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Abstract

Introduction. The Crataegus L. (Hawthorn) is a common herb in numerous Pharmacopoeias. The State Pharmacopoeia of the Russian Federation
provides hawthorn fruits and flowers for medical utilization. With that, the literature data confirms the medical utility of hawthorn leaves since the
“leaves” and the “flowers with leaves” have pharmacopoeial status worldwide. Therefore, those are considered as prospective forms of Crataegus
raw material for Russian pharmaceutical production. However, most species remain poorly pharmacognostically investigated regarding the
quantitative microscopic characteristics (the sizes of stomatal apparatus (SA) and epidermal leaf blade (LB) trichomes), which could be substantial
for establishing the authenticity of the raw material.

Aim. Examine epidermal anatomy of Crataegus spp. Leaf blades (LBs) and perform a comparative study of several quantitative diagnostic features
of LBs of hawthorn plants from the sect. Sanguineae and the sect. Crataegus, growing in diverse regions of the Russian Federation.

Materials and methods. Samples of hawthorn leaves (C. sanguinea, C. maximowiczii, C. dahurica, C. rhipidophylla, C. monogyna and C. pallasii)
were collected in natural habitats in Western Siberia (Kemerovo) and in arboretums of Botanical Gardens (Moscow, Stavropol). Measurements of
anatomical structures were carried out using a light microscope accompanied by an ocular micrometre.

Results and discussion. The LB surface phenotypic diversity within hawthorn species and sections was studied. The LBs were described in terms
of meterages (longitude and width) of SA, meterages and shape of sedentary multicellular leaf teeth glands. The peculiarities of pubescence and
the sizes of simple unicellular non-glandular trichomes were also observed.

Conclusion. The results of quantitative anatomical examination provided the characteristic features determining these elements at the species
and section levels. Thus, it may facilitate authentication and quality control of whole or ground Crataegus medicinal raw material.
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Peslome

BBepeHue. Cbipbe pacteHuin poga Crataegus L. (BosipbilHNK) BKIloYeHO BO mHorve (Qapmakonen mwupa. focypapctBeHHas dapmakones
Poccuinckon ®epepaumm npegycmaTprBaeT UCNONb30BaHME NIOA0B U LBETKOB 60APbIWHKKA. BMecTe ¢ Tem, nuTepaTypHble JaHHbIe MOATBEPXKAAOT
BO3MOXHOCTb 1CMONb30BaHUA B MEAULIMHCKUX LIENAX IMCTbEB 60APbILHMKA, MOCKONIbKY «[NCTbA» U LUBETKMN C IMCTbAMU» UMEIOT papMaKkoneliHblii
cTatyc Bo BceM mupe. OHM paccmMaTpuBalOTCA Kak MepcrneKkTUBHble BuAbl CbipbA 60APbIWHMKA ANA POCCUNCKOro ¢papmMaueBTUYECKOro
npowvssoacTea. OfHaKko 60MbIINMHCTBO BULOB OCTAIOTCA MOXO U3YUYEHHbIMU B OTHOLLIEHUW KOIMYECTBEHHbIX MUKPOCKOMNYECKNX XapaKTepucTnk
(pa3mepbl ycTbnyHOro annapata (YA) 1 Tpuxom anupepmMmca JIMCTOBbIX MAACTUHOK), KOTOPble MOTYT UMeTb 60sblLOe 3HaYeHVe ANA YyCTaHOBNEHNA
NOAJIMHHOCTY CbIPbS.

Llenb. V3yuntb aHaTOMUuyeckoe CTpoeHWe 3nuAepmMuca JIMCTOBbIX MnacTuHok Crataegus spp. U NPOBeCTV CpaBHUTENIbHOE MCCNiefjoBaHue
KOJINYECTBEHHbIX AMArHOCTUYECKMX MPU3HAKOB JIMCTOBbIX MIACTUHOK pacTeHWi 6oApbiwHMKa U3 cekuun Sanguineae wn cekuuun Crataegus,
npowuspacTaloLwmx B pasHbix pernoHax Poccuinckon ®egepaunn.

