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BeuiecTBa G10 Takxke MO3BOJISAIOT CAEIATh BBIBOJ O €TI0 rema-
TOIPOTEKTOPHOM ICHCTBHUHU.

[lonydeHHble NaHHBIC OTKPBIBAIOT INEPCHEKTHUBBI JalbHEH-
[INX MCCIEI0BaHUN (apMaKkoIOrHYeCKUX CBOWCTB BELIECTBA
G10, BO3MOXXHOCTH BKIJIIOUSHUSI €T0 B KaUECTBE (PUTOTEPAIICBTH-
YECKOro CPEACTBa B KOMIUIEKC NPOPUIAKTHUSCKUX U JeUeOHBIX
MEPONPHUSATHI PU OCTPOM TOKCHUECKOM T'eaTuTe.
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The genus Daphne L. belongs to the Thymelacaceae family
and is one of the most diverse genera of this family with over 90
described species [14]. This genus is found widely across Eu-
rope, Asia and Northern Africa, with eight species growing in
Georgia: D. mezereum L., D. pontica L., D. albowiana Woronow
ex Pobed. (D. pontica subsp. haematocarpa Woronow), D. glom-
erata Lam. (D. imerica C.Koch); D. caucasica Pall., D. axilli-
flora (Keissl.) Pobed. (D. caucasica Pall. var. axilliflora Keissl);
D. transcaucasica Pobed. (D. oleoides auct.) and D. pseudoseri-
cea Pobed. D. axilliflora (Keissl.) Pobed. and D. pseudosericea
Pobed. are endemic species of the Caucasus [1].

The genus Daphne is used in traditional medicine, especially
in China and the Middle East. It is used for the treatment of
gonorrhoea, skin disieases, aches, rheumatism, cancer, malaria
and inflammations [7,15,16]. Biological and pharmacological
research has shown that extracts and compounds isolated from
different Daphne species possess significant antimicrobial, an-
tioxidant, cytotoxic, antiviral and several other effects [5,11-
13,15].

The chemical composition of the genus Daphne is quite di-
verse. The most important classes of compounds obtained are
coumarins, flavonoids, lignans and terpenoids. Several alka-
loids, steroids and phenylpropanoids have also been isolated

© GMN

from this genus. Daphne is known for the content of daphnane
diterpenes, a wide range of mono-, di- and tricoumarins, and
flavonoid glycosides [8,9,12,14,16].

D. axilliflora is an endemic species of the Caucasus [1]. The
plant is widely spread in most parts of Georgia, commonly in
forested areas. These are deciduous shrubs reaching heights of
up to 2 m. The stems are thin, older ones with greyish bark,
while young stems have a dark purple bark; stems are glabrous,
except under the inflorescences of young stems that are slightly
pubescent. Leaves on flower-bearing branches are small, 2-3 cm
long and 0.5-0.75 cm wide, elongate-oval, cuneate at the base,
obstuse at the tip; on non-flower baring branches they are larger,
5 -7 cm long and 1-1,5 cm wide, gradually cuneate at the base,
acute at the tip; they are glabrous, adaxial part green, abaxial
side pale green; Flowers bisexual, 4-merous, perianth tubu-
lar, white, fragrant; flowers are grouped together at the tips of
branches in numbers of 7-12 positioned on shortened stems. Per-
ianth tubular, thinly pubescent; four folded lobes of the perianth
are wide-ovate, twice as short as the tube. Stamins 8, twice as
many as perianth lobes, in two series, filaments short or absent,
attached to the base of the perianth tube. The ovary is superior,
glabrous, and almost sessile; the style is capitate. The fruit is a
bright red drupe [1].
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The stable diagnostic traits that this study was focused on include:
the form, type and distribution pattern of trichomes; shape and interpo-
sition of the leaf’s epidermal cells; type and position of stomata; struc-
ture of the leaf’s parenchyma; details of the vascular tissue’s structure
and the presence and form of intracellular structures [2,3].

