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Anatomical and morphological characteristics of Ferula varia
growing in Karaganda region (Central Kazakhstan)

The study of plant structure makes it possible to identify characteristic features necessary for species identifi-
cation and understanding of biological traits. For potentially medicinal plant raw materials, morphological
and anatomical studies are an essential component of pharmacognostic analysis. The aim of this study is to
investigate the structural features of the above-ground and underground organs of Ferula varia, a plant used
in folk medicine, at both macro- and microscopic levels. The study was conducted on dried, crushed raw ma-
terials using staining techniques and the preparation of temporary slides. The results made it possible to de-
scribe the shape and structure of the surface of the stem and leaf plate, as well as the structural features of in-
florescences and root fragments. Sparse pubescence on the stem and denser pubescence on the abaxial surface
of the leaf blade were observed. At the microscopic level, the structural features and arrangement of tissues in
the leaf epidermis, as well as transverse sections of the root, leaf, and stem were characterized. The obtained
results made it possible to identify diagnostic features at the macro- and microscopic levels, which allows for
species identification of both whole and crushed raw materials. The data obtained may be included in the
draft regulatory documents for Ferula varia plant raw materials.

Keywords: Ferula varia, above-ground and underground organs, medicinal plant raw materials, macro- and
microscopy, diagnostic features.

Introduction

The flora of Kazakhstan has a significant number of species [1], many of which have medicinal proper-
ties [2]. Among the considerable diversity of plants, those of the genus Ferula L. (family Apiaceae) are of
practical interest. Species of this genus are perennial plants that usually grow in arid areas such as steppes
and deserts [3], often forming extensive thickets with significant reserves of raw materials [4].

Plants of the Ferula genus accumulate various groups of biologically active substances in their above-
ground and underground organs, such as coumarins, glycosides, essential oils, sesquiterpene lactones, sulfur-
containing metabolites, and gums [2, 5-7]. These substances exhibit a wide range of biological activities,
such as anticancer, antimicrobial, anthelmintic, anti-inflammatory, antifungal, antihypertensive, antiprotozo-
al, antiviral, and others [6-11]. Various parts of plants and their components are widely used in medicine to
treat diseases of the cardiovascular system, joints, and oncology, as well as an antispasmodic, antimicrobial,
diuretic, and analgesic agent.

There are 46 species of the genus Feula growing in Kazakhstan [1], of which Ferula foetida (Bunge)
Regel, Ferula iliensis Krasn. ex Korovin., and Ferula songarica Pall. ex Willd. are the most widely
used [12-14]. There is fragmentary information on the other species [3], but many species have the potential
to be used as a source of medicinal raw materials.

In the Karaganda region, significant areas of thickets have been noted for Ferula varia (Schrenk)
Trautv., which is typical of the deserts and decertified steppes of Northern Balkhash Region. The roots of
this plant are used in folk medicine to treat toothache and fever, as an anthelmintic and wound-healing agent,
and a decoction of the seeds stimulates lactation [15].

Pharmacognostic studies, in particular, analysis of the morphological and microscopic indicators of raw
materials, are necessary for the introduction of this species into official use.

The aim of this study is to conduct an anatomical and morphological analysis of the above-ground and
underground organs of Ferula varia and to identify the diagnostic features of potential medicinal raw materials.
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Experimental

Samples of Ferula varia raw materials (Fig. 1) for research were collected on April 20-23, 2025, 8 km
from the village of Torangylyk (Northern Balkhash Region; coordinates of the collection points:
N 46.806017; E 74.794949). Raw materials in the budding phase—early flowering—were harvested in the
afternoon, in sunny, dry weather. Above-ground organs were cut at a height of 10 cm from the soil surface,
and underground organs were dug up at a depth of up to 50 cm. Species identification was carried out by
staff of the Botany Department at the Karaganda National Research University named after academician
E.A. Buketov. Plant samples are stored in the herbarium of the Faculty of Biology and Geography (acronym
QAR), herbarium sheet number QAR 04328. The air-dried raw materials were soaked in hot water and then
fixed in a Feling mixture (90 % ethyl alcohol: distilled water: 40 % glycerin in a 1:1:1 ratio) [16].

Figure 1. Flowering plants Ferula varia

When describing the morphological characteristics, attention was paid to the surface structure of indi-
vidual organs, the presence of pubescence, the color of the organs, the degree of dissection, and the structure
at the fracture. Plants parts were examined using a Levenghuk macroscope (China).

Surface preparations were made manually, and sections were made on a Delta Optical manual micro-
tome using Pellucid CW75 microtome blades (China). The resulting micro-preparations were viewed on an
EX30 microscope, OD400UHW-P camera (China) with a tablet. The photos with measurements of individu-
al tissues were processed using ImageV software. To obtain higher quality preparations, staining was per-
formed using iron chloride and methylene blue [17].

