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ABSTRACT

The growing interest in both natural therapies and technological advancements 
has heightened the scientific relevance of medicinal plants traditionally used 
for ethnopharmaceutical purposes. Species belonging to the  Rheum  genus 
have a long-standing history in folk medicine, particularly in treatments 
aimed at lowering blood sugar, alleviating digestive disorders, and preventing 
cancer. These species are rich in various phytochemical compounds, primarily 
anthraquinones, flavonoids, stilbenes, and tannins, and are associated with 
a wide range of biological activities, including antioxidant, antidiabetic, 
antimicrobial, cytotoxic, hepatoprotective, and gastrointestinal regulatory 
effects. Despite being a well-known group among the general public, there is 
a notable scarcity of comprehensive studies that simultaneously address the 
taxonomy, phytochemistry, pharmacology, and advanced extraction techniques 
related to the  Rheum  genus. In particular, research involving supercritical 
fluid technology is extremely limited globally and has not yet been reported in 
Türkiye. This review presents a multidisciplinary and comprehensive overview 
of the taxonomic status, morphological characterization, chemical composition, 
biological activities of  Rheum  species, and emphasizes the significance of 
supercritical fluid extraction in isolating bioactive compounds. The study is 
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based on structured evaluations derived from reliable, peer-reviewed scientific 
publications and academic databases. This holistic assessment aims to highlight 
the medicinal potential of Rheum L. species and their pharmaceutical relevance, 
ultimately guiding future academic research and contributing to the literature.

Keywords:  Rheum, taxonomy, chemical constituents, pharmacological activities, 
supercritical extraction studies

INTRODUCTION

Morphological characteristics of the genus Rheum L.

The genus Rheum consists of perennial herbaceous plants. These plants possess 
thick rhizomes and a deep, extensive root system. The stem is erect in form and 
may be either hollow or grooved. The surface of the stem is either glabrous or 
covered with short, stiff hairs. The leaves are generally petiolate and are found 
both at the base of the plant and along the stem. These leaves are simple in 
structure, with margins that may be wavy-toothed or hand-shaped. Basal leaves 
are typically larger and may appear sparse, dense, or arranged in a rosette 
formation. Cauline leaves are very small or entirely absent. The ochrea at the 
leaf base is usually large, thin, membranous, and has smooth-edged margins.

The inflorescence may be simple or branched; it is typically racemose, though 
sometimes resembles a spike or takes on a globular form. The pedicels are 
jointed. Flowers are hermaphroditic in structure, though rarely, both male 
and female flowers may occur on the same individual. The flowers are green, 
pink, or yellow, with a persistent 6-parted perianth. The number of stamens is 
generally 9, occasionally 7 or 8. There are 3 styles, short and positioned along 
the horizontal axis; the stigma tips are swollen and recurved. The fruit is a type 
of achene, three-angled and winged. The ovary is tricarpellary1 (Figure 1).
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Figure 1. Description of the Genus Rheum L. 

Taxonomic history of Rheum L. species

The scientific name of the Rheum genus was first introduced by Carl Linnaeus 
in his work  Species Plantarum2, in which several species within the genus 
were described in considerable detail. In this study, Linnaeus emphasized the 
characteristics of “Rheum foliis subvillosis, petiolis aequalibus” (i.e., leaves 
with soft hairs and petioles of equal length), and supported his descriptions 
with Rheum specimens collected from various regions. He included under this 
genus certain variations known by names such as “Rhabarbarum sinense”, 
“Lapathum orientale”, and “Ribes arabum”. Additionally, he noted the natural 
distribution areas of the species as China, Siberia, Persia, Lebanon, and the 
region around Mount Carmel.
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–	 Rheum foliis subvillosis, petiolis aequalibus leaves with soft hairs and 
petioles of equal length

–	 Rhabarbarum sinense, folio crispo, flagellis minoribus curled leaves with 
short, drooping branches

–	 Lapathum orientale, aspero & verrucoso folio rough and warty leaves
–	 Ribes arabum, foliis petasitis leaves resembling those of Petasites2.

In the 19th century, Russian botanists such as Pallas, Maximowicz, and Bunge 
studied the diversity of the Rheum genus in Central Asia and Siberia, describing 
numerous species. Maximowicz (1873–1876) made particularly significant 
contributions regarding Rheum species native to China and Mongolia3.

In the 20th century, Losina-Losinskaya, working within the framework of Soviet 
flora, limited the number of species to 49 and divided the genus into nine separate 
sections, laying the foundation for modern taxonomy4. The first regional floras 
came from China and Russian territories. Bailey, on the other hand, stated that 
the genus comprised approximately twenty-five species and classified them into 
two major groups based on leaf characteristics5.

Chromosome studies revealed two distinct cytotype groups in Rheum (2n = 22 
and 2n = 44)6. Following these findings, Kao and Cheng revised the genus into 
seven sections, while Li later proposed an eight-section system7,8. However, 
because several key characters appear to have evolved repeatedly via convergent 
evolution such as inconspicuous stem structures, translucent ochreae, 
and capitulum-shaped inflorescences these morphology-based sectional 
classifications frequently resulted in misidentifications9. 

Palynological analyses of pollen morphology did not yield consistent diagnostic 
traits for separating sections; some morphologically similar species exhibited 
different pollen types, whereas other clearly distinct species showed similar 
pollen patterns9. Phylogeographic and phylogenetic evidence strongly supports 
the Qinghai–Tibet Plateau (QTP) and adjacent regions as the center of origin 
and diversification of Rheum10. The rapid tectonic uplift of the QTP since the 
Late Tertiary, together with Quaternary climatic oscillations, is thought to have 
shaped evolutionary dynamics and promoted speciation within the genus11.

Molecular phylogenetic studies, particularly those using the trnL-F region of 
chloroplast DNA, have proven effective in clarifying the relationships between 
sections that exhibit morphological ambiguity. In a study, the results of molecular 
phylogenetic analysis using the chloroplast trnL-F region in Rheum were found 
to be inconsistent with traditional classifications based on morphological criteria. 
In this context, monophyletic groups supported by molecular data rather than 
morphological traits were identified, including Sect. Palmata and some species 
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of Sect. Spiciformia. In contrast, Sect. Globulosa and Sect. Nobilia, despite their 
clear morphological distinctions, did not demonstrate genetic independence12.

The taxonomy of the  genus Rheum   remains highly controversial. In the first 
edition of  Species Plantarum, Linnaeus described the genus with 22 species. 
According to current assessments, 44 species are considered valid within 
the  genus Rheum, approximately 40 are recognized as synonyms, and 32 are 
regarded as unresolved13.

The study concluded that the Sect. Palmata  section is monophyletic, whereas 
other sections such as  Rheum,  Sect. Deserticola, and  Sect. Spiciformia  were 
identified as paraphyletic or polyphyletic. The two species known under Sect. 
Nobilia (R. nobile and R. alexandrae) did not cluster closely, indicating that this 
section does not represent a natural group.

