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COMPARATIVE ANALYSIS OF THE ANATOMICAL
AND MORPHOLOGICAL FEATURES OF RHEUM TATARICUM L.
PLANTS FROM DIFFERENT ECOPOPULATIONS

There are about 60 species of the genus Rheum L. (Polygonaceae) distributed mainly in temperate
and subtropical Asia, with the largest number (38 species, including 19 endemics) recorded in China.
All species of the genus are used as medicinal plants. According to modern pharmacology, the most
important property of the rhubarb root is regulation of the stomach and intestine function, due to its laxa-
tive effect; rhubarb also has antipyretic properties and antioxidant activity. The high content of dietary
fibers provides protection against cardiovascular diseases, and vitamin K is valuable for the prevention of
osteoporosis. However, the active ingredients and their mechanism of action have not been sufficiently
studied.

Rheum tataricum L., known for its high resistance to drought, salinity, and lack of nutrients is the
least studied species of wild rhubarb. The whole plant, and especially the leaves, contains several toxic
compounds, in particular anthraquinone glycosides and calcium oxalate crystals.

Here we present the results of a comparative analysis of the anatomical and morphological structure
of Rh. tataricum plants from ecopopulations growing in the Balkhash and Karatal districts of the Almaty
region. We identified the differences due to the weather and climatic conditions of the ecopopulations.
It is important to note that many idioblasts containing calcium oxalate were found in the rhizomes of
Rh. tataricum, which prevent animals from eating plants and getting poisoned. The number of idioblasts
in the central circle of the Rh. tataricum rhizome was smaller in the Balkhash district than in the Karatal
district, while the idioblasts were larger in size in the former district. The medicinal and nutritional value
of Rh. tataricum growing in a semi-desert environment indicates a high potential of the species in plant
breeding, medicine, and as a food source.

Key words: Rheum tataricum, extract, pharmacology, antioxidant activity, ecopopulation,
morphology.
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OPTYPAI IKOMONYASILMAAAPAAH XXKMHAAFaH Rheum tataricum l. ecimajikTepiHiH,
AHATOMMUSAABIK-MOPOAOrUSIABIK, KYPbIAbIMbIHbIH, €peKLIeAIKTepiH
CaAbICTbIPMAAbI TAAAQY

Polygonaceae TtykbiMaacbl Rheum L. TybicbiHbiH 60 — Ka >XyblK, Typi TaburaTrta HerisiHeH
KOHbIp>Kan >kaHe cyb6TponuKkaabik, A3usiaa, eH Ken 38 Typi KbiTaiaa TapaAraH, OHbIH iwiHAe 19-bl
3HAeMUK. TybICTbIH, 6apAbIK, TYPAEPI ABPIAIK 6CIMAIK peTiHAe KoAaaHbiAaabl. Kasipri dhapmakoaorust
payFall ecCiMAIri TamblpblHbIH, €H, MaHbI3Abl KAcMeTi acka3aH-illek >XOAAAPbIHbIH aypyAapblHa Limna
eKeHiH KepceTTi, eMTKeHi payfall CbIFbIHABICbI illl >XYPri3eTiH acepre ue, payfall COHbIMEH KaTap
AHTUNUPETMKAABIK, KACMETTEPre >KoHe aHTMOKCUMAAHTTBIK OEACEHAIAIKKE Me. AMETaAbIK, TaALLbIKTbIH
>KOFapbl MOALLIEP] XKYPEeK-KaH TaMblpAapbl aypyAapblHaH KopFanAbl, aA K AepyMeHi 0CTeornopo3AbliH, aA-
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AbIH aAy YLLiH KYHAbI. AAaiiaa, 6EACEHAT KOMIMOHEHTTEP MEH OAAPAbIH 8CEep eTy MeXaHU3Mi dAi HaKTbl
aHbIKTaAFaH »OK.