The micro-preparations were described taking into account the recommendations of R. Crang et al. [18]
and publications on the anatomy of plants of the genus Ferula L. [19-22].

Results and Discussion

Macroscopy. The stem of Ferula varia is rounded in cross section, with small ribs (Fig. 2). The surface
is smooth, the color of the upper part of the stem is light green, the lower part is light brown, and the fracture
is white or beige. The inflorescence is a complex umbel. The umbels are located at the ends of the fruiting
shoots. There are two types of umbels: the central umbels are almost sessile, with 10-15(25) rays. The lateral
umbels have 13-18 rays, usually on long pedicels. There may be 1-3 small and underdeveloped umbels.

The flowers are yellow, the calyx is without teeth; the petals are oblong-elliptical, slightly narrowed at
the top and curled inward, drooping after flowering. The underside of the leaf is rough, densely pubescent
with white, protruding simple trichomes. Longer trichomes are concentrated along the central vein. The vein
protrudes above the surface of the leaf blade. The color is green, light green. The upper side of the leaf is
rough, marked with rare simple white hairs. The main vein runs through the central part of the blade. The
color is green.
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The root is ovoid, with a solid neck covered with the remains of dead leaves. The raw material consists
of pieces of root of various sizes. The surface of the bark is coarsely wrinkled with remnants of lateral roots.
The color is brown, and the fracture is loose and white.

Figure 2. External characteristics of the above-ground and underground organs of Ferula varia:
A — stem fragment, B — stem at the break, C — inflorescence fragment,
D — upper side of the leaf, E — lower side of the leaf, F — root fragment

The following diagnostic features can be suggested: stem surface structure, presence of small ribs;
shape of second-order umbels; shape of leaf blade, presence of dense pubescence on the underside, color of
root and stem at the break.

Microscopy. The stem of Ferula varia is rounded in cross section, with small ribs protruding on the sur-
face (Fig. 3). The perimeter of the stem is occupied by a single-layer epidermis consisting of chelicerate
cells. Their outer side is thickened and covered with a noticeable layer of cuticle. Rare simple trichomes are
found. Under the epidermis lies 2-3 layers of chlorenchyma, which are interrupted under the ribs by small
strands of mechanical collenchyma tissue. The bundles are numerous, collateral, closed (phloem and xylem,
no cambium). The peripheral bundles are elliptical in shape, with larger and smaller bundles alternating. Me-
dullary bundles, usually round or ovoid in shape, lie in the central parenchyma. The peripheral bundles are
covered with small “caps” of sclerenchyma. Schizogenous cavities, oval or rounded in shape, are located
around the entire perimeter of the stem, above the bundles. The central part is filled with loose and thin-
walled cells of the heart parenchyma.

A similar structure is noted for the stems of Ferula foetida, with differences in the shape of the cavities.
In Ferula foetida [22], the cavities are oval in shape and almost identical in size, while in Ferula varia, they
are rounded and vary in diameter.
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Figure 3. Cross section of the stem of Ferula varia, fragment. Staining: methylene blue:
1 — trichome, 2 — epidermis, 3 — cork parenchyma, 4 — chlorenchyma, 5 — vessels,
6 — vascular bundles, 7 — pith parenchyma cells; dimensions in um

The epidermis of the upper and lower sides of the Ferula varia leaf is identical in structure, consisting
of elongated cells with straight or slanted walls. Trichomes are rare on the upper side and more abundant on
the lower side of the leaf. The stomata are small, few in number, diacytic, and located on both sides—
amphistomatic type.

In cross section, the leaf is flat, dorsal-ventral type, with undifferentiated mesophyll on columnar and
spongy tissue (Fig. 4). On both sides, the leaf is surrounded by a single-layer epidermis, its cells are oval,
covered with a layer of cuticle. Simple unicellular trichomes are clearly visible, especially in the area of the
conducting bundles. The inner part is filled with loose mesophyll cells. The central and lateral conducting
bundles are collateral, closed type, weakly sclerenchymatized. Around the bundles, there are rounded cavi-
ties of schizogenous origin; the shape is rounded.

Figure 4. Cross section of Ferula varia leaf, fragment in the area of the central vein. Staining iron chloride:
1 — upper epidermis, 2 — mesophyll, 3 — xylem, 4 — cavity, 5 — phloem,
6 — conducting bundle, 7 — lower epidermis, 8 — simple trichomes; dimensions in um

A poorly differentiated mesophyll is also characteristic of other Ferula species, as is a small number of
vessels.

