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ABSTRACT

In this study, cultivated Fritillaria persica L. (Liliaceae) investigated morpho-anatomical and volatile compounds of bulbs.
Purple tepals, 12-28 flowers in inflorescence, yellow-green filaments and dark yellow or purple anthers were notable
morphological properties. For the anatomical study, sections were prepared from root, stem and leaf. The cortex of the stem
was comprised of parenchyma and sclerenchyma. The collateral vascular bundles were scattered. The leaves were unifacial
and amphistomatic. The stomata type was anomocytic. The crushed bulb volatiles of F. persica were trapped by the headspace-
solid phase microextraction technique and determined by analysis by gas chromatography/mass spectrometry. Eight
compounds (83.9%) were identified and the major compounds were found as 1,3-dichlorobenzene (60%), limonene (8.1%) and
p-cymene (5.1%).
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1. INTRODUCTION

Fritillaria L., belonging to the Liliaceae family, is a genus with about 150 species in the Northern
Hemisphere, excluding some parts of North America [1, 2]. In Turkey, the genus Fritillaria includes
approximately 45 species [2, 3].

“Fritillus” means chessboard and is especially derived from the checkered colors of Fritillaria meleagris
L. [4]. Fritillaria is referred to as the “Ters Lale” in Turkey because its flowers like tulips and look at
the ground, some species are grown as ornamental plants [5]. Fritillaria persica L. is one of them, it has
different names such as “Kirklale, Aglayan gelin or Acem sahtugu” (in Turkish) [3, 5, 6].

Fritillaria species have alkaloids, saponins, terpenoids and many different components [7]. In Chinese
medicine, Bulbus Fritillaria (Beimu) is used as an expectorant in respiratory tract diseases [8]. Bulbs of
F. pinardii Boiss. and F. crassifolia subsp. kurdica (Boiss. & Noé) Rix, are used for external wound
healing in Turkey [9]. In Iran, F. imperialis L. bulbs are used for digestive diseases and pain treatments
[10]. Moreover, it is known that the strong odor emitted by F. imperialis has a repulsive effect on some
animals such as mice and mole [11]. Among the Fritillaria species distributed in North America, F.
agrestis Greene is another bad odor species, while F. striata Eastw. flowers have been reported to be
fragrant [12].

F. persica growing naturally in Anatolia and is in the category of Vulnerable (VU) [13]. The aim of this
research is to investigate morpho-anatomical features and volatile compounds of the cultivated F.
persica. As far as we know, this is the first research made on the anatomy and volatiles of the F. persica
growing in Turkey.
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2. MATERIALS AND METHODS
2.1. Morphological Method

F. persica bulbs were obtained from Sanliurfa and grown in Anadolu University Faculty of Pharmacy.
The samples (ESSE 15403) are kept in the Herbarium of Anadolu University Faculty of Pharmacy.
Morphological characters were examined under with the Wild M5A stereomicroscope (with drawing
tube) and the results were compared with Flora of Turkey [14], “Resimli Tiirkiye Floras1” [3].

2.2. Anatomical Method

In the anatomical study, superficial (leaf) and cross (root, stem, leaf) sections of the plant parts were
made by hand. Methylene blue was used for staining the stem and leaf anatomical sections. Anatomical
sections were investigated with the Olympus BX51T microscope and the photographs were taken by the
digital camera.

2.3. HS-SPME (Headspace-solid Phase Microextraction) Procedure, GC/MS (Gas
Chromatography/Mass Spectrometry) Analysis and Identification of Compounds

SPME fibre precoated with a 65 um layer of blue fibre (Polydimethylsiloxane-Divinylbenzene, supplied
by Supelco Bellefonte, USA) was used. The crushed bulb volatiles of F. persica were trapped with HS-
SPME technique and analyzed by GC/MS. The GC/MS analysis was carried out with an Agilent 5975
GC-MSD system [15].

