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Abstract: This study systematically reviews the bioactivity, phytochemistry, and 
dermatological potential of Carthamus tinctorius L. using a structured synthesis of nine 
eligible research articles. The purpose of this review is to consolidate scientific evidence 
regarding the antioxidant activity, phytochemical composition, molecular 
mechanisms, and skin-related relevance of this plant across diverse study designs. The 
findings indicate that Carthamus tinctorius contains polysaccharides, phenolic 
compounds, flavonoids, and fatty acids that exhibit strong antioxidant activity, enzyme 
inhibition, and cellular protective effects. Several studies demonstrate its ability to 
modulate oxidative pathways, inhibit collagen-degrading enzymes, and support skin 
barrier integrity, highlighting its promising dermatological applications. Variations in 
bioactivity were influenced by genotype, environmental conditions, and extraction 
techniques, underscoring the importance of plant origin and processing methods. 
Overall, the review concludes that Carthamus tinctorius possesses significant potential 
as a natural source of therapeutic compounds relevant to skin health, anti-aging 
applications, and future product development. This synthesis also identifies 
methodological gaps that may guide further experimental, molecular, and formulation-
based research. 
 
Keywords: Natural actives; Oxidative defense; Plant-derived compounds; Skin 
regeneration; Therapeutic botanicals 

  

Introduction  
 
Research on Carthamus tinctorius L. has garnered 

increasing scholarly attention due to its array of 
bioactive compounds and their significance in 
pharmaceutical, phytochemical, and dermatological 

fields. This plant is characterized by the presence of 
polysaccharides, phenolics, flavonoids, and essential 
fatty acids, which collectively confer robust antioxidant 
capabilities (Jaradat et al., 2024; Lin et al., 2022; Zemour 
et al., 2019). These compounds render it a promising 
natural resource for mitigating oxidative stress, a 
principal contributor to skin aging and structural 
deterioration. 

The biochemical composition of Carthamus 
tinctorius is influenced by variations in genotype, 
environmental factors, and extraction methodologies 

(Golkar & Taghizadeh, 2018; Li et al., 2025; Sülüs & 
Leblebici, 2022). This indicates that its therapeutic 
efficacy is shaped by intricate biological and ecological 
interactions. The extensive range of its bioactivity 
positions Carthamus tinctorius as a noteworthy candidate 
for the development of plant-derived dermatological 
formulations, substantiated by empirical evidence of its 
antioxidant, anti-inflammatory, and anti-aging 
properties (Bacchetti et al., 2020; Zemour et al., 2019). 

Nonetheless, despite a plethora of investigations 
examining individual facets of this plant, a 
comprehensive synthesis that consolidates its 
bioactivity, phytochemistry, and dermatological 
significance within a unified framework remains absent 
(Latif & Nawaz, 2025; Lok et al., 2025; Mashele, 2025). 

This deficiency underscores the necessity for a 
structured assessment capable of integrating existing 
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scientific data and elucidating its pharmacological 
potential. 

Consequently, the aim of this study is to perform a 
systematic literature review that delineates the 
biological activities, chemical constituents, and 
prospective dermatological applications of Carthamus 
tinctorius L., thereby establishing a coherent scientific 
basis for forthcoming experimental and formulation-
centric research. 

 

Method  
 
This investigation employed a meticulously 

structured Systematic Literature Review (SLR) 
methodology to facilitate a systematic, transparent, and 
replicable evaluation of the extant scientific literature 
pertaining to the bioactivity, phytochemical properties, 
and dermatological significance of Carthamus tinctorius 

L. The rationale for selecting the SLR approach stemmed 
from the imperative to generate a comprehensive 
synthesis exclusively grounded in previously published 
empirical data. This methodological framework affords 
precise regulation of inclusion criteria while promoting 
consistency throughout the review process. A total of 
nine publications fulfilled the eligibility criteria, 
encompassing a variety of research themes, including 
polysaccharide composition (Lin et al., 2022), seed oil 
components (Jaradat et al., 2024; Zemour et al., 2019), 
phenolic profiles (Golkar & Taghizadeh, 2018; Sülüs & 
Leblebici, 2022), antioxidant and pro-oxidant dynamics 
(Bacchetti et al., 2020), cellular oxidative pathways 
(Alshareef et al., 2024), and genotype-dependent 
responses to environmental and biochemical stressors 

