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Essential oil was extracted from the fruits of Heracleum asperum M.Bieb. using the hydrodistillation
method. The chemical composition, antibacterial and antifungal activities, as well as the macro- and
micromorphological characteristics of the fruits and roots, were investigated. Among the identified
monoterpenoids, cis-Verbenol, acetate (37.98%), a-Terpinolene (6.82%), and Terpinen-4-ol (1.51%)
were the predominant constituents of the essential oil. The essential oil extracted from the fruit of
the Heracleum plant has no effect on the encapsulated bacterium Klebsiella pneumoniae and blue-
green pus-forming bacteria, which are naturally resistant to most antibiotics. But the essential oil
affected Staphylococcus aureus and Candida albicans cultures, significantly reducing their growth.
The macro- and micromorphological properties of the plant were studied. Essential oil glands and
resins were found in the intersections of the root sockets. The fruits consist of mericarp parts and are
straw yellow in colour.
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INTRODUCTION

The genus Heracleum belongs to the
Apiaceae family and consists of perennial
herbaceous plants distributed across the Northern
Hemisphere, including Europe, Asia, and the
Americas, as well as the southern Himalayas
and southern India. These plants typically grow
to heights ranging from 50 cm to 1 m. Globally,
approximately 70 species of this genus have
been identified, with 25 species occurring in the
Caucasus region and 7-8 species in Azerbaijan
[Ivanovich, 1955]. Azerbaijan is particularly
notable for its abundant raw material reserves
of species within this genus [Ibadullayeva,
2005]. Several bioactive compounds have been
isolated from Heracleum species, including
the psoralen-based methoxyfurocoumarin
furomethoxyheracline [Kurbanova et al., 2012],
as well as coumarins such as pimpinellin,
ostrutol, bergapten, psoralen, umbelliferone,
and auraptene [Imanli et al., 2016]. Essential oils
have also been extracted from their aerial parts
which exhibited antioxidant, antitumor, and
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cytotoxic activities [Gokalp, 2003; Omidreza
et al., 2010]. Coumarin derivatives in particular
have garnered significant attention from
chemists and biologists pharmacologists due
to their diverse bioactive properties, including
anticoagulant and analgesic effect, tumor
treatment potential, coronary artery dilation,
and photosensitizing capabilities [Abishov,
2003].

This study aimed at analysing the chemical
composition and microbiological activity of the
essential oil from Heracleum asperum fruits, as
well as to examine the macromorphological and
micromorphological features of its fruits and
roots.

MATERIAL AND METHODS

Study material. The plant material (fruit)
was collected on August 10, 2023, from
the Girdimanchay area near Lahij village
in Ismayilli district. The plant material was
identified at the Institute of Botany, MSERA.

Hydrodistillation method. Essential oil (EO)
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was extracted from 250 g dried of collected
and dried fruits using the hydrodistillation
method. The hydrodistillation process was
carried out for 3 hours. The yield of essential
oil was 0.6%. The essential oil was dissolved in
chloroform, dehydrated with anhydrous sodium
sulphate, and stored at 4°C in a dark, protected
environment.

GC-MS analysis The chemical
composition of the EO was analyzed using gas
chromatography-mass spectrometry (GC-MS).
The analysis was performed with an Agilent
technologies 6890N Network CG System, 5975
inert Mass Selective Detectormass spectrometric
chromatograph. Split/Splitless, injection-Split,
Inlet pressure 60.608 kPa, Split-100, Low
Mass-40, High Mass-400, Threshold 150 was
used as a detector. A 30-meter quartz capillary
column, “HP-5MS 5% Methyl Siloxane” (0.25
mm internal diameter, 0.25 pm stationary phase
thickness), was employed. The tests were
conducted under a temperature programming
mode from 50°C to 280°C at a rate of 15°C/min.
Column temperature regime was: initial column
temperature 50°C, 2 min. constant; temperature
increase up to 280°C, 10 min; vacuum HiVac
3.38 e-005. Chloroform was used as the solvent
for sample dilution, with helium as the carrier
gas at a flow rate of 1 mL/min. Identification
of components was achieved using the NIST
mass spectrometric library. The total analysis
time was 30 minutes. The resulting GC-MS
chromatogram and corresponding data are
presented in figure and table 1.