3. RESULT
3.1. Morphological Results

Bulb 5 cm diameter, 6 cm height and spindle shaped. Stem 55-82 cm, thick, dull bluish green, smooth,
straight. Leaves 50-60, alternate, dull bluish green, lowest leaves 8-9.5 x 1.5-2.5 cm, ovate-lanceolate,
acute-acuminate at apex. Bracts 2.1 x 0.4 cm, present or absent. Inflorescence raceme, flowers 12-28.
Perianth narrow campanulate, dark purple, tepal segments 14-17 x 7-10 mm, oblanceolate, oblong-
oblanceolate, apex and base obtuse. Nectars 3 mm long, 1.5 mm broad, triangular. Filament 8-11 mm,
yellow-green; anthers 2 mm, dark yellow or purple. Stylus 7-7.5 mm, smooth; stigma straight (Figure
1).

Figure 1. F. persica, a: general view, b: inner segment and stamen, c: outer segment, d: pistil.
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3.2. Anatomical Results
3.2.1. Root

In the outer region there are small and one row of epidermis cells. Exodermis cells just below the
epidermis. The cortex layer usually consists of irregularly shaped parenchyma cells. The endodermis
and pericycle cells are evident. In the vascular bundles the metaxylem consists of 6-arms and there are
phloem cells between them (Figure 2).

Figure 2. Cross section of F. persica; A-B: Root (e: epidermis, ex: exodermis, co: cortex, en: endodermis, pe:
pericycle, mx: metaxylem, ph: phloem).

3.2.2. Stem

In the stem section, there is a cuticle followed by a single layer of small, rectangular epidermis cells.
Between epidermis and sclerenchyma layers, there are 5-6 rows of round or oval shaped parenchyma
cells. They are more oval shape in 1-3 raw under the epidermis. The sclerenchyma layer consists of 5-6
rows of cells. The vascular bundles are numerous and collateral. There are round or oval shaped
parenchyma cells in the pith region, but the parenchyma cells in this part are more rounded (Figure 3).

Figure 3. Cross section of F. persica; A-B: Stem (e: epidermis, co: cortex, scl: sclerenchyma; ph: phloem, x: xylem).
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3.2.3. Leaves

In the leaf section, there is a thick cuticle layer on both surfaces. Epidermis cells are long quadrilateral
or asymmetrical and cell walls are undulate. There is not any differentiation as palisade parenchyma and
spongy parenchyma (unifacial leaf) and there are large spaces between the parenchyma cells.

In surface sections made from the leaf, there are anomocytic type stomata on both abaxial and adaxial
surfaces (amphistomatic). The stomata cells are oval-rounded (Figure 4).

Figure 4. Cross (A-B) and superficial (C-D) section of F. persica leaves (cu: cuticula, e: epidermis, ms: mesophyll,
x: xylem, ph: phloem, ue: upper epidermis, le: lower epidermis, sc: stomata cell).

3.3. HS-SPME Results

Volatile compounds of F. persica were determined by trapping with HS-SPME technique and analyzing
by GC/MS. In this study, eight compounds were identified (Table 1).

Table 1. Chemical composition of crushed F. persica bulbs.

RRI Compounds % IM
1203 Limonene 8.1 tr, MS
1272 Styrene 1.9 MS
1280 p-Cymene 5.1 tr, MS
1409 Rosefuran 2.9 tr, MS
1429 1,3-Dichloro benzene 60.0 MS
1495 2-Ethyl hexanol 3.8 MS
1532 Camphor 1.2 tr, MS
1896 Benzyl alcohol 0.9 MS

%; calculated from FID data. IM; Identification method. RRI; Relative retention indices calculated against n-alkanes. tr;
identification based on the retention times (tr) of genuine compounds on the HP Innowax column. MS; identified on the basis
of computer matching of the mass spectra with those of the Wiley, Adams and Mass Finder libraries and comparison with
literature data.
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4. DISCUSSION