(Li et al., 2025; (Golkar & Taghizadeh, 2018). 
Data extraction was executed utilizing a 

standardized extraction sheet specifically crafted to 
systematically capture critical study attributes, 
encompassing research objectives, methodological 
frameworks, phytochemical constituents, biological 
activities, molecular mechanisms, and acknowledged 
limitations. This procedure was congruent with 

established extraction methodologies commonly 
employed in phytochemistry and antioxidant 
investigations (Bacchetti et al., 2020; Lin et al., 2022). The 
review unfolded through sequential phases—initial 
screening, comprehensive text evaluation, and 
structured data extraction—ensuring consistency and 
analytical coherence across all incorporated sources. 

The processes of identification, screening, and 
eligibility assessment were meticulously documented 
using a PRISMA 2020-compliant flow diagram 
generated through the Watase Uake platform, thereby 

enhancing methodological transparency and 
traceability. Data synthesis was performed through an 
integrated narrative and thematic framework, 
facilitating the organization of findings into coherent 
analytical domains such as bioactivity patterns, 
variations in phytochemical composition, and 
dermatological implications. This synthesis additionally 
underscored methodological deficiencies, including the 
limited application of cellular-level assays and 
insufficient mechanistic elucidations  (Alshareef et al., 
2024; Bacchetti et al., 2020; Jaradat et al., 2024). 

In summary, the systematically constructed and 
transparently executed methodological procedures 
delineated in this review provide a solid foundation for 
the advancement of phytodermal and pharmaceutical 
research pertaining to Carthamus tinctorius L. 
 

 
Figure 1. PRISMA 2020 flow diagram of the study selection 

process. 

 
Result and Discussion 
 
Results 

The keyword mapping (Figure 1) reveals that 
scholarly investigations on Carthamus tinctorius 
predominantly focus on its antioxidant mechanisms, 
regulation of oxidative stress, phenolic compounds, and 
stress-responsive metabolites (Hong et al., 2022; Liu et 
al., 2025; Rajasreelatha et al., 2026). This underscores a 
strong scientific emphasis on the plant's biochemical 
pathways and its ability to modulate oxidative 
processes. 
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Table 1.  Literature Review on the Bioactivity, Phytochemistry, and Dermatological Potential of Carthamus tinctorius 
L 

Research 
Title 

Authors 
& Year 

Key Insights Underlying 
Theory 

Research 
Methods 

Research 
Findings 

Study 
Limitations 

Relevance to Your 
Planned Research 

Chemical 
Structures 
and 
Antioxidant 
Activities of 
Polysacchari
des from 
Carthamus 
tinctorius L. 

Lin et al. 
(2022) 

Two 
polysacchari
des (CTLP-1 
and CTLP-2) 

were 
isolated, 

structurally 
characterize

d, and 
shown to 

possess 
strong 

antioxidant 
activity. 

Structure–
activity 

relationships 
of 

polysacchari
des; free 

radical 
theory 

(DPPH, 
ABTS). 

Polysacchar
ide 

isolation; 
structural 

analysis 
(GC, FTIR, 

NMR); 
antioxidant 

assays 
(DPPH, 

ABTS, 
FRAP). 

CTLP-1 and 
CTLP-2 
showed 

high 
scavenging 

capacity, 
Fe²⁺-

chelating 
ability, and 

strong 
reducing 

power. 

No 
biological 
assays on 

skin cells or 
anti-aging 
functions 

were 
conducted. 

Highly relevant to 
the fitodermal 
and anti-aging 

potential of 
Kasumba Turate 

and provides a 
foundation for in 

silico and 
molecular 

docking analyses. 

Phenol 
Content and 
Antioxidant 
and 
Antiaging 
Activity of 
Safflower 
Seed Oil 

Zemour 
et al. 

(2019) 

Phenolic 
content and 

anti-aging 
activity vary 

across 
genotypes 

and climatic 
conditions. 

Relationship 
between 

phenolics, 
antioxidant 

capacity, and 
anti-aging 

activity; 
elastase and 
collagenase 

inhibition 
theory. 