Matepuanbl u metogbl. O6pa3ubl nuctbes 6ospbiwHuKa (C. sanguinea, C. maximowiczii, C. dahurica, C. rhipidophylla, C. monogyna w C. pallasii)
6blIN 3arOTOBNEHbl B €CTECTBEHHbIX MECTOOOUTaHUAX B 3anagHoi Cubrpun (KemepoBo) 1 B AeHApapuax 60TaHMYecknx cafoB . MOCKBbI U T.
CraBponons. I3mepeHns aHaTOMUYECKNX CTPYKTYP NPOBOAMIINCH C MOMOLLbIO CBETOBOIO MUKPOCKOMNA C OKYISPHbIM MUKPOMETPOM.

PesynbraTbl 1 o6cyxpaeHue. [IpoBefieHO CPaBHUTENbHOE MCCNeA0BaHNe MOPHONOro-aHaTOMMYECKOro CTPOEHUA INCTOBbLIX NnacTuHoK (J1M)
Ha ypOBHe BULOB N ceKkummn 6osapbiwHUKa. MprBeaeHbl pa3mepbl (ANMHa 1 WUpKUHA) ana YA, CMAAUYMX MHOTOKNETOUHbIX KeNe30K U MpPOoCTbIX
O[JHOKNETOUHbIX TpxoM. OnncaHa Gpopma *enes3ok 1 yCTaHOBIEHO pa3finune Ha ypoBHe cekumnn. OTMeuyeHbl 0COBEHHOCTU ONYLLEHNA.
3aknioueHme. Pe3ynbTaTbl KOIMYECTBEHHOTO aHATOMMYECKOTO UCCNeA0BaHMA MO3BOMVY BbIAABUTb XapaKTePHble OTIMYMTENbHbIE NMPU3HAKK MO
pasmepam YA 1 popme Kenésok B 3aBUCMMOCTU OT BAa 6OAPBILHMIKA N Ha YPOBHe ceKuuid. Taknm 06pa3om, 3T MOXKET 06NeruynTb ycTaHoBIEHUE
NMOAJIMHHOCTY 1 KOHTPOJIb KauyecTBa Liefloro Uim u3MenbYyeHHOro fIeKapCTBEHHOTO cbipba Crataegus.

KnioueBble cnoBa: Buabl Crataegus, NNcToBasA NAACcTUHKA, Xenéskn Ha 3y6uax nncTa, yCTbVILleIPI annapart, NPOoCTble OAHOKNETOYHbIE BOJIOCKMN

KoHGAnKT nHTepecoB. ABTOPbI AEKNAPVPYIOT OTCYTCTBME ABHbIX 1 MOTEHUMANIbHBIX KOHGIVKTOB MHTEPECOB, CBA3AHHbIX C NyGIMKaumen HacToAwwen
cTatbu.

Bknap aBTopoB. B. A. Carapag3e 1 E. 10. babaeBsa pa3paboTanu nnaH sKcrnepuMeHTa 1 NpoBeny CPaBHMTENIbHOE MUKPOCKOMUYECKOEe 1CCIeoBaHmne
aHaTOMMYECKIX NPU3HAKOB JINCTOBOW MAACTUHKK, MPon3Benn 06paboTKy AaHHbIX. Bce aBTOpbl NPUHMMANM yyacTie B 3aroToBKe cbipbsa Crataegus
Spp., @ TaKxe B 06CY>KAEHMMN CTaTby 1 MOATOTOBKE OKOHUATENIbHOM pefakumm pyKonucuy.

BnarogapHocTb. ABTOpPbI BbipaxatoT 6arofgapHocTb K. 6. H. P. A. YoumoBy (Austrian Research and Training Centre for Forests, Natural Hazards
and Landscapes, Vienna) 3a TakcoHoMuYecKyto naeHTnédukaymio obpasuos; K. 6. H. t0. B. 3arypckoin [DepepanbHblil nccnefoBaTeNbCkuii LEHTP
yrna n yrnexumnn CO PAH (MHCTUTYT 3Kkonornn yenoseka), KemepoBo] 3a NnpeaocTaBieHHbI pacTUTeNbHbIN MaTepuan «boapbiliHNKa LBETKN C
NNCTbAMI».