In this study, the morphological, anatomical, and volatile compounds of F. persica was investigated.
The bulbs produced in Sanliurfa were grown in Eskisehir and studies were carried out with these
samples. Teksen and Aytac [16] reconsidered the Fritillaria of the Mediterranean region in Turkey.
According to the work “Resimli Tiirkiye Floras1”, F. persica and F. imperialis the bulbs of are at least
4 cm in diameter, unlike other Fritillaria species in Turkey. The differences between these two species
are that the flowers of F. persica are purple, greenish-purple and the inflorescence is raceme, the flowers
of F. imperialis are orange to red and the inflorescence is umbella [3]. Morphological properties in this
study are similar to comparative studies (Table 2) [3, 14]. But our samples did not contain capsules.

Table 2. Cultivated F. persica comparison with the morphological characteristics of the Flora of Turkey [14] and
“Resimli Tiirkiye Floras1” [3].

Characteristics Flora of Turkey Resimli Tiirkiye Florasi This study
(1984) (2018)
Bulb 3-5 cm diam, 6 cm height 2.5-6 x2.5-5¢cm 5 cm diam, 6 cm height
Stem 20-100 cm 20-100 cm 55-82 cm
Number of leaves 10-25 10-70 50-60
Leaf 15 x3cm 4.4-15 x 1.0-3.0 cm (lower) 8-9.5x1.5-25¢cm
5.1-10 x 0.5-1.1 cm (middle) (lowest)
Bracte - 1.6-6.4 x 0.4-0.5 cm 2.1 x0.4cm
Tepal 15-20 x 6-7 mm 1-2 x 0.5-0.8 cm (outer) 14-17 x 7-10 mm
Purplish, greenish-grey 1-2 x 0.5-0.9 cm (inner) Purple
Purple, greenish-purple
Number of flowers 7-20 3-28 12-28
Nectar 1.5 mm broad 1.5-3 x 1.5-3.5mm 3x15mm
Filament 5-6 mm 5-10 mm, yellow 8-11 mm, yellow-green
Anther 4 mm 1.5-4 mm, brownish or purple 2 mm, dark yellow or
purple
Style 6-8 mm 5.5-10 mm 7-7.5 mm

Namazi et al. [17] reported that they had defined a dichotomous key based on anatomical features for
Fritillaria species in Iran and according to this key, phloem fiber is absent in the anatomy of the stem
of F. persica. Corneanu and Popescu [18] and Akyol et al. [19], reported that there was no distinction
between parenchyma cells in the leaf section of the anatomy of Fritillaria species. In some anatomical
studies related to the Fritillaria species, the stomata type was determined as anomocytic [20, 21] and
other studies stated stomata surrounded by four neighboring cells [22, 23] or do not have by-cells [18].
Many of the anatomical features in our study were like other species of Fritillaria.

In the F. persica volatile components study with the HS-SPME technique, eight compounds
corresponding to 83.9% were identified and a high rate of 1,3-dichlorobenzene (60%) was found and
other major compounds are limonene (8.1%) and p-cymene (5.1%). Compounds consist of monoterpene
hydrocarbons (13.2%), oxygenated monoterpenes (4.1%) and others (66.6%). Seyed Saleh et al. (2018),
a-bisabolol oxide A, camphor, chamazulene, trans-thujone, a-bisabolone oxide A, 6-3-carene and a-
pinene by hydrodistillation, and a-bisabolol oxide A, chamazulene, a-bisabolone oxide A, camphor,
trans-thujone, 5-3-carene, a-pinene were reported as major constituents of F. imperialis oil obtained by
HS-SPME from Iran [24]. Has (2019), volatile compounds of F. imperialis bulbs were captured with
HS-SPME fiber, analyzed by gas chromatography/mass spectrometry from Turkey. Thirteen
compounds represented by 93.6% were identified in the 30 minutes study with the blue fiber, and the
main compounds were p-cymene (23.6%), 1,8 cineol (22.4%) and limonene (15.2%). Ten compounds
represented by 98.2% were identified the at 50°C and 15 minutes study with black fiber, and the main
compounds were hexanal (29.8%), styrene (22.5%) and 1-hexanol (21.8%) [21, 25].
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As a result, morphological and anatomical properties of cultivated Fritillaria persica are parallel within
the literature within some size or number variations. Volatile compounds of crushed bulbs of Fritillaria
persica by HS-SPME technique were reported for the first time in this study. Eight compounds (83.9%)
were identified and the main components were found as 1,3-dichlorobenzene (60%), limonene (8.1%)
and p-cymene (5.1%). Compounds consist of monoterpene hydrocarbons (13.2%), oxygenated
monoterpenes (4.1%) and others (66.6%).