TPC, DPPH, 
anti-elastase 

and anti-
collagenase 

assays; 
multi-year 

genotype 
evaluation. 

Highest 
TPC 

observed in 
warmer 

years; 
elastase 

inhibition 
32–70%; 

collagenase 
inhibition 

47–72%. 

No skin cell 
models 

used; 
substantial 

inter-annual 
variability. 

Strongly supports 
fitodermal and 

anti-aging themes; 
relevant for 

formulation and 
mechanistic 
discussion. 

Antioxidant 
and Pro-
Oxidant 
Properties of 
Carthamus 
tinctorius, 
HSYA, and 
SYA 

Bacchetti 
et al. 

(2020) 

Safflower 
extracts 
exhibit 

biphasic 
effects: 

antioxidant 
at low doses 

and pro-
oxidant at 

high doses. 

Dual-role 
polyphenol 

theory 
dependent 

on 
concentration 

and cellular 
environment. 

ORAC, 
DPPH, LDL 

oxidation 
assays; 

fibroblast 
oxidative 

stress model 
(t-BOOH). 

Protective 
effects at 

low 
concentratio

ns; pro-
oxidant 

effects at 
high 

concentratio
ns. 

No detailed 
pathway 
analysis; 
assessed 

only in 
fibroblasts. 

Important for 
establishing safe 
active-ingredient 
concentrations in 

fitodermal 
formulations and 

understanding 
skin-related 
antioxidant 

mechanisms. 

Evaluation 
of 
Antioxidant 
and 
Oxidative 
Stress 
Activity of 
Carthamus 
tinctorius L. 
Extract in 
Lung Cancer 
A549 Cells 

Alahmad
i et al. 
(2023) 

Safflower 
extract 

enhances 
SOD, CAT, 

and GSH, 
increases 
ROS, and 

induces 
apoptosis via 
SMAC/BAX 

pathways. 

ROS-
mediated 

apoptosis; 
intrinsic 

mitochondria
l pathway 
activation. 

Measureme
nt of ROS, 
LPO, NO, 

SOD, CAT, 
GSH, LDH; 

PCR 
analysis of 
SMAC and 

BAX. 

Dose-
dependent 
apoptosis 
induction 

and 
elevation of 
antioxidant 

enzymes. 

Focused on 
cancer cells 
rather than 
skin; active 

compounds 
were not 
isolated. 

Relevant for 
explaining 
molecular 

antioxidant 
pathways (e.g., 

Nrf2/Keap1) and 
supportive for 
understanding 

bioactive 
mechanisms of 

natural products. 

Phytochemic
al 
Composition 
and 
Antidiabetic, 
Anti-
Obesity, 
Antioxidant, 
and 

Jaradat et 
al. (2024) 

Major fatty 
acid 

identified as 
linoleic acid 

(79%); strong 
antioxidant, 

antilipase, 
anti-

amylase, and 

Mechanisms 
of free-
radical 

scavenging 
and 

enzymatic 
inhibition 

(lipase, 
amylase). 

GC-MS 
profiling; 

DPPH; 
lipase 

inhibition; 
α-amylase 
inhibition; 

cytotoxicity 
assays. 

Strong 
antioxidant 

activity 
(IC₅₀ = 13.18 
µg/mL) and 

significant 
metabolic 
inhibitory 

effects. 

No 
dermatologi

cal activity 
assessed; 

minor 
compounds 

not 
extensively 

Useful for 
understanding oil 

composition of 
Kasumba Turate 
and its potential 

dermatological 
applications. 
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Research 
Title 

Authors 
& Year 

Key Insights Underlying 
Theory 

Research 
Methods 

Research 
Findings 

Study 
Limitations 

Relevance to Your 
Planned Research 

Cytotoxic 
Activities of 
Carthamus 
tinctorius 
Seed Oil 

cytotoxic 
activities. 

characterize
d. 

In Vitro 
Evaluation 
of Phenolic 
and 
Osmolyte 
Compounds 
under 
Salinity 
Stress 

Golkar & 
Taghizad
eh (2018) 

Salinity 
increases 

TPC, TFC, 
DPPH 

activity, 
MDA, and 
secondary 

metabolites. 

