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BIOCHEMICAL AND ANATOMICAL RESEARCH OF KAZAKHSTAN
SERIPHIDIUM HEPTAPOTAMICUM (ASTERACEAE)

Currently, the study of the structure and composition of plants is very important for medicine, per-
fumery, farms, etc. The section of the Asteraceae family includes Seriphidium heptapotamicum (Poljak)
Ling & Y.R. Ling. This study discusses biochemical and anatomical features. According to new observa-
tions, the the previous description of the species was added by the additional information. Anatomical
studies were carried out by the vegetative organs of S.heptapotamicum using the paraffin method. The
anatomy of S.heptapotamicum have not been studied. Anatomically, the root cross section has the
epidermis as a protective tissue in the outer layer and the endodermis is not clearly seen. The stems
have a thick, well-developed layer of sclerenchyma. Leaves are equilateral. For a biochemical study, the
essential oil was isolated from the aerial parts of S.heptapotamicum using a Clevenger type apparatus.
The yield of S.heptapotamicum essential oil was found to be 2.4 %. The chemical composition of the es-
sential oil was analyzed by GC-FID and GC-MS simultaneously. The chemical composition of essential
oil depends on the collectionsites. The essential oil is composed of 14 components, in which the major
dominant constituents were Thujone-41.10%, 1,8-Cineole-22.84%, B-Thujone-17.45% and Camphor
(11.99%). In addition, the essential oil contents of S. heptapotamica have been obtained in this study.

Key words: Seriphidium heptapotamicum, Altyn-Emel, Essential Oil, GC; GC-MS.
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KasakcraHnaarbl Seriphidium heptapotamicum (Asteraceae) eCimMA|riHiH,
6MOXMMHUACHI ME€H aHATOMMSIAbIK, KYPbIABICbIH 3epTTey

Kasipri kesae eCiMAIKTIH KYPbIAbICbI MEH KYPaMbIH 3epTTey MeAMUMHa, napdomepus, dhepmep
LIapyalUbIAbIFbI XoHe T.6. cararap yuwiH eTe maHbi3Abl. Seriphidium heptapotamicum (Poljak) Ling &
Y.R. Ling. ecimAiri KypAeAiryaaiaep TykbIMAAChiHa xaTaabl. bya makanaaa Seriphidium heptapotami-
CUM BCIMAITIHIH BMOXMMUSIABIK, )KOHE aHATOMMSIAbIK, EPEKLLIEAIKTEPI TaAKbIAaHABL. XKaHa 3epTTeyaepre
COMKeC TYPAIH aAAbIHFbI CMMaTTaMaAapbiHa KOCbIMLLA aknapaT 6epiaai. Seriphidium heptapotamicum
OCIMAITiHIH BeretaTMBTi MylleAepiHe (Tamblp, cabak, >Karblpak) aHaTOMMSIAbIK, 3epTTey «[lapadmH»
SAICIH KOAAQHY apKbIAbI XKYpriziaai. Seriphidium heptapotamicum ecimairiHiH aHATOMUSIAbIK, KYPbIAbICbI
OCbl YaKbITKQ AEMiH 3epTTEeAMEreHAIr aHbIKTaAAbl. ©CIMAIK TaMbIpPbIHbIH, KOAAEHEH KeCiHAICIHIH,
AQHATOMMSIABIK, KYPbIAbICBIHAQ 3MMAEPMMUC KOPFayllbl YANA PETIHAE CbIPTKbl KabaTblH KanTaiAbl, aA
3HAOAEPMA aHblk, KepiHbenai. CabakTa CcKAepeHxMMa KabaTbiHbIH KAKCbl AAMblFaHbl aHbIKTAAADI.
Kanbiparbl TeH kabblpraabl. Seriphidium heptapotamicum ecimairine OGMOXMMMUSIABIK,  3epTTey
JKYPri3iAAi XKeHe 6CIMAIKTIH XxepycTi 6eAikTepiHeH KAMBEHAXKEP annapaTtbiHbiH KOMEriMeH 3hup maiibl
AAbIHABI. HaTuxeciHAe WblkKaH 3cpmp Maribl 2,4 %-Abl KypaAbl. DPUpP MalbIHbIH, XMMUSIABIK, KYPaMbIHa
GC-FID »xoaHe GC-MS annapatbiHblH KOMEri apKbiAbl TaAAdy >acaaabl. bya 3eptreyae Seriphidium
heptapotamicum ecimairiHaeri 3onp MaiblHbIH Kypambl aAbiHbIM, 3Up Maibl 14 KOMIMOHEHTTEH
TYPaTbIHABIFbI X)X@HE OHAAFbl HEri3ri AOMMHAHTTbl KOMMNOHeHTTep TynoH-41,10%, 1,8-umHeon-22,84%,
B-TyitoH-17,45%, kamdpop-11,99% eKeHAIri aHbIKTaAAbI.

