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Abstract

The mountain ecosystems of Central Asia are characterized by high ecological diversity,
strong topographic gradients, and a high proportion of geographically restricted plant taxa. Such
conditions have led to the formation of local endemics and species with narrow ranges, many of
which may be vulnerable to habitat disturbance. In this review, the available information on three
rare mountain plants—Dionysia hissarica Lipsky (Primulaceae), Dracocephalum formosum
Gontsch. (Lamiaceae), and Rhodiola heterodonta (Hook.f. & Thomson) Boriss. (Crassulaceae)—
was summarized within a unified framework. The systematic status, distribution, ecology,
conservation significance, level of study, phytochemical composition, biological activity, and in
vitro studies of the species were analyzed. D. hissarica is a rare endemic species with a narrow
range associated with the Hissar Mountains; species-specific phytochemical data are limited,
although its essential oil has been characterized using GC-MS. Although floristic and taxonomic
information is available for D. formosum, species-specific phytochemical and tissue culture studies
remain insufficient. R. heterodonta, in contrast, has been relatively extensively studied with respect
to phenylethanoid glycosides, including heterodontoside and salidroside, as well as antioxidant,
antihypoxic, antihyperglycemic, and other biological effects. The possibility of obtaining bioactive
metabolites using callus, cell suspension, and organ cultures has also been demonstrated in other
representatives of the genus Rhodiola. The results of the analysis indicate a significant gap between
conservation needs and biotechnological knowledge, particularly for D. hissarica and D. formosum.

AHHOTaUA

TopHble skocucTembl LleHTpanbHOM A3UM XapaKTepU3yHOTCS BBICOKMM 3KOJIOTHUeCKUM
pa3sHooOpa3ueM, BbIp@KeHHbIMH  TOMOTpaUuUeCKUMH TpafilueHTaMM U BBICOKOW  Jioneid
reorpauueckd  OrpaHWYEHHBIX TAKCOHOB pacreHWi. Takue yc/loBUS — CIIOCOOCTBOBaIU
(hopMHPOBaHUIO JIOKA/IbHBIX SHJIEMUKOB U BHJIOB C Y3KUMU apeajiaMu, MHOTHe M3 KOTODBIX MOTYT
ObITb YS3BUMBIMU K HapylleHHI0 MecTooOuTaHuil. B Hacrosiiiiem o0630pe B e[WHOW cucTeMe
0000111eHbI UMeEIOIINeCs: CBeJieHHsl O TPeX PelKUX TOPHBIX pacTeHUssx — Dionysia hissarica Lipsky
(Primulaceae), Dracocephalum formosum Gontsch. (Lamiaceae) u Rhodiola heterodonta (Hook.f.
& Thomson) Boriss. (Crassulaceae). IlpoaHanuM3upoBaHbl CHUCTeMaTHUYeCKoe TI0I0)KeHue,
pacripocTpaHeHWe,  3KOJIOTHSl,  TMPUPOJOOXPAaHHOe  3HaueHue,  CTelleHb  M3yYeHHOCTH,
¢buTOXMMHUECKUM CcOCTaB, OMOOrUYecKas akTUBHOCTb M MCC/Ie[0BaHUs in Vvitro 3Tux BUAOB. D.
hissarica siBnsieTcsi peiKUM 3H/IEMHUUHBIM BHJIOM C y3KHMM apeasioM, CBsi3aHHbIM C ['Mccapckumu
ropamu; Buzocrerduueckre GUTOXUMUUECKUe JaHHbIe OrpaHUueHbl, OJHAKO ero 3(HpHOe Macjio
oxapakrtepu3oBaHo ¢ nomoupto GC-MS. Hecmorps Ha Hamuuue (QUIOPUCTUYECKUX U
TaKCOHOMHWYeCKMX JlaHHbIXx 10 D. formosum, Bupocneuupuyeckue (UTOXUMUUECKHe
WCCJIeIOBaHUs M MCC/IeIoBaHUs Ky/bTYPbl TKaHeW OCTaroTCs HejocTaTtouHbiMU. R. heterodonta,
HarpoTHB, OTHOCUTENbHO IIHMPOKO W3yyeHa B OTHOIIEHWH (DeHUTITaHOUAHBIX TJIMKO3U/OB,
BK/IIOUasi TeTepPOJOHTO3M[, W CaluJpO3ufl, a TakKke AaHTHOKCHAAHTHOTO, AHTUTUIIOKCUYeCKOTo,
AHTUTUIEPIVIMKEMUUECKOTO UM JIDyTMX BUAOB OuWosornyeckoro JiedctBus. s Apyrux
nipefctaButenied poga Rhodiola Takke T10Ka3aHa BO3MOXKHOCThH TIOMyUYeHHS OUOIOTHUECKU
aKTUBHBIX MeTabO0MTOB C UCIO/b30BaHHWEM KaJ/lTyCHBIX, KJI€TOUHBIX CyCITIeH3MOHHBIX U OpraHHbIX
KyJbTYp. Pe3ysibTaThl aHamM3a CBU/IeTe/TbCTBYIOT O 3HAaUUTEeIbHOM pa3pbiBe MeXy MOTPpeOHOCTIMU
B OXpaHe 1 OMOTeXHOJIOTHYeCKUMU 3HaHUSIMU, 0cobeHHo ayisi D. hissarica v D. formosum.
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Introduction