The root in cross section is covered with a multilayered cork, its cells are dark brown, almost rectangu-
lar (Fig. 5). Under the bark lies a multilayered cortical parenchyma. The endoderm is single-layered and con-
sists of oval-shaped cells. The central cylinder of the root consists of a complex radial-type bundle in which
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xylem and phloem rays alternate. In some places, there are areas of pericycle. In the inner part of the root,
there are numerous cavities of schizogenous origin, usually round in shape.

Figure 5. Cross section of the root of Ferula varia, fragment

The structure of the root of Ferula varia differs significantly from that of Ferula foetida [22], as it
forms a denser structure that does not break down into separate fragments. The cavities in the underground
organs have a similar structure to other species of ferula [20-22].

Analysis of microscopic indicators has made it possible to identify diagnostic features that can help in
the identification of crushed raw materials:

-for the stem: the shape of the stem in cross section, the shape of the conducting bundles, areas of col-
lenchyma, the rounded shape and different diameters of the vessels;

-for the root: the presence of rounded cavities of schizogenous origin;

-for the leaf: undifferentiated mesophyll, the shape of the conducting bundles, the presence of rounded
vessels, dense pubescence on the underside of the leaf; the presence of simple trichomes.

Conclusion

Thus, based on the results of the studies, the morphological and anatomical features of the above-
ground and underground organs of Ferula varia were determined. Characteristic features of the structure at
the macroscopic level were noted for the shape of the leaves, the structure of the stem surface, and the shape
of the secondary umbels.

The above-ground organs are characterized by the primary anatomical structure of the stem with the
presence of peripheral collateral and medullary conducting bundles. The leaves are classified as dorsoventral
with undifferentiated mesophyll and denser pubescence on the underside of the leaf blade. The root is char-
acterized by a secondary structure, a thick layer of cork, and a radial arrangement of conducting elements.
The presence of round-shaped schizogenous cavities was determined for all organs studied.

The obtained results made it possible to identify diagnostic features at the macro- and microscopic lev-
els, which allows for species identification of both whole and crushed raw materials.
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A. CabueBa, H.K. Cmarymnos, I'.A. Ataxanoa, XX.A. Typauesa

Kaparanabi ooabichinga (Opransik Kazakceran) ecerin Ferula varia
OCIMIrHIH AHATOMHUSAJIBIK KOHE MOP(OIOTHAJIBIK epeKIIeTiKTepi

OcCIMAIKTEpIIH KYPBUIBICHIH 3€pTTEY OJIapABIH TYPJIK THECUIriH aHBIKTay JKOHE OHOJIOTHSIIBIK
epEeKILIETIKTEPiH TYCiIHYy YIIIH Ka)keT OONaThIH ©3iHe TOH OenriepiH allKplHAayFa MyMKiHAIK Oepeni. [loTen-
OUaIbl  JOpUTIK  ©CIMAIK IIHUKIi3aThl YUIH MOPQOJIOTUSIBIK-aHATOMUSUIBIK ~ 3€PTTEYNIep  JKYPTi3y
(hapMaKOTHOCTHKANBIK TalAay/blH MIHISTTI KOMIIOHEHTI. 3epTTey[iH MaKCaThl XajblK MEIUIMHACBIHIA
KoJIaHblIaThiH  Ferula varia eciMairiHiH >KepycTi >KOHE JKepacThl MYIUEJEPiHiH — KYPBUIBIMIBIK
epeKIIETIKTepiH MaKpo- JKOHE MHKPOCKONMSUIBIK JEHTeine 3epTrey. 3epTreyiiep KeNTipiireH »KoHe
YHTaKTIFaH NIMKi3aTKa 00sly SIicTepiH KOJJaHy JKOHE YaKBITIIa MHKPOIIperaparTap JaiblHAAy apKbUIBI
Kyprizinni. HoTmxkemep cabak TeH >KambIpak TaKTachIHBIH IIIOIHI MeH O€TKi KYpbUIBIMBIH, TYI
IIOFBIPJIAPBIHBIH KYPBUIBIMIBIK €PEKIIeNIKTepiH, COHai-aK TaMbIp OOJIKTEepiHIH aHATOMUSUIBIK CHITaTTaMa-
JapbIH aHBIKTayFa MYMKiHZIK Oepai. CabakThIH CHpeK TYKTi eKEeHAIri, aj jKalbIpakK TaKTachIHBIH TOMEHTI
JKarblHIa TYKTCHY/AIH aHaryplibIM TBIFBI3 €KCHAIr aHbIKTalgbl. MHUKPOCKONMSUIBIK JACHIeiine skarbIpak
SMHUIEPMHUCI TIHIEPiHIH KYPBUIBICHI MEH OPHAJIACY ePEKILIEINTIKTePl, COHai-aK TAMBIPBIH, KAIbIPAKTHIH XKOHE
cabaKTBIH KeJJCHEH KeCIHAUICPiHIH aHaATOMUSUTBIK, CHIIaTTaMalapbl aHBIKTAIAbl. AJBIHFaH HOTHKEIEP Mak-
PO- ’K9HE MUKPOCKOTIHSJIBIK ACHIeiiie THarHOCTUKAIBIK Oenrinepai alKpIHAayFa MyMKIHIIK Oepai, 0y1 OyTiH
JKOHE YHTAKTaJIFaH IIUKI3aTThIH TYPIIK COHKEeCTeHIPLTYiH JKYpPri3yre skaFaaif skacaiasl. JKunanran gepexrep
Ferula varia ecimzik mmKi3aThlHa apHalfaH HOPMATHBTIK KYXaTTap »K00acChlH d3ipieyne MaillanaHbluIybl
MYMKIH.