Ty#in cesaep: Seriphidium heptapotamicum, Altyn-Emel, acpmp maiibl, GC; GC-MS.
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BbuoXxMMHUECKHEe N AaHATOMUYECKHE UCCAEAOBAHUS
Seriphidium heptapotamicum (Asteraceae) B KazaxcraHe

B HacTosduee Bpems u3lyuyeHne CTPYKTYPbl M COCTaBa PACTEHWMI OUYEHb BAXKHO AAS MEAMLIMHDI,
napdiomepmmn, depmepcknx xo3ancTs n T.A. Seriphidium heptapotamicum (Poljak) Ling & Y.R. Ling.
BXOAMUT B Pa3sAE€A CEMENCTBA CAOXKHOLIBETHbIX. B 3TOM Mccaea0BaHMU 0OCYKAQIOTCS OUMOXUMMYECKUE
M aHaTtommueckme ocoOeHHOCTM. COrAacHO HOBbIM HaOAIOAEHMSIM, MPEAbIAYLIEE OMUCaHUE BUAA
ObIAO AOMOAHEHO AOMOAHUTEAbHOM MH(OpMaLMen. AHAaTOMUUECKME MCCAEAOBaHMS MPOBOAMAUCH
Ha BereTaTMBHbIX opraHax Seriphidium heptapotamicum c ncnoAb3oBaHuem napacUHOBOro MeTOAQ.
Anatomus Seriphidium heptapotamicum He m3yuyeHa. AHAaTOMMYUECKM, MorepevyHoe ceveHue KOpHS
MMeEeT 3MMAEPMMC B Ka4yeCTBE 3alUMTHOM TKaHW BO BHELIHEM CAOE M 3HAOAEPMA YETKO HE BUAHA.
C1e6AM MMEIOT TOACTBIN, XOPOLWO PasBUTbIA CAOM CKAEPEHXMMbI. AMCTbSI PaBHOCTOPOHHME. AAS
OMOXMMMYECKOTO UCCAEAOBaHMS 3(MPHOE MACAO BbIAO BBIAEAEHO M3 HaA3eMHbIX YacTeit Seriphidium
heptapotamicum c Mcnoab3oBaHuem annapata KamBeHaxxepa. Bbixoa apmpHoro macaa Seriphidium hep-
tapotamicum cocTaBuA 2,4%. XMMMYECKMIA COCTAB 3(PMPHOro MacAa aHaAM3MpoBaAm ¢ nomotubto GC-
FID n GC-MS oaHOBpeMeHHO. XMMMYECKMIA COCTaB 3(UPHOr0 MacAa 3aBUCUT OT KOAAEKLMIA. DPUpHOoe
MacCAO COCTOMT M3 14 KOMIMOHEHTOB, B KOTOPbIX OCHOBHbIMM AOMUHUPYIOLLMMM KOMMOHEHTaMM OblAK
Ty1noH-41,10%, 1,8-umHeon-22,84%, B-tynoH-17,45% un kamdopa — 11,99%. Kpome TOro, B atom
NCCAEAOBaHMM ObIAO MOAYYEHO COoAEp>KaHue 3(hUPHOro MacAa Seriphidium heptapotamicum.

KatoueBble caoBa: Seriphidium heptapotamicum, AATbIH-OMeAb, achmrpHoe MacAo, GC; GC-MS.

Introduction

Kazakhstan flora is rich in economically
important kinds of plants. In Kazakhstan there are
about 6000 species, 1120 genera and 160 families
(Ivaschenko, 2006). More than 700 species are
endemic and no less than 1406 species of medicinal
plants are the members of 612 genera belong to 134
families (Grudzinskaya et al., 2014).