The mountain flora of Central Asia is distinguished by high ecological diversity, complex
terrain, and the presence of plant taxa with narrow ranges. The geographical isolation of mountain
systems has led to the formation of numerous local endemic and rare species. Because such species
may occur as small or fragmented populations, they can be vulnerable to habitat disturbance,
erosion, changes in hydrological regimes, tourism, and other anthropogenic factors. Therefore, their
conservation requires not only the preservation of natural populations but also the use of ex situ
collections, controlled propagation, and, where possible, in vitro culture (Science, 2026)
(Abdullaeva NS, 2019). Dionysia hissarica Lipsky, Dracocephalum formosum Gontsch., and
Rhodiola heterodonta (Hook.f. & Thomson) Boriss., considered in this review, belong to three
different families and differ ecologically and phytochemically. D. hissarica is a narrow-range
species of the family Primulaceae adapted to rocky biotopes and is recorded in available sources as
a rare endemic (Science, 2026) (Book, 2019). D. formosum belongs to the family Lamiaceae and is
a mountain plant studied within the flora and phytogeography of Uzbekistan (Kew, 2026)
(Abdullaeva NS, 2019). R. heterodonta belongs to the family Crassulaceae and has a considerably
larger body of experimental data on its phytochemistry and biological activity (Zaripova MR, 2024)
(Miao Hu, 2024) (Yunuskhodjaev AN, 2014). The phytochemical significance of all three species is
relevant from the perspective of conservation biotechnology. A diversity of phenylethanoid
glycosides, phenylpropanoids, flavonoids, and other secondary metabolites has been identified in
the genus Rhodiola (Yousef GG, 2006) (Jiahui Li, 2026) (Ang LH, 2015). In vitro studies conducted
on various representatives of the genus show that the production of salidroside and related
metabolites can be regulated through callus, cell suspension, and organ cultures (Grech-Baran M,
2015) (Heliyon., 2026) (Wu S, 2003). The aim of the review is to systematize information on three
rare mountain species in terms of systematics, distribution and ecology, conservation significance,
phytochemistry, biological activity, and in vitro biotechnology, and to distinguish insufficiently
studied areas from the available scientific evidence.

Materials and methods

This work was prepared in the form of a literature review. Data were collected from
taxonomic databases, conservation sources, and peer-reviewed scientific publications concerning
the three target species. Where species-specific evidence was unavailable, studies on the relevant
genera or closely related taxa were considered as methodological and comparative sources.
Taxonomic and distribution data were verified using Plants of the World Online and regional
botanical literature (Science, 2026) (Kew, 2026). Conservation-related information was based on
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the Red Data Book of Uzbekistan and relevant scientific sources (Book, 2019). In the
phytochemical and biological sections, priority was given to original studies describing identified
compounds, analytical methods used, or experimentally measured biological effects. In the
biotechnological section, studies describing callus induction, shoot regeneration, rooting, cell
suspension, and other controlled culture systems were analyzed. Because direct in vitro evidence for
D. hissarica and D. formosum is limited, studies on other species of the genus Rhodiola were
interpreted as methodological sources rather than direct evidence for these two species (Grech-
Baran M, 2015) (Heliyon., 2026) (Wu S, 2003).

Results and discussion

The three species included in the study belong to three different families. D. hissarica belongs
to the family Primulaceae, D. formosum to the family Lamiaceae, and R. heterodonta to the family
Crassulaceae. Their common feature is their association with specialized mountain or rocky habitats
and the need for conservation and propagation under scientific control. However, the level of
scientific study differs markedly: D. hissarica and D. formosum have been studied mainly from
floristic and taxonomic perspectives, whereas R. heterodonta has been more extensively studied in
terms of phytochemistry and biological activity (Science, 2026) (Kew, 2026) (Zaripova MR, 2024).