Sect. I. Rheum (RHEU),
Sect. II. Palmata (PALM),
Sect. III. Acuminata — A. Los. (ACUM),
Sect. IV. Deserticola — C. Y. Cheng et Kao (DESE),
Sect. V. Spiciforma — A. Los. (SPIC),
Sect. VI. Globulosa — C. Y. Cheng et Kao (GLOB),
Sect. VII. Nobilia — A. Los. (NOBI)

The sectional classification within the genus Rheum is illustrated schematically 
in Figure 212. After examining ITS data from the Rheum genus, demonstrated 
that widespread hybridization occurs within the genus, which obscures the 
taxonomic distinctions between sections14.

Figure 2. Schematic representation of the sections within the genus Rheum  
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According to IPNI, the accepted sections within the genus are  Rheum Sect. 
Acuminata  and  Rheum Sect. Globulosa15. Between 1965 and 2000, regional 
floras and morphology-based classifications were extensively studied. In 
Volume 2 of Flora of Türkiye and the East Aegean Islands, Cullen worked on the 
section related to the Rheum genus1. In 1968, Flora Iranica focused on the flora 
of Iran and its surroundings16. This work offered a comprehensive treatment of 
the genus Rheum and has since been regarded as a foundational reference for 
delineating species boundaries in Iran, influencing many subsequent taxonomic 
studies in the region.

From 2000 to 2025, numerous studies have been conducted focusing on 
molecular advancements, new species, and typifications. The first comprehensive 
phylogenetic analysis based on chloroplast trnL-F sequences emphasized rapid 
radiation and low genetic divergence within the genus12. Studies analyzing 
features such as stem architecture and life forms in  Rheum  have identified 
patterns of convergent evolution11.

Phylogenomic investigations have further revealed parallel evolution in forms 
such as the “glasshouse” type (with translucent bracts) and “cushion” types, 
offering updated schematic representations of major lineage relationships 
within the genus17. Feng and colleagues, through genomic analysis of  Rheum 
nobile, explored the evolutionary basis of its key morphological traits and 
demonstrated that adaptive traits have independently emerged multiple times 
within the genus. Their work significantly contributes to the evolutionary biology 
of Rheum and sheds light on ecological adaptation strategies18.

Several studies have described new species. In Iran, Rheum khorasanicum Baradaran 
& Jafari from Khorasan and  Rheum neyshabourense Baradaran & Jafari from 
Neyshabur were introduced as new species19,20. In Türkiye, the newly reported 
species Rheum telianum Ilcim from the Southeastern Anatolia region increased 
the number of Rheum species in the Turkish flora to two21.

Typification efforts related to the Rheum genus play a crucial role in ensuring 
nomenclatural stability, especially among species originally described by 
Linnaeus. This reliability has been strengthened by determining the lectotypes 
for Rheum compactum L., R. palmatum L., and R. undulatum L.22.

Ethnobotanical uses and pharmacological properties of  Rheum  species 
distributed in Eastern Anatolia, Türkiye, have been comprehensively evaluated 
in recent years in the study entitled Quantitative ethnobotanical analysis and 
pharmacological relevance of the genus  Rheum  in Türkiye23. Such studies 
provide a more consistent basis for future taxonomic and floristic research.
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Global distribution of Rheum L. species and their status in the 
Flora of Türkiye

The genus has a Central Asian center of origin, with the western regions of China, 
the Himalayas, and the Tibetan Plateau standing out as key regions where the 
majority of Rheum species are concentrated covering India, Pakistan, Nepal, and 
China. These regions are regarded as the diversification center of the genus24.

While many species are restricted to narrow endemic ranges within China and 
the Himalayas, some species exhibit broader geographical distributions. For 
instance, R. ribes is distributed across Southwest Asia, including Türkiye, Iran, 
Iraq, and the Caucasus; R. rhaponticum L. occurs primarily in the Euro-Siberian 
region and Central Asia; and species such as R. officinale Baill. and R. palmatum L. 
grow naturally in the mountainous, high-altitude regions of China24-26. The overall 
distribution range of the genus stretches from Anatolia and Eastern Europe in 
the west, through the Caucasus, Iran, and Central Asia, to northwestern China, 
the Himalayas, and the Tibetan Plateau. Since this distribution is particularly 
associated with high-altitude ecosystems,  Rheum  species are known to occur 
within an elevation range of 1,000–5,000 meters11. The number of species found 
in areas near sea level is extremely limited (R. rhabarbarum L.).

Ecologically,  Rheum  species inhabit alpine meadows, glacial valleys, and 
rocky slopes at higher elevations, while at lower altitudes, they may be 
found in forest clearings and along moist streambanks27. Species such as R. 
nobile  Hook.f. & Thomson and  R. alexandrae Batalin are characteristically 
found in alpine habitats of the Himalayan region at elevations of 4,000–5,000 
meters. The global distribution of Rheum species is shown in Figure 3. The 
number of Rheum species recorded in different regional floras is summarized 
in Table 1.

Figure 3. Global distribution areas of the Genus Rheum L.
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Table 1. Number of Rheum L. species in world floras

Flora Number of Species

Flora Orientalis 2

Flora of China 40

Flora of North America 1

Central Asia (Flora of Kazakhstan) 7

Flora of Iraq 1

Flora Iranica 7

Flora of Syria, Palestine, and Sinai 2

Flora of the USSR 24

Flora Europaea 1

In  Flora Orientalis, the first floristic work to include Türkiye, Pierre 
Edmond Boissier reported two species under the  Rheum  L. genus:  Rheum 
ribes and Rheum tataricum L.f.28. This work covers Rheum species native to the 
regions defined as the Orient, including Anatolia, Iran, Mesopotamia, and the 
Caucasus. In “Flora of Türkiye and the East Aegean Islands”, written between 
under the editorship of P.H. Davis, the revision of the Rheum genus was carried 
out by J. Cullen in 19671. Up until 2020, only R. ribes was listed in the Flora 
of Türkiye, but with the recording of  R. telianum, collected from Adıyaman 
between 2020 and 2021, the number of Rheum species in Türkiye increased to 
two (Figure 4).

Figure 4. Distribution map of Rheum L. species in Türkiye
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In the Turkish flora, locality records for R. ribes include areas south of Kağızman 
in Kars, Mount Keşiş in Erzincan at 2600 m, and Mount Erek in Van at elevations 
between 2500–2600 m. Outside of Türkiye, its distribution includes Palestine, 
Lebanon, Soviet Armenia, northern Iraq, and the northern, northwestern, 
southern, and central regions of Iran. The geographic distribution and endemism 
status of Rheum species occurring in Türkiye and adjacent regions are shown in 
Table 2.