The aim of the study was the determination of the stable diagnos-
tic traits of the stems and leaves of D. axilliflora (Keissl.) Pobed.
and a preliminary phytochemical study of this species. The identi-
fied diagnostic characteristics provide referential data for the cor-
rect identification of the plant material of D. axilliflora.

Material and methods. Plant material

The plant material of D. axilliflora was obtained in 2018 in
the Samtskhe—Javakheti region of Georgia, around the Bakuri-
ani village. The plant material was identified and collected by J.
Aneli. A voucher specimen is kept in the I. Kutateladze Institute
herbarium (specimen code #12845).

Fig 1. A - D. axilliflora whole plant during fruiting, Bakuri-
ani; B - D. axilliflora voucher specimen

Extraction and isolation

The methanol extract of D. axilliflora’s joined leaves and
stems was obtained by reflux extraction with boiling methanol.
Lipids and other non-polar compounds were removed applying
pre-extraction by hexane and chloroform. The methanol extract
was partitioned between water and ethyl acetate. The aqueous
phase was later partitioned between water and n-buthanol, satu-
rated with water. The dry buthanol fraction was subjected to col-
umn chromatography on silica gel eluting with CHCl,-MeOH~—
H,0 (50:10:0.5). The process resulted in 3 fractions. Fraction
2 was further separated into the pure compounds 1 and 2 with
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HPLC using a - Kinetex 5 pm XB — C18 (100 A, 250x21.2)
column, solvent A: acetonitrile with 0.1% formic acid, solvent
B: water. The gradient was: A 5% for 5 min, to 10% for 35 min,
to 45% till 40 min.

TLC analysis. Thin layer chromatography was performed on
Silica gel 60 F 254 (Merck) plates, the mobile phase was Chlo-
roform: Methanol: Water (50:10:0.5). The plates were visual-
ized with H,SO, 20% in methanol (Terpenoids) and NP/PEG
(Polyphenols).

HPLC analysis. The methanol extract was dissolved in pure
methanol and subjected to HPLC analysis on an Agilent 1200
Series HPLC System with diode array and MS detectors (nega-
tive ESI-MS) on a C-18 Phenomenex column (d - 4.6 mm, 1 -
250 mm), solvent A: acetonitrile with 0.1% formic acid, solvent
B: water. The gradient was A 10% to 35% for 35 min, to 100%
till 45 min. Flow rate was 1.0 ml/min. Retention times for com-
pound 1 - 6.68 min, compound 2 - 10.44 min (Fig. 2).

NMR. The chemical structures of isolated individual com-
pounds were elucidated using a (Bruker Ultra Shield 400 MHz)
NMR spectrometer with 'H, *C, DEPT, COSY, HSQC and
HMBC experiments. The samples for the NMR analysis were
dissolved in deuterated DMSO.

Anatomical analysis. Samples for microscopic slides were
prepared from living, non-fixed material with a metal razor.
Longitudinal, transverse and epidermal sections were pre-
pared from the shoots, the medial part of the leaf blade and
the leaf central vein. The samples were stained with a safra-
nin solution for 24 hours and were placed on a glass slide in
a drop of glycerine. An optical microscope Carl Zeiss, Je-
neval was used for the micro-structural study. Images were
obtained by a digital camera (Canon Digital IXVS75).

Results and discussion. The visualized TLC plates showed
and abundance of terpenoid and polyphenolic compounds
present in the methanol extract, which corresponds well with
the typical composition of this plant genus.
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Fig. 2. HPLC-MS chromatogram of the methanol extract of
Daphne axilliflora

The isolated compounds 1 (Daphnin) and 2 (Daphnetin)
were identified based on their 'H NMR, “C, COSY, HMBC
and HSQC spectral data. The *C chemical shifts of 1 were: (C2
— C10) 160.1, 113.4, 144.7, 118.3, 114.5, 148.2, 134.0, 144.7,
112.3; sugar moiety (C'1 - C’6) 101.7, 73.3, 77.3, 69.8, 75.8,
60.8, and an m/z 339 [M-H]. The 2D NMR data suggested that
the glucose is substituted on C7, corresponding to daphnin.