OuHaHcnpoBaHue. Pabota noppep)kaHa BcepoccuiickMM Hay4YHO-MUCCIeOBaTeNIbCKMM WMHCTUTYTOM JIeKapCTBEHHbIX UM apoMaTU4yecKmnx
pacteHuin (BUNAP), MockBa, Poccua [focypapctBeHHbin 6loaxer HUOKP «HayuyHoe dopmmpoBaHue, coxpaHeHune, nlyyeHme 61UoKonneKkuniny
Ne AAAA-A19-119112590084-5 (0576-2019-0008)].

Ana untnposanma: Carapapse B.A. babaesa E. 0., KaneHukoBa E.U., Tpycos H.A., MewaHckaa E.B. KonuyecTBeHHble aHaTOMU4YecKune
XapaKTEPUCTUKUN NNCTOBBIX NIACTUHOK HEKOTOPbIX BUAoB Crataegus L. Paspabomka u pecucmpayus nekapcmeaeHHsix cpeocma. 2021;10(4):138-146.
https://doi.org/10.33380/2305-2066-2021-10-4-138-146

ABBREVIATIONS

EPh - European Pharmacopoeia; LB - leaf blade;
MBG - Tsytsin Main Botanical Garden; MRM - Medici-
nal raw material; RAS - Russian Academy of Sciences;
RSPh XIV — The State Pharmacopoeia of the Russian Fe-
deration; SA - stomatal apparatus; USP — United States
Pharmacopeia; WHO - World Health Organization.

America [3, 11-13]. "Hawthorn leaves" (Crataegi folium)
are also investigated and utilized in China [14-17]. Mo-
reover, it occurs as an object of study in various researches
[18, 19]. In several countries, including Russia, "Hawthorn
flowers" is officially approved MRM of hawthorn [20].

The genus Crataegus L. estimates approximately 250
species, more than a half of which grow in North Ameri-
ca, while the rest grow in the Old World [21]. The genus
Crataegus is characterized by a complicated taxonomic

INTRODUCTION structure [21, 22]. Several studies displayed that majority

The herbal preparations of Crataegus L. (Hawthorn),
family Rosaceae Juss., are well-known regarding the be-
neficial health properties [1] and widely prescribed as
the prevention or concomitant therapy for chronic heart
failure of the I-lll functional class (New York Heart Asso-
ciation (NYHA) Functional Classification). These are the
following indications: coronary heart disease, atrial fibril-
lation, paroxysmal tachycardia, hypertension, angioneu-
rosis, insomnia and atherosclerosis [2-10].

The complex raw material "hawthorn leaves and flo-
wers" (Crataegi folium cum flore) and hawthorn fruits (Cra-
taegi fructus) are the most widespread medicinal raw ma-
terial (MRM) registered in Pharmacopoeias in Europe and

of species were united into subgenera and sections based
on the morphological features of leaves and fruits. Ac-
cording to literature, five subgenera were distinguished:
Crataegus, Sanguineae Ufimov subgen. nov., Americanae
El-Gazzar, Mespilus (L.) Ufimov & T. A. Dickinson, Brevis-
pinae (Beadle) Ufimov & T.A. Dickinson, which mostly
coincide with geographical zones [23, 24]. Each subgenus
included several sections [21, 22, 24, 25]. Despite great
diversity, only a few species are registered in pharmaco-
poeial monographs. For example, ten hawthorn species
and two hybrids are approved for harvesting medicinal
plant raw materials in the current State Pharmacopoeia
of the Russian Federation the XIVth edition (RSPh
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XIV) [20]. At the same time, approximately 40 species
of wild hawthorn were found in the eastern regions of
forest, forest-steppe and steppe zones of the European
and Asian parts of the Russian Federation [26].

The majority of hawthorn species included in the cur-
rent RSPh XIV belong to the sect. Crataegus of the sub-
gen. Crataegus [20]. C. monogyna Jacg. (also included in
EPh and USP) [11, 22], C. rhipidophylla Gand., C. pallasii
Griseb. and other European species and their hybrids are
the ordinary representatives of the sect. Crataegus [21].
Their growth area covers European countries, the middle
zone of the European part of Russia, the Caucasus, Kras-
nodar and Stavropol Territories and the Crimea [21, 25].

