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THE GENUS EPHEDRA: BIODIVERSITY,
PHYTOCHEMISTRY AND PHARMACOLOGICAL
POTENTIAL

This review article provides a comprehensive analysis of both domestic
and international scientific studies on the phytochemical composition and
biological activity of plants belonging to the Ephedra genus. Although
Ephedra species have long been used in traditional medicine, their
biologically active compounds and pharmacological effects have only
recently begun to be systematically studied from a scientific standpoint. The
article describes the major phytochemical constituents commonly found
in Ephedra species, including alkaloids, flavonoids, phenolic compounds,
and other secondary metabolites. A comparative analysis is conducted on
the antioxidant, anti-inflammatory, antimicrobial, immunomodulatory, and
other biological activities of these compounds. Additionally, the chemical
composition of various Ephedra species is examined, highlighting both
the similarities and differences among them. The authors emphasize
the therapeutic potential of Ephedra species and explore their possible
applications in the development of new pharmaceutical products. Overall,
the article aims to establish a scientific foundation for future applied and
clinical research based on the biologically active compounds of plants
from the Ephedraceae family.

Keywords: Ephedraceae, Ephedra species, biodiversity, chemical
composition, pharmacological properties.

17



TopaiireipoB yuuBepcutetinin Xabapisicsl, ISSN 2710-3544  Xumus-6uonoeusnviy cepusicor. Ne 2. 2025

Introduction

The genus Ephedra, belonging to the family Ephedraceae, comprises
approximately 70 species distributed across various climatic zones, primarily in the
dry and semi-arid ecosystems of Asia, Europe, Africa, and America. Their natural
habitats include Western and Central Asia, southern and southeastern regions of
Europe, the Sahara-adjacent deserts of North Africa, and the arid landscapes of
the Americas. The average height of the Ephedra plant, which grows mainly as a
shrub, does not exceed 1.5 meters, although some species can reach even higher
under favorable conditions; the deep and widespread root system allows these
plants to survive in areas where water shortages are common [1].

In Kazakhstan, eight species of the Ephedra genus are found: E. equisetina
Bunge, E. intermedia Schrenk, E. regeliana Florin, E. fedtschenkoi Florin, /
E. lomatolepis Schrenk, E. monosperma C. A. Mey., E. distachya Linn., and
E. strobilacea Linn. These species are distinguished by their high adaptability to the
diverse environmental conditions across the country. The Kazakh representatives
of Ephedra predominantly grow in arid and semi-arid zones. In particular, species
such as E. lomatolepis, E. equisetina, E. intermedia, and E. major are commonly
found at the foothills of the Dzungarian Alatau, thriving in rocky and sandy
landscapes. The ecological adaptability of these species places them among the
resilient plants capable of surviving in dry climates [2].

Overall, plants of the Ephedra genus are characterized by their drought
resistance, morphological flexibility, and high ecological adaptability. Their
wide distribution across various climate zones underscores their environmental
resilience and biological significance. Within the flora of Kazakhstan, these plants
play a vital role in maintaining the stability of desert and semi-desert ecosystems,
particularly in preventing soil erosion and preserving biodiversity. Moreover, the
presence of biologically active compounds in Ephedra species highlights their
significant pharmacological potential. Therefore, comprehensive research on these
plants remains a relevant issue for the development of novel medicinal products
and for ensuring ecological sustainability in the future.

Materials and methods

This review is based on a comprehensive analysis of contemporary scientific
literature addressing the morphological, phytochemical, and pharmacological
characteristics of Ephedra species. The sources include peer-reviewed articles
published within the last decade, identified through reputable international and
national databases such as Scopus, Web of Science, and Google Scholar. The
selection prioritized high-quality studies that offer relevant insights into the genus
Ephedra. In processing the literature, both comparative and descriptive analytical
methods were employed to synthesize and interpret the collected information.
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Results and Discussion
Main Biologically Active Compounds in Ephedra Species.

Various primary and secondary metabolites have been identified in plants
of the genus Ephedra. Phytochemical compounds include alkaloids, flavonoids,
phenolic compounds, terpenoids, essential oils, tannins, carbohydrates, amino
acids, lipids, minerals, vitamins, steroids, lignans, coumarins, saponins, glycosides,
organic acids, pectins, phytoncides and proanthocyanidins [3]; [4]; [5]; [6]. The

table (Table 1) below lists some secondary metabolites.