Stress-
induced 

enhancement 
of secondary 
metabolites; 

ROS–
phenolic 
response 

theory. 

Callus 
cultures of 

four 
genotypes; 
TPC/TFC 

assays; 
DPPH; ion 

analysis; 
proline and 

MDA 
profiling. 

Salt-tolerant 
genotypes 

accumulate
d higher 

antioxidant 
metabolites. 

Specific 
compounds 
not isolated; 

no linkage 
to human or 
dermatologi

cal 
applications

. 

Relevant for 
ethnopharmacolo

gical 
perspectives—
environmental 

stress influencing 
bioactive content 

in Kasumba 
Turate. 

Antioxidant 
Capacity and 
Boron 
Toxicity 
Response in 
Safflower 
Cultivars 

Sülüs & 
Leblebici 

(2022) 

Boron-
tolerant 

cultivars 
exhibit 
higher 

antioxidant 
activity. 

Relationship 
between 

stress 
tolerance and 

antioxidant 
enzyme 
activity. 

Antioxidant 
enzyme 

assays and 
gene 

expression 
analyses. 

Tolerant 
cultivars 
showed 

enhanced 
antioxidant 

enzyme 
responses; 

sensitive 
ones 

showed 
weaker 

responses. 

No 
identificatio
n of specific 

bioactive 
compounds; 

no health-
related 

analysis. 

Supports cultivar 
selection for 

Kasumba Turate 
research and 

explains 
phenotypic 

variability in 
bioactivity. 

 

 
Figure 2. Annual publication trends extracted from keyword search outcomes. 

 
The publication trend (Figure 2) illustrates a pattern 

of fluctuating but gradually increasing research activity 
over the past decade, with a notable peak in 2022. This 
signifies a growing interest in the phytochemical 
diversity of safflower and its potential biological 
applications. The PRISMA screening process (Figure 3) 
identified nine relevant studies examining the 

polysaccharides, phenolic content, fatty acids, 
antioxidant pathways, and stress-induced metabolic 
responses in the plant. Collectively, these investigations 
unveil a comprehensive array of bioactive 
characteristics, including free-radical scavenging, metal-
chelating activity, enzymatic inhibition, and modulation 
of oxidative pathways. Notable variations in bioactivity 
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across different genotypes and environmental stress 
conditions further suggest that safflower’s 
phytochemical composition is dynamic and significantly 
influenced by its cultivation environment. 

 

 
Figure 3. word cloud visualization 

 
Discussion 

The integrated findings indicate that Carthamus 
tinctorius exhibits consistent antioxidant potential, 
attributable to its polysaccharides, phenolics, 
flavonoids, and fatty acids (Bai et al., 2025; Sun et al., 

2020; Wu et al., 2021). The plant’s capacity to enhance 
enzymatic defenses, regulate reactive oxygen species 
(ROS), and display both antioxidant and controlled pro-
oxidant activities implies a complex yet beneficial 
biochemical profile (Sharma et al., 2019). These 
attributes align with the growing interest in natural 
agents that provide cellular protection, particularly 
concerning skin health and aging. 

The rising frequency of publications underscores 
safflower's emerging significance as a valuable botanical 
resource with interdisciplinary relevance (Gupta, 2022). 
The intersection of phytochemistry, stress physiology, 
and oxidative biology supports the expanding 
investigation of its molecular mechanisms and 
therapeutic potential (Altanam et al., 2025; Fatima et al., 
2021; Mubeen et al., 2025; Muscolo et al., 2024). 
Importantly, the stress-responsive enhancement of 
bioactive metabolites and genotype-specific antioxidant 
profiles highlights that the selection of plant varieties 
and cultivation practices are pivotal in optimizing 
bioactive yield an essential consideration for developing 
standardized botanical ingredients (Głuchowska et al., 
2025; Osei et al., 2025). 

Despite robust biochemical evidence, there remains 
a significant gap in dermatology-focused studies. While 
numerous cellular investigations illustrate the 
modulation of oxidative pathways, apoptosis signaling, 
and membrane integrity preservation, only a limited 
number directly assess these mechanisms in skin 
models. This gap represents a substantial opportunity 

for future research, especially in developing anti-aging 
formulations, preserving collagen and elastin, and 
modulating oxidative stress relevant to dermatological 
applications (Altay Benetti et al., 2023). 

