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LEAF PRODUCTIVITY OF SHOOTS,
CHEMICAL COMPOSITION AND PROSPECTIVE
BIOACTIVITY OF CELASTRUS SPECIES
INTRODUCED INTO MOSCOW REGION

LA. Savinov, E.V. Solomonova, N.A. Trusov, A.V. Zhevnerov,
E.Yu. Yembaturova, S.G. Monakhos

Plants are known to contain chemical constituents of great physiological activity,
some of them are antioxidants or possess anti-cancer properties. The presence of these
constituents in renewable plant parts — fruits and leaves — is particularly valuable. A
search for plants with pronounced medicinal properties, including anti-cancer, within
local floras or among cultivated plants that have passed introductory trials success-
fully, is of great relevance. An example of such plants introduced in Moscow region is
the genus Celastrus and its representatives. Our research is aimed at revealing plants
with the highest leaf productivity of shoots and contents of bioactive substances in the
leaves within this genus. The research encompassed 6 taxa from the genus Celastrus
grown in the Arboretum of the Main Botanic Garden named after N.V. Titsin RAS.
For the study, 19-20 highly elongated annual shoots per plant of each taxon were
collected, their leaf weight and morphometric characteristics were recorded, and the
results processed by means of variation statistics. For biochemical studies, frozen leaf
samples were analyzed by methods of high-performance liquid chromatography with
UV and mass-detection. Spectral data of constituents prevailing in methanol extracts
were obtained. Main classes of compounds found in leaves of the studied taxa were
flavonoid glucosides: the derivatives of quercetin and kaempferol as well as condensed
tannins, catechin and afzelechin derivatives. A comparative analysis demonstrated
that C. flagellaris, C. strigillosus and C. orbiculatus var. punctatus, containing af-
zelechin and its derivatives in their leaves, can be recommended as promising plants
for future investigations.

Keywords: Celastrus, Moscow region; introduced species, leaf productivity of
shoots; chemical composition; prospective bioactivity
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Hayunast cratbst

JIMCTOBASA ITPOAYKTUBHOCTbD ITIOBEI'OB,
XUMUYECKHNHN COCTAB U IOTEHIIUAJTBHA S
BHUOJTOI'MYECKASA AKTUBHOCTb BUJ10B
POJA CELASTRUS, UHTPOAYLIHUPOBAHHBIX
B MOCKOBCKOM PEI'MOHE

H.A. Casunos, E.B. Conomonosa, H.A. Tpycos, A.B. /Kesnepos,
E.1O. Embamyposa, C.I. Monaxoc

Pacmenus cooepacam 6 c6oém cocmase sewjecmsa, obnadarnujue 8blCOKOU
@usuonozuueckol akKmusHOCMbIO, HEKOMOpble U3 KOMOPLIX AGNAIOMC AHMUOK-
cudanmamu u anmuxanyepoeenamu. Ocobenno yenno Haiuyue dMux 6eujecms
8 60300HOBIEMbIX YACMAX pacmeHuli — niodax u aucmesx. [louck pacmenuil,
0011a0arWUX YeHHBIMU 1eKAPCMBEHHBIMU CEOUCMEAMU, 8 MOM Yucie, 0 O0pbOb
€ pakom, cpeou pacmenuil Mecmuou Quopsl Ui pacmeHuli ¢ yCnexom npoueouux
UHMPOOYKYUOHHBIE UCHBINAHUA U BbIPAWUBAECMBIX 6 KVIbNYPe, 6eCbMd AKmyad-
nen. Oonumu u3 maxkux uHmpooyyenmos 0ns Mockoeckoeo pecuona A6NAI0mcs
npeocmasumenu pooa Celastrus. Llenvro ucciedosanus 6uLio eviseneHue Haubonee
YeHHbIX npedcmasumeneti pood, UMEIOWUX 8bICOKVIO TUCHIOBVIO NPOOYKIMUGHOCb
n06e208 u coOepPAHCAuUX 8 TUCMbIX PUIUOTOSUYECKU aKmuUHble eeujecmsd. B uc-
cnedosanuu Oviu 3a0eticmeosanst 6 maxconos Celastrus uz konnexyuu 0enopapusi
Taenozo 6omarnuueckoeo cada um. H.B. Lluyuna PAH, y komopwix cobupanu no 19-
20 00HONEMHUX CUTLHO YOIUHEHHBIX N0DE208; NPOBOOUNU UX MOphomempudecKue
U gecosvle usMepenus, pe3yibmamol 06pabamviéanI Memooamu apuayuoHHoU
CMAmMuUCmuKy, a maxaice 01 OUOXUMUYECKUX UCCIe008aHULL 00paA3Ybl 3aMOPO-
JICEHHBIX TUCbEB AHATUSUPOBATU MEMOOUMU 8bICOKOIPPEKMUBHOU HCUOKOCHHOU
Xpomamoepaguu ¢ yroempaghuonemosuim u macc demexkmupoganuem. Ionyuanu
cnekmpanvhvle 0aHHble OOMUHUPYIOWUX GelUeC8 MEMAHONbHBIX IKCMPAKIMNOE.
OcHO8HbIMU KAACCAMU COCOUHEHUTI 8 TUCTNBAX U3YUEHHbIX TMAKCOHO8 AGNAIOMCA
hrnasonouonvle 2nuKO3UObL: NPOU3EOOHBIE KEEPYEMUHA U KeMNgepona, a maxaice
KOHOEHCUPOBaHHble MAHUHbL, NPOU3EOOHbIe KamexuHa u ag3enexuna. CpasHumens-
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HbLIL GHATU3 NOKA3AT, YO 051 OANbHEUWUX UCCIe008ANULL 8 KAYecmee nepeneK-
muenvlx pacmernuti mozym ovims pexomenoosanwt C. flagellaris, C. strigillosus u
C. orbiculatus var. punctatus u3-3a HaTUYUs 6 HUX AQre3eXUHa U e20 NPOU3EOOHbIX.