Table 1 — Main Compounds Found in Ephedra Species

Metabolites

Mamn compounds

Chemical structure

1

2

Alkaloads

(-)-Ephedrine

(+)-Pseudoephedrine

(-)-(N)-Methvlephedrine

(+)-(N}-
Methylpseudoephednne

(-)-Norpseudoephedrine

(+)-Norpseudoephedrine
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The primary alkaloids of Ephedra plants are ephedrine-type compounds.
Among them, ephedrine and pseudoephedrine are the most widespread. In addition,
some Ephedra species contain macrocyclic spermine alkaloids and ephedradines.
By synthesizing various alkaloids, Ephedra plants demonstrate a diverse chemical
profile [7]; [8]; [9].

The flavonoids in Ephedra include compounds such as rutin, quercetin, and
isorhamnetin, which are of particular importance. These flavonoids are known
for their structural diversity and are commonly found in various plant species,
contributing to the overall chemical profile of Ephedra [10].

Certain Ephedra species are rich in terpenoids. For example, E. sinica,
E. equisetina, and E. distachya contain monoterpenes such as a-terpineol and
B-terpineol, which contribute to the plant’s overall chemical composition [11].
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In species like E. sinica and E. equisetina, terpenoids are especially found in
essential oils. Additionally, E. distachya contains other terpenes such as pinene,
limonene, camphor, and thujone. The essential oil composition of E. sinica,
E. distachya, and E. alata has been studied. These oils mainly consist of
monoterpenes and sesquiterpenes. The main identified components include
limonene, terpineol, caryophyllene, eugenol, and linalool. Some studies
have also reported the presence of phenylpropanoids and volatile phenolic
compounds [12]; [13]. Thus, the chemical composition of Ephedra is characterized
by a variety of compounds. This structural diversity reflects the plant’s complex
biochemical profile.

The chemical composition of Ephedra species includes a wide range of
biologically active substances such as alkaloids, flavonoids, terpenoids, and
essential oil components. These compounds exhibit considerable structural
diversity, reflecting the plant’s complex phytochemical nature. The presence
of various compound classes indicates the biochemical richness of Ephedra
and provides a basis for further phytochemical investigations. This diversity in
chemical structure is an important feature that distinguishes Ephedra among
medicinal plants.

Ethnomedicinal and Pharmacological Significance.

Plants of the Ephedra genus have long been used in traditional medicine,
particularly in Central Asia, China, India, and the Middle East [14]; [15]. In Kazakh
folk medicine, certain species, known as gylsha, have traditionally been used to
treat respiratory conditions, reduce fever, and induce sweating. Additionally, they
have been employed for managing joint diseases, internal inflammatory processes,
and for strengthening a weakened body.

In Pakistan and the Middle East, Ephedra is used for managing asthma,
bronchitis, and cough. Species like E. gerardiana are used, the active compounds
of which have antimicrobial and antioxidant activity. In addition, this plant has
antitumor and antimalarial effects [16].

The pharmacological properties of the Ephedra plant (Fig. 1) have led to
its use in traditional medicine [17]; [18]. Therefore, further research on Ephedra
species and their chemical constituents — especially from a safety and toxicological
perspective — remains essential.
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Figure 1 — Pharmacological properties of Ephedra plants

Ephedra species are rich in naturally occurring bioactive compounds, with
ephedrine-type alkaloids, flavonoids, essential oils, and endophytic metabolites
being particularly significant. Among these, flavonoids play a key role due to
their antioxidant, anti-inflammatory, and immune-enhancing properties, making
Ephedra a subject of growing scientific interest. In-depth investigation of these
constituents may provide a foundation for developing new pharmaceutical and
cosmetic products.

The primary alkaloids of Ephedra, such as ephedrine and pseudoephedrine,
stimulate B-adrenergic receptors, producing bronchodilator, central nervous system
stimulant, and vasoconstrictor effects [19]. These actions help widen airways,
increase heart rate, and reduce nasal mucosal swelling, making these compounds
effective for respiratory disorders.