The species from sect. Sanguineae Zabel ex C. K. Sch-
neider of the subgen. Sanguineae are widespread in the
Asian part of the Russian Federation. However, only four
species are listed in the RSPh XIV. C. sanguinea Pall re-
mains the most extensive representative of the sect. San-
guineae [20]. It grows in Siberia, in the east of the Euro-
pean zone of Russia, in Zavolzhye, in the Middle and the
South Urals and Altai Territory. C. dahurica Koechne ex
Schneid. and C. maximowiczii C.K. Schneid. grow in Sibe-
ria, Amur and Primorye equally belong to the sect. San-
guineae [27-30].

Anatomical studies of medicinal products of Cratae-
gus spp., especially leaves, are limited, furthermore quan-
titative microscopic characteristics are usually ungiven.
Anatomical diagnostic features of Bashkortostan C. san-
guinea leaves were studied by S.V. Trofimova [31]. The
morphology and anatomy of C. sanguinea and C. mo-
nogyna petioles were described by N.A. Volkova [32].
T. A. Rezanova and S. A. Bakshutov had presented the re-
sults of morphological and anatomical investigation of
leaves of 20 Crataegus spp. collected in Belgorod region
during the beginning of fruiting, including three spe-
cies from the sect. Sanguineae and three species from the
sect. Crataegus [33]. V. Sharipova had investigated the leaf
structure of C. korolkowii (sect. Sanguineae), collected in
two different environmental locations [34]. The descrip-
tion of anatomic-morphological examination of leaves,
flowers and fruits of the endemic plant C. almaatensis Po-
jark growing Almaty region of the Republic of Kazakhstan
was given by E. N. Bekbolatova et al. [35].

Quantitative characterization of anatomical features
is substantial for establishing the authenticity of the
MRM. The sizes and density of microscopic diagnostic
features commonly are unnormalized in microscopy at-
lases. Therefore, proceeded type of MRM could not be ac-
curately characterized [36]. In some cases, it is necessary
to normalize sizes or determine the density of anatomical
features [37], considering the plasticity of diagnostic fea-
tures in different environmental conditions [34, 38-42].

In this connection, the studies of anatomical fea-
tures of medicinal products of various representatives of
the genus Crataegus L. have become relevant. We set up
a task to carry out the comparative study of some quan-
titative epidermal features of leaf blades (SA, glands and
epidermal non-glandular trichomes) of hawthorn plants

from the sect. Sanguineae and the sect. Crataegus, gro-
wing in diverse regions of the Russian Federation. Accom-
panying our previous study of flavonoid content in "Cra-
taegi folia cum flores" further results can be used to refine
the authenticity and quality criteria of the promising me-
dicinal raw material [43].

MATERIAL AND METHODS
Plant material

The leaves of C. sanguinea, C. maximowiczii, C. dahu-
rica, C. monogyna, C. rhipidophylla and C. pallasii were
collected during the mass flowering period in May-ear-
ly June 2016 in the arboretum of Tsytsin Main Botanical
Garden of the Russian Academy of Sciences (MBG RAS),
Moscow (Central District of the Non-Chernozem Zone),
Kemerovo (south of Western Siberia) and the Stavropol
Botanical Garden (Central part of the Ciscaucasia). Ta-
xonomic identification of the plants was established by
taxonomist R. A. Ufimov, PhD. Voucher specimens were
deposited in the Herbarium of Vascular Plants of the
Komarov Botanical Institute of the RAS, Saint-Petersburg
(LE) (table 1). The plant material was air-dried and stored
at room temperature.

