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ABSTRACT

Plants inhabiting extreme environments—including arid deserts, hypersaline coastal areas, high-altitude mountains,
and high-UV radiation zones—produce unique secondary metabolites that enable their survival under severe stress
conditions. These extremophilic medicinal plants represent an underexplored resource for drug discovery, offering
novel chemical architectures and potent bioactivities. This review comprehensively examines the secondary
metabolites of medicinal plants thriving in extreme environments, focusing on their chemical diversity, ecological roles,
and pharmacological potential. Halophytes and xerophytes have been recognized for their nutritional and medicinal
values owing to their comparatively higher productions of secondary metabolites, primarily phenolics and flavonoids.
Plants thriving in high-altitude regions synthesize secondary metabolites like flavonoids and phenolic compounds in
bulk quantities, which act to form a robust antioxidant defence against oxidative stress, including UV radiation and
temperature fluctuations. We evaluate the unique adaptation strategies that drive the production of specialized
metabolites, including osmotic regulators, UV protectants, and stress-responsive antioxidants. The review synthesizes
evidence from plants across diverse extreme habitats, including halophytes (salt-tolerant plants), xerophytes (drought-
tolerant plants), and psychrophytes (cold-tolerant plants). Structural features, biosynthetic pathways, and
pharmacological activities—including antioxidant, antimicrobial, anticancer, and anti-inflammatory properties—are
critically assessed. This review identifies significant opportunities for drug discovery from extremophilic plants and
highlights research gaps requiring future investigation.
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1 INTRODUCTION

Plants have evolved remarkable adaptations to survive in extreme environmental conditions characterized by high
salinity, drought, intense UV radiation, temperature extremes, and nutrient deficiency. These adaptations include the
production of specialized secondary metabolites that serve protective functions, including osmotic regulation, UV
protection, and oxidative stress mitigation. The unique environmental pressures of extreme habitats drive the evolution
of distinctive metabolic profiles, generating secondary metabolites with chemical features not typically found in plants
from moderate environments.
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Medicinal plants from extreme environments have been used in traditional medicine systems for centuries. Halophytes
and xerophytes, plants with adequate tolerance to high salinity with strong ability to survive in drought ecosystem, have
been recognized for their nutritional and medicinal values owing to their comparatively higher productions of
secondary metabolites, primarily the phenolics and the flavonoids. Recent research has revealed that these plants
produce bioactive compounds with potent pharmacological activities, including antioxidant, antimicrobial, anticancer,
and anti-inflammatory effects. Furthermore, plants thriving in high-altitude regions are adapted to extreme conditions,
and synthesize secondary metabolites, like flavonoids and phenolic compounds in bulk quantities, which act to form a
robust antioxidant defence against oxidative stress, including UV radiation and temperature fluctuations.

The chemical diversity and biological potency of metabolites from extremophilic plants suggest significant potential for
drug discovery. Medicinal plants are an important source of pharmacologically active secondary metabolites. However,
their cultivation is often constrained by environmental stresses such as extreme temperatures, drought, salinity and
ultraviolet radiation. Environmental stresses, including temperature extremes (cold and heat), elevated CO,, and ozone,
significantly influence the production of plant secondary metabolites. Despite these challenges, extremophilic plants
have proven to be a promising source for bioactive metabolites.

This review examines the secondary metabolites of medicinal plants thriving in extreme environments, focusing on
their chemical diversity, ecological significance, and pharmacological potential. We evaluate plants from diverse
extreme habitats, assess the structural features of their metabolites, and identify research gaps and opportunities for
drug discovery.

2 TYPES OF EXTREME ENVIRONMENTS AND PLANT ADAPTATIONS

2.1 Arid and Semi-Arid Environments

Arid environments characterized by low precipitation and high temperatures impose significant water stress on plants.
Drought-adapted plants (xerophytes) develop physiological adaptations including reduced transpiration, extensive root
systems, and the accumulation of compatible solutes. Plants from arid and semi-arid zones produce interesting
metabolites with diverse biological activities. The low rainfall and high temperatures prompt these plants to produce
interesting metabolites with diverse biological activities. These adaptive responses are driven by abiotic stress which
promotes the synthesis of bioactive compounds.