Essential oils of Ephedra, primarily composed of terpenes and their
derivatives, exhibit antioxidant property [20]. These oils are effective against skin
infections and wounds and are also used in cosmetics as natural antibacterial agents.

Overall, the diverse bioactive compounds in Ephedra underline its importance
in pharmaceutical, cosmetic, and medical applications. Continued research on these
constituents may lead to the development of new, natural-based therapeutic agents.
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Conclusions

Plants of the Ephedra genus grow in arid and semi-arid climatic regions and
have become widespread due to their ecological and physiological adaptability. In
Kazakhstan’s desert and semi-desert areas, these plants are a vital component of
the native flora. Ephedra species, in particular, have long been used in traditional
medicine for their therapeutic properties. The main biologically active compounds
in these plants — such as ephedrine, pseudoephedrine, flavonoids, and essential
oils — demonstrate significant medicinal effects.

In conclusion, Ephedra species stand out for their ecological adaptability
and significant pharmacological and medicinal potential. In-depth study of the
bioactive compounds they contain will pave the way for the development of new
medicinal and cosmetic products, further expanding the therapeutic potential of
these plants. Future scientific studies and innovations will allow the full realization
of the medicinal and biological potential of the Ephedra genus.
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*P. U. Jicanmaxanbemosa', M. H. babaxanosa®, I'. K. Myxywesa’
12J1. H. T'ymuneB atbinarsl Eypasust yITTBIK YHUBEPCHUTET,
Kazakcran PecmyOnmkacel, AcTaHa K.;

E. A. bexeroB aTbiHarsl Kapara/ipl yHUBEPCUTETI,

Kazakcran Pecmyonmkacer, Kaparaunusr K.

13.06.25 k. 6acmara TYCTi.

18.06.25 x. Ty3eTyIepiMeH TYCTi.

25.06.25 x. 6achII mbFapyFa KaObUIIaH b

EPHEDRA TYbICBI: BUOIPTYPJILJIIK, PUTOXUMMUSA
KIOHE ®APMAKOJIOTUAJBIK IOTEHIINAJI

byn wony maxganacer Ephedra mygvimoacuvina dcamamoiH
6CIMOIKMePOiy PUMOXUMUATBIK KYPAMbL MEH OUOIOUANLIK OellceHOINiciHe
Kamuicmuvl OMAHObIK HCIHE uiemeioiK eblablmu 3epmmeyiepoi KeuleHoi
mypoe mandatiovl. Ephedra ecimoikmepi xanvlx MeOuyuHacviHOa esxicenoeH
KOJIOQHBLIbIN Kelle HCAMKAHBIHA KAPAMACMAH, 01APObIH KYPAMBIHOASL
ouonocusnblK bencendi Kocolivlcmap mMeH Qapmaxkoniocusivlk acepiepi
SBLIBIMU MYPLIOAH MeK COHEbL HCHLIOAPbl eaHA JiCylieni 3epmmene
bacmaowl. Makanaoa Ephedra mypaepinoe sxcui ke3decemin Hezizei
dumoxumuanslK 3ammap — aiKaIouomap, ¢ragonouomap, GeHoIoblK

28



Becruuk Topaiirsipos yausepcuteta, ISSN 2710-3544

Cepus Xumuro-6uonoeuveckas. Ne 2. 2025

Koculblcmap Jicane 6acka 0a eKinuii pemmix memadoaummep Jicam-
Jrcakmel cunammanaowvl. byn Koceinvicmapovly aHMuoOKCUOAHMmablK,
Kabwviny2a Kapcol, AHMUMUKpPOOMmMulK, UMMYHOMOOVIAYUSILBIK JCIHE
632e 0e OuoN02UANbIK OelceHOIliKmepine canblCmulpmMalbl Mmaiody
arcypeizineen. Convimen kamap, apmypai Ephedra mypaepiniy xumusnoix
KYPAMbIHa MANOAY HCACANbIN, OapOblH APACbIHOARbL YKCACMbIKIMAD MEH
epexuenikmep kepcemineen. Maxana asmopnapel 6yn ecimoikmepOin
mabuzu mepanuanvlK Kacuemmepin aman Kepcemin, onapovl Jcana
dapmayeemuranvlk 6HiMOepOi dcacay yuliH borauiakma KOai0aHy
MYMKIHOIKmepin Kapacmuipaovl. JKainwvl aneanoa, maxana Ephedraceae
MYKbIMOACHIHA HCAMAMBIH OCIMOIKMePOiy OU0N02UANbIK OelceHOl
sammapwvina nezizoenzen Koa0anoaibl Jcane KIUHUKANbIK 3epmmeyiep
Yin eblavimu 6aza Kypyowl Makcam emeoi.