Antimicrobial activity. EO was evaluated
against several microorganisms, including
Candida albicans, Bacillus anthracoides,
methicillin-susceptible Staphylococcus aureus
(MSSA), and gram-negative bacteria such as
Escherichia coli, Pseudomonas aeruginosa,
and Klebsiella pneumoniae. The bacterial
strains were cultured in Miiller-Hinton medium
at 37°C for 24 hours, while the C. albicans strain
was grown in dextrose-Sabouraud medium
for the same duration. Cell suspensions with a
concentration of 108 cells per ml were prepared
from the cultures using McFarland standard 0.5

as a reference.

The antimicrobial activity of essential
oils was assessed qualitatively using the disk
diffusion method. Filter paper discs, 6 mm in
diameter, were impregnated with the essential
oils and placed on the surface of nutrient media
inoculated with the test microorganisms. The
Petri dishes were incubated horizontally at 37°C
for 24 hours. After incubation, the diameters of
the inhibition zones — areas where microbial
growth was absent — around the essential oil-
impregnated discs were measured and recorded
in millimetres.

Study of morphological characteristics
Established methods for micromorphological
identification of fruits were used [Kerimov
et. al. 1999]. For the microscopic analysis, a
BIOLAM-C microscope, a MBC-1 binocular,
and a L74WIDE Samsung camera were used.
The dried fruits were softened in a mixture
of ethyl alcohol 95% and glycerin (1:1), and
longitudinal and transverse sections were
studied to detect and determine the type of
containers.

RESULTS AND DISCUSSIONS

Chemical content of the essential oil obtained
from H. asperum fruits was analyzed using GC-
MS. (Fig. 1, Tab. 1)

As can be seen from Table 1, 31 components
were identified in the composition of essential
oil. The essential oil consists of 52.82%
monoterpenoids. Among these components, cis-
verbenol acetate 37.98%, a-Terpinolene 6.82%,
Terpinen-4-ol 1.54% are monoterpenoids. The
main advantage in terms of percentage compared
to other components is the monoterpenoid cis-
verbenol acetate, which is 37.98%.

The essential oil exhibited significant
inhibitory effects on the growth of
Staphylococcus aureus and Candida albicans
cultures. However, Bacillus anthracoides was
resistant to its effects. Additionally, the essential
oil showed no activity against encapsulated
bacteria such as Klebsiella pneumoniae and
Pseudomonas aeruginosa, which are inherently
resistant to most antibiotics.
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Figure 1. GC-MS chromatogram of the essential oil of Heracleum asperum fruits
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Table 1. Chemical composition of essential oil of Heracleum asperum fruits