Dionysia hissarica Lipsky is a species of the genus Dionysia in the family Primulaceae and is
recorded as an accepted name in current taxonomic data (Science, 2026). The species is described
as a small, cushion-forming plant associated with rocky habitats. In the conservation literature of
Uzbekistan, it is recorded as a rare endemic growing on rocky substrates, including sandstone
crevices and moist microhabitats near waterfalls. The distribution of the species is associated with
the Hissar mountain system of Uzbekistan, and available data indicate the middle course of the
Sangardak River in Surkhandarya Region and adjacent rocky biotopes (Book, 2019). The
availability of moisture and dependence on specialized microhabitats indicate ecological
specialization of the species. Such conditions may increase the vulnerability of small populations to
changes in habitat. The main body of scientific literature on D. hissarica concerns distribution,
habitat, and conservation issues. In 2018, the chemical composition of essential oil obtained from
the aerial parts of the species was studied using GC-MS (Mamadalieva NZ, 2018). Apart from this
study, direct information on the species’ non-volatile secondary metabolites, biological activity, and
tissue culture is limited. Therefore, D. hissarica is considered an important promising object for ex
situ conservation and species-specific phytochemical studies.

Dracocephalum formosum Gontsch. belongs to the family Lamiaceae and is indicated as an
accepted species of the genus Dracocephalum in current taxonomic resources (Kew, 2026). Floristic
studies conducted in Uzbekistan provide information on the distribution and phytogeographic
characteristics of the species (Abdullaeva NS, 2019). The species is regarded as a perennial herb
adapted to mountain environments. D. formosum is associated with the mountainous regions of
Central Asia, and regional data record its occurrence in the Hissar and adjacent mountain systems.
Detailed experimental data concerning soil chemistry, water availability, light regime, and
microclimate of the species are insufficient. These factors may affect not only population
persistence but also the accumulation of secondary metabolites. Existing studies on D. formosum
have mainly focused on floristics, taxonomy, phytogeography, and conservation (Book, 2019)
(Abdullaeva NS, 2019). Although various phenolic acids, flavonoids, phenylpropanoids, lignans,
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terpenoids, and volatile compounds have been identified in other representatives of the genus
Dracocephalum, these data cannot be accepted as direct evidence for D. formosum. Species-specific
studies of the metabolite profile, biological activity, and in vitro propagation of the species remain
an important scientific gap.

Rhodiola heterodonta (Hook.f. & Thomson) Boriss. is a perennial mountain plant of the
family Crassulaceae belonging to the medicinally important genus Rhodiola. In historical
taxonomic literature, it may also occur under the name Sedum heterodontum. R. heterodonta has a
broader experimental base in phytochemistry and biological activity compared with D. hissarica
and D. formosum (Zaripova MR, 2024) (Miao Hu, 2024) (Yunuskhodjaev AN, 2014). The species is
associated with Central Asia and adjacent mountainous regions. Studies based on material collected
in Uzbekistan have investigated populations in the Angren and Burchmulla areas, located at
approximately 1200—1800 m above sea level (Zaripova MR, 2024). The species’ association with
mountain environments and medicinal properties makes sustainable collection and propagation
important issues.