Rheum tataricum L. KypfaklWbIAbIKKA, Ty3AaHyFa >XOHE KOPEKTiH TarlblAblfblHA >KOFapbl
Te3iMAIAIriIMEH TaHbIMaA, >kabarbl payFallTbiH eH a3 3epTTeAreH Typi. ©cimaikTe, acipece >kanbipak,
TakTaAapbiHAQ GipHelle yAbl KOCbIABICTApP, aTan anTKaHAQ aHTPAXMHOH TFAMKO3MATEpi, COHAAM-ak,
KaAbLMI OKCaAaT KpuUcTaaaapbl 6ap. bya >kymbicta Rh. tataricum eciMaiKTepiHiH, aHATOMMSIAbIK-
MOPOAOTUSAbIK,  KYPbIAbIMBIHBIH — €peKLLIEAIKTEPIHE CaAbICTbIPMAAbl  TaApdy  XKYPrisiaai. AAma-
Tbl 0OAbICbIHbIH baAkaw >xeHe KapataAa ayaaHAapbiHAQ ©CETiH 3KOMOMyAsuMsAapaa aya-panbi-
KAMMATTbIK, >KaFAanAapbiHa 6aiAaHbICTbI aibIPMALLbIABIKTApP aHbIKTaAAbl. MaHbi3abicbl, Rh. tataricum
TambipcabakTapbiHAQ KYPaMbIHAQ KaAbLMIA OKCaAaTbl 6ap MAMOBAACTTAPAbIH, KO MOALLEpi TabbIAAbI,
OYA KaHyapAapAblH, ©CIMAIKTI >KeyiHe >K8He OAapAbl YAbl 3aTTapfFa alHAAAbIPYbIHA XKOA GepMenAi.
ATtan ety kepek, Rh. tataricum TambIpbIHbIH, OPTAAbIK, LUAMHAPIHAE MAMOBAACTTap keAemi KapaTaa ay-
AaHblHa KaparaHAa baAkall ayAaHbIHAQ YAKEHIPEK >KoHe CaHbl >KafFblHaH a3 MeALLEPAE OOAAbI. AdpiAik
JKOHe KOPeKTiK KYHAbIAbIFbI Rh. tataricum TypiH LUGAEMT OpTasa ecipy, MeAMLMHA >KaHe TamaKTaHy
CaAaCblHAQ KOAAAHY MepCrekTUBAChIH KOPCETEAI.

Tynin cesaep: Rheum tataricum, 3KCTpakT, (PapMaKoAOrusl, aHTMOKCUAQHTThIK, GEACEHAIAIK, KO-
nonyAsiumsi, MOpchoAOrms.
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CpaBHUTEAbHbIH aHaAM3 0COOeHHOCTeH
AHATOMO-MOPPOAOTMYECKOro CTpoeHust pactenmii Rheum Tataricum L.
M3 Pa3AMYHbIX SKOTMONMYASILLUA

B npupoae BcTpeuaetcs okoao 60 BUAOB pacTeHmii poaa Rheum L. (Polygonaceae), pacnpoctpa-
HEHHbIX MPEVMYLLECTBEHHO B YMEPEHHOM 1 CyBTponmMueckon A3um, ¢ HaMbBOAbLIMM pa3HOObpasuem B
Kutae — 38 BMAOB, B TOM uncae 19 aHaemMnKOB. Bce BUABI poaa MCMOAb3YIOTCS Kak AKapCTBEHHbIe
pacTtenusi. CoBpemeHHas (papMakoAOrust rnokasana, uto HanboAee BaXkKHbIM CBOMCTBOM KOPHS peBeHs
SBASETCS Peryasums paboTbl XXEAYAKA M KMLIEYHMKA, TaK KaK 3KCTPAKT PEBEHS OKa3blBaeT CAAOUTEAb-
HOE AeNCTBUE, PeBeHb Tak>Ke 0OAAAAET >KapPOMOHMKAIOLLMMK CBOMCTBAMM U aHTMOKCMAAHTHOM aKTUB-
HOCTblO. Bbicokoe coaepykaHue MULLEBbIX BOAOKOH 06ecreymBaeT 3almTy OT CEPAEYHO-COCYAMCTbIX
3a6oAaeBaHMi, a BUTaMuH K LeHeH A NpoMAaKTUKM OCTeornopo3a 1 octeonoposa. OAHaKO akTUB-
Hble MHIPEAMEHTbI 1 MEXaHM3M MX AENCTBUS AO CUX MOP YETKO He OrnpeAeAeHbl.