Table 2. Geographic distribution and endemism status of Rheum L. species in Türkiye and 
neighbouring regions

Species 
Name

Endemism 
Status

Distribution in Türkiye Distribution Outside Türkiye

Rheum 
telianum 

Ilcim

Endemic Adıyaman (Kayatepe Village 
and surrounding areas, 
Southeastern Anatolia)

–

Rheum 
ribes L.

Not 
endemic

Kars (Kağızman),  
Erzincan (Mount Keşiş, 

2600 m), Van (Mount Erek, 
2500–2600 m),  

Ağrı, Şırnak, Hakkari

Palestine, Lebanon, Soviet 
Armenia, Northern Iraq, 
Northern, Northwestern, 

Southern, and Central Iran

Studies on Rheum L. species from a pharmaceutical  
botany perspective 

A study focused on the subfamily Polygonoideae of the Polygonaceae family 
demonstrated th	 at anatomical data, when evaluated alongside taxonomic 
approaches, can significantly contribute to clarifying interspecific relationships. 
Detailed taxonomically relevant anatomical data related to vascular bundles, leaf, 
and stem anatomy were identified. Species of the Rheum genus have provided 
evidence that anatomical features can serve as guiding criteria in taxonomic 
classification29. In an earlier study by Perdrigeat, different genera within the 
Polygonaceae family were examined in terms of anatomy and morphology. 
The differences observed in the root and leaf structures were shown to offer 
systemically distinctive characters. This work emphasized the importance of 
morphological traits in taxonomic classification and laid a significant foundation 
for future anatomical studies in the field30.

A study evaluating the morphological traits and chemical constituents of the 
Polygonaceae family noted that the presence of oxymethylanthraquinone 
compounds could help elucidate interspecies relationships. It was suggested 
that morphology and chemical taxonomy can be used together effectively31.
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Losina-Losinskaya (1936a) conducted the first comprehensive morphological 
investigations of the  Rheum  genus, addressing it in detail at the species 
level. This research provided both macroscopic and microscopic evidence of 
morphological differences, contributing to the resolution of taxonomic issues. 
It is considered a classical reference for assessing the morphological diversity 
of Rheum species4.

A study on  R. compactum  L. involved detailed examination of the leaf and 
underground organs using light and scanning electron microscopy. The study 
provided thorough descriptions of epidermal structures, trichome types, 
leaf cross-sections, and rhizome anatomy. Additionally, hydroxyanthracene 
derivatives especially anthraquinone glycosides and free aglycones were 
quantitatively determined. The results revealed that this species possesses 
distinctive morphological and chemical traits, offering valuable comparative 
data among species within Sect. Rhapontica24. The first comprehensive 
morphological descriptions, iconographies, and geographic distributions 
of Rheum species were presented in Flora of China27,32. These studies included 
diagnostic keys addressing the systematic identification of  Rheum species 
within the Chinese flora, along with details about species distribution and 
ecological requirements. Libert and Englund (1989) provided an in-depth 
analysis of R. rhaponticum, detailing its general distribution, ecological 
preferences, and morphological traits. Field observations were used to assess 
the species’ population structure and ecological adaptations, contributing 
significantly to the biogeography of R. rhaponticum33. The desert-adapted R. 
palaestinum Feinbrun has evolved a unique leaf and stem morphology that 
directs rainwater toward the root zone, suggesting a specialized water collection 
mechanism. This morphological adaptation highlights the species’ survival 
strategy in arid environments34. A comparative anatomical and photospectral 
study on R. nobile and R. alexandrae found that the chlorophyll-free bracts 
absorb UV radiation more effectively than rosette leaves. These findings 
suggest that the flowering structures of R. alexandrae may have evolved as a 
protective adaptation against UV exposure35. A study on R. australe revealed 
that its rhizomes withstand harsh winter conditions. The species displays a 
protandrous flower structure and an ambophilous pollination syndrome, 
indicating a complex reproductive strategy that enables both self-fertility and 
cross-pollination36. Phylogenetic analyses based on chloroplast DNA have 
shown that Rheum species, along with the closely related genus Oxyria, form 
a monophyletic clade. Morphological traits like those seen in R. nobile have 
evolved in parallel multiple times. For years, species classification in Rheum 
was based primarily on morphology. However, characteristics such as globular 
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racemes (Sect. Globulosa) and translucent bracts (Sect. Nobilia) may have 
arisen through convergent evolution due to habitat pressures, indicating 
the need for phylogenetic data to support systematic placement12. While 
four Rheum species (R. turkestanicum Janisch., R. persicum Losinsk., R. ribes 
L., and R. khorasanicum Baradaran & Jafari) were previously known in Iran’s 
flora, field studies and herbarium research led to the addition of three new 
species: R. iranshahrii Taheri & Assadi, R. kordestanicum Taheri & Assadi, 
and R. austro-iranicum Taheri & Assadi. These new species were examined 
comparatively with their close relatives, and a taxonomic synopsis was provided 
for Rheum species accepted in Iran37. A comprehensive morphological study 
on Rheum palmatum revealed continuous variation in leaf lobing and shape. 
An analysis of 2,340 leaves from 780 individuals across 44 populations showed 
that morphological traits influenced by ecological conditions were insufficient 
for reliably distinguishing species. The study concluded that all species 
within Sect. Palmata should be treated as a single species due to overlapping 
morphological characters14. A study on  R. ribes  collected from Türkiye and 
Iran identified a leaf smut disease caused by  Thecaphora schwarzmaniana, 
examined using light and scanning electron microscopy (SEM). Molecular 
phylogenetic analyses showed differences from smut species previously 
reported on  R. palmatum  in China, highlighting both host range expansion 
and morphological-molecular diversity of smut fungi on  Rheum  L.38. In the 
Kashmir Himalaya region, a study focusing on R. webbianum and R. spiciforme 
examined the morphological characteristics, distribution, and ecological 
preferences of these species. The study also focused on traditional medicinal 
uses and discussed strategies for conservation and cultivation of these 
medicinally valuable species39. An anatomical study on R. rhabarbarum found 
that methyl jasmonate treatment induced extensive gummosis in petioles. 
Histological analysis revealed cell degradation in parenchymatic tissues, 
polysaccharide accumulation, and structural alterations, contributing to our 
understanding of morpho-anatomical responses to environmental stress 
in  Rheum species40. R. moorcroftianum Royle, newly recorded from the 
Kashmir Himalayan flora, was validated using both morphological traits 
and DNA barcoding. Its stemless habit, 3–7 basal leaves, branched panicle 
inflorescence, papillate axis, yellow-white perianth, and red, three-winged 
seeds distinguish it from other Rheum species. The study corrected previous 
misidentifications with  R. spiciforme  and clarified its taxonomic position41. 
A study on R. wittrokii analyzed the anatomical and morphological features 
of vegetative organs and the phytochemical composition of its ethanol 
extract. Calcium oxalate druse crystals were found in leaf and root tissues, 
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along with structural details of vascular bundles. The presence of specific 
anthracene derivatives especially chrysophanic acid was confirmed, indicating 
the diagnostic value of anatomical and morphological traits in identifying 
medicinal plant materials42. Some fruit morphometrics and weight parameters 
of seven  Rheum  species were studied from Kazakhstan43. The data revealed 
taxonomically relevant differences, with stable morphological traits identified 
in species from Sect. Ribesiformia. Significant correlations were found between 
ecological conditions and morphometric values, suggesting that  Rheum 
species possess narrow ecological tolerances and that morphometrics can aid 
in species identification. Another study compared leaf and rhizome anatomy of 
R. tataricum collected from two different ecopopulations in the Almaty region. 
Numerous druse crystals containing calcium oxalate were observed in rhizome 
cross-sections, functioning as a toxic defense mechanism against herbivores. 
Variations in ecological conditions led to significant differences in the density 
and size of these druses between the populations44.