The '°C chemical shifts of 2 (C2 — C10) 160.4, 111.3, 144.0,
129.3, 113.1, 161.3, 102.3, 155.6, 111.3, and an m/z 177 [M-
H]- — corresponding to daphnetin. The spectral data of daphne-
tin and daphnin were in excellent agreement with those reported
in the literature [9].
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Fig. 5. D. axilliflora - transverse section of the stem,; Pi— pith; Xy — xylem; Ph — phloem,
Co — cortex; B - longitudal section of the stem, xylem vessels, Sp — spiral thickening, Pt - pitted thickening
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Fig. 6. D. axilliflora vascular cylinder section; A — xylem; B — xylem;
C — phloem; Xy — xylem; Ph — phloem; Pf— phloem fibres; V — vessels; Ra — radial ray

Anatomical characteristics. The epidermis at both surfaces
of the leaves is single layered. Cells of the upper epidermis
are oriented chaotically, distinctly curved and with curved
walls. On the lower epidermis also chaotic, curved, with
curved walls. Leaves are hypostomatic. Stomata anomocytic,
chaotically dispersed on the surface of the leaf. The inner
walls of the guard cells are unequally thickened. The stomatal
pore is spindle shaped. Cells of the lower epidermis contain
well conspicuous chloroplasts, thomboid and needle shaped
crystals (Fig. 4).

The vascular system is monocyclic and bilateral. Wood is
diffuse-porous. Annual rings are not very conspicuous. The
tracheid and vessel openings are positioned in groups and ra-
dial files. Thin bands of tracheal elements are noticeable in
the wood. Transition zones between primary and secondary
xylem are relatively well distinguishable. Vessel openings are
oval. Xylem parenchyma is apotracheal and the interposition
on parenchymous cells is scanty metatracheal. Mechanical
elements of the wood differ by diameter and wall thicken-
ing, both from each other as well as the xylem parenchyma.
The borders of annual ring are not prominent. Radial xylem
rays are distinctly in single-rows. When approaching vessel
openings they do not bend and do not expand through the
entire length of the xylem cylinder. Walls of vessels are char-
acterized by spiral and pitted thickening. Perforation plates
are fully perforated. Radial xylem rays heterogeneous, in a
single row, short or long, respectively of 2 to 4 or up to 19
cells tall (Figs. 5, 6). Phloem fibers are present in relatively
small numbers.

This is the first phytochemical study of a Caucasian endemic
plant Daphne axilliflora. The plant material shows an abundance
of terpenoid and polyphenolic secondary metabolites, similar to
other members of this genus [16]. Two known coumarins were
isolated from the methanol extract of the aerial parts. The identi-
fied structural peculiarities provide valuable information for the
correct identification and standardization of the D. axilliflora
plant material.
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SUMMARY

COUMARINS FROM DAPHNE AXILLIFLORA (KEISSL.)
POBED. AND THE ANATOMICAL CHARACTERISTICS
OF ITS LEAVES AND STEMS

'Moshiashvili G., 'Mchedlidze K., 'Aneli J., *Pichette A.,
12Mshvildadze V.

Thilisi State Medical University, lovel Kutateladze Institute of
Pharmacochemistry, Tbilisi, Georgia; *Laboratoire LASEVE,
Université du Québec a Chicoutimi, Département des Sciences
Fondamentales, Chicoutimi, Québec, Canada

The aim of the study was to determine the stable diagnostic
traits of a Caucasian endemic plant Daphne axilliflora (Keissl.)
Pobed. and study its phytochemical composition.