In summary, this synthesis of results positions 
Carthamus tinctorius as a multifunctional botanical with 
significant potential for phytodermal innovation. The 
plant’s diverse antioxidant mechanisms, coupled with 
its environmentally responsive phytochemical profile 
(Malik et al., 2025; Sharma, 2024), provide a solid 
foundation for further experimental validation and 
targeted application in advanced formulations aimed at 
enhancing skin health (He et al., 2024). 

 

Conclusion  
 

This review elucidates that Carthamus tinctorius 

exhibits a robust and varied antioxidant profile, which is 
substantiated by its polysaccharides, phenolic 
compounds, flavonoids, and fatty acids. The 
accumulation of evidence suggests that its bioactive 
composition is significantly influenced by both genotype 
and environmental factors, which in turn contribute to 
its dynamic metabolic responses and augmented 
antioxidant efficacy. Although the plant demonstrates 
promising implications for skin protection, oxidative 
stress modulation, and prospective anti-aging 
applications, research specifically focused on 
dermatological contexts remains scant. The cumulative 
findings underscore the necessity of progressing 
research towards skin-relevant models, mechanistic 
pathways, and formulation-centered assessments to 
fully exploit the phytodermal potential of Carthamus 
tinctorius. 
 
Acknowledgments  
The author sincerely thanks the Faculty of Pharmacy, 
Universitas Muslim Indonesia, for providing research facilities 
and academic support. Appreciation is also extended to all 
colleagues whose contributions strengthened this study.Book  
 
Author Contributions 

Conceptualization and writing—original draft, V.H.; review 
and editing, V.H. and A.R. All authors have read and agreed 
to the published version of the manuscript. 
 
Funding 
This study was supported by the Universitas Muslim 
Indonesia. 

 

Conflicts of Interest 
he authors declare no conflict of interest in the preparation of 
this article. 

 
 
 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 2, 27-33  

 

32 

References  
 

Alahmadi, T. A., Alharbi, S. A., Ravindran, B., & 
Saravanan, K. (2023). Evaluation of Antioxidant 
and Oxidative Stress Activity of Carthamus 
tinctorius L. Extract in Lung Cancer A549 Cells. 
Indian J. Pharm. Educ. Res, 57, 1112–1118. Retrieved 
from 
https://pdfs.semanticscholar.org/9ebb/37c2d300
3aacc6f3ca947c0acdf603a7c100.pdf 

Alshareef, N. S., AlSedairy, S. A., Al-Harbi, L. N., 
Alshammari, G. M., & Yahya, M. A. (2024). 
Carthamus tinctorius L. flower extract attenuates 
hepatic injury and steatosis in a rat model of type 2 
diabetes mellitus via Nrf2-dependent 
hypoglycemic, antioxidant, and hypolipidemic 
effects. Antioxidants, 13(9), 1098. 
https://doi.org/10.3390/antiox13091098 

Altanam, S. Y., Darwish, N., & Bakillah, A. (2025). 
Exploring the Interplay of antioxidants, 
inflammation, and oxidative stress: Mechanisms, 
therapeutic potential, and clinical implications. 
Diseases, 13(9), 309. 
https://doi.org/10.3390/diseases13090309 

Altay Benetti, A., Tarbox, T., & Benetti, C. (2023). Current 
insights into the formulation and delivery of 
therapeutic and cosmeceutical agents for aging 
skin. Cosmetics, 10(2), 54. 
https://doi.org/10.3390/cosmetics10020054 

Bacchetti, T., Morresi, C., Bellachioma, L., & Ferretti, G. 
(2020). Antioxidant and pro-oxidant properties of 
Carthamus tinctorius, hydroxy safflor yellow A, 
and safflor yellow A. Antioxidants, 9(2), 119. 
https://doi.org/10.3390/antiox9020119 

Bai, H., Yang, J., & Wang, R. (2025). Carthamus tinctorius 
L.: a comprehensive review of its ethnomedicine, 
phytochemistry, pharmacology, and clinical 
applications. Frontiers in Pharmacology, 16, 1609299. 
https://doi.org/10.3389/fphar.2025.1609299 