Table 1. The list of hawthorn leaf samples included
in the comparative analysis

Ne voucher

. Location
specimens

Species

Section Sanguineae Zabel ex C.K. Schneider

the arboretum of the MBG RAS, Mos-
cow (55°50'21" N, 37°36'03" E)
Kemerovo, Kedrovsky coal mine
(56°32'N, 86°3'E)

the arboretum of the MBG RAS, Mos-

LE01020969 | C. sanguinea

LE01020943 | C. sanguinea

LE01020981 | C. dahurica cow (55°50'21" N, 37°36"03" E)
the arboretum of Kuzbass Botanical
LE01020939 | C. dahurica Garden, Kemerovo (55° 21.2981' 0" N,
86°5.2388' 0" E)
LE01020970 | C. maximowiczii the arboretum of the MBG RAS, Mos-

cow (55°50'21" N, 37°36'03" E)
Suchaya rechka village, Kemerovo

LE01020948 | C. maximowiczii (55°1421" N, 86°06'56" E)
Section Crataegus

the arboretum of the MBG RAS Mos-
LE01020972 | C. monogyna cow (55°50'21" N, 37°36'03" E)

the arboretum of the MBG RAS Mos-

N *

LE01020974 | C. rhipidophylla cow (55°50'21" N, 37°36'03" E)

the arboretum of V.V. Skripchinskiy
LE01020976 | C. rhipidophylla* | Stavropol Botanical Garden, Stavropol

(45°2.6701'0" N, 41°58.1439' 0" E)
LE01020982 | C. pallasii the arboretum of the MBG RAS Mos-

cow (55°50'21" N, 37°36'03" E)

Note. *syn. - C. curvisepala.

Microscopy

Microscopic samples of leaf surface were studied.
Stem leaves from the middle tier of main shoot were
observed. It is known that the number of stoma-
ta per surface unit varies within different parts of a



leaf. The sites approaching the average number of
stomata are located in the middle third of LB: be-
tween ribs and a midrib [44]. Therefore, this site was ta-
ken for anatomical investigations and measurements. For
C. sanguinea, C. maximowiczii, C. dahurica and C. rhipido-
phylla two specimens per species and for C. monogyna
and C. pallasii one specimens per species were observed.
At least 3 individual leaves were used. For each sample
3 measurements were made. Microscopic samples of LB
were prepared according to the General Pharmacopoe-
ial Monograph 1.5.3.0003.15 RSPh XIV "Technique of mi-
croscopic and microchemical studies of medicinal plant
materials and herbal medicines" [45]. The samples were
observed under the light Mikmed-1 microscope with AU-
12 1.5x binocular (10x eyepiece, WF10x wide-angle eye-
piece with a scale, 8x, 10x, 20x, 40x lenses) (Lomo, Russia)
and the MSP-1 binocular (Lomo, Russia). Pictures were ta-
ken with Fugifilm DIGITAL CAMERA FinePix JX500 (Fugi-
film, Japan) and edited in Picasa (ver. 3.9 141.259, Goog-
le, USA).

Anatomical diagnostic features were studied accor-
ding to the requirements of General Pharmacopoeial
Monograph 1.5.1.0003.15 "Folia" in RSPh XIV [45]. Mea-
surements of anatomical structures were carried out using
an ocular micrometre according to the method described
in the General Pharmacopoeial Monograph 1.5.3.0003.15
"Technique of microscopic and microchemical studies
of medicinal plant materials and herbal medicines" [45].
The linear size between two most distant points (the cell
wall of the periostic epidermal cells), measured horizon-
tally was considered as the length of the SA [46]. The li-
near size across the cell walls of the periosteum cells of
the epidermis, measured horizontally was considered as
the width of SA [47].

Statistical analysis

Statistical calculations were carried out using Excel
(ver. 2016, Microsoft, USA) and RStudio for Windows (ver.
Desktop 1.4.1103, RStudio PBC, USA) software package.
The normality of all data was analyzed by Shapiro-Wilk's
test. All normally distributed data were analyzed using
ANOVA with post-hoc Tukey HSD Test for intergroup
comparisons. In other cases, Nemenyi non-parametric all-
pairs comparison test for Kruskal-type ranked data was
applied. Comparisons between two sections were per-
formed using Mann-Whitney U-test. Data on figures are
presented as medians and 25%-, 75"-percentiles. Data in
tables are presented as means+SD. Student t-test with
Bonferroni correction for multiple comparisons was ap-
plied for two-group comparison if the data were normal-
ly distributed; p < 0.05 were considered to be significant.