Asteraceae includes over 32000 currently
accepted species, in over 1900 genera in 13
subfamilies. The family Asteraceae has about 1186
species, of which almost 196 are endemic, and about
130 are medicinal in Kazakhstan (The Plant List,
2016; Ivaschenko, 2006).

The genus Artemisia (Astraceae) consists of
about 500 species, occurring throughout the world
(Bora & Sharma, 2011). The species of the genus
are spread throughout the Northern Hemisphere’s
temperate zones with few members in the Southern
Hemisphere (Valles et al., 2005). The most
commonly accepted subdivisions of Artemisia
are separated into 5 subgenera as Artemisia Less.,
Absinthium (Mill.) Less., Dracunculus (Bess.)
Rydb., Seriphidium (Bess.) Rouy., and Tradentatae
(Rydberg) McArthur (Kursat et al., 2015; Valles
&McArthur, 2001). Most of Artemisia species have
economic importance as therapeutics, foodstuff,
fodder, esthetics and soil binders in destructive
habitats; some taxa are poisonous or allergenic and
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some others are noxious weeds, which can badly
affect crops (Tan et al. 1998, Hayat et al. 2009).
Many Artemisia and Seriphidium speacies are used
by the folk medicine (Nofal et al., 2009; Amin et al.,
2019; Zhang et al., 2019; Zhang et al., 2018).

Many papers devoted anatomical (Janackovié
et al., 2019; Rodica&Broasca, 2012; Hussain et
al., 2019; Abderabbi et al., 2018) and biochemical
(Asilbekova et al., 2012; Velikorodov et al., 2011;
Bodoev et al., 2000; Gilani et al., 2010) studies of
Seriphidium (formely Artemisia) species have been
published for the last few decades.

Janackovi¢ et al. (2019) carried out the
anatomical analysis of vegetative organs of five
Serbia flora Artemisia L. (Anthemideae, Asteraceae)
species (Artemisia campestris L., A. absinthium
L., A. arborescens L., A. judaica L. and A. herba-
alba Asso). Bercu & Broasca (2012) studied the
anatomical features of the Artemisia alba subsp.
saxsatilis (Will.) P. Four. in Romania. Hussain et
al. (2019) examined the anatomical characteristics
of 13 species of Artemisia of the region of Pakistan.
Abderabbi et al. (2018) studied morphological and
anatomical parameters of the leaf and variations of
Artemisia herba-alba Assopopulation in a steppe
zone of western Algeria.

Velikorodov et al. (2011), Bodoev et al.(2000)
investigated the main essential oil components of
Artemisia lerchiana Web. and Artemisia santonica
L. Gilani et al. (2010) studied the Seriphidium
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kurramense (Qazilb.) Y.R.Ling in Pakistan.
Sefidkon et al. (2002) identified the essential oil
componentsof 3 types of Artemisia spp. in Iran.
Asilbekovaet al. (2012) identified the main essential
oil components of Artemisia heptapotamica Poljak
(now Seriphidium heptapotamicum Poljak).

The essential oil content of S.heptapotamicum
(Poljak) Ling & Y.R. Ling have been studied by
Asilbekova et al. (2012). But, the anatomy of
S.heptapotamicum have not been studied.

The aim of this study is to:

determine root, stem and leaf anatomy of
Seriphidium heptapotamicum,;

identify essential oil composition of Seriphidium
heptapotamicum.

Materials and methods

The samples of Seriphidium heptapotamicum
(Poljak) Ling & Y.R. Ling, Asteraceae, were
collected from Altyn- Emel National Natural
Park,Kazakhstan (Figure 1), on September 29, 2019
(43°57°443” N and 079°00°416” E,652 m., Aksoy
3118). The plant species were identified by Prof. Dr.
Ahmet AKSOY (Turkey) and candidate of biological
sciences Bakhytzhamal Sultanova (Kazakhstan).