ACKNOWLEDGEMENTS

Thank you for the support provided by Scientific Research Projects of Anadolu University (Project No.
1705S178) Commission and for procurement plant bulbs by Menekse Baykus.

CONFLICT OF INTEREST
The authors stated that there is no conflicts of interest regarding the publication of this article.
REFERENCES

[1] Rix M, Strange K. Fritillaria sororum: Liliaceae. Curtis's Botanical Magazine, 2014; 31(3): 214-
222.

[2] Yildinnm H, Teksen M. Fritillaria arsusiana (Lilieae, Liliaceae), a new species from southern
Anatolia. Phytotaxa, 2021; 502(2): 133-159.

[3] Teksen M. F_.ritillaria L. Giiner A, Kandemir A, Menemen Y, Yildirirm H, Aslan S, Eksi G, Giiner
I, Cimen AO. (Eds). Resimli Tiirkiye Florasi, ANG Vakfi Nezahat Gokyigit Botanik Bahgesi

Yayinlari. Istanbul, 2018; 2 880-926. ISBN 978-605-67172-4-6.
https://www.turkiyeflorasi.org.tr/view.html?taxon=TR0000002089#Fritillaria (accessed
03.09.2022)

[4] Hibberd S. Familiar Garden flowers. Cassell and company Limited, 1879.
https://books.google.com.tr/books?id=FVcDAAAAQAAJ&printsec=frontcover&hl=tr&source
=ghs_ge_summary_r&cad=0#v=onepage&qg=fritillus&f=false (accessed 26.04.2021).

[5] Baytop T. Tiirkiye’de bitkiler ile tedavi, gegmiste ve bugiinde (2. Baski). istanbul: Nobel Tip
Kitabevleri, 1984,

[6] Baytop T. Tiirkge bitki adlar1 s6zliigii. Ankara: Tirk Dil Kurumu, 2007. pp. 23.

[71 HaoDC, Gu XJ, Xiao PG, Peng Y. Phytochemical and biological research of Fritillaria medicinal
resources. Chin J Nat Med, 2013; 11(4): 330-344.

[8] Tang W, Eisenbrand G. Fritillaria spp. In: Chinese drugs of plant origin. Springer, Berlin,
Heidelberg, 1992. pp. 525-526.

[9] Mikemre M, Behget L, Cakilcioglu U. Ethnobotanical study on medicinal plants in villages of
Catak (Van-Turkey). J Ethnopharmacol, 2015; 166: 361-374.

[10] Mosaddegh M, Naghibi F, Moazzeni H, Pirani A, Esmaeili S. Ethnobotanical survey of herbal
remedies traditionally used in Kohghiluyeh va Boyer Ahmad province of Iran. J Ethnopharmacol,
2012; 141: 80-95.


https://www.turkiyeflorasi.org.tr/view.html?taxon=TR0000002089#Fritillaria

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Has et al. / Eskisehir Technical Univ. J. of Sci. and Tech. C — Life Sci. and Biotech. 12 (1) — 2023

Beresford-Kroeger D. A garden for life: The natural approach to designing, planting, and
maintaining a north temperate garden. Ann Arbor: University of Michigan Press, 2004. pp. 171.
https://books.google.com.tr/books?hl=tr&id=XFJ20nvgAacC&q=fritillariat#tv=snippet&qg=fritill
aria&f=false (accessed 13.09.2022)

Beetle DE. A monograph of the north American species of Fritillaria. California Botanical
Society, Madrono, 1944; 7(5): 133-159.