Kinm ce30ep: Ferula varia, »xepycri »oHe epacTbl MyIIeNep, MOpUIiK oCIMIIK IIMKi3aThl, MaKpO- JKOHE
MHUKPOCKOIHS, THArHOCTHKAJIBIK Oenrinep

A. Cabuena, H.K. Cmarynos, I'.A. Ataxanosa, XX.A. Typauesa

AHaToMH4eckue u MopdoJioruueckune ocooennoctu Ferula varia,
npouspacrawieil B Kaparanaunckoii odsactu (Llentpanbubiii Kazaxcran)

V3ydeHne CTpOeHUs pacTeHHUH MO3BOJISIET BBLACIATD XapaKTepHbIe NPU3HAKH, YTO HEOOXOANMO ISl MICHTH-
($uUKaMy BUAOBOM NPHHAUISKHOCTH M TTOHUMAHUS OMOJIOTHYECKHX OcoOeHHOCTeH. [ moTeHIuansHOro
JIEKapCTBEHHOTO PACTUTENILHOTO CHIPBSI MPOBEAEHHE MOP(OIOT0-aHATOMHYECKUX HCCIIEIOBAHUI SIBIISETCS
00s13aTeTbHBIM KOMIIOHEHTOM (hapMaKOTHOCTHYECKOTO aHanm3a. L{emh HacTosIero McciieqoBaHusI — Ipo-
BECTH U3YYeHHE OCOOCHHOCTEH CTPOCHMS HAaJA3EMHBIX M TMOJ3eMHBIX opraHoB Ferula varia, npumensiemoii B
HapOAHON MeIWIUHE, HA MaKpO- U MHKPOCKOIINYECKOM ypoBHE. VcciemoBaHus MPOBOIMIIN JUISl BBICYIICH-
HOTO M3MENBUCHHOTO CBHIPBS C MPUMEHEHHEM OKPAIIMBAHUS M IPUTOTOBICHUS] BPEMEHHBIX MpenapaToB. Pe-
3yJIBTATHI TIO3BOJIMIIH OMHCAaTh (JOPMY M CTPYKTYPY HOBEPXHOCTH CTEONS M JHCTOBOH IIIACTHHBI, OCOOCHHO-
CTH CTPOEHHS COLIBETHH M (parMeHTOB KopHs. OnpeaeneHo Halmyhe peIkoro omnynieHus crebis, donee ryc-
TOr0 — Ha HIKHEW CTOPOHE JIMCTOBOM IIACTHHBL. Ha MHKPOCKONIMYECKOM YPOBHE YCTaHOBJIEHBI OCOOEHHO-
CTH CTPOEHHS M PACIOJIOKEHHs TKaHeH dMUIepMHICa JIMCTa, IONEPEYHBIX CPe30B KOpHs, ucTa U cTedus. [1o-
JIy4eHHBIE Pe3yJIbTaThl MO3BOJIMIIM BBIIEIUTh AUArHOCTHUECKUE TIPU3HAKK Ha MaKpO- U MUKPOCKOITHYECKOM
YPOBHE, 4TO ITO3BOJISIET IPOBOAUTH BUIOBYIO HACHTU(HKAINIO KAK IEJIBHOTO, TAK M U3MEIBUYEHHOTO CHIPHS.
Tony4eHHbIe JaHHBIE MOT'YT BOWTH B IPOCKT HOPMAaTHBHBIX JHOKYMEHTOB Ha pacTHUTENbHOE cbipbe Ferula
varia.

Kuroueswvie cnosa. Ferula Varia, HAA3€MHBIEC U TMOA3EMHBIE OPIaHbl, JICKAPCTBEHHOEC PACTUTCIBHOE CBIPHE,
MakKpO- U MUKPOCKOIIHSA, TUArHOCTUYECKUE NPHU3HAKU
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