Rheum tataricum L. — camblil MaAOM3YUEHHbIN BUA AMKOIO PEBEHS, M3BECTHbIN CBOEN BbICOKOW
YCTOMUMBOCTbIO K 3aCyXe, 3aCOAEHMIO M HEAOCTATKY MUTATEeAbHbIX BellecTB. PacteHue, oco6eHHO An-
CTOBbI€ MAACTMHKM, COAEP>KUT HECKOABKO TOKCUYHBIX COEAMHEHMIA, B HACTHOCTM FAMKO3MADBI aHTPaxm-
HOHa M KPUCTAAAbI OKCaAaTa KaAbLMS.

B HacTosiweit paboTe NPOBEAEH CPAaBHUTEAbHbI aHAAM3 aHATOMO-MOPOAOTMYECKON CTPYKTYPbl
pacteHuit Rh. tataricum wn3 akononyAsuMiA, npomspacTaroLLmx B baaxawckom n KapataabCkom parioHax
obaacTeit 1. AAMaTbl. BbisiBAEHbI paszAnumsi, 06YCAOBAEHHbIE MOMOAHO-KAUMATUYECKMMU YCAOBUSIMU
Npomn3pacTaHms 3KOMOMyAsLMIA. BaXkHO OTMETUTb, UTO B KOpHEBMLLLAX Rh. tataricum o6Hapy>XeHO 6OAb-
LIOe KOAMYECTBO MAMODOAACTOB, COAEPIKALLMX OKCAAAT KaAbLMS, KOTOPbIE HE MO3BOASIOT >KMBOTHbBIM
noeAaTb PacTeHWs 1 npeBpalaTh MX B TOKCMYHbIe. CAEAYET OTMETUTb, UTO B LIEHTPAAbHOM LMAMHAPE
KopHeBwLLa Rh. tataricum namnobaacTbl B baaxalickom paroHe KpyrnHee, yem B KapaTtaAbCKOM, U UMEIOT
HeBOAbLLIOE KOAMYECTBO. AeKApCTBEHHAs M nuileBas UeHHOCTb Rh. tataricum B MOAYMyCTbIHHOM Me-
CTOOOMTAHUM YKA3bIBaeT Ha NepCreKTMBHOCTb MCMOAb30BaHus Rh. tataricum B ceaekumn, MeAMUMHE U
NUTaHUN.

KaloueBble cAoBa: Rheum tataricum, 3KCTpakT, ()apMakoAOrusl, aHTMOKCUMAAHTHAsi aKTMBHOCTb,
3KOMonyAsiLms, MOpPoAOTUs.



N.V. Terletskaya et al.

Introduction

Plants have been used for medicinal purposes
since ancient times and, despite the progress
achieved in the development of synthetic drugs,
herbal remedies still play a significant role in modern
medicine. Among promising sources of biologically
active substances of natural origin are Kazakh
representatives of the Polygonaceae Juss. family,
among which there are many medicinal plants.

The family Polygonaceae includes about 50
genera, which are distributed all over the world,
contains more than 1000 species. In Kazakhstan
there are 141 species in 11 genera. Of these, 42

species have pharmacological properties, 15 are
used in official medicine and 34 in folk medicine
(Table 1) [1, 2].