7000

Ne  Compound RT Peak part ~ Formula

1 alpha-Pinene 10.664 0.79 CioHie

2 cis-sabinene 12.150 0.88 CioHie

3 beta-Pinene 12.218 0.10 CioHis

4 beta-Myrcene 12.849 0.49 CioHie

5 alpha-Phellandrene 13.242 1.04 CioHie

6 alpha-Terpinene 13.680 0.09 CioHis

7 p-Cymene 13.965 0.83 CioHia

8 a-Terpinolene 14.126 6.82 CeHio

9 gamma-Terpinene 15.134 0.23 CioHie

11 Linalool 16.503 0.14 CioH130

12 cis-Verbenol 17.783 0.15 CioH160

13 trans-Verbenol 17.896 0.49 CioHi60

14  p-Mentha-1,5-dien-8-ol 18.588 0.44 CioHi160

15  Terpinen-4-ol 18.906 1.51 CioH130

16  Estragole 19.548 0.33 CioH120

17  Citronellol 20.506 0.15 CioH200

18  Benzaldehyde 20.765 0.11 C7HsO

19  cis-Verbenol, acetate 21.548 37.98 C12Hi50,

20  Phellandral 21.816 0.19 Ci10H160

21 Myrteynl acetate 23.159 0.40 Ci2Hi302

22 Geranyl isobutyrate 24.678 0.10 C14H2402

23 Cyclohexane 24.946 0.21 CisHos

24 Cyclodecene 25.137 0.10 CioHis

25  Methyleugenol 25.223 0.16 C11H1402

26  alpha-Maaliene 25.818 0.32 CisHoa

27  gamma-Elemene 26.001 0.20 CisHos

28  Germacrene D 27.225 0.10 CisHos

29  Naphthalene 27.477 0.78 CioHg

30 1H-Cyclopropeazulene 27.739 0.08 Ci5Hag

31  Spathulenol 30.082 0.12 Ci5sH20
Terpenoid groups numeral %
Monoterpenoids 22 52.82
Sesquiterpenoids 6 1.6

Other substance 3 0.42
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In contrast, Escherichia coli was sensitive to
the essential oil. Therefore, the essential oil
showed potential for use against S. aureus and
C. albicans. Study on the antibacterial effect
of several species of the genus Heracleum was
conducted earlier [Tkachenko et al., 1995].
Authors treated essential oils of the species
against only two species (Staphylococcus
aureus, Staphylococcus saprophyticus).
However, in this work, experiments were
conducted against six microbial strains (Tab. 2,
Fig. 2).

Study  morphological  characteristics.
Established methods for micromorphological
identification of fruits were applied [Kerimov
et. al.,, 1999]. For the microscopic analysis, a
BIOLAM-C microscope, a MBC-1 binocular,
and a L74WIDE Samsung camera were used.

The dried fruits were softened in a mixture
of ethyl alcohol 95 % and glycerin (1:1), and
longitudinal and transverse sections were
studied to detect and determine the type of
containers.

The roots are substantial in size, featuring
a brown, wrinkled exterior and a white interior
when viewed in cross-section. Sections of the
roots reveal pores filled with essential oil and
resin, which are prominently visible in the cross-
sectional view (Fig. 3). The fruits are composed
of two equal mericarps, which are elliptical or
obovate in shape with a straw-colored exterior
(Fig. 4). The dorsal ribs are straight and thread-
like, featuring wing-like, thickened edges.
Excretory ribs are spaced apart. The epidermal
cells are randomly arranged, isodiametric in

Table 2. Antimicrobial activity of essential oil extracted from Heracleum asperum fruit

Essential oil from Heracleum asperum fruits

Microorganisms

Diameter of the inhibited growth zone, mm

Klebsiella pneumoniae
Staphylococcus aureus
Bacillus anthracoides
Escherichia coli
Candida albicans
Pseudomonas aeruginosa

No effect
12
No effect
8
14
No effect

Figure 2. Effect of essential oil on microbial strains: a) Candida albicans; b) Bacillus anthracoides;
¢) Pseudomonas aeruginosa; d) Escherichia coli; ) Staphylococcus aureus; f) Klebsiella pneumoniae
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shape, and have straight or are flat or grooved-
hilly (Fig. 5).

The chemical composition of EO from H.
asperum fruits has been studied. Compared to
other literature sources [ Tkachenko et al., 1995]
several microbial culture strains were used in
the study of antimicrobial activity. The effect of
the essential oil on S. aureus and C. albicans
cultures was more effective than on other strains
and significantly reduced their growth.

For the first time, we have studied the
morphological and anatomical characteristics
of the roots and fruits of the Heracleum asperum
plant. The cavities visible in the cross-section of
the roots are filled with essential oil and resin.

Figure 3. Root of Heracleum asperum: A- root
surface; B - root cross-section.

left

Figure 4. Heracleum asperu fruit:

dorsoventral, right ventral side

57

REFERENCE

Abyshov A.Z, Aghayev E.M, Karimov Y.B.
(2003) Chemistry and pharmacology of
natural coumarins. Baku: "Caspian Supplies",
112 p. [AGBmmieB A.3., Araes O.M., Kepumon
10.b. Xumust u GapmMakoinorusi IpUpOTHBIX
kymapuHoB. baky: "Caspian Supplies", 112
c.]