Phytochemical composition of Rheum L. species

Some research focused on a novel stilbene glycoside isolated from R. rhaponticum. 
As one of the earliest reports on the stilbene-based secondary metabolites of 
the species, this study is considered foundational, revealing the significance of 
phenolic compounds as potential biomarkers in Polygonaceae45. In another study, 
brassinosteroids and sterols were isolated from R. rhabarbarum46, highlighting 
not only the morphological diversity but also the biochemical variability of the 
species. The findings emphasized the plant’s phytopharmacological potential. 
R. rhabarbarum fiber exhibited a significantly higher bile acid-binding capacity 
compared to cellulose and wheat bran. This suggests hypocholesterolemic 
potential and underscores the pharmaceutical value of its dietary fiber47. Kemper 
(1999) compiled ethnobotanical and ethnopharmacological insights on the root 
parts of  R. officinale  and  R. palmatum, emphasizing their historical medical 
importance and diverse uses in phytotherapy.

Stilbene derivatives extracted from  R. palaestinum  were shown to inhibit 
platelet aggregation, suggesting potential cardiovascular protective effects48. 
The chemical components and pharmacological activities of Rheum species 
have been systematically studied, and the antibacterial, antifungal, and laxative 
properties of anthraquinone derivatives have been particularly emphasized49. 

R. emodi  rhizomes were found to contain phytochemicals with strong 
antimicrobial properties, especially against Gram-positive bacteria, indicating 
the therapeutic relevance of rhizome-derived compounds50.
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Bioactive compounds from R. tanguticum were analyzed using HPLC-MS/MS, 
providing reliable tools for quality control in pharmacopoeial contexts51. Analysis 
of the phenolic profiles of R. rhabarbarum has supported the finding that it is 
rich in flavonoids and phenolic acids and may be a source of functional food 
and natural medicine52. Rheum rhabarbarum juice was studied in apple purée 
processing, revealing that 5% supplementation notably increased polyphenol 
and proanthocyanidin levels, preserving antioxidant capacity during storage53. 
In  R. rhaponticum, polyphenolic compounds mainly tannins, flavonoids, and 
phenolic acids were identified in root and petiole extracts, underlining their 
contribution to the plant’s antioxidant properties54. Some native  species were 
studied in Poland, revealing differences in antimicrobial effects and total 
polyphenol content, further validating their ethnopharmacological significance55. 
LC-MS/MS was used to identify antidiarrheal compounds in R. officinale and 
R. palmatum, and anthraquinones (emodin, rhein) and stilbene glycosides 
(rhaponticin) were highlighted as key bioactive markers56.

Anthraquinones like emodin and aloe-emodin from R. emodi  showed notable 
cytotoxic effects, supporting their traditional use and potential as anticancer 
agents57,58. In another study, O-methyltransferase genes involved in physcion 
biosynthesis were identified in R. emodi and related species. Triple-quadrupole 
MS detected 62 metabolites, including 21 anthraquinones and 17 flavonoids. 
Seventeen genes were found to participate in anthraquinone biosynthesis, 
highlighting the genetic basis for phytochemical traits59.

LC–QTOF-MS was used to analyze the effect of harvest time on R. rhabarbarum 
polyphenols and antioxidant capacity. The “Red Malinowy” variety, harvested in 
spring, showed the highest antioxidant potential, confirming that both variety 
and harvest time significantly influenced the chemical composition52.

Twenty-nine compounds were identified by UHPLC-QTOF-MS/MS analysis 
on Chinese rhubarb (COR) and Tibetan rhubarb (TR), 47 of which were newly 
reported. Thirty-five different metabolites were proposed as markers for clinical 
standardization.  The RTR-2 extract obtained from R. tanguticum roots was 
shown to effectively inhibit α-amylase, maltase, and sucrase enzymes, and this 
activity was attributed to its richness in low molecular weight phenolics. This 
supports the use of this species in conventional antidiabetic therapies60,61. Table 
3 summarizes the phytochemicals identified in R. ribes and R. telianum, along 
with their respective plant parts and extraction sources.
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Table 3. Phytochemical composition and used plant parts of Rheum L. species found in Türkiye

Rheum ribes L.

Compound Type Compound Name Plant Part Isolated 
From Reference

Anthraquinones

Emodin Root, rhizome, 
aerial parts 50, 57, 58, 62, 

63, 64, 65
Aloe-emodin Root, rhizome, 

aerial parts

Aloe-emodin-8-O-
glucoside Root, rhizome 63

Chrysophanol Root, rhizome 50, 57, 58, 62, 
63, 64, 65Physcion Root, rhizome

Physcion-8-O-
glucoside Root, rhizome 63

Rhein Root, rhizome 50, 57, 58, 62, 
63, 64, 65

6-O-methylalaternin Aerial parts 58, 62, 65

Bis-
demethoxycurcumin Aerial parts 64

Sennoside A Root, rhizome 50, 57, 58, 62, 
63, 64, 65

Stilbenes

Resveratrol Root, rhizome, 
aerial parts 54, 56, 63

Rhaponticin Root, rhizome 54, 56, 63

6-O-methylalaternin Root 64
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Flavonoids