Fatima, N., Baqri, S. S. R., Alsulimani, A., Fagoonee, S., 
Slama, P., Kesari, K. K., Roychoudhury, S., & 
Haque, S. (2021). Phytochemicals from Indian 
ethnomedicines: Promising prospects for the 
management of oxidative stress and cancer. 
Antioxidants, 10(10), 1606. 
https://doi.org/10.3390/antiox10101606 

Głuchowska, A., Zieniuk, B., & Pawełkowicz, M. (2025). 
Unlocking plant resilience: metabolomic insights 
into abiotic stress tolerance in crops. Metabolites, 
15(6), 384. 
https://doi.org/10.3390/metabo15060384 

Golkar, P., & Taghizadeh, M. (2018). In vitro evaluation 
of phenolic and osmolite compounds, ionic 
content, and antioxidant activity in safflower 

(Carthamus tinctorius L.) under salinity stress. 
Plant Cell, Tissue and Organ Culture, 134, 357–368. 
https://doi.org/10.1007/s11240-018-1427-4 

Gupta, A. (2022). Mainstreaming of underutilized 
oilseed safflower crop through biotechnological 
approaches for improving economic and 
environmental sustainability. In Biotechnological 
innovations for environmental bioremediation (pp. 
397–418). Springer. https://doi.org/10.1007/978-
981-16-9001-3_16 

He, X., Gao, X., Guo, Y., & Xie, W. (2024). Research 
progress on bioactive factors against skin aging. 
International Journal of Molecular Sciences, 25(7), 
3797. https://doi.org/10.3390/ijms25073797 

Hong, Y., Ahmad, N., Zhang, J., Lv, Y., Zhang, X., Ma, 
X., Xiuming, L., & Na, Y. (2022). Genome-wide 
analysis and transcriptional reprogrammings of 
MYB superfamily revealed positive insights into 
abiotic stress responses and anthocyanin 
accumulation in Carthamus tinctorius L. Molecular 

Genetics and Genomics, 297(1), 125–145. 
https://doi.org/10.1007/s00438-021-01839-1 

Jaradat, N., Hawash, M., Ghanim, M., Alqub, M., 
Rabayaa, M., Dwikat, M., Issa, L., Hussein, F., 
Asadi, L., Yassin, L., Rabee, H., & Gamhur, A. 
(2024). Phytochemical composition and 
antidiabetic, anti-obesity, antioxidant, and 
cytotoxic activities of Carthamus tinctorius seed 
oil. Scientific Reports, 14, 31399. 
https://doi.org/10.1038/s41598-024-83008-z 

Latif, R., & Nawaz, T. (2025). Medicinal plants and 
human health: A comprehensive review of 
bioactive compounds, therapeutic effects, and 
applications. Phytochemistry Reviews, 1–44. 
https://doi.org/10.1007/s11101-025-10194-7 

Li, W., Kim, E.-G., Lee, D., Choi, Y.-M., Lee, J.-E., Lee, S., 
Lee, G.-A., & Yoo, E. (2025). Flower color and seed 
coat color as phenotypic markers: Correlations 
with fatty acid composition, antioxidant 
properties, and metabolite profiles in safflower 
(Carthamus tinctorius L. International Journal of 
Molecular Sciences, 26, 3105. 
https://doi.org/10.3390/ijms26073105 

Lin, D., Xu, C.-J., Liu, Y., Zhou, Y., & Xiong, S.-L. (2022). 
Chemical structures and antioxidant activities of 
polysaccharides from Carthamus tinctorius L. 
Polymers, 14, 3510. 
https://doi.org/10.3390/polym14173510 

Liu, X., Zhang, G., Dai, M., Zhao, H., Ma, W., Hu, Y., Yao, 
N., Zhang, J., Ahmad, N., & Liu, X. (2025). The 
Phenylpropanoid Gatekeeper CtPAL1 Coordinates 
ABA-Induced Flavonoid Biosynthesis and 
Oxidative Stress Tolerance in Safflower 
(Carthamus tinctorius L.). Plants, 14(23), 3606. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 2, 27-33  

 