Flora of Azerbaijan (1955) Vol. 6, p. 496-497.
[@Dmopa Azepbatimxana (1955) T. 6, c. 496—

497]
Gasimova G.G., Sarkarov S.V. (2011)
Coumarin derivatives of  Heracleum

pastinacifolium C. Koch. Azerbaijan Journal
of Pharmacy and Pharmacotherapy, 1: 26-
30. [Qasimova G.G., Sorkorov S.V. (2011)
Heracleum pastinacifolium C. Koch-un
kumarin téromoalori. Azorbaycan Oczagiliq
va Farmakoterapiya Jurnali, 1: 26-30]

Gokalp 1., Fatih D., Mine K., Merih K. |
Husnu K.C. (2003) The bioactive essential
oil of Heracleum sphondylium L. subsp.
ternatum (Velen.) Brummitt. Zeitschrift fiir
Naturforschung, 58: 195-200

Handbook of microbiological and virological
research methods. (1982) M.O. Birger - 3rd
ed., revised. M.: Medicine, 464 p.

Ibadullayeva S.C., Celery species of the
Azerbaijani flora— Apiaceae Lindl. family (in
plant conservation science). (2005) Doctor
of Science dissertation in Biology. Abstract.
Baku, p. 51. [Ibadullayeva S.C., Azorbaycan
florasinin koroviz névlori — Apiaceae Lindl.
ailo (bitki miihafizesi elminda). (2005)
Biologiya lizra elmlor doktoru dissertasiyasi.
Avtoreferat. Baki, s. 51]

Imanli H.A., Sarkarov S.V. (2016) Study of
the chemical composition of the roots and
fruits of the species Heracleum sosnowskyi
Manden. Azerbaijan Journal of Pharmacy
and Pharmacotherapy, 1: 24-25 [Imanli H.A.,
Sarkarov S.V. (2016) Heracleum sosnowskyi
Manden ndviiniin kék vo meyvolorinin
kimyavi torkibinin dyronilmasi. Azorbaycan
Oczagiliq vo Farmakoterapiya Jurnali, 1: 24-
25]

Kerimov Yu., Islamova N. A., Khalilov D. S.,



Azerbaijan Journal of Botany

Isaev D. 1. (1999) Workshop on botany.
Baku: Azerbaijan. honey. University, 238 s.
[Korimov Yu., Islamova N. A., Xolilov D. S.,
Isayev D. I. (1999) Botanika iizro praktikum.
Baki: 238 s.]

Kurbanova F.K., Sarkarov S.V. (2012) A new
psoralenic methoxyfurocoumarin from fruit
of Heracleum transcaucasicum. Chemistry
of Natural Compounds, 48 (3): 374-375

Kuznetsova G.A. (1967) Natural coumarins
and furocoumarins. L.: Science, 248 p.

[Ky3nmemoBa I'A. (1967) Ilpuponnsie
KymMapuusl u Qypokymapunsl. JI.: Hayka,
248 c.]

Omidreza F., Mojtaba A., Maryam Gh.,
Katayoun J. (2010) Composition and
biological activities of essential oils from
four Heracleum species. Food Chem., 122
(1): 117-122

Tkachenko K.G., Komzha A.L. (2018)
Composition of essential oil from fruits
of Heracleum asperum (Apiaceae) which
grows in the republic of north ossetia-
alania (the central Caucasus). Natural
Sciences Series, 42 (1): 25-29 [TxaueHxo
K.I., Komza A.JL (2018) KommoHeHTHBIH
coctaB d(hupHOTO Macia TonoB Heracleum
asperum (Apiaceae), TPOU3PACTAIOIIETO
B pecrryomke ceBepHas OCeTHs-
ajanug (IeHTpanbHbIM KaBka3). Cepus
EctectBennsie nayku, 42 (1): 25-29]

dapmakorHocTuyeckoe ucciaenopanue Heracleum
asperum M.Bieb. (Apiaceae) n3 UcMansImHCKOT0
paiiona Azepoaiimkana

9.I Kepumun'?, [Ix.9. Aimmes', C.Jx. U6aayiiaesa’?,
I1.B. 3yabdyraposa’, H.A. Araepa', H. B. MoBcymoBa’

'AzepOailUKaHCKUH  METUIMHCKAN  YHUBEPCUTET,
kadenpa ¢papmakornosuu, ya. AuBapa ['aceim3ane
14, AZ1022, baky, AzepOaiikan

Muctutyr boranwku, MunuctepctBo Haykn wu
OO6pazoBanust  AzepOaiimkanckonr  PecryOmmkw,
yi. A.A60Gaczane, momwesn 99, AZ1004, baky,
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U3 OopIieBUK  KECTKUI