Quercetin Shoots 55, 62, 63, 65

5-Deoxyquercetin Shoots 62, 55, 63, 65

Rutin (quercetin-
3-O-rhamnoside/-

galactoside)
Shoots 62, 55, 63, 65

Vitexin Leaf, petiole 63, 65

Apigenin Leaf, petiole 63

Apigenin-6,8-di-C-
glucoside Leaf, petiole 65

Luteolin Leaf, petiole 63, 65

Kaempferol derivatives Leaf, petiole 63, 65

Baicalein Shoot, leaf 63

Herbacetin Shoot, leaf 63

Rutin hydrate Leaf, petiole 65

Phenolic acids & 
polyphenols

Gallic acid, caffeic 
acid, ferulic acid, 
chlorogenic acid, 

salicylic acid, ellagic 
acid, vanillic acid, 

protocatechuic acid, 
gallotannins, phenolic 

glycosides, trans-
cinnamic acid

Bark, root, leaf, 
aerial parts 53, 52, 63, 65

Sterols & lipids

β-Sitosterol, 
β-Sitosteryl-3β-

glucopyranoside-6’-O, 
triacylglycerols

Root, rhizome 46

Proanthocyanidins/
Catechins

Catechin, epicatechin, 
epigallocatechin 

gallate, procyanidin B2

Petiole, stem bark, 
leaf 63, 65

Vitamins & minerals Vitamins A, C, E, Se; 
Fe, Ca, K, Mg

Stem, leaf, bark, 
aerial parts 65, 66

Phenolic glycosides Arbutin, floridzin, 
hyperoside, apiin Bark, root, leaf 65

Compound Type Compound Name Plant Part Isolated 
From Reference
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Anthraquinones
Emodin, aloe-emodin, 

chrysophanol, 
physcion, rhein

Root, rhizome, 
aerial parts, seeds

67

Stilbenes
Resveratrol, 

rhaponticin (stilbene 
glycoside)

Aerial parts, root, 
rhizome, seed

Flavonoids

Quercetin, kaempferol 
derivatives, rutin, 

vitexin, apigenin-6,8-
di-C-glucoside, luteolin

Leaf, seed

Phenolic acids & 
polyphenols

Gallic acid, caffeic 
acid, ferulic acid, 

ellagic acid, vanillic 
acid, salicylic acid, 

Protocatechuic acid, 
phenolic glycosides

Bark, stem, leaf, 
seed

Sterols & lipids β-Sitosterol, 
triacylglycerols Root, rhizome, seed

Proanthocyanidins/
Catechins

Catechin, 
epigallocatechin 

gallate, procyanidin B2

Petiole, stem, leaf, 
seed

Vitamins & minerals Vitamins A, C, E, Se; 
Fe, Ca, K, Mg Stem, leaf, seed

Phenolic glycosides Arbutin, floridzin, 
hyperoside, apiin

Petiole, root, leaf, 
seed

Among the major bioactive compounds isolated from Rheum species, especially 
anthraquinones (e.g., emodin, aloe-emodin, chrysophanol, physcion) and 
stilbene derivatives exhibit antibacterial, anticancer, anti-inflammatory, 
antioxidant, and hypoglycemic activities. These potent compounds demonstrate 
cytotoxic effects through mechanisms such as inducing apoptosis, arresting the 
cell cycle, and causing DNA damage via reactive oxygen species (ROS) generation. 
Additionally, proanthocyanidins and flavonoids are particularly known for their 
cholesterol-lowering and hepatoprotective properties. The principal groups of 
phytochemicals identified in Rheum species are summarized in Figure 5.

Compound Type Compound Name Plant Part Isolated 
From Reference

Rheum telianum Ilcim
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Figure 5. Major chemical groups and compounds found in the genus Rheum

Biological activity research on the genus Rheum L. outside Türkiye

Various Rheum species have been investigated through in vitro (Table 
4) and in vivo (Table 5) studies for their  anticancer,  antioxidant,  anti-
inflammatory, antimicrobial, antitumor and antidiabetic activities. The studies 
conducted to date are summarized as tables.
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Table 4. Significant in vitro biological activity studies on Rheum species

R. ribes L. Plant Part/Extract Used Activity Description References

R. australe D. Don Microwave-assisted 
extraction

Anticancer, anti-
angiogenic, anti-

inflammatory
57

R. emodi Wall. ex 
Meisn.

Petroleum ether and 
chloroform root extract

Antibacterial, 
antifungal 50

Methanolic and 
aqueous rhizome 

extract

Antioxidant, 
anticancer, cytotoxic 68

Ethyl acetate rhizome 
extract

Immunomodulatory 
activity 69

Antimetastatic, 
anticancer 70

Aqueous and 
methanolic root 

extracts

Antimicrobial 
activity 71

Aqueous root extract Antimicrobial 
activity 72

Aqueous extract
Antiproliferative 

activity (on cancer 
cells)

72

Ethyl acetate root 
extract Anticancer activity 73

R. palmatum L.

Root Hypolipidemic 
activity 74

Methanolic stem 
extract

Anti-inflammatory, 
antioxidant activity 75

Whole plant extract
Pancreatic lipase 
inhibition, anti-
obesity activity

76

Ethanolic root extract
Anticancer activity 77

Antimetastatic, 
cytotoxic activity 78
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R. ribes L.

Chloroform and 
methanolic root 

extracts
Antioxidant activity 79

Methanolic root extract Hypoglycemic 
activity 80

Hexane, chloroform, 
ethanol flower/Stem 

extracts
Antibacterial activity 81

Methanolic aerial parts Anticancer, cytotoxic 
activity 82

Methanol extracts 
from flower, leaf, 

young shoot, and root

Antioxidant, 
antiurease, 

anticholinesterase 
activity

83

R. ribes L.

Water, ethanol, 
methanol stem 

extracts

Anticancer, cytotoxic 
activity 84

Extract Antibacterial, 
antioxidant activity 85

Ethanolic root extract Anticancer activity 86

R. 
turkestanicum Janisch.

Ethyl acetate, 
n-hexane, and aqueous 

root extracts

Anticancer, cytotoxic 
activity 87

R. undulatum L.

Methanolic root extract
Anti-allergic, anti-

inflammatory 
activity

88

Dichloromethane root 
extract

Anti-cariogenic 
activity 89

Methanolic rhizome 
extract

Antimicrobial, 
antioxidant activity 90

Hexane root extract Anticancer activity 91

Rheum spp. 53 active compounds Multiple biological 
activities 92

Rheum spp.
Extracts and 

green-synthesized 
nanoparticles

Antimicrobial 
activity 93

R. ribes L. Plant Part/Extract Used Activity Description References
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Table 5. Major in vivo biological activity studies conducted on the genus Rheum