33 

https://doi.org/10.3390/plants14233606 
Lok, K.-H., Loo, H. L., & Chuah, L.-H. (2025). Topical 

and transdermal lipid-polymer hybrid 
nanoparticles (LPN): an integration in advancing 
dermatological treatments. Drug Delivery and 

Translational Research, 15(11), 4277–4313. 
https://doi.org/10.1007/s13346-025-01940-7 

Malik, I. M., Bhat, A. H., Majeed, D., & Nabi, N. (2025). 
Environmental Factors Influencing Phytochemical 
Production for Enhanced Phytochemical Defense. 
In Phytochemical Arsenal: Understanding Plant 
Defense Mechanisms Against Nematodes (pp. 118–
150). Bentham Science Publishers. Retrieved from 
https://www.benthamdirect.com/content/books
/9789815322675.chapter-6 

Mashele, S. S. (2025). Phytochemicals as Multifunctional 
Agents: Antimicrobial, Enzyme Inhibitory, and 
Wound-Healing Potentials in the Era of Drug 

Resistance. 
https://doi.org/10.20944/preprints202510.1183.v
1 

Mubeen, B., Hasnain, A., Atif, S., Hakim, F., Sheharyar, 
S., Hassan, M., Iqbal, M., Moustafa, M., Alshaharni, 
M., & Duan, M. (2025). Phytochemicals as multi-
target therapeutic agents for oxidative stress-
driven pathologies: mechanisms, synergies, and 
clinical prospects. Phyton, 94(7), 1941. 
https://doi.org/10.32604/phyton.2025.064056 

Muscolo, A., Mariateresa, O., Giulio, T., & Mariateresa, 
R. (2024). Oxidative stress: the role of antioxidant 
phytochemicals in the prevention and treatment of 
diseases. International Journal of Molecular Sciences, 
25(6), 3264. https://doi.org/10.3390/ijms25063264 

Osei, E. D., Afedzi, A. E. K., Amotoe-Bondzie, A., 
Ivanišová, E., Encina-Zelada, C. R., Czaplicki, S., 
Čičová, I., Jančo, I., Gálik, B., & Afoakwah, N. A. 
(2025). Nutritional and Bioactive Characterization 
of Amaranthaceae Seeds From Peru, Slovakia, and 
Poland: A Comparative Study. Food Science \& 
Nutrition, 13(9), e70901. 
https://doi.org/10.1002/fsn3.70901 

Rajasreelatha, V., Thippeswamy, M., & others. (2026). 
Drought Stress Reshapes Secondary Metabolism in 
Safflower (Carthamus tinctorius L.): Insights from 
GC--MS Metabolomics and Bioinformatic 
Analysis. Journal of Pharmacology, Genetics and 
Molecular Biology, 88–104. Retrieved from 
https://www.jpgmb.com/1/article/view/71 

Sharma, M. K. (2024). Exploring the biochemical profiles 
of medicinal plants cultivated under stressful 
environmental conditions. Current Agriculture 
Research Journal, 12(1), 81–103. 
https://doi.org/10.12944/CARJ.12.1.07 

Sharma, P., Jha, A. B., & Dubey, R. S. (2019). Oxidative 

stress and antioxidative defense system in plants 
growing under abiotic stresses. In Handbook of Plant 
and Crop Stress, Fourth Edition (pp. 93–136). CRC 
press. https://doi.org/10.1201/9781351104609-7 

Sülüs, S., & Leblebici, S. (2022). Effect of boric acid 
application on antioxidant enzymes activity and 
gene expression in safflower (Carthamus tinctorius 
L.) cultivars. Brazilian Archives of Biology and 
Technology, 65, 22200702. 
https://doi.org/10.1590/1678-4324-2022200702 

Sun, L.-P., Shi, F.-F., Zhang, W.-W., Zhang, Z.-H., & 
Wang, K. (2020). Antioxidant and anti-
inflammatory activities of safflower (Carthamus 
tinctorius L.) honey extract. Foods, 9(8), 1039. 
https://doi.org/10.3390/foods9081039 

Wu, X., Cai, X., Ai, J., Zhang, C., Liu, N., & Gao, W. 
(2021). Extraction, structures, bioactivities and 
structure-function analysis of the polysaccharides 
from safflower (Carthamus tinctorius L.). Frontiers 
in Pharmacology