RESULTS AND DISCUSSION

Leaves of observed species were hypostomatic. Sto-
mata were elongated, rarely rounded, surrounded by 5-7
periostic cells (anomocytic type of SA). The striations of
cuticle were folding around stomata (figure 1).
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Figure 1. Surface section of Crataegus monogyna leaf. Scale bar -
100 um

The stomatal length varied from 20.1 to 50.3 um and
width varied from 10.1 to 36.9 among investigated spe-
cies. Significant differences regarding SA width among
the sect. Sanguineae representatives were detected nei-
ther among distinct species nor within the species har-
vested in different environmental conditions. However,
C. dahurica from Kemerovo had significantly greater SA
longitude than other studied accessions and C. dahurica
from Moscow as well. The C. rhipidophylla and C. pallasii
(the sect. Crataegus) had the equivalent SAs meterages
and pretended to have significantly wider and longer SAs
than C. monogyna SA (table 2).

Comparing the data on both sections, we found
that the sect. Crataegus representatives had significantly
greater SA meterages (figure 2).

Hength ®width

50
*

35

30

25

SA materages, um

20

sect. Sanguineae sect. Crataegus

Figure 2. The meterages of stomatal apparatus in the sect. San-
guineae and the sect. Crataegus. The data are presented in the
form of a median, mean and percentiles (25 %, 75 %). *U-test,
p <0.05

Multicellular marginal glandular trichomes were ty-
pical for Crataegus species LBs. Similar trichomes
were previously described for several genera in fami-
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ly Rosaceae: Prunus L., Malus L., etc. [48]. Chin and co-au-
thors had presented the classification of multicellular
glands and had described their structural variants for se-
veral species from the genus Prunus [49]. According to
that classification, we had observed leaf teeth glands lo-
cated near vascular zones. The epidermis of the gland
was formed by palisade cells. The hypodermal zone was
intensely brown coloured (figure 3).

Figure 3. Leaf teeth gland of Crataegus.

A - Crataegus sanguinea (Moscow); B - Crataegus sanguinea (Kemer-
ovo); C - Crataegus dahurica (Moscow); D - Crataegus dahurica (Ke-
merovo); E - Crataegus rhipidophylla (Moscow); F - Crataegus rhipi-
dophylla (Stavropol). vb - vascular bundle; se - secretory epidermis.
Scale bar - 100 um

The secretion of glandular trichomes of flowering
plants naturally includes various classes of secondary me-
tabolites. Terpenoids are the most studied [50]. Phenolic
compounds, particularly flavonoids, are considered the
most common components in glands secretion of woody
plants [51, 52]. The chemical composition of the leaf teeth
glands exudation in hawthorns is scarce [53].

The sizes of leaf teeth glands in C. sanguinea, C. da-
hurica, and C. maximowiczii (sect. Sanguineae) from
two regions: Moscow (central region of the Non-Cher-
nozem Zone) and Kemerovo (south of Western Sibe-
ria) were studied comparatively. C. dahurica (Kemero-
vo) had the widest leaf teeth glands in comparison to
C. maximowiczii from the same location and the species
from Moscow. C. sanguinea (Kemerovo) could be signifi-
cantly distinguished from Moscow specimens: C. dahuri-
ca and C. maximowiczii (p < 0.05), C. sanguinea (p < 0.1)
(table 3).

The specimens from Moscow and C. maximowiczii
from Kemerovo had equally wide leaf teeth glands. Re-
garding the longitude of leaf teeth glands: within the



Table 3. Morphometric parameters of hawthorn leaf teeth glands, pm
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same harvesting location, significant differences among
species were not found in both sections, except diffe-
rence between C. maximowiczii (Moscow) and Siberian
C. dahurica.

Within the sect. Sanguineae, the length/width ratio
of the leaf teeth gland varied among species. C. sangui-
nea had 0.47-0.55 length/width ratio, while C. maximo-
wiczii samples demonstrated comparable results: 0.43-
0.45. Thus, the glands were twice as wide as long. The
length/width ratio of C. dahurica leaf teeth glands varied:
the sample from Kemerovo - 0.72 and the sample from
Moscow - 0.67. So, the shape of these glands was close to
cubic (in the plane - square).