Species (Authority) Plant Part/Extract 
Used Activity Description References

R. australe D. Don Ethanol/Methanol root 
extract Hepatoprotective activity 94

R. emodi Wall. ex 
Meisn.

Petroleum ether, ben-
zene, chloroform, and 
ethanol root extract

Antimicrobial activity 95

Ethanolic rhizome 
extract Antidiabetic activity 96

R. officinale Baill.
Ethanol/Methanol root 

extract

Wound healing activity 97

Anti-asthmatic and anti-
inflammatory activity 98

Depigmentation activity 99

Ethanolic root extract Cytotoxicity activity 99

R. palmatum L.
Ethanolic root extract

Anti-inflammatory 
activity 100

Antibacterial and 
antiviral activity 101

Anti-inflammatory 
activity 102

Methanolic root 
extract

Feeding trials in 
livestock 103

R. ribes L.

Aqueous root extract Antidiabetic activity 104

Aqueous root extract Hypoglycemic effect 80

Methanolic and 
aqueous leaf extract Anti-ulcer activity 105

Hydroalcoholic root 
extract

Antidiabetic and 
nephroprotective activity 106

Aqueous root extract
Antidiabetic, antioxidant, 

and neuroprotective 
activity

107

Hydroalcoholic root 
extract Antioxidant activity 108

Methanolic root 
extract

Antidiabetic, antioxidant, 
hepatoprotective, 
nephroprotective

109

Aqueous root extract Immunomodulatory 
activity 110
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R. rhaponticum L.
Ethanolic extract from 

roots and rhizomes Toxicity evaluation 111

R. turkestanicum 
Janisch.

Aqueous root extract Antihypertriglyceridemic 
activity 112

Biological activity studies on Rheum species in Türkiye

Antimicrobial and anticancer research related to Rheum species native to 
Türkiye is summarized in Table 6, antioxidant studies related to Rheum 
species native to Türkiye is summarized in Table 7. Diabetes, kidney, and 
nervous system research related to Rheum species native to Türkiye is 
summarized in Table 8.

Table 6. Antimicrobial and anticancer in vitro studies on Rheum L. species grown in Türkiye

Biological Activity Extract Country References

Anticancer activity

Ethanol, ethyl acetate and water/Root 
extract Türkiye 113

Ethanol/Shoot and root extract Türkiye 114

Hexane and water/Whole plant extract Pakistan 115

Water, methanol, and chloroform/Root 
extract Türkiye 116

Pure emodin and aloe-emodin Türkiye 117

Ethanol/Root, leaf, and stem extract Türkiye 118

Water/Root extract Türkiye 119

Water and ethanol/Root and stem 
extract Iraq 120

Methanol/Root extract Türkiye 121

Hexane, dichloromethane, ethanol, 
water/Rhizome extract Lebanon 122

Methanol, ethanol, water/Root and 
stem extract Iran 63

Methanol/Root, stem, leaf extract Türkiye 123

Ethanol/Root extract Iran 124

Ethanol, water/Root extract Türkiye 125

Ethanol/Rhizome extract Lebanon 126

Species (Authority) Plant Part/Extract 
Used Activity Description Reference
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Anticancer and 
Antimicrobial 

activity
Water/Whole plant extract Türkiye 118

Antimicrobial 
activity

Methanol and water/Root, stem, leaf 
extract Türkiye 127

Water and ethanol/Root extract Türkiye 128

Chloroform, hexane, acetone, ethanol, 
methanol/Root, stem, seed extract Türkiye 129

Hexane flower extract/Essential oil Iran 130

Methanol/Root, stem, and leaf extract Iran 131

Water/Root extract Türkiye 132

Water and ethanol/Root extract Iran 133

Table 7. Antioxidant studies on Rheum L. species grown in Türkiye

Extract Type Study Model Country References

Methanol/Root extract in vitro Türkiye 132

Ethanol/Flower extract in vitro — 134

Methanol/Fruit extract in vitro Türkiye 135

Chloroform/Root extract in vitro Türkiye 79

Hexane flower extract/Essential oil in vitro Iran 130

Water/Leaf and stalk extract in vitro Iran 136

Water and ethanol/Flower, leaf, stalk,  
root extract in vitro Türkiye 137

Methanol, ethanol, water, hexane/ 
Root, stem extract in vitro Türkiye 138

Methanol, ethanol, acetonitrile, petroleum 
ether/Root extract in vitro Türkiye 139

Water/Bark extract in vitro Türkiye 65

Methanol/Fruit and seed extract in vitro Türkiye 135

Ethanol/Root extract in vitro Türkiye 132

Water and ethanol/Root extract in vivo Türkiye 140

Methanol/Stem, root extract in vitro Iran 63

Methanol root, stem, fruit extract in vitro Türkiye 83

Biological Activity Extract Country References
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Ethanol/Root and young shoot extract in vitro Türkiye 125

Ethanol/Bark, fruit, stalk extract in vitro Türkiye 141

Methanol/Aerial parts in vitro Türkiye 142

Methanol/Root extract in vivo Azerbaijan 110

Ethanol and methanol/Root extract in vivo Türkiye 143

Methanol/Root extract in vitro Türkiye 121

Methanol, chloroform/Aerial and root extract in vivo Türkiye 85

Ethanol/Root extract in vivo Iraq 144

Ethanol/Root extract in vivo Iran 108

Hexane, ethyl acetate, methanol/Root, 
stem extract in vitro Iraq 145

Ethanol water root extract in vitro Türkiye 146

Water/Leaf, stem extract in vitro Iran 136

Young shoot extract in vitro Türkiye 66

Unspecified/Aqueous root, stem extract in vitro Lebanon 147

Water/Leaf extract in vitro/ 
in vivo Iran 148

Methanol, ethanol, ethyl acetate, hexane/
Aerial parts in vitro Türkiye 149

Methanol, ethyl acetate, water/Root 
extract in vitro Türkiye/Iraq 150

Water/Root extract in vivo Türkiye 151

Ethanol/Flower and stalk extract in vitro Iran 152

Methanol/Flower extract in vitro Türkiye 153

Methanol/Flower extract in vitro Iran 134

Ethanol/Root extract in vivo Iran 154

Essential oil/Hexane flower extract in vitro Iran 155

Aqueous, ethanol/Root extract in vitro Iran 156

Water/Fresh stalk extract in vitro Türkiye 157

Water, ethanol, methanol/Stem extract in vitro Türkiye 80

Rheum telianum, ethanol/Root and leaf 
extract in vitro Türkiye 67

Extract Type Study Model Country References



354 Acta Pharmaceutica Sciencia. Vol. 64 No. 3, 2026

Table 8. Studies on diabetes, kidney, and nervous system effects of Rheum species  
grown in Türkiye

Extract Type Study 
Model

Biological 
Activity Country References

Ethanol/Root extract in vivo

Nephroprotective 
activity

Iran 154

Ethanol root extract in vivo Türkiye 151

Emodin, rhein, aloe-
emodin

in vitro/in 
vivo China 158

Ethanol/Root and 
rhizome extract in vivo Iran 108

Ethyl acetate and 
methanol/Root and aerial 

part extract
in vitro

Hypoglycemic 
activity

Türkiye 159

Ethanol/Root extract in vivo Türkiye 109

Ethyl acetate and 
methanol/Root and aerial 

part extract
in vitro Türkiye 160

Supercritical extraction studies on the genus Rheum L. 

Supercritical fluid extraction (SFE) is a method in which the solvent is brought 
above its critical temperature and pressure to perform the separation process. 
Supercritical fluids exist in an intermediate phase between liquid and gas; 
therefore, they simultaneously offer high diffusivity, low viscosity, and gas-like 
mass transfer through micro-scale pores within porous materials, along with 
high density and strong solvent power161.