Knrouegwvie cnosa: Celastrus; Mockogckuil pecuon; unmpooyyuposanHuvle
BUObL, TUCMOBASI NPOOYKIMUBHOCHb 00206, XUMUYECKUL COCMAs, NOMeHYUdTb-
Has Ouono2uecKas akmueHoCmy

Jna yumuposanusa. Casunos U.A., Conomonosa E.B., Tpycos H.A., Kes-
nepog A.B., Embamyposa E.IO., Monaxoc C.I Jlucmosas npodyxmusnocms
nobezos, XumMu4eckuti cocmag u noOmeHyualbHas duoroeuieckas akmugHoCcms
61008 pooa Celastrus, unmpooyyuposauHuvix 6 Mockosckom pecuone // Siberian
Journal of Life Sciences and Agriculture. 2024. T. 16, Ne4. C. 493-507. DOI:
10.12731/2658-6649-2024-16-4-843

Introduction

Plants are known to contain substances with high bioactivity, some of them
being antioxidative and anticancerogenic. It is particularly important when these
substances are present in renewable plant organs, such as fruits and leaves.
Members of the genus Celastrus L. (bittersweet), deciduous vines or some-
times vining shurbs, represent a group of plants with promising potential in
this respect. These plants are found in Asia, America, Australia and Mada-
gascar. Three taxa of Celastrus occur in the Russian Far East. Some chemical
compounds, contained in their leaves, demonstrate anti-inflammatory, antiox-
idant, antifeeding, antifungal, antiviral, cytotoxic and antineoplastic activity
[1;4; 6;7; 11; 14; 15; 17]. Leaves of Celastrus are known to accumulate fla-
vonoid glucosides with high bioactivity. Relevant publications have some re-
cords of flavonoid compounds in the leaves of some Celastrus species; these
compounds include glucosides based on kaempferol and quercetin: C. orbic-
ulatus Thunb.: kaempferol-7-rhamnoside, kaempferol-3,7-dirhamnoside, kae-
mpferol-3 — glucoside- 7-rhamnoside, quercetin-3,7-dirhamnoside; C. rugosus
Rehder & E.H.Wilson: kaempferol-3-a-L-rhamnoside-7-a-rhamnoside, kaemp-
ferol-3-B-glucoside-7-rhamnoside, quercetin-3-p-glucoside-7-a-rhamoside; C.
scandens L.: kaempferol-3-a-rhamnoside-a-rhamnoside, kaempferol-3-p-glu-
coside-7-a-rhamnoside, quercetin-3-a-glucoside-7-a-rhamnoside) [11; 12; 22;
23]. Leaves of C. orbiculatus are known to be used in alternative (ethnic) med-
icine to treat paralysis, headaches and toothaches or snake bites. Parts of this
plant, including leaves, are believed to possess anti-inflammatory, anti-rheu-
matic, purifying and tonic properties [2; 3; 10; 18; 21]. Other representatives
are poorly investigated in terms of their biochemistry.
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In Russia and abroad, C. orbiculatus and C. scandens are grown as ornamen-
tal crops for vertical gardening. In botanic gardens, the range of representatives
of this genus is much greater.