Most medicinal species belong to the genera
Rumex L. (15 species), Rheum L. (7), and Persicaria
Hill (6). The species of the genus Rheum L. are rich
in tannins, have a substantial natural resource base,
and their uses in traditional medicine are well known;
therefore, they deserve a further comprehensive
study [3].

In this regard, the study, development, and
rational use of medicinal species of the genus Rheum
L. will expand the use of renewable plant sources
and assist in preservation of their diversity in nature.

Table 1 — Medicinal plants of the Polygonaceae Juss. family in the flora of Kazakhstan

Number of Number of species used in medicine Availability
Genus medicinal of information about
species official folk experimental natural resources
Aconogonon (Meissn.)Reichenb 2 - 2 1 +
Atraphaxis L. 1 - 1 - -
Bistorta Hill 2 - 2 - -
Calligonum L. 2 - - 2 -
Fagopyrum P. Miller 1 - - 1 -
Fallopia Adanson 2 - 2 - -
Oxyria Hill 1 - 1 - -
Persicaria Hill 6 5 6 1 +
Polygonum L. 3 2 1 - +
Rheum L. 7 2 6 - +
Rumex L 15 6 13 3 +
Total 42 15 34 8 -

The genus Rheum has about fifty species, most
of which are distributed in Asia. According to
M.S.Baitenov [1], nine species grow in Kazakhstan,
one of which, Rheum compactum L., is listed in the
“Red Book of Kazakhstan” [4] as Rheum wittrockii
Lundstr. Rheum tataricum L. is economically
valuable; it is the most common species of the genus
Rheum in Kazakhstan. Reserves of RA. tataricum
have been found in areas of the Kyzylorda region, in
Central [5] and in Western Kazakhstan. This species
has a high content of tannins (from 2.0 to 25.74%)
in all parts of the plant, has hemostatic, laxative,

astringent, hemostatic, antipyretic and antitumor
effects and can be used as a source of vitamins.
The underground parts of RhA. tataricum, all parts
of which are rich in tannins, are used for medicinal
purposes, preparations with antioxidant, P-vitamin
and antitumor activity can be obtained from it.

So far, no regulatory documentation and
phytopreparations exist for Rheum tataricum which
is included in the State Register of Medicinal
Products of Kazakhstan [6]. The exceptions are two
patents for a method for obtaining polyphytic oil
extract “Shukur-may” from freshly harvested roots
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of Rheum tataricum, licorice roots and nettle leaves,
and a method for obtaining an oil extract from
Tatar rhubarb root [7]. Analysis of the available
information on the phytochemical properties of
the main groups of bioactive compounds in Rheum
tataricum showed that phytochemical studies of
plants of the genus Rheum L. had been carried
out in 1960s at the Al-Farabi KazNU under the
supervision of Professor, Doctor of Chemical
Sciences T.K. Chumbalov. In the roots of Rheum
tataricum, high content of tannins was found, which
were isolated and identified [8]. In the available
literature, no more recent data on the phytochemical
and pharmacognostic properties and resource
availability of Rheum tataricum could be found.

It is especially important to understand that the
current distribution of plants is a result of both the
environmental conditions and the ecophysiological
potential of the species, combined with the species-
specific features of the migration potential [9]. In
the modern scientific literature, there is evidence
that plants growing in severe climatic conditions
tend to have higher concentrations of valuable
biologically active substances than plants of the
same species cultivated in the optimal for growth
conditions [10]. This results in significant variability
in the content of active compounds, which also
depends on the place of collection, phenological
phase of plant development, time of collection, and
the organs collected [11-13]. Thus, for the target
species, it is important not only to identify the main
biologically active substances, but also consider the
environmental conditions under which they were
formed and accumulated. Therefore, at the initial
stage of such studies, it is extremely informative to
study morphophysiological and anatomical features
of plants in vivo. It is likely that they will differ not
only between species, but also between populations
growing in different conditions [14-16].