The extraction durations in SFE are significantly shorter compared to 
conventional extraction methods (approximately <1–6 hours). Carbon dioxide 
is the most commonly used solvent due to its favorable properties, such as high 
density, low cost, environmentally friendly and non-toxic nature, and its critical 
parameters that facilitate the extraction of heat-sensitive compounds a relatively 
low critical temperature of 31.1°C and critical pressure of 73.77 bar162(7.377 MPa) 
(Figure 6).
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Figure 6. CO₂ phase diagram

Since the density of CO₂ can be precisely adjusted by temperature and 
pressure, selectivity can be enhanced, and by reducing the pressure, the solvent 
is automatically removed. Due to CO₂’s low polarity, polar compounds are 
less soluble. Co-solvents such as MeOH/EtOH/H₂O are commonly used at 
concentrations of 1–20% (v/v)163-165.

R. ribes, naturally distributed in the Middle East and Asia, is an important 
species whose roots and fresh stems are used for various medicinal and food 
purposes. Literature indicates that this species contains significant anthocyanin 
compounds such as cyanidin-3-glucoside, cyanidin-3-rutinoside, pelargonidin-
3-glucoside, delphinidin-3-glucoside, and malvidin derivatives65,135. These 
compounds are known not only for their pigmentation properties but also 
for their strong antioxidant, antimicrobial, and anti-inflammatory activities. 
Additionally,  R. ribes  contains other phytochemical compounds including 
flavonoids, polyphenols, vitamin C, and volatile components. Many of these 
active compounds are heat-sensitive. Therefore,  SC-CO₂, which operates at 
low temperatures and leaves no solvent residue, is a safe option for minimizing 
anthocyanin and volatile compound loss.

At high temperatures, degradation, oxidation, or structural transformations 
can occur. Anthocyanins degrade rapidly above 50–70°C, leading to color loss 
and a decrease in biological activity. Similarly, compounds such as vitamin C 
(ascorbic acid), catechins, and proanthocyanidins undergo structural damage 
as temperature increases166,167. Essential oils and aromatic compounds also 
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evaporate at high temperatures, negatively affecting extraction efficiency. 
Traditional extraction methods like  hydrodistillation, Soxhlet extraction, 
and maceration  cause significant activity loss in anthocyanins and similar 
compounds due to long processing times and high temperatures168.

In recent years,  green extraction technologies  such as  supercritical CO₂ (SC-
CO₂),  subcritical ethanol (sbcEtOH-E), and  subcritical water (sbcH₂O)  have 
come into prominence (Table 9). SC-CO₂ enables the extraction of highly pure 
and efficient extracts with no solvent residues by adjusting fluid density through 
pressure and temperature control169. SbcEtOH-E allows the preservation of 
thermolabile compounds without creating high-temperature conditions170. 
Thanks to these advantageous features,  SC-CO₂ extraction  stands out as one 
of the most effective and environmentally friendly techniques for obtaining 
anthraquinones and phenolic compounds without degradation171.

Table 9. Supercritical extraction studies on Rheum L. genus

Species 
(Authority)

Plant Part 
Used Method Target Compounds Reference

R. cordatum 
Losinsk. Leaf SC-CO₂ General phenolic/

Anthraquinone profile 92

R. officinale 
Baill. Root

SFC 
(separation 

method)

Rhein, emodin, aloe-
emodin, chrysophanol, 
physcion, phenolic acid 

derivative

172

R. officinale  
Baill./ 

R. palmatum L.
Root

SFC 
(separation 

method)

Chrysophanol, physcion, 
emodin, aloe-emodin, 

rhein
173

R. palmatum L. Root SC-CO₂ Chrysophanol and other 
anthraquinones 174

R. ribes L. Flower SC-CO₂, 
sbcEtOH

Various volatile, 
phenolic, anthraquinone 

compounds
175

R. tataricum L. Root SC-CO₂, 
sbcEtOH

Phenolics, 
anthraquinones (total of 

53 phytochemicals)
92

METHODOLOGY

Purpose and scope of the review

The aim of this review is to provide a broad-scale evaluation, using a compilation 
method, of the current literature on the genus  Rheum, encompassing its 
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taxonomic structure, distinguishing morphological, micromorphological, and 
anatomical characteristics, phytochemical constituents, reported in vitro and in 
vivo  pharmacological activities, and studies involving supercritical extraction 
technologies.

Data collection

To ensure the reliability and comprehensiveness of the study’s scope, an extensive 
and systematic literature review was conducted using internationally recognized 
peer-reviewed databases such as  PubMed,  Google Scholar,  ScienceDirect, 
and  ResearchGate. During this search, keywords such as “Rheum  genus”, 
“taxonomy”, “phytochemistry”, “pharmacological effects”, “bioactive compounds”, 
and “supercritical CO₂ extraction” were utilized.

Eligibility criteria

To include research conducted in Türkiye, primarily English and a limited 
number of peer-reviewed Turkish publications were considered. Non-peer-
reviewed reports and conference abstracts were systematically excluded from 
the scope. Additionally, reference lists of the selected articles were reviewed to 
access further relevant studies.

The retrieved literature was organized using Microsoft Word and Excel software, 
and the findings were structured into summary tables to provide a comprehensive 
analysis within the scope of the review.

This review presents a holistic perspective on the taxonomic positions of 
Rheum sections and species, their phytochemical profiles, therapeutic potential, 
reported biological activities, and current data on supercritical extraction-
based approaches. The reviewed literature indicates that  Rheum  species 
possess significant pharmaceutical value, and that supercritical CO₂ extraction 
technologies  represent a novel and efficient approach for obtaining bioactive 
compounds at high purity without the use of chemical solvents in modern 
extraction applications.

