pcymene (45.8%);
(2)- B-ocimene (30.7%) resp
Major componen ntia! oils some Ferula species were demonstrated
as; phenol, 2-metiiyt- methylethyl) (18.2%), cyclopropa [a] naphthalene-
.6%), a—bisabolol (10.4%) (3); a-pinene (18.3%), B-pinene

.7%).?? Comparing these results with previous studies that of

octahydro-tetrame
(50.1%), 6-3-¢&

F. orie

that the major components were; nonane (45.6%) and 2-
methyldgtane (19.4%).23 Furthermore; essential oils from aerial parts of F. orientalis
e ‘obta ; B-phellandrene (24%), (E)-B-ocimene (14%), a-pinene (13%), o-
landréne (12%), and dehydrosesquicineole (10%)%* but a-pinene (75.9%) was
owed as a major component in our study.

Comparing these results with previous studies that of H. boissieri from
Turkey'® showed that the major components of essential oils from both species were
B-caryophyllene (31.4% for aerial parts oil of H. microcarpum, 25.6% for aerial parts

oil of H. boissieri). Another study showed that the major components of essential oils



leaf and flower of H. microcarpum were a-caryophyllene(26.4%), y-muurolene
(19.0%), and linalool (6.1%); (18.5%), y-muurolene (19.2%), thymol (6.9%), and
linalool (5.9%), respectively.'® The results gained in this investigation suggest that
this chemical diversity may be useful in taxonomic classification.

There is not enough data on antimicrobial activity for these species. In a
previous survey, F. sandrasica essential oil was tested againts E. coli MC 400
coli ATCC 25922, E. coli 0157 H7, E. colaecea ATCC 23355, E. feacalis A

33862, B. cereus NRRL B-3711, B. subtilis ATCC 6633, B. subtilis N
nischenoformis NRRL B-1001, Micrococcus Iuteus NRRL B-101
monocytogenes ATCC 7644 by disc diffusion method. The reg that the

teria

antimicrobial activity against Candida albica andy Staphylococcus aureus
ATCC-29213 but had no activity againtg, Esc a €oli A1 and Pseudomonas sp."°
Our finding concur with this study.

Bioautography is suitable me for e ating essential oils because of they
contain mixture of compounds, T forgy there is a need for the detection of
common antimicrobial comp ssential oils. Additionally, this method is rapid,
easy economic and jnexp The present study, we aimed to chemical
characterization of, {the ential oils of F. orientalis, F. sandrasica and H.
microcarpum and etection of antimicrobial activity of essential oils and their
main compg gainst some pathogenic bacteria and yeast by TLC
bioauto : purpose of antimicrobial activity was performed against four
differe icroQkganisms showed that the essential oils were active against S.aureus
s strains; however they were not active against P. aeruginosa and E.

i strai

NCLUSION

In conclusion, these data have provided a abundance of information on the essential
oils composition of F. orientalis, F. sandrasica and H. microcarpum and their

antimicrobial activities againts some pathogenic microorganisms. As far as we know,




this is the first report on antimicrobial activity of essential oils by TLC bioautography
method. The antimicrobial activities againts Staphylococcus aureus and Candida
albicans of these species may be attributed to the presence of the main components
in the essential oils. A comprehensive study should be studied, including main
compounds isolated from the essential oils or their combinations againts different

pathogenic microorganisms.
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Figure f1. TLGq Separation of the essential oil from the Ferula orientalis, Ferulago

sandra and Hippomarathrum microcarpum on silica gel 60 F254.
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Table 1. Locality of the species

Species

Locality erbarium

number
Ferula orientalis B9: Between Agri-Erzuru AEF 10966
Tahir, 2475 m, 1

Ferulago sandrasica C2: Mountain of Sandra AEF 26274

lake, Under Pinus
1675 .

Hippomarathrum C5: A of Mufanbeyli, AEF 26699

microcarpum 3.

&
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Table 2. Chemical composition of the essential oil of F. orientalis, F. sand,

H. microcarpum.

RRI Compound F. orientalis F. sandrasica ocarpum
% % 7o
1032 a-Pinene 75.9 3.0
1072 a-Fenchene 0.6 -
1076 Camphene 3.4 1.5
1093 Hexanal - -
1118 B-Pinene tr
1132 Sabinene 1.1
1135 Thuja-2,4(10)-diene 2.0 - -
1151 0-4-Carene tr -
1159 06-3-Carene - 0,1 -
1174 Myrcene - 2.8 -
1176 « -Phellandre - - 2.0
- 0.2 -
14 28.9 1.9
1.3 0.6 4.6
- 0.1 -
- 0.8 tr
- 1.9 tr
1 E)-B-Ocimene - tr 2.0
0 p-Cymene 2.2 2.8 1.9
1290 Terpinolene - 13.9 14
1294 1,2,4-Trimethyl benzene - 0.1 -
1452 o,p-Dimethylstyrene - 0.8 -
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1468 trans-1,2-Limonene
epoxide

1479 o-Elemene

1497 o-Copaene

1532 Camphor

1538 frans-Chrysanthenyl
acetate

1586 Pinocarvone

1591 Fencyl alcohol

1598 Camphene hydrate

1600 p-Elemene

1612 B-Caryophyllene

1614 Carvacrol methyl ether

1670 trans-Pinocarveol

1683 trans-Verbenol

1684 Isoborneol

1683 ftrans-Verbenol

1687 oa-Humulene

1704 y-Muurolene

1706 a-Terpineol

1707 o-Selinene K
1719 Borneol &
1726 Germ c
1742 p-Selinen

4 o=8elinene

5 arvone
1 o-Cadinene

1776 y-Cadinene

1779 (E,Z2)-2,4-Decadienal

2.5

2.0
3.0

0.3

0.3
0.2
0.3
0.2

1.3
0.1
0.6
0.8

0.2
0.3
0.2

1.4

0.3

0.3

0.1

1.6

0.9

0.1
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1786 ar-Curcumene - 0.3
1796 Selina-3,7(11)-diene - 0.4
1804 Myrtenol 1.6 -
1807 a-Cadinene - 0.4
1827 (E,E)-2,4-Decadienal - 0.4
1849 Cuparene 0.7 -
1864 p-Cymen-8-ol - 0.2
1878 2,5-Dimethoxy-p-cymene - 0.3
1918 p-Calacorene - tr
1941 a-Calacorene -
1945 1,5-Epoxy-salvial(4)14-ene -
2008 Caryophyllene oxide 0.3
2019 2,3,6- 3.2
Trimethylbenzaldehyde
2037 Salvial-4(14)-en-1-one - 0.1
2071 Humulene epoxi - 0.1
2073 p-Caryophyllenefalcoho - 0.1
2080 Cubenol - 0.6
2080 Jufienol =Etdesm-4(15)- - 0.2
2 Elemol - 0.1
alviadienol - 0.2
44 Spathulenol - 0.1
2209 T-Muurolol - 0.1

23.1

24
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2255 o-Cadinol - 0.5 -

2256 Cadalene - 0.2 -

2269 Guaia-6,10(14)-dien-4p-ol - 0.2 -

2369 Eudesma-4(15),7-dien-4p- - 0.2 -
ol

2392 Caryophylla-2(12),6-dien- - - 3

5B-ol (=Caryophyllenol Il)

Total 96.6 96.0

Notes: 2 RRI: Relative retention indices calculated against n-alke calculated

from FID data. © tr: trace (< 0.1%)

&
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