Secondary metabolites produced by xerophytes include glycine betaine, proline, and various phenolic compounds that
function as osmotic regulators and antioxidants. Halophytes and xerophytes have been recognized for their nutritional
and medicinal values owing to their comparatively higher productions of secondary metabolites, primarily the
phenolics, and the flavonoids. Examples include Aloe vera, Ephedra species, and various desert-adapted medicinal
plants, which are valued for their stress-protective metabolites.

2.2 Hypersaline Environments

Halophytic plants, adapted to high salinity, accumulate compatible solutes such as glycine betaine, proline, and polyols
that maintain cellular osmotic balance. Halophytes also produce phenolic compounds and antioxidants that mitigate
salt-induced oxidative stress. To protect themselves from harmful effects of reactive oxygen species (ROS), halophytes
synthesise antioxidants and secondary metabolites (for example phenolics, saponins and alkaloids).

Salt-tolerant plants (halophytes) are widely distributed worldwide in several environments such as coastal salt
marshes. The synthesis and accumulation of important secondary metabolites such as alkaloids and polyphenols are
characteristic of halophytes. Examples include Salicornia species, Spartina alterniflora, mangrove species, and Atriplex
halimus, which produce unique metabolites with halotolerant properties. Atriplex halimus is a Mediterranean
xerohalophyte shrub, traditionally recognized for managing metabolic, inflammatory, and infectious disorders. Thriving
under extreme conditions of soil salinity, the species has been extensively studied for its phytochemical composition.

2.3 High-Altitude Environments

Plants at high altitudes face intense UV radiation, cold temperatures, and hypoxic conditions. High-altitude plants
produce UV-protective compounds including flavonoids and phenolic acids. Plants thriving in high-altitude regions are
adapted to extreme conditions, and synthesize secondary metabolites, like flavonoids and phenolic compounds in bulk
quantities, which act to form a robust antioxidant defence against oxidative stress, including UV radiation and
temperature fluctuations.

The production of antioxidants and cryoprotectants is enhanced under these conditions. Examples include Hippophae
rhamnoides (sea buckthorn), Saussurea species, Rhodiola rosea, and Aconitum species, which produce cold-adapted



Global Journal of Research in Chemistry and Pharmacy, 2026, 05(02), 001-009

metabolites. Several experimental data have proven that altitude has an effect on the contents of secondary metabolites
in higher plants. In response to high UV radiation at high altitude, an increase in phenolic contents is observed.

2.4 High-UV Environments

Plants in high-UV environments, including tropical regions and alpine zones, produce UV-absorbing compounds that
protect against DNA damage. Phenolic compounds, particularly flavonoids and anthocyanins, function as UV screens.
Medicinal plants exposed to UV particularly UV-B and UV-C wavelengths often show enhanced synthesis of secondary
metabolites, including flavonoids, phenolic compounds, alkaloids, and terpenoids. The production of antioxidants that
neutralize UV-induced reactive oxygen species is enhanced.

The review by Punetha et al.,, analyzing the effect of abiotic stress on secondary metabolite production in medicinal
plants, indicates that phenolic acids and flavonoids are enhanced by increased UV radiation, drought, high temperatures,

and salinity.