KAZAKHSTAN

Figure 1 — Map of the Altyn- Emel National Park in Kazakhstan

Seriphidium heptapotamicum is herbs, peren-
nial, 20-35 (-40) cm tall, with a thick rootstock,
densely gray arachnoid tomentose, later partly gla-
brescent. Lower and middle stem leaves are petiole
short; leaf blade is oblong-ovate or ovate-elliptic,
2-2.5 x 1-1.5 cm, 2-pinnatisect (1 or 2 — pinnatisect
in middle leaves); segments are 3 or 4 (or 5) pairs;
lobules linear is 3-5 x 0.3-0.5 mm, acute apically.
Upper leaves and leaflike bracts are pinnatisect or
entire. Synflorescence a is somewhat broad and
elongated panicle. Involucre is oblong or ovoid, 1.5-
2.5 mm in diam.; phyllaries sparsely arachnoid are
pubescent (Figure 2 a) (Ling et al., 1988).

Anatomical studies were carried out on plant
material that was found in a mixture of alcohol
(70%). Sections of root, stem and leaves were used

through paraffin method, each sectionwas taken by
microtome and stained with safranin and fast-green
(Johansen, 1944). Further anatomical investigation
was carried out under a light microscope and pho-
tographs were taken by Leica DM750 research mi-
croscope.

Concerning the biochemical studies, air-dried
aerial parts of the plant material underwent hydro-
distillation for 3 h using a Clevenger type apparatus.
The essential oils were analyzed by GC/MS using
a Agilent 7890A GC-MSD system according to
the literature (Shaimerdenova et al. 2018). An In-
nowax FSC column (60 m x 0.25 mm L, with 0.25
pm film thickness) was used with helium as carrier
gas (0.8 mL/min). GC oven temperature was kept
at 60°C for 10 min and programmed to 220°C at a
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rate of 4°C/min, then kept constant at 220°C for 10
min and then programmed to 240°C at a rate of 1°C/
min. Alkanes were used as reference points in the
calculation of relative retention indices (RRI). Split
ratio was adjusted at 40:1. The injector temperature
was at 250°C. MS were taken at 70 eV. Mass range
was from 35 to 450 m/z. Library search was carried
out using the Wiley GC/MS Library and the TBAM
Library of Essential Oil Constituents. Relative per-
centage amounts were calculated from TIC by a
computer.

Results
This paper presents an anatomical study of the

vegetative organs and the composition of the essen-
tial oil of Kazakhstan S.heptapotamicum.

cl

ca

=

co

Anatomical characteristics

When studying the anatomical structure of the
vegetative organs of S.heptapotamicum, the follow-
ing microdiagnostic signs were established (Figure
2 a-d and Table 1).

Root: — The largest average size of roots of
S.heptapotamicum: epidermis (27.3£7.79 um),
cortex (36.32+10.68pum), phloem (16.08+9.83um),
cambium (20.08+6.72 pm), xylem (17.46um), pith
(11.04 pm). The outer layer of the primary cortex,
the exoderm, consists of tightly closed polygonal
cells, the walls of which are subsequently corked
and perform a protective function. Then the main
parenchyma (mesoderm) is located, which makes
up the main mass of the primary cortex. Between
xylem and phloem there is a wide cambial zone. En-
dodermis is not clearly seen (Table 1, Figure 2 b).

b
ph
ca
co
e
X p
d
ue
pp
vb
P le

Figura 2 — Seriphidium heptapotamicum a. General view. b. Cross-section of root. c. Cross-section of stem. d. Cross-section of
leaf (p: pith, co: cortex, ca: cambium, cl: chlorenchyma, fi-fiber, x: xylem, ph: phloem, e: epidermis, ue: upper epidermis, le: lower
epidermis, pp: palisade parenchyma, sp: spongy parenchyma, vb: vascular bundle).
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Table 1 — Anatomical measurements of Seriphidium heptapotamicum.