Therefore, the purpose of the present study
was a comparative analysis of anatomical and
morphological structure of Rheum tataricum
L. plants from ecopopulations growing in the
Balkhash and Karatal districts of the Almaty region
characterized by different climatic conditions.

Materials and methods

Rheum tataricum L. is an herbaceous perennial
plant growing from a thick, woody rhizome. It forms a
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basal tubercle with 20-35 cm long and 27-50 cm wide
leaves on short petioles, and blooms in late spring
forming peduncles about 35-50 cm high. Samples of
Rheum tataricum L. were taken from ecopopulations
growing in the Balkhash district (26.04.23., 381 m
a.s.l, N 45°35°28.3”, E 77°19°55.5”) and in the
Karatal district (23.04.23., 396 m above sea level, N
44°45°03.4”, E 75°58°50.6”) of the Almaty region.

Taxonomic identification was carried out
according to floristic reports [17-22] and Internet
resources [22, 23].

Microscopic studies were conducted using plant
material which was fixed in a mixture of alcohol,
glycerin, and water in a 1: 1: 1 ratio.

The anatomical preparations were made
following the methods accepted in plant anatomy
[24-26, 27, 28]. The slices were obtained using the
HS3345 automatic microtome. Microphotographs of
anatomical sections were taken on Escope trinocular
microscope (Euromix, the Netherlands), High-speed
Camera CMEX-5 Pro 5.1 Megapixels.

Results and discussion

Rheum tataricum L. is a perennial ephemeroid,
the leaves are large, rounded, bumpy, with a heart-
shaped base and three prominent veins. The flowers
are creamy and small. The fruits are three-sided,
heart-shaped, finely wrinkled, dark brown nuts with
dark red-brown narrow wings. It blooms in April-
May and bears fruit in May and early June. It is
found in the following floristic areas: 6. Pre-Caspian,
6a. Bukeevsky, 7. Aktyubinsky, 7a. Mugodzharsky,
8.Embensky, 9. Torgayskoye, 10. West Hillock,
10a.Ulytau, 11. East small hillock, 1la. Buzachi,
13b. Mangystaus, 14. Priaralsky, 15. Kyzylorda,
16.  Betpak-Dalinsky, 18.  Balkhash-Alakol,
20.Kyzylkumsky, 21. Turkestansky, 26. Chu-Ili
Mountains, and 28. Karatau [29]. The terrain is flat.
The climate of the study area is continental. The Karatal
district is in a semi-desert climatic zone. Astana has a
pronounced continental climate. There is a variety of
landscapes in the area. The terrain is mostly flat, the
soils are light chestnut, salty, sandy loamy.

The meteorological conditions of the Balkhash
and Karatal districts during the rhubarb growing
season are presented in Table 2. As follows from
the data presented in Table 2, the climate of the
Balkhash district is hotter and drier than that of the
Karatal district.
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Table 2 — Basic meteorological parameters of the Balkhash and Karatal districts of the Almaty region over the growing season of

Rheum tataricum L.

Month Average maximum Maximum tempe.rature Minimum tempe.rature for | Average precipitation,
temperature,’C for the whole period,°C the whole period,°C mm

Balkhash Karatal Balkhash Karatal Balkhash Karatal Balkhash Karatal
April 20.3 14.7 37.0 342 - -9.3 17.7 19.1
May 26.8 22.9 393 34.8 0.9 3.8 17.5 21.8
June 31.9 29.0 41.8 39.0 5.4 - 14.5 18.4
July 33.6 30.3 434 41.6 10.3 16.2 10.2 17.0
August 322 29.2 42.0 41.6 8.1 16.1 7.5 9.1
September 26.1 22.7 39.4 37.8 1.3 7.2 5.6 8.3