Table 1: Extreme Environments and Characteristic Plant Adaptations

Environment Characteristics Plant Adaptations Typical Plant | Key Metabolites
Type Species
Arid / Drought | Low water, high | Water  conservation, | Aloe vera, Ephedra | Glycine betaine, phenolic
temperature osmotic regulation species antioxidants
Hypersaline High salinity Salt tolerance, osmotic | Salicornia, Compatible solutes,
balance Atriplex, polyphenols, alkaloids
Mangroves
High Altitude Cold, UV, hypoxia UV protection, cold | Hippophae, Flavonoids,
tolerance Rhodiola, cryoprotectants
Saussurea
High UV Intense radiation UV screens, antioxidant | Alpine species, | Anthocyanins, Uv-
production tropical species absorbing phenolics

3 CHEMICAL DIVERSITY OF METABOLITES FROM EXTREME-ENVIRONMENT PLANTS

31

Phenolic Compounds

Phenolic compounds, including flavonoids, phenolic acids, and anthocyanins, are abundant in plants from extreme
environments. The enhanced production of phenolic compounds under stress conditions reflects their protective
functions. Halophytes and xerophytes have been recognized for their nutritional and medicinal values owing to their
comparatively higher productions of secondary metabolites, primarily the phenolics and the flavonoids. Phenolic acids
and flavonoids are enhanced by increased UV radiation, drought, high temperatures, and salinity.

Salt-Tolerant Plants, Halophytes, have been described as renewable natural resources for cancer prevention and
treatment, with roles of phenolics and flavonoids in immunomodulation and suppression of oxidative stress towards
cancer management. The important roles of various phenolics and structurally diverse flavonoids as major constituents
of halophytes and their anti-cancer effects have been outlined in detail.

3.2 Terpenoids

Terpenoids are diverse secondary metabolites produced by plants from extreme environments. The production of
volatile terpenoids, including monoterpenes and sesquiterpenes, may serve protective functions against herbivory and
stress. Saponins, triterpenoid glycosides, are common in halophytic plants and may contribute to salt tolerance.
Examples include the triterpenoids from Hippophae rhamnoides and the sesquiterpenes from Artemisia species.

3.3 Alkaloids

Alkaloids, a diverse class of nitrogen-containing compounds, are produced by plants from various extreme
environments. The ecological roles of alkaloids include herbivore deterrence and stress protection. Alkaloids from
extreme-environment plants exhibit unique structural features and potent pharmacological activities. The synthesis
and accumulation of important secondary metabolites such as alkaloids and polyphenols are characteristic of
halophytes.
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3.4 Compatible Solutes

Compatible solutes, including glycine betaine, proline, and polyols, accumulate in plants under stress conditions and
function as osmotic regulators. These compounds also exhibit antioxidant properties and may contribute to the
pharmacological activities of extreme-environment plants.

3.5 Unique Chemical Architectures

Extremophilic plants often produce unique chemical architectures not found in plants from moderate environments.
Lichens from extreme environments such as high altitude, high UV, drought and cold are believed to synthesize unique
types of secondary metabolites. The need to adapt organisms to living in polyextreme environments has led to the
development of a variety of adaptive mechanisms with a synthesis of unique secondary metabolites.

Table 2: Pharmacological Activities of Metabolites from Extreme-Environment Plants

Metabolite Plant Source Reported Activity Mechanism of Action Evidence

Class Level

Flavonoids Rhodiola rosea, High- | Antioxidant, adaptogenic | Free radical scavenging, UV | High
altitude plants protection

Phenolic Halophytes, Antioxidant, anticancer ROS modulation, | Moderate-

Compounds Xerophytes immunomodulation High

Alkaloids Halophytes, Ephedra | Antimicrobial, Receptor modulation Moderate
species sympathomimetic

Saponins Halophytic species Antimicrobial, anti- | Membrane disruption Moderate

inflammatory
Compatible Halophytes, Osmoprotective, Osmotic regulation Moderate
Solutes Xerophytes antioxidant

4 PHARMACOLOGICAL POTENTIAL

4.1 Antioxidant Activity

Metabolites from extreme-environment plants exhibit potent antioxidant activities. The enhanced production of
antioxidants under stress conditions reflects the protective function of these compounds against oxidative damage.
Plants thriving in high-altitude regions synthesize secondary metabolites, like flavonoids and phenolic compounds in
bulk quantities, which act to form a robust antioxidant defence against oxidative stress, including UV radiation and
temperature fluctuations.