A search for plants with important medicinal properties, including those
used to control and combat cancer, among local indigenous floras or those for
which introductory trials have just been successfully completed and now grown
in cultivation, is of crucial importance these days. Celastrus appears to be one
of such plants introduced in Moscow region [8; 16; 19; 20; 21; 23].

The present research is aimed at revealing the most promising represen-
tatives of the studied genus, well adapted to Moscow region, with high foliar
productivity and containing bioactive substances (antioxidant and anti-cancero-
genic) in their leaves.

Earlier, the authors have discussed the leaf productivity of Celastrus shoots
in detail [9]. In the present paper, a complex approach to the productivity of
bittersweets is practiced as these plants are known to have great medicinal po-
tential; we also consider all summarized data as well as updated and specified
previously obtained data on leaf productivity and new data on the plant shoot
biochemistry.

Materials and methods

6 taxa of the genus Celastrus from the collection of the Arboretum of Tsitsin
Main Botanical Garden RAS (MBG RAS) served as the material for the present
study, namely: C. orbiculatus, C. orbiculatus var. punctatus Rehder, C. rugosus,
C. scandens, C. strigillosus Nakai and C. flagellaris Rupr. The shoots were col-
lected in late July 2022. 19-20 annual markedly elongated shoots growing on
the southern side in the middle of the canopy were collected from each plant.
The shoots were then defoliated, leaves were measured (length and width),
starting from the upper one. Then the leaves were weighed on technical scales
consecutively, starting from the shoot apex. Mean leaf productivity of shoots
was then calculated, the former equals mean number of leaves on the shoot
multiplied by mean leaf weight. The data obtained were processed by means
of variation statistics [5].

For the biochemical study, frozen leaf samples (kept in the freezer at -10°C)
were analyzed using high-performance liquid chromatography (HPLC) with
ultraviolet (UV) and mass (MS) detection. Spectral data (UV-profiles and
MS-profiles) of substances prevailing in methanol extracts were obtained. The
resulting data were interpreted and analyzed using relevant literature record
[5; 18; 21; 23].
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Results and discussion

Fig. 1. Leaves of Celastrus species from the Arboretum of MBG RAS

(in preparing). (a) — C. orbiculatus var. punctatus; (b) — C. scandens; (c) — C. orbiculatus;
(d) — C. strigillosus; (¢) — C. rugosus; (f) — C. flagellaris. Scale bar — 1 sm.

(d)

C. scandens was found to have the greatest mean number of leaves per
shoot — 42, while C. strigillosus had the least one — 21. The other taxa appeared
to be in the intermediate position in terms of this trait: C. flagellaris — 28, C.
rugosus — 31, C. orbiculatus — 32, C. orbiculatus var. punctatus —41. Mean leaf
weight ranged from 0.42+0.03 g (maximum) in C. strigillosus to 0.19+0.01g in
C. orbiculatus. For other studied taxa, the following values were found: C. or-
biculatus var. puncatus — 0,24+0,01 g, C. scandens — 0,26=0,01 g, C. rugosus —
0,33+0,02 g, C. flagellaris — 0,38+0,01 g. Mean leaf length in the studied taxa
appeared to increase in the following order: C. orbiculatus — 5,27+0,14 cm, C.
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orbiculatus var. puncatus — 5,73+0,18 cm, C. rugosus — 6,52+0,20 cm, C. scan-
dens — 6,59+0,24 cm, C. strigillosus — 6,71+0,21 cm, C. flagellaris — 6,74+0,11
cm (Fig. 1). Mean leaf width: C. orbiculatus var. puncatus — 3,34+0,09 cm,
C. orbiculatus — 3,5240,11 cm, C. scandens — 3,76+0,16 cm, C. rugosus —
4,09+0,09 cm, C. flagellaris — 4,19+0,08 cm, C. strigillosus — 4,89+0,21 cm.
The least mean leaf productivity was recorded for C. orbiculatus — 6,28 g, the
greatest one — for C. scandens — 10,92 g. For other studied taxa, the correspond-
ing value was as follows: C. strigillosus — 8,75 g, C. orbiculatus var. puncta-
tus — 9,95 g, C. rugosus — 10,23 g, C. flagellaris — 10,64 g (Fig. 2, Table 1) [9].