IJI010B pacTeHuA

METOJOM THAPOIUCTIIUIALUY TIOMy9IeHO 3(hHUpHOE
Macjo, ONpeleleH  KOMIIOHEHTHBIH  COCTaB,
0aKTepHoIOTHIECKOe u TIPOTUBOT PHOKOBOE
JeHCTBHE,aTaKXKEMaKPO-UMUKpoMopdonornieckre
XapakTepUCTUKN IUIOJOB W KopHed. OCHOBHOM
MOHOTEPIICHOHNIOB TIPe00aialoT  IMC-BEpOCHO,
aneratr 37.98%, o-tepnuHoneH 6.82%, TepnuHEH-
4-on 1.54%. DdupHoe Macimo, TOTydEeHHOE U3
wIonoB pactenus Heracleum asperum, He BIUSIET
Ha KarcynbHyto Oakrepuio Klebsiella pneumoniae n
CHHE-3EJIEHYI0 THOMHYIO ITAJI0UYKY, KOTOpast 10 CBOEH
MIPUPOAE YCTOHYNBA K OONBIIMHCTBY aHTHOMOTHKOB.
Ho >¢uprOe Macmo momeiicTBOBai0 Ha KYIBTYPHI
Staphylococcus aureus m Candida albicans wn
CYIIECTBEHHO 3aMEIIMIO HMX DPa3BUTHE. V3ydeHBI
MaKpo- ¥ MUKPOMOP(OITOTHIECKUE XapaKTEPUCTUKU
pacteHns. B MecTax mepeceueHns1 KOPHEBBIX JIyHOK
OoOHapyXeHBI KeJe3bl d(QUPHOTO Macia M CMOJBI.
[Inone! cocToAT M3 YacTell MEpUKapIMEB U UMEIOT
COJIOMEHHO-KEJITBIN IBET.

KarwueBble cioBa: »>¢dupHOoe Macio, ra3oas
xpomarorpadus-mMacc-CrieKTpOMETPHs, THIPOIHC-
TSI, MUKPOOHOOTHS, MOP(OIOTHS

Azarbaycanin Ismayilllh rayonunda yayillan

Heracleum asperum M.Bieb. (Apiaceae) noviiniin
farmakoqnostik todqiqi

E.H. Korimli'?, C.E. Bliyev', S.C. ibadullayeva?,
N.A. Agayeva!, P.V. Zulfugarova?, N.V. Movsiimova’

!Azorbaycan Tibb Universiteti, farmakoqnoziya
kafedrasi, Onvar Qasimzado kii¢. 14, AZ1022, Baki,
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2Azarbaycan Respublikast Elm vo Tohsil Nazirliyi
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Sort baldirgan bitkisinin meyvalarindon
hidrodistilyasiya tisulu ilo efir yag1 alinaraq
komponent torkibi, bakterioloji vo gdbalok sleyhine
tosirlori, eloco do meyvo vo koklorin makro vo
mikromorfolji xtisusiystlori miioyyon olunmusdur.
Efir yagmin komponent torkibindo osas iistiinliiyti
monoterpenoidlordon  sis-verbenol asetat 37,98
%, a- Terpinolen 6,82%, Terpinen-4-ol 1,54%
istiinliik toskil edir. Heracleum asperum bitkisinin

58



Karimli and et al.: Pharmacognostic study on Heracleum asperum M. Bieb.

meyvasindon alinmis efir yagi kapsullu bakteriya
olan Klebsiella pneumoniae vo oksor antibiotiklora
tobii rezistentliyi olan gdy-yasil irin ¢dplorine tosir
etmir. Lakin efir yag1 Staphylococcus aureus vo
Candida albicans kulturalarina tosir edarak, onlarin
inkisafini kifayot qodor azaltmigdir. Bitkinin makro
vo mikromorfoloji Oyronilmisgdir.
Koklarin yuvaciglarinin  kasismolorinds efir yagi

xiisusiyyatlori

vaziciklori vo gotranlar agkar edilmisdir. Meyvoalor
merikarp hissolordon ibarat olub,
ronglidirlor.

sari-samani

Acar sozlor: efir yagi, qaz-xromatoqrafiyali-kiitlo
spektrometriya, hidrodistilyasiya, mikrobiologiya,
morfologiya
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