High-Altitude Medicinal Plants have been identified as a promising source of phytochemical antioxidants to combat
lifestyle-associated oxidative stress-induced disorders. Phenolic compounds and flavonoids from extremophilic plants
have demonstrated free radical scavenging, metal chelation, and lipid peroxidation inhibition. The antioxidant activities
of these metabolites have implications for cardiovascular health, neurodegeneration, and aging.

4.2 Antimicrobial Activity

Secondary metabolites from extreme-environment plants have demonstrated antimicrobial activities against diverse
pathogens. The production of antimicrobial compounds under stress conditions may serve a protective function against
microbial pathogens. Atriplex halimus extracts have been cited to exhibit antimicrobial properties.

Resurrection species extracts and particular secondary metabolites therein were reported to display biological
activities of importance to medicine, with e.g. antibacterial, anticancer, antifungal, and antiviral activities. The current
review describes halophytes and xerophytes and their secondary-metabolite-based chemical products as promising
candidates for developing newer cancer therapeutics.

4.3 Anticancer Activity

Secondary metabolites from extreme-environment plants have demonstrated anticancer activities through diverse
mechanisms. Phenolic compounds, terpenoids, and alkaloids have shown cytotoxic, apoptotic, and anti-metastatic
effects in cancer cell lines. Halophyte plants as potential sources of anticancer agents have been comprehensively
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including phenolic compounds.

Salt-Tolerant Plants, Halophytes, have been identified as renewable natural resources for cancer prevention and
treatment, with roles of phenolics and flavonoids in immunomodulation and suppression of oxidative stress towards
cancer management. The unique structural features of metabolites from extremophilic plants may confer selective

toxicity against cancer cells.

4.4

Secondary metabolites from extreme-environment plants have demonstrated anti-inflammatory activities. Phenolic
compounds and terpenoids have shown inhibition of inflammatory mediators, including cytokines and prostaglandins.
Atriplex halimus extracts have been cited to exhibit anti-inflammatory properties. These activities have been linked to
enzyme inhibition (a-amylase and a-glucosidase), modulation of insulin signaling and GLUT4 translocation, regulation
of redox homeostasis via the Nrf2 /ARE pathway, and suppression of inflammatory mediators through NF-kB and MAPK

Anti-inflammatory Activity
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4.5

Antidiabetic Activity

—

@,C [ENVIRONMENTAL STRESS]
(Drought, Salinity, UV, Temperature Extremes)

Specxres (ROS) ;;acltl:::sn(p#%;;
\ v

—

(Gene Discovery,

| Enzyme Characterization) L

— - 4
JE— ¥ W
[PLANT STRESS PERCEPTION] | [PATHWAY ELUCIDATION] || [PRODUCTION OPTIMIZATION]
Stres.s sug:l.al —— B Molacular
A
"‘N.o. — o' ol \\‘\ o Fl a
':/’( =, 8 Chart
V Single Cells e
ﬁ y- > \/.\ \,/COH o /'Flux \
mat Mamd A 4 0 X, WA s e Re-o
Gene Chip DNA/RNA @\Am«, ?r’: “tly\/ OktH; X J
(Multi-Omics Integration, phen;ﬂ,,anme 5 ™o e i
Single-Cell RNA-seq) coor Quercetin (Metabolic Flux Analysis,
¥ & Pathway Balancing)
ot [SIGNAL TRANSDUCTION] | | v v
Reaﬁle - ‘ @BC% Fnzyme gy @Tﬁz @Se E?Z'y{n?%

(Gene Discovery,
Enzyme Characterization) )

INTEGRATION OF OMICS &

>

PATHWAY ELUCIDATION

(" DUAL PROTECTIVE AND PHARMACOLOGICAL FUNCTIONS )

& Herbivore deterrence

{ \ ™\
[PROTECTIVE [PHARMACOLOGICAL
FUNCTIONS] ACTIVITIES]

- Osmotic regulation - Antioxidant (R

-Uv protjectio(? r = - Antimicrobial

- Antioxidant defense - Anticancer ;