In C. scandens, the mean leaf productivity of the shoot and the mean leaf
count per shoot were found to exceed the respective values in other investigat-
ed taxa. In C. orbiculatus, the mean leaf productivity and the mean leaf weight
were the smallest of all studied taxa.
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Fig. 2. Leaf productivity in Celastrus in the Arboretum of MBG RAS
Table 1.
Morphometric and weight characteristics of Celastrus leaves
Taxa Leaf count Leaf Leaf .Leaf Leaf pro-
per shoot weight, g | length, cm | width, cm | ductivity, g
C. rugosus 31 0,33 6,52 4,09 9,77
C. orbiculatus |32 0,19 5,27 3,52 6,28
C. scandens 42 0,26 6,59 3,76 10,82
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C. flagellaris |28 0,38 6,74 4,19 10,34
C. strigillosus |21 0,42 6,71 4,89 8,75
C. orbiculatus |41 0,24 5,73 3,34 9,95
var. puncatus
Table 2.

Presence of flavonoid glucosides and their derivatives, catechin and afzelechin
derivates in leaf samples of the studied Celastrus representatives

Taxa

Derivates of

Quercetin

Kaempferol

Afzelechin

C. rugosus

Quercetin glu-
coside, querce-
tin dirhamno-

side, quercetin

Kaempferol dirhamno-
side, kaempferol glucor-
hamnoside

glucorhamno-
side
C. orbiculatus quercetin dir- | kaempferol glucorham- | afzelechin, afzele-
hamnoside noside chin dimer, afzele-
chin trimer
C. scandens quercetin kaempferol diglucor-
glucorhamno- | hamnoside
side, quercetin
diglucorham-
noside
C. flagellaris kaempferol dirhamno- | afzelechin dimer

side, kaempferol glucor-
hamnoside

C. strigillosus

kaempferol dirhamno-
side, kaempferol glucor-
hamnoside

afzelechin, afzele-
chin dimer, afzele-
chin trimer

C. orbiculatus var.
puncatus

kaempferol dirhamno-
side, kaempferol glucor-
hamnoside

afzelechin, afzele-
chin dimer, afzele-
chin trimer

The most common classes of chemical compounds found in leaves of the
studied taxa were flavonoid glucosides: quercetin and kaempferol derivates, as
well as condensed tannins, catechin and afzelechin derivates (table 2). Howev-
er, the presence of all three substance groups is only revealed in C. orbiculatus.
Afzelechin derivatives possess antioxidant and anticancerogenic activity [13].
They occur not only in leaves of C. orbiculatus but also in C. flagellaris, C.
strigillosus and C. orbiculatus var. puncatus. It is noteworthy that for the three
latter taxa appeared to have kaempferol derivates in their leaves while quercetin



500 Siberian Journal of Life Sciences and Agriculture, Vol. 16, Ne4, 2024

derivates are missing. In leaves of C. scandens and C. rugosus, no afzelechin
derivates were found, but they do contain quercetin derivatives.

Conclusion

Thus, despite high values of averaged data on leaf productivity of shoots
in C. rugosus, for further search of plants with leaves containing powerful an-
tioxidants and anti-cancerogenic substances, C. flagellaris, C. strigillosus and
C. orbiculatus can be recommended as the species introduced and adapted to
the conditions of Moscow region and containing afzelechin and its derivatives.

Conclusion of the Ethics Committee. Not applicable.

Conflict of Interest. The authors declare no conflict of interest.

Sponsorship Information. The work was conducted within the framework
of the target plan commissioned by the Ministry of Agriculture of Russian Fed-
eration and funded by the Federal budget.

The work was partially conducted within the framework of the state task of
the MBG RAS of the program: “Biological diversity of natural and cultural flora:
fundamental and applied issues of study and collection”, No. 122042700002-6.

3akJIloueHHe KOMHTeTa o 3Tuke. Henpumennmo.
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Pabora yacTUYHO BBINOJHEHA B paMKax rocynapcrsenHoro 3ananus ['5C
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Ne 122042700002-6.
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