RESULTS and DISCUSSION

Phytochemical composition of Rheum L. species

R. ribes and the Turkish endemic R. telianum share a consistent “core” 
Rheum chemical signature dominated by (i) anthraquinones, (ii) stilbenes, 
and (iii) a broad polyphenol/flavonoid network according to the Table 3. This 
pattern agrees with the broader Rheum literature, where rhubarb species are 
repeatedly characterized by abundant anthraquinones accompanied by phenolic 
derivatives (including stilbenes and flavonoids). The major anthraquinones 
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(emodin, aloe-emodin, chrysophanol, physcion, rhein) are prominent in both 
species, with a strong emphasis on roots/rhizomes (and additional detection 
in aerial parts/seeds). This organ-biased distribution is consistent with view 
that underground organs of rhubarb accumulate higher levels of “storage/
defense” metabolites, especially anthraquinones, which are widely reported 
as key secondary metabolites in Rheum176. For R. ribes, a study reported the 
presence of well-known metabolites (including emodin, aloe-emodin) and also 
highlighted additional isolates such as resveratrol and 6-O-methylalaternin from 
rhubarb material, supporting the concept that R. ribes can combine classical 
anthraquinones with other phenolics177. The compiled dataset emphasizes 
flavonoids (e.g., quercetin, rutin/quercetin glycosides, vitexin, luteolin, apigenin 
derivatives) particularly in shoots/leaves/petioles of R. ribes and in leaves/
seeds of R. telianum. This supports a functional interpretation that, beyond 
anthraquinone-driven pharmacology, aerial organs (and edible shoots in R. 
ribes) likely derive substantial bioactivity potential from a polyphenol/flavonoid 
pool. This dual structure—anthraquinone-rich underground organs vs. 
polyphenol-rich aerial organs—is broadly compatible with genus-level syntheses 
of Rheum phytochemistry176. Stilbenes (resveratrol, rhaponticin) as a conserved 
polyphenolic branch in Rheum The co-occurrence of resveratrol and the stilbene 
glycoside rhaponticin in both species in Table 3 indicates that the stilbene pathway 
can be conserved across distinct Anatolian Rheum taxa. For R. ribes, resveratrol 
has been specifically highlighted as an isolate reported in the previous work noted21. 
More generally, rhubarb species such as R. rhaponticum and R. rhabarbarum are 
frequently discussed in relation to stilbenes (including rhaponticin) and broader 
phenolic-driven effects176. R. telianum was described as a new species from south-
eastern Anatolia (Türkiye) and is morphologically related to R. ribes and R. 
rhizostachyum. R. telianum retains the core anthraquinone–stilbene–flavonoid 
composition typical of the genus, while additionally highlighting seeds as a 
chemically rich matrix (across multiple compound classes). This seed emphasis 
is noteworthy for future work because it expands the set of plant parts that may 
be relevant for comparative phytochemistry, quality markers, and bioactivity 
screening in Anatolian Rheum L. taxa. 

Biological activity studies on Rheum L. species

Rheum research is most heavily concentrated on antioxidant outcomes, followed 
by anticancer/cytotoxic and antimicrobial investigations (Tables 4, 6, 7). This 
pattern is consistent with a genus that combines a strong phenolic network with 
hallmark anthraquinone chemistry, while also indicating that the evidence base 
still relies predominantly on in vitro designs (Tables 4, 7). 
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1) Plant parts and extraction choices: dominance of roots/rhizomes

Across both outside-Türkiye and Türkiye-focused tables, roots/rhizomes are 
the most frequently investigated matrices (Tables 4-6). Importantly, Türkiye-
related in vitro work includes not only crude extracts but also experiments using 
pure emodin and aloe-emodin (Table 6)117, strengthening the interpretation 
that anthraquinone “core compounds” can materially contribute to bioactivity 
signals. At the same time, the antioxidant table (Table 7) shows broader 
matrices (flower, fruit, bark, aerial parts) and wide solvent diversity (methanol, 
ethanol, chloroform, water, hexane, etc.). While this supports organ-dependent 
chemistry, it also increases the need for standardization to enable meaningful 
cross-study comparisons.

2) R. ribes L. the broadest activity spectrum and translational signals

When Tables 4 and 5 are jointly considered, R. ribes stands out as one of the 
species with the broadest reported activity spectrum across in vitro and in vivo 
evidence. In vitro studies report antioxidant79, hypoglycemic80, antibacterial81,85, 
anticancer/cytotoxic82,84,86, and multi-endpoint profiles including antiurease and 
anticholinesterase activity83 (Table 4). Crucially, Table 5 lists in vivo outcomes 
for R. ribes that are closer to clinical relevance: antidiabetic/hypoglycemic8,104, 
anti-ulcer105, antidiabetic plus nephroprotective106, and antidiabetic plus 
antioxidant plus neuroprotective endpoints107. However, the same table also 
reflects variability in extract types and plant parts, reinforcing that future work 
should integrate chemical markers + quantitative profiling to robustly connect 
chemistry to pharmacology.

3) Türkiye evidence strong for R. ribes L. early-stage for the endemic 
R. telianum Ilcim

The Türkiye-focused tables indicate: (i) diversified anticancer/antimicrobial in 
vitro efforts (Table 6)113-133, (ii) antioxidant research spanning mainly in vitro with 
limited in vivo entries (Table 7)140, and (iii) a metabolic–renal axis emphasizing 
nephroprotection and hypoglycemia (Table 8)151,159,160. For R. telianum, the 
dataset currently contains a single z antioxidant entry (“ethanol/root and leaf 
extract”67 in Table 7. Together with the phytochemical signature, it’s summarized 
in Table 3 (anthraquinones–stilbenes–flavonoids), this supports the species as 
a promising but underexplored endemic taxon requiring standardized extract 
comparisons and marker-based development.

4) Safety and evidence gaps

Table 5 includes a dedicated toxicity evaluation entry for R. rhaponticum111, while 
comparable safety windows remain sparse across the broader dataset. Given the 
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extensive solvent/organ variability in Table 7, conclusions on “best extracts” 
should ideally be anchored in total phenolics/flavonoids + targeted marker 
quantification (e.g., emodin/rhein) and paired with in vivo efficacy and safety.  
In this review, the phytochemical composition, extraction approaches, and 
reported biological activities of Rheum species were compiled and critically 
evaluated. The literature is dominated by studies on R. emodi, R. palmatum, 
and R. officinale, whereas evidence for Turkish taxa—particularly the recently 
described endemic R. telianum Ilcim remains scarce. Although R. ribes L. 
has been investigated in several experimental settings, important gaps persist 
regarding standardized phytochemical profiling, comparative extraction 
optimization, and translational (in vivo) validation across plant parts and 
extract types.

Overall, the reviewed data indicate that anthraquinone derivatives (e.g., emodin, 
aloe-emodin, chrysophanol) are frequently linked to anticancer/cytotoxic 
and antimicrobial outcomes, while phenolic acids, flavonoids, and stilbenes 
(including rhaponticin-type glycosides) likely contribute to antioxidant capacity 
and may act synergistically with anthraquinones to shape the overall bioactivity 
of extracts.

Conventional extraction methods predominate; however, green and enabling 
technologies—such as supercritical fluid extraction, ultrasound-/microwave-
assisted extraction, and alternative solvent systems—are increasingly reported 
and may yield cleaner, more selective, and potentially more active fractions.

Based on these findings, future research on Turkish Rheum species should 
prioritize: (i) integrative taxonomy and molecular characterization; (ii) marker-
guided extraction optimization and standardization to improve reproducibility 
and yield of bioactive fractions; and (iii) broad-spectrum bioactivity screening 
supported by mechanistic studies and appropriate safety/toxicology evaluation. 
In parallel, ethnobotanical claims should be systematically tested and 
documented to support natural-product-based drug discovery and value-
added applications. Collectively, Rheum species represent a promising yet 
underexploited resource that warrants deeper investigation from both scientific 
and commercial perspectives.
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