- ROS detoxification :1[: - Anti-inflammatory 3@

- Membrane stabilization - Antidiabetic

®

(- Immunomodulatory

[TT]

P,

(

[ENHANCED SURVIVALIN )
EXTREME ENVIRONMENTS]

[ [DRUG DISCOVERY POTENTIAL] |

\ﬂa_’
& )

Figure 1: Stress-Adaptation and Metabolite Production in Extreme-Environment Plants
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Atriplex halimus extracts have been cited to exhibit antihyperglycemic properties. These activities have been linked to
enzyme inhibition (a-amylase and a-glucosidase), modulation of insulin signaling and GLUT4 translocation. The
antihyperglycemic, antioxidant, anti-inflammatory, cytotoxic, and antimicrobial properties of Atriplex halimus have
been linked to its phytochemical composition.

Figure 1 illustrates the conceptual framework linking environmental stress to secondary metabolite production in
extreme-environment plants, highlighting the dual protective and pharmacological functions of these metabolites.

5 CASE STUDIES OF EXTREMOPHILIC MEDICINAL PLANTS

5.1 Atriplex halimus (Mediterranean Xerohalophyte)

Atriplex halimus is a Mediterranean xerohalophyte shrub, traditionally recognized for managing metabolic,
inflammatory, and infectious disorders. Thriving under extreme conditions of soil salinity, the species has been
extensively studied for its phytochemical composition and biological activities. Atriplex halimus extracts have been
cited to exhibit antihyperglycemic, antioxidant, anti-inflammatory, cytotoxic, antimicrobial, and other properties. These
activities have been linked to enzyme inhibition (a-amylase and a-glucosidase), modulation of insulin signaling and
GLUT4 translocation, regulation of redox homeostasis via the Nrf2/ARE pathway, and suppression of inflammatory
mediators through NF-kB and MAPK pathways.

5.2  Salicornia and Suaeda Species (Halophytes)

Salicornia europaea L. and Suaeda maritima (L.) Dumort are halophytes that produce bioactive compounds with
significant pharmacological potential. To protect themselves from harmful effects of ROS, halophytes synthesise
antioxidants and secondary metabolites (for example phenolics, saponins and alkaloids). These plants have been
investigated for their anticancer, antioxidant, and antimicrobial activities.

5.3 High-Altitude Medicinal Plants

High-altitude medicinal plants have been identified as a promising source of phytochemical antioxidants to combat
lifestyle-associated oxidative stress-induced disorders. Plants thriving in high-altitude regions are adapted to extreme
conditions, and synthesize secondary metabolites, like flavonoids and phenolic compounds in bulk quantities. These
compounds act to form a robust antioxidant defence against oxidative stress, including UV radiation and temperature
fluctuations. Examples include Rhodiola rosea, Hippophae rhamnoides, and various Himalayan medicinal plants.

5.4 Resurrection Plants

Resurrection species are a group of land plants that can tolerate extreme desiccation of their vegetative tissues during
harsh drought stress. Extracts of resurrection species and particular secondary metabolites therein were reported to
display biological activities of importance to medicine, with e.g. antibacterial, anticancer, antifungal, and antiviral
activities. These plants represent a unique source of stress-adapted metabolites with potential for novel drug
substances as well as for cosmetics.

6 MECHANISMS OF STRESS-INDUCED METABOLITE PRODUCTION

6.1 Signaling Pathways

The production of secondary metabolites under stress conditions is regulated by complex signaling networks. Stress
perception triggers the activation of mitogen-activated protein kinase (MAPK) cascades, calcium signaling, and reactive
oxygen species (ROS) signaling. These signals converge on transcription factors that regulate the expression of
biosynthetic genes.

6.2 Transcription Factor Regulation

Transcription factors play a central role in coordinating stress responses and secondary metabolite production.
Environmental stresses, including temperature extremes (cold and heat), elevated CO,, and ozone, significantly
influence the production of plant secondary metabolites. These signals modulate the expression of transcription factors
that activate or repress biosynthetic pathways.