The most clearly documented chemical study of D. hissarica is devoted to its essential oil.
Mamadalieva and co-authors analyzed the essential oil obtained from the aerial parts using GC-MS
and identified a complex profile of volatile compounds (Mamadalieva NZ, 2018). This result
indicates that the species has a characteristic volatile chemical composition, but it does not define
the complete spectrum of secondary metabolites. Data on non-volatile metabolites are insufficient.
In the future, it would be appropriate to analyze extracts of different polarities using HPLC-DAD
and LC-MS/MS, as well as to determine total phenolics and flavonoids. The species-specific
phytochemical profile of D. formosum has not yet been sufficiently developed. Phenolic acids,
flavonoids, phenylpropanoids, lignans, terpenoids, and volatile compounds have been identified in
the genus Dracocephalum, but genus-level data do not directly confirm the composition of D.
formosum. Therefore, a comprehensive metabolomic study based on sequential extraction, GC-MS,
and HPLC/LC-MS/MS is necessary for this species. R. heterodonta has the most phytochemical
evidence among the three species. Grace and co-authors identified heterodontoside, tyrosol methyl
ether, salidroside, viridoside, mongroside, tyrosol, and other related compounds, as well as
proanthocyanidins, in an 80 % ethanol extract (Grace MH, 2009). Comparative analysis of three
Rhodiola species confirmed the presence of characteristic phenylethanoid and related glycosides in
R. heterodonta CITATION Gra09 \I 1033 (Grace MH, 2009). A 2024 study of material obtained
from Uzbekistan identified flavonoids, saponins, phenolic compounds, tannins, terpenoids, and
reducing sugars (Zaripova MR, 2024). A 2026 systematic review summarized that more than 500
chemical compounds have been reported in the genus Rhodiola (Jiahui Li, 2026). Direct
experimental evidence concerning the biological activity of D. hissarica is currently limited. The
main available chemical study focused on characterization of the essential oil and did not include
comprehensive pharmacological evaluation (Mamadalieva NZ, 2018). Therefore, activities reported
for other Dionysia species cannot be automatically transferred to this species. Antibacterial,
antioxidant, anti-inflammatory, and other tests should be conducted using authenticated extracts.
Species-specific biological activity data for D. formosum are also limited. Although numerous
biological effects, such as antioxidant and antimicrobial properties, have been studied in
Dracocephalum representatives, genus-level evidence does not constitute direct evidence for D.
formosum. In the future, it would be appropriate to combine the chemical profile with standardized
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antioxidant, antimicrobial, and enzyme inhibition tests. The biological activity of R. heterodonta
has been documented in relatively greater detail. Grace and co-authors reported adaptogenic and
antihypoxic effects associated with an 80 % ethanol extract (Grace MH, 2009). The choleretic
effects of root and rhizome extracts have also been studied (Kurmukov AG, 2011), while another
study evaluated adaptogenic properties and chronic toxicity (Yunuskhodjaev AN, 2014). A 2024
study identified antioxidant activity in several in vitro free-radical-scavenging systems, as well as
effects related to glucose binding, glucose transport, and inhibition of a-amylase and a-glucosidase
(Zaripova MR, 2024). In a separate network pharmacology study, components were identified using
LC-MS/MS, and mechanisms associated with PI3K/AKT and Nrf2-Gpx4 were proposed for the
antihyperglycemic effect; such mechanistic predictions require additional experimental validation
(Miao Hu, 2024).

The literature shows a significant difference in research intensity among the three species.
Although D. hissarica is documented in terms of distribution, habitat, and conservation
significance, species-specific phytochemistry, biological activity, and biotechnological studies are
scarce. Floristic and taxonomic data are available for D. formosum, but direct experimental
evidence concerning its metabolite profile, biological activity, and tissue culture is insufficient. R.
heterodonta, in contrast, has substantially more direct evidence concerning phytochemistry and
biological activity, as well as an established and advanced methodological biotechnology base
within the genus Rhodiola (Zaripova MR, 2024) (Ang LH, 2015). In future studies, especially for
narrow-range mountain species, taxonomic authentication and documentation of voucher specimens
are important. Seed biology, establishment of aseptic culture, sterilization, and germination
protocols should be optimized separately. Combinations of plant growth regulators should be tested
separately for each species rather than being transferred unchanged from closely related taxa. For D.
hissarica, supplementation of the essential oil profile with non-volatile metabolites; for D.
formosum, development of a broad metabolomic profile based on LC-MS/MS and GC-MS; and for
R. heterodonta, linking marker compounds such as salidroside and heterodontoside with culture
conditions are important directions (Mamadalieva NZ, 2018) (Grace MH, 2009) (Jiahui Li, 2026).
Conservation and biotechnology can be integrated into a single workflow: collection of
authenticated material and preparation of a voucher — assessment of seed viability and sterilization
— aseptic germination — shoot multiplication - rooting — acclimatization — establishment of an
ex situ collection — callus or suspension culture when necessary — determination of the target
metabolite profile — assessment of biological activity. Such an approach may reduce destructive
sampling from natural populations and create reproducible material for subsequent biochemical and
pharmacological studies.

Conclusion

Dionysia hissarica, Dracocephalum formosum, and Rhodiola heterodonta are three
ecologically distinct but important representatives of the mountain flora of Central Asia from the
perspectives of conservation and scientific research. Despite their restricted ranges and conservation
significance, D. hissarica and D. formosum remain insufficiently studied in terms of
phytochemistry, biological activity, and in vitro propagation. R. heterodonta, in contrast, has a
broader experimental basis owing to phenylethanoid glycosides, documented antioxidant and
antihypoxic effects, and the developed biotechnological base of the genus Rhodiola (Zaripova MR,
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2024) (Ang LH, 2015). For all three species, the development of species-specific in vitro protocols

is important for ex situ conservation and obtaining plant material under scientific control. For D.

hissarica and D. formosum, the priority should be to establish reproducible aseptic regeneration

systems and initial metabolite profiles, whereas for R. heterodonta it is appropriate to optimize

regeneration and metabolite production based on existing phytochemical markers. An approach

integrating conservation, phytochemistry, and biotechnology provides a practical scientific platform

for further research on these rare mountain plants.
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