Width (um) Length (um)
Min. — Max. Avr. £ Sd Min. — Max. Avr. £ Sd
Root
Epidermis cell 4.97 13.77 7.79 1.95 14.53 45.31 27.3 6.8
Cortex 3.93 24.63 10.11 35 13.33 52.24 28.64 8.2
Phloem 3.63 36.24 9.83 6.55 5.42 47.75 16.08 7.74
Cambium 4.23 16.6 6.72 2.28 12.25 34.52 20.08 4.39
Ksilem (diameter) 2.79 38.24 12.35 9.1
Pith cell (diameter) 3.42 30.9 9.9 6.25
Stem
Epidermis cell 5.88 12.07 8.22 1.35 11.6 39.65 21.56 6.16
Cortex 5.51 31.22 12.23 4.13 15.49 53.42 29.6 7.66
Sclerenchyma 43 12.77 8.4 5.88 13.66 42.47 24.29 5.88
Perivascular fibers 5.91 14.1 8.95 1.63 10.45 28.83 17.48 3.26
Phloem 2.92 9.73 6.5 1.3 7.15 21.01 13.22 24
Ksilem (diameter) 3.49 29.7 15.03 6.69
Pith cell (diameter) 4.83 46.99 14.07 8.04
Leaf
Epidermis cell 4.73 12.36 7.49 1.61 7.08 48.68 17.26 8.2
palisade parenchyma 4.48 11.06 7.7 1.46 14.35 46.03 27.28 6.43
spongy parenchyma 4.31 11.19 7.41 1.34 8.61 31.77 16.01 3.71
Sclerenchyma 4.84 15.33 9.13 2.72 11.05 49.11 23.59 7.85
vascular bundle (diameter) 522 20.9 12.18 3.97
Min: minimum, Max: maximum, Avr: average, Sd: standard deviation.

Stem: — The largest average size in stems of S.
heptapotamicum: epidermis (21.56£8.22um), cortex
(29.6£12.23um), sclerenchyma (24.97+8.58um),
perivascular fibers (17.4848.95 pm), phloem
(13.2246.50um), xylem (15.03pum), pith (28.93
pm). The epidermis is composed of single-row rect-
angular-like cells at the outermost layer. Beneath
the epiderm, there is a cortex layer composed of 5-6
rows of parenchymatic cells. Right under this layer,
there are 8—10 rows of well-developed chlorenchy-
ma layer. Between parenchymal cells and scleren-
chyma perivascular leaves are located. Fragmented
epidermis cells are all covered with a thin cuticle
layer at the outermost layer. The stele is represent-
ed by the phloem, poorely developed, protected in
periphloemic groups of sclerenchymatous cells. The
xylem is more developed than the phloem (Table 1,
Figure 2 c).

Leaf: — The leaf cross-section clearly shows the
3 basic parts: epidermis, mesophyll tissue and vas-
cular system. Mesophyll tissue is composed of two

types of cells as palisade and sponge parenchyma.
After the cuticle, it is possible to observe a single
layer of regular and rectangular epidermal cells on
both the upper and lower sides. There was no sig-
nificant difference between the lower epidermis and
upper epidermis cells. Beneath both the upper and
lower epidermis, there is a palisade parenchyma
which has two layers containing a large number of
chloroplasts (Table 1, Figure 2 d).

Biochemical characteristics

Yields of essential oils are 2.4 % for
S.heptapotamicum. The main components of
S.heptapotamicum are essential oil were cam-
phene — 2.08%, sabinene-0.25%, B-myrcene-0.31%,
1,8-cineole-22.84%,  y-terpinene-0.34%, p-cy-
mene-1.40%, a-thujone-41.10%, B-thujone-17.45%,
camphor-11.99%, terpinene-4-0l-0.83%, sabinyl
acetate-0.34%, borneol-0.41%, carvone-0.27% and
ascaridole-0.39%. The histogram displayes these
components a as follows (Table 2).
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Table 2 — Chemical compositions of Seriphidium heptapotamicum essential oils from Kazakhstan

Our study showed that the main constituents
were o-thujone (41.10%), 1,8-cineole (22.84%),
B-thujone (17.45%), and camphor (11.99%) for
S.heptapotamicum essential oil. Other compounds
were found in minor amounts (% 0.25- 2.08).

Discussion

The majority of studied rare Artemisia species
including S. heptapotamicum have not been
researched by other researchers for many years
because of their foliar anatomical attributes.

Janackovi¢ et al. (2019) described ,a secondary
anatomical structure, a well-developed xylem, a
multilayer exodermisas in the cross section of the
root using anatomical analysis of vegetative organs
of five Artemisia L.(Anthemideae, Asteraceac)
species (Artemisia campestris L., A. absinthium L.,
A. arborescens L., A. judaica L. and A. herba-alba
Asso (now Seriphidium herba-alba (Asso) Sojak)
Our studies showed that secondary tissues were not
revealed and a single-layer exaderms was covered
(Fig. 2 b).The cross-sectional stems had a secondary
structure due to the activity of the cambium,
especially in the xylem region and xylem was more
developed than phloem like in the Artemisia alba
subsp. saxsatilis (Will.) P. Four (now Artemisia
alba Turra) studied by by Bercu and Broaske (2012).
Our study confirms this conclusion (Fig. 2c).