Kinmmi cesoep: Ephedraceae, Ephedra mypaepi, buoapmypninix,
XUMUANBIK KYPAMbL, PapMaKoIOSUsIbIK Kacuemmepi.

*P. U. [icanmaxanbemosa’, M. H. Babaxanosa®, I'. K. Mykyweesa®
2EBpasuiickuii HalMoHa bHbIH yHUBepcuTeT uMenu JI. H. T'ymunésa,
Pecrry6nuka Kasaxcran, r. AcraHa;

SKaparanauuckuit yauepcureT umenu E. A. Byketosa,

Pecmry6nuka Kasaxcrawn, r. Kaparanaa.

Ioctynuno B pegakuuio 13.06.25.

IMoctynuno ¢ ucnpasnenusimu 018.06.25.

IIpunsaro B neuats 25.06.25.

POJ EPHEDRA: BUOPA3ZHOOBPA3HUE, PUTOXUMHUA
U ®PAPMAKOJOTAYECKUAN MOTEHITAAJ

Hannaa o630pnas cmamuvs npedcmagiien cobou 6CecmopoHHUL
AHaIU3 OMeyeCmeeHHbIX U 3aPYOeAHCHBIX HAYUHBIX UCCIeO08AHUIL
NOCBAUWEHHBIX DUMOXUMUYECKOMY COCMABY U OUONO2UYECKO
akmusnocmu pacmenutl pooa Ephedra. Hecmomps na mo, umo
pacmenus Ephedra usoasna npumensiromcs 6 HapOOHOU MeOuyuHe, ux
OuoI0cUYeCKU AKMUBHbLE COeOUHEHU U hapmaKoiocuyecKue 3¢hghexmol
HAYaau CUCMeMAamuiecku u3yiamucs ¢ HayYHoU MOUKY 3PEHUs TUllb 8
nociedHue 200vl. B cmamve noopobHO paccmampusaromcs 0CHOBHblE
umoxumuyeckue gewecmed, xapakmepHle 0Jisl PA3IUYHBIX 6UA08
Ephedra, exnouasn anxkanouodsl, gprasonouosl, genonvuvie coeounerus
u Opyeue emopuunvle memabonumsl. [Ipoeedén cpasHumenbHbulil AHAIU3
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AHMUOKCUOAHMHOU, NPOMUBOBOCNATUMENbHOU, AHMUMUKPOOHOIL,
UMMYHOMOOYAUpYowell u 0pyeou 6uonr0euyeckol aKkmueHocmu
amux coeduHenutl. Taxoce paccmampugaemcs XUMU4eCKuil cocmae
pasznuuneix eudos Ephedra, noouéprusaromes ux obwue yepmul u
VHUKAIbHble 0COOeHHOCU. A8MOPbI CIAmMbU AKYEHMUPYIOn GHUMAHUE
Ha npupoOHOM mepanegmuieckom nomenyuane pacmenuti Ephedra u
paccmampugarom nepcneKmugsbl Ux UCNOIb308AHUSL OIS CO30AHUSA HOBbIX
Gapmayesmuueckux npenapamos. B yenom, cmamvs HanpasneHa Ha
dopmuposarnue Hayunot 6azvl 011 OYOYUWUX NPUKTAOHBIX U KIUHUYECKUX
Uccne008anull, OCHOBAHHBIX HA OUONOSUYECKU AKINUBHBIX COCOUHEHUSX
pacmenuii cemeticmea Ephedraceae.

Kurouesvie cnosa: Ephedraceae, sudvt Ephedra, buopasnoobpasue,
XuMuyeckuil cocmas, hpapmaxonocuiecKkue ceolicmad.
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