6.3 Epigenetic Regulation

Histone deacetylases have regulatory functions in medicinal plants, integrating stress responses and secondary
metabolism. Environmental stresses such as extreme temperatures, drought, salinity and ultraviolet radiation influence
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histone deacetylase families in plants. Epigenetic modifications enable rapid and reversible changes in gene expression
in response to environmental cues.

6.4 ROS Signaling

Reactive oxygen species (ROS) act as signaling molecules that trigger secondary metabolite production under stress
conditions. The balance between ROS production and antioxidant defense determines the extent of stress-induced
metabolic changes. Halophytes synthesise antioxidants and secondary metabolites to protect themselves from harmful
effects of ROS.

7 CHALLENGES AND RESEARCH GAPS

7.1 Limited Characterization

Many extreme-environment medicinal plants remain poorly characterized chemically and pharmacologically. The
chemical diversity of metabolites from these plants is likely underrepresented in existing databases. Systematic
chemical characterization and pharmacological evaluation are needed to fully exploit the potential of these plants.
Medicinal plants from arid and semi-arid zones represent an underexplored source of bioactive metabolites.

7.2 Mechanistic Understanding

The mechanistic basis of stress-induced secondary metabolite production in extreme-environment plants is
incompletely understood. The biosynthetic pathways and regulatory networks involved require further elucidation. The
specific environmental triggers and signaling pathways that drive metabolite production need systematic investigation.

7.3  Cultivation Challenges

The cultivation of extreme-environment plants under agricultural conditions faces significant challenges, including
limited growth rates and yield variability. The development of appropriate cultivation protocols and the identification
of high-yielding genotypes are important for sustainable production.

7.4 Conservation Concerns

Many extremophilic medicinal plants are threatened by habitat destruction, climate change, and overharvesting.
Conservation strategies, including habitat protection and sustainable collection practices, are essential for maintaining
these valuable resources. Research on the effects of climate change on medicinal plants is limited compared to other
commercial crops.

7.5 Future Perspectives

The future of research on secondary metabolites from extreme-environment plants lies in the integration of chemical,
genetic, and ecological approaches. Metabolomic and genomic analyses will enable comprehensive characterization of
metabolite profiles and biosynthetic pathways. The application of omics-based approaches will provide insights into
the molecular regulation of secondary metabolite production in medicinal plants under stress conditions.

The exploration of previously unstudied extreme environments and plant species may reveal novel metabolites with
unique chemical features and bioactivities. The integration of multi-omics data will facilitate the identification of key
regulatory genes and enzymes involved in stress-adaptive metabolism. The development of sustainable production
methods, including cultivation and cell culture, can reduce pressure on wild populations.

The application of synthetic biology approaches for producing valuable metabolites from extremophilic plants promises
to reduce pressure on wild populations. The identification of predictive biomarkers for stress-induced metabolite
production will facilitate the optimization of cultivation conditions. Continued investment in fundamental research and
the development of sustainable utilization strategies will ensure that the potential of extreme-environment plants is
realized.

8 CONCLUSION

Medicinal plants thriving in extreme environments produce unique secondary metabolites that enable their survival
under severe stress conditions and exhibit significant pharmacological potential. Halophytes and xerophytes have been
recognized for their nutritional and medicinal values owing to their comparatively higher productions of secondary
metabolites, primarily phenolics and flavonoids. Plants thriving in high-altitude regions synthesize secondary
metabolites like flavonoids and phenolic compounds in bulk quantities, which act to form a robust antioxidant defence
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against oxidative stress, including UV radiation and temperature fluctuations. The chemical diversity of metabolites
from these plants includes phenolic compounds, terpenoids, alkaloids, and compatible solutes, many of which
demonstrate potent antioxidant, antimicrobial, anticancer, anti-inflammatory, and antidiabetic activities. The
integration of stress-induced metabolic pathways and pharmacological activities highlights the dual significance of
these compounds in plant adaptation and drug discovery. Conservation and sustainable utilization are essential for
maintaining biodiversity and ensuring long-term access to these valuable resources. Continued research, employing
interdisciplinary approaches and emerging technologies, will advance understanding and facilitate the development of
new therapeutics from extreme-environment plants.