Hussain et al. (2019) have been examined the
anatomical characteristics 13 species of Artemisia
of the region of Pakistan and found out that 4. an-
nua L., A. chamaemelifolia Vill., A.tournefortiana
Reichenb. (now Artemisia biennis Willd.), A. ver-
lotiorum Lamotte, A. indica Willd., A. Chinensis
L. (Crossostephium chinense Makino), A. austri-
aca Jacq., A. gmelinii Web., A.vulgaris L. and A.
dubia Wall. ex Bess. showed irregular epidermal
cells shape with wavy walls. A. herba-alba showed
elongated shape of cells with smooth walls. 4. ar-
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gyi Levl.&Vaniot. and A.montana Pamp. showed
polygonal shape with smooth walls. The epider-
mis of vegetative organs in our work consisted of
single-row, dense, rectangular cells in the outer
layer (Fig. 2 b-d). Abderabbi et al. (2018) have
found that the chlorophyll in parenchyma is lo-
cated on the periphery of leaf structure and the
water reserve parenchyma is locateddeeper nearby
the vascular bundles and have identified the main
mechanisms for adaptation to drought. Our studies,
revealed that the palisade and spongy parenchyma,
which are located chloroplasts, matured well in
S.heptapotamicum (Fig. 2 d).

In many species of Artemisia lerchiana Web.
(formely Seriphidium lerchianum (Weber) Polja-
kov), Artemisia santonica L. (now Seriphidium cae-
rulescens (L.) Sojak), the main component of the es-
sential oil is camphor (33-74%) (Velikorodov et al.,
2011, Bodoev et al., 2000). Gilani et al. (2010) stud-
ied the Seriphidium kurramense (Qazilb.) Y.R.Ling
(formely Artemisia kurramensis Qazilb.) in Pakistan
and it was found that main component of essential
oil consisted of a-thujone (26.0 — 73.4 %), B-thujone
(3.14 — 49.3 %), 1,8-cineole (10.2 — 22.3 %) and
camphor (0 —26.3 %).

Essential oil from Iran was A.aucheri Boiss. (now
Seriphidium aucheri (Boiss.) Ling &Y.R.Ling),
A. santolina Schrenk (now Seriphidium santoli-
num (Schrenk) Poljakov), A.sieberi Bess. (now
Seriphidium sieberi (Bess.) K.Bremer&Humphries
ex Y.R.Ling). Twenty-six compounds were identi-
fied in the oil of A.aucheri, representing more than
79.6% of the oil. The main components of this oil
were verbenone (21.5%), camphor (21.0%), 1,8-cin-
eole (8.3%), trans-verbenol (8.1%) and p-cymene
(3.5%). Thirty-nine compounds were identified in
the oil of 4.santolina, representing 89.6% of the oil.
The main components of this oil were neryl acetate
(13.4%), bornyl acetate (10.9%), trans-verbenol
(9.9%), lavan-dulol (8.8%), linalool (6.9%), 1,8-cin-


https://www.gbif.org/ru/species/7383780
https://www.gbif.org/ru/species/7383780
https://www.gbif.org/ru/species/3089937
https://www.gbif.org/null

D. Mirzaliyeva et al.

eole (6.5%) andgeranyl acetate (3.6%) (Sefidkon et
al., 2002).

Asilbekova et al. (2012) previously reported cin-
eole (41.5%), camphor (25.6%), camphene (6.4%),
p-cymene (4.9%) and ketone (4.8%) as main constit-
uents in the essential oil of Seriphidium heptapota-

micum. When comparing data obtained in 2012 and
2019, the following table appears (Table 3). As we
can see from the comparison table of the component
composition of A. sieberi and S.heptapotamicum,
the following components were similar sabine, cam-
phor, borneol, carvone.

Table 3 — The comparison of essential oils content of two population of S.ieptapotamicum in Kazakhstan

Forty compounds were identified in the oil of

A.sieberi, representing more than 98.1% of the oil.

The main components of this oil were camphor

(49.3%), 1,8-cineole (11.1%), bornyl acetate
(5.8%) and nerylacetate (4.3%) (Sefidkon et al..
2002).
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