Ekim T, Koyuncu M, Vural M, Duman H, Ayta¢ Z, Adigiizel N. Tiirkiye Bitkileri Kirmiz1 Kitabi
(Egrelti Ve Tohumlu Bitkiler). Ankara: Tiirkiye Tabiatin1 Koruma Dernegi, 2000. pp. 178.

Rix EM. Fritillaria L. in: Davis PH, Mill RR, Tan K. (Eds). Flora of Turkey and the East Aegean
Islands, Vol.8. Edinburgh: Edinburgh University Press, 1984.

Kigiik S, Kiirk¢iioglu M, Tuyan CS. Headspace volatiles of Allium subhirsutum L. growing in
Turkey. Ann Phytomed, 2018; 7(2): 180-182.

Teksen M, Aytag Z. The revision of the genus Fritillaria L. (Liliaceae) in the Mediterranean
region (Turkey). Turk J Bot, 2011; 35: 447-478.

Namazi F, Sharifi-Tehrani M, Shabani L. Anatomical study on Fritillaria species in Iran.
Bangladesh J Bot, 2017; 46(1): 93-101.

Corneanu GC, Popescu GG. Distributional and anatomical studies on Fritillaria (Liliaceae) in
Romania. Botanischer Garden und Botanisches Museum, Berlin-Dahlem, Willdenowia, 1981; 11:
307-315.

Akyol Y, Yetisen K, Ozdemir C. The morphological and anatomical studies on Fritillaria
caucasica J.F. Adam (Liliaceae). SDU Journal of Science, 2014; 9(1): 12-19.

Wang Q, Zhou SD, Deng XY, Zheng Q, He XJ. Comparative morphology of the leaf epidermis
in Fritillaria (Liliaceae) from China. Bot J Linn Soc, 2009; 160: 93-109.

Has M. Fritillaria imperialis L. ve Fritillaria persica L. tiirleri {izerinde farmasétik botanik ve
fitokimyasal arastirmalar. MSc, Anadolu Universitesi, Eskisehir, Turkey, 2019.

Alan S. An endemic species in Turkey: Morphological and anatomical investigation on Fritillaria
fleischeriana Steudel & Hochst. ex Schultes & Schultes fil. (Liliaceae). Ot Sist Bot Dergisi, 2008;
15(2): 115-124.

Pinar SM, Behget L. Anatomical, morphological and palynological study on Turkish endemic
Fritillaria baskilensis (Liliaceae). Bocconea, 2012; 24: 305-310.

Seyed Saleh SS, Arabi S, Ashouri F. Comparison of head space solid phase microextraction (HS-
SPME) and hydro-distillation (HD) techniques in determination of essential oils in Fritillaria
imperialis. IMP, 2018; 17(68): 122-135.

Kigiik S, Kiirk¢tioglu M, Kursat M, Has M. Fritillaria imperialis L. (Liliaceae) tiirli tizerinde
morfolojik, anatomik ve fitokimyasal galismalar. 4™ International Anatolian Agriculture, Food,
Environment and Biology Congress, 2019. pp. 606-608.


https://books.google.com.tr/books?hl=tr&id=XFJ2OnvqAacC&q=fritillaria#v=snippet&q=fritillaria&f=false
https://books.google.com.tr/books?hl=tr&id=XFJ2OnvqAacC&q=fritillaria#v=snippet&q=fritillaria&f=false