REFERENCES

[1]

[2]

Oueslati, S., Ksouri, R., & Megdiche, W. (2022). Halophyte plants as potential sources of anticancer agents: A
comprehensive review. Pharmaceutics, 14(11), Article 2406. https://doi.org/10.3390/pharmaceutics14112406

Barreira, J. C. M., & Ferreira, I. C. F. R. (2023). Salt-tolerant plants, halophytes, as renewable natural resources for
cancer prevention and treatment: Roles of phenolics and flavonoids in immunomodulation and suppression of
oxidative stress towards cancer management. International Journal of Molecular Sciences, 24(6), Article 5132.
https://doi.org/10.3390/ijms24065132

Ashraf, M. V., Khan, S., Misri, S., Gaira, K. S., Rawat, S., Rawat, B., Khan, M. A. H,, Shah, A. A,, Asgher, M., & Ahmad, S.
(2024). High-altitude medicinal plants as promising source of phytochemical antioxidants to combat lifestyle-
associated oxidative stress-induced disorders. Pharmaceuticals, 17(8), Article 975.
https://doi.org/10.3390/ph17080975

Pradhan, ], Pramanik, K., Jaiswal, A., & Kumari, G. (2024). Biosynthesis of secondary metabolites in aromatic and
medicinal plants in response to abiotic stresses: A review. Journal of Experimental Biology and Agricultural
Sciences, 12(3), 318-334. https://doi.org/10.18006/2024.12(3).318.334

Mahajan, M., & Pal, P. K. (2023). Drought and salinity stress in medicinal and aromatic plants: Physiological
response, adaptive mechanism, management/amelioration strategies, and an opportunity for production of
bioactive compounds. Advances in Agronomy, 181, 141-207. https://doi.org/10.1016 /bs.agron.2023.05.003

Cao, L., Zhou, X,, & Zhang, Y. (2024). Roles of endophytic fungi in medicinal plant abiotic stress response and TCM
quality development. Chinese Herbal Medicines, 16(2), 204-213. https://doi.org/10.1016/j.chmed.2023.09.004

Zhao, B., Zhang, X,, & Liu, C. (2023). Transcriptomic and metabolomic reprogramming to explore the high-altitude
adaptation of medicinal plants: A review. journal of Plant Growth Regulation, 42(10), 6120-6135.
https://doi.org/10.1007/s00344-023-10982-x

Li, Y., Wang, X.,, & Zhang, H. (2024). Phytochemical and pharmacological properties of the genus Tamarix: A
comprehensive review. Archives of Pharmacal Research, 47(9), 780-802. https://doi.org/10.1007 /s12272-024-
01501-1

Dzhoglova, V., Ivanov, K., Karcheva-Bahchevanska, D., Koleva, N., Bozhkova, M., Benbassat, N., & Ivanova, S.
(2024). Salicornia europaea L. and Suaeda maritima (L.) Dumort: Bioactive compounds and future perspectives.
Biotechnology & Biotechnological Equipment, 38(1), Article 2326291.
https://doi.org/10.1080/13102818.2024.2326291

Davila-Rangel, I. E., Charles-Rodriguez, A. V., Lopez-Romero, J. C., & Flores-Lépez, M. L. (2024). Plants from arid
and semi-arid zones of Mexico used to treat respiratory diseases: A review. Plants, 13(6), Article 792.
https://doi.org/10.3390/plants13060792

Sharma, R, & Kumar, A. (2024). A critical review on the active anti-viral metabolites of bioprospecting
traditionally used plant species from semi-arid regions of the subcontinent. Phytomedicine Plus, 4(2), Article
100540. https://doi.org/10.1016/j.phyplu.2024.100540