The following stable diagnostic characteristic were identified
during the microstructural analysis: leaf surface glabrous, hy-
postomatic, dorsoventral; epidermal cells chaotic; curved with
curved walls on both the upper and lower epidermis; stomata
anomocytic; well visible chloroplasts, rhomboid and needle
shaped crystals in lower leaf epidermis; leaf vascular bundles
reverse-collateral; vascular system monocyclic, bilateral; wood
diffuse-porous; xylem parenchyma is apotracheal, scanty meta-
tracheal; vessel walls are predominantly characterized by spi-
ral and pitted thickening; collenchyma lamellar; radial rays in
single rows, heterogeneous.

Phytochemical analysis showed the presence of terpene and
phenolic substances, including coumarins. Two well-known
coumarins (daphnin and daphnetin) were isolated and identified.
Keywords: Daphne axilliflora, Plant Anatomy, Phytochemis-
try, Coumarins.

PE3IOME

KYMAPHHBI BOJTYEATOJHUKA DAPHNE
AXILLIFLORA (KEISSL.) POBED. I AHATOMMYE-
CKHUE XAPAKTEPUCTHUKHA EIO CTEBJEH WU JIA-
CTBEB

"Mommnamsum [.M., 'Muemauaze K.3., 'Anenn Tx.H.,
TIumer A., “MmBuianaaze B.JI.

"Tounuccrkuii 20cyoapcmeennoll. MEOUYUHCKULL YHUGEDPCUMen,
Hucmumym  gpapmarkoxumuu um. H. Kymamenaoze, [py3us;
?Keeberckuil ynusepcumem, uxymumu, Kanada

Llenbo ucClieIOBaHUS SBUIIOCH ONPEIeICHNEe CTaOMIBHBIX
JIMarHOCTUYECKUX IPU3HAKOB CTEOJICH M JMCTHEB IPOM3-
pacratomiero B I'py3un u suaemuka KaBkasa u3 popa BoJI-
yesronnuka - Daphne axilliflora (Keissl.) Pobed. u ¢uto-
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XMMHUYECKOE M3y4YCHHE IMOJYYEHHOI'O U3 HUX METAaHOJIBHOIO
SKCTpakTa. B xome MUKPOCTPYKTYpHOTO aHalu3a BBISBICHBI
clIeayIolre cTaOuiIbHbIe THarHOCTUYECKHE PU3HAKHU: JIHCT
O6udannanbHbld, THIOCTOMATHYECKUI, JOPCOBEHTPAIbHBIH;
KJICTKU S3MUICPMHUCA PACIIONIOKEHBl XAaOTHYHO; H30THYTHIC
C M30THYTHIMM CTCHKAMH Ha BEpXHEM U HIKHEM JIHUAep-
MHCE; YCThUIA MapalUTHbIC; B SMUICPMUCE JIUCTA XOPOLIO
BUJHBI XJIOPOIUIACThI, POMOOBHIHbIE U UTOJIbYAThIC KPUCTAJI-
JIBl; COCYIUCTBIC IYYKH JINCTHEB 00paTHO-KOJUIaTepaIbHEIC;
cocyaucTas CUCTeMa MOHOLMKIMYECKas, OwuiarepaibHas,
npesecuHa auddysHo-nmopucras, ApeBecHas NapUHXHMa
anoTpaxeiHas U CKy[JHO MaTaTpaxeiHas; CTEHKH COCYIOB
CIUPAJIbHO YTOJIICHBI; KOJUICHXHMMa IUIAaCTHHYATas; pajiu-
aJbHbIC JIY4H OAHOPSAHbIC, HEOAHOPOAHBIE.

DuroxuMUUECKUil aHaIU3 IOKa3ajl HaJIUYMe TEPIEHOBBIX
1 (DEHOJBHBIX BEIIECT, B TOM YHCIIe KyMapHHOB. BbiieneHo n
UICHTH(OUIMPOBAHO JBa M3BECTHBIX KyMapuHa — NadHHH U
nadHeTHH.
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