When viewing the transverse sections of the
rhizomes of Rheum tataricum L. plants growing
in the Balkhash and Karatal districts at 100 x
magnification, peridermal layers (dark brown
cells) were visible, forming rows of peripheral
cells. The periderm consisted of three layers:
phellem, phellogen, and phelloderm. Further along
the periphery, parenchymal cells of the primary
cortex were in a continuous layer consisting
of several circles with numerous inclusions of
idioblasts. The cells were rounded and small with
slightly thickened walls, intercellular spaces were
absent. The secondary phloem was represented
by a continuous concentric cell layer next to the
cambial layer. The secondary phloem consisted
mainly of the axial and radial parenchyma; there
were relatively few sieve-shaped tubes in it. The
cambial layer was clearly visible and represented
by tightly closed cells. The cambium bordered on
the central cylinder. The secondary xylem was
represented by radial chains of narrow- and wide-
lumen small and medium-sized vessels converging
to the center of the central cylinder. The area of
xylem vessels averaged 0.251 x 10°mm?. The core
parenchyma cells were in the center. In all samples,
throughout the layer of the rhizome parenchyma
there were numerous inclusions with anthracene
derivatives. In addition, numerous idioblasts were
visible closer to the central cylinder. In some cases,
the vessels of the secondary xylem were arranged

in groups of three both in the Balkhash and Karatal
rhizome samples.

A comparative analysis of Rheum tataricum L.
samples from different ecopopulations revealed a
looser structure of all thizome tissues in samples from
the Karatal district. Greater presence of intercellular
spaces in the structure of the primary cortex and
central cylinder was noted. Large intercellular
spaces were randomly located in the parenchymal
tissue (Figure 1). The samples from the Balkhash
district had a more xeromorphic structure.

The morphometric data presented in Table 3
showed a thinner periderm layer in plants from the
Balkhash district (0.280 um) compared with plants
from the Karatal district (0.362 pum).

The thickness of the primary cortex in plants
of the Balkhash district was half that of plants
from the Karatal district (7.960 um and 14.025 pm,
respectively). The total area of xylem vessels in the
rhizomes of plants collected in the Balkhash district
(0.251 x10° mm?) was also smaller than that of
plants from the Karatal district (0.376 x 10~ mm?).
The opposite pattern was noted in the diameter of
the central cylinder: in plants from the Balkhash
district, the diameter of the central cylinder was
larger than that in plants from the Karatal district
(64.391 um and 59.467 um, respectively). These
differences appear to be associated with the
ecological, geographical, and climatic conditions of
Rheum tataricum L. populations.
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Balkhash district Karatal district

1 — secondary xylem vessels, 2 — idioblasts in the central cylinder

Figure 1 — Anatomical structure of rhizomes of Rheum tataricum L.
plants from different ecopopulations sampled in the Almaty region (x70)
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Table 3 — Morphometric indicators of the anatomical structure of the rhizome of Rheum tataricum L. plants from different

ecopopulations of the Almaty region.

Study area Periderm thickness, m Pri.mary cortex Diamete.r of the central | Area of X}gem \;essels,
thickness, pm cylinder, pm x10~° mm
0.221 10.368 0.149
0.227 6.501 0.118
Balkhash 0.38 5.661 0.426
i 0.33Z 9.078 64.391 0.332
0.236 8.185 0.229
Average value 0.280 7.960 0.251
0.292 14.436 0.417
0.300 15.017 0.407
Karatalsk 0.457 14.628 0.226
' 0.398 12.123 59.467 0.515
0.361 13.923 0.313
Average value 0.362 14.025 0.376

Conclusions

A comparative analysis of the features of anatomi-
cal and morphological structure of Rheum tataricum
L. plants growing in the Balkhash and Karatal districts
of the Almaty region was carried out, and differences
due to the weather and climatic conditions of ecopopu-
lations were revealed. Samples from the more arid
Balkhash district had a more xeromorphic structure:
the peridermal layer and primary cortex were thinner,
a total area of xylem vessels was smaller, and the cen-
tral cylinder was larger in diameter. Thus, the climatic
factors of the region affect the morphophysiological
characteristics of plants from different ecopopulations.
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