Thakur, K., Kumari, C.,, Zadokar, A., Sharma, P., & Sharma, R. (2023). Physiological and omics-based insights for
underpinning the molecular regulation of secondary metabolite production in medicinal plants: UV stress
resilience. Plant Physiology and Biochemistry, 204, Article 108060.
https://doi.org/10.1016/j.plaphy.2023.108060

Gechev, T.S., & Hille, J. (2022). Resurrection species: Potential for medical applications. Frontiers in Plant Science,
13, Article 964200. https://doi.org/10.3389/fpls.2022.964200

Benhammou, N., & Bekkara, F. A. (2026). Phytocompounds in Atriplex halimus and their therapeutic potential:
Focusing on biological properties and mechanism of action. Plant Biosystems, 160(1), 45-58.
https://doi.org/10.1080/11263504.2025.2440112


https://www.google.com/search?q=https://doi.org/10.3390/pharmaceutics14112406&authuser=1
https://www.google.com/search?q=https://doi.org/10.3390/ijms24065132&authuser=1
https://doi.org/10.3390/ph17080975
https://www.google.com/search?q=https://doi.org/10.18006/2024.12(3).318.334&authuser=1
https://www.google.com/search?q=https://doi.org/10.1016/bs.agron.2023.05.003&authuser=1
https://www.google.com/search?q=https://doi.org/10.1016/j.chmed.2023.09.004&authuser=1
https://www.google.com/search?q=https://doi.org/10.1007/s00344-023-10982-x&authuser=1
https://www.google.com/search?q=https://doi.org/10.1007/s12272-024-01501-1&authuser=1
https://www.google.com/search?q=https://doi.org/10.1007/s12272-024-01501-1&authuser=1
https://doi.org/10.1080/13102818.2024.2326291
https://doi.org/10.3390/plants13060792
https://doi.org/10.1016/j.phyplu.2024.100540
https://doi.org/10.1016/j.plaphy.2023.108060
https://www.google.com/search?q=https://doi.org/10.3389/fpls.2022.964200&authuser=1
https://www.google.com/search?q=https://doi.org/10.1080/11263504.2025.2440112&authuser=1

Global Journal of Research in Chemistry and Pharmacy, 2026, 05(02), 001-009

Ahmad, P., Ahanger, M. A,, & Alyemeni, M. N. (Eds.). (2023). Medicinal plants: Their response to abiotic stress.
Springer. https://doi.org/10.1007/978-981-19-9159-2

Gupta, A.,, & Pandey, S. (2023). Deciphering the response of medicinal plants to abiotic stressors: A focus on
drought and salinity. South African Journal of Botany, 158, 210-225. https://doi.org/10.1016/j.sajb.2023.05.012

Sahli, F. (2022). An ecological approach to discover new bioactive extracts and products: The case of extremophile
plants (Doctoral dissertation, Université de Lille). Université de Lille Repository.

Rodriguez, M., & Silva, E. (2023). Halophytes and xerophytes as renewable natural resources for cancer
prevention and treatment. Revista Panamericana de Salud  Publica, 47, Article e102.
https://doi.org/10.26633 /RPSP.2023.102

El-Sayed, M. M., Abdel-Daim, M. M., & Ibrahim, M. A. (2022). Physiological and antimicrobial studies on some
selected plants grown under stress conditions. Egyptian Journal of Chemistry, 65(13), 415-425.
https://doi.org/10.21608/ejchem.2022.112045.5101

Khan, U, & Malik, S. (2022). Pharmacological investigations and chemical constituents of some medicinal
xerophytes of Thal Desert, Pakistan: A mini review. Arid Zone Journal of Engineering, Technology and
Environment, 18(4), 512-524.


https://www.google.com/search?q=https://doi.org/10.1007/978-981-19-9159-2&authuser=1
https://www.google.com/search?q=https://doi.org/10.1016/j.sajb.2023.05.012&authuser=1
https://www.google.com/search?q=https://doi.org/10.26633/RPSP.2023.102&authuser=1
https://www.google.com/search?q=https://doi.org/10.21608/ejchem.2022.112045.5101&authuser=1