Among species within the sect. Crataegus and indi-
vidual species collected in different regions (e.g., C. rhi-
pidophylla from Moscow and Stavropol) significant diffe-
rences in leaf teeth glands meterage were unfound. Un-
like the sect. Sanguineae, hawthorns from the sect. Cra-
taegus mainly had a spherical (in the plane - roun-
ded) leaf teeth gland shape with 0.78 ratio — C. monogyna.
The length/width ratio of 0.65 was C. pallasii and 0.67 — C. rhi-
pidophylla (Stavropol). The C. rhipidophylla from the arbo-
retum of the MBG RAS (Moscow) is distinguished by more
elongated glands - 0.51 length/width ratio. The sizes of
leaf teeth glands of specimens collected in the arbore-
tum of the MBG RAS (Moscow) were comparable in both
sections (table 3). With that, sect. Sanguineae plants had
significantly wider leaf teeth glands (figure 4). Our data is
consistent with the results obtained in the Belgorod re-
gion [33].

u Length ®mWidth
250
*

200
150 —
100 =

50 —

Leaf teeth gland meterages, pm

ol _
sect. Sanguineae sect. Crataegus

Figure 4. Leaf teeth meterages in the sect. Sanguineae and the
sect. Crataegus. The data are presented in the form of a median,
mean and percentiles (25 %, 75 %). *U-test, p < 0.05

According to the Pharmacopoeias and WHO Mo-
nographs on medicinal plants, epidermal non-glandu-
lar trichomes on Crataegus leaf blade surface are consi-
dered as a diagnostic feature [2, 11-13, 16, 20]. Observed
leaf blades were covered with simple unicellular trichomes
of 117-660 um long (table 4), excluding the C. rhipido-
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phylla (arboretum of the MBG RAS, Moscow), which was
glabrous. Single trichomes were detected on the aba-
xial side of C. dahurica LB. The other species were pu-
bescent on both sides. It was noted that the trichomes
on the abaxial side of LB of C. sanguinea were longer in
comparison to those on the adaxial side. The other spe-
cimens were pubescent with trichomes of equal longi-
tude on both sides. Nearby the midribs simple unicellu-
lar trichomes commonly arranged in clusters (figure 5).
The pubescence features (type, length and density of the
trichomes) on the petiole were similar to the pubescence
of the LB.

Figure 5. Surface section of Crataegus maximowiczii leaf. Groups
of simple unicellular trichomes near the midrib. Scale bar - 100 pm

CONCLUSIONS

The anatomical study of SA and trichomes on leaf
epidermis of C. sanguinea, C. dahurica, C. maximowic-
zii, C. monogyna, C. rhipidophylla, C. pallasii LBs was per-
formed. Microscopy has revealed characteristic features:
hypostomatic leaf type, anomocytic SA, multicellu-
lar glands, simple unicellular hairs. Studied species had
comparable sizes of LBs’ SA within both sections. With
that, plants from the sect. Crataegus from both regions
demonstrated significantly greater sizes of SA in compari-
son with the sect. Sanguineae plants.

Both sections did not demonstrate significant diffe-
rences in leaf teeth glands longitude among species col-
lected within the same location. Comparing the sections
concerning leaf teeth glands length the difference was
also unfound. Furthermore, significantly wider leaf teeth
glands differentiated C. dahurica and C. sanguinea (Ke-
merovo) from the other species of the sect. Sanguineae,
collected in Moscow. The sections Sanguineae and Cra-
taegus were also distinguished by the leaf teeth gland
shape: cuboid and spherical, respectively. With that, in
the sect. Sanguineae plants had significantly wider leaf
teeth glands.

The studied species also had various features of pubes-
cence of LB and the sizes of simple unicellular non-glan-
dular trichomes. The species of both sections were pu-
bescent with trichomes of equal length on both sides,
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except Siberian C. sanguinea, which had longer trichomes
on the adaxial side. Within both sections, non-glandu-
lar trichomes assembled in clusters in the region of the
midrib.

Identified distinctive features could be applicable
for authentication of the MRM of hawthorn ("leaves" or
"flowers with leaves") harvested in different geographical
zones. Possible variations of studied parameters on spe-
cies and sections should be taken into account during the
quality control process of hawthorn MRM since it will help
screen out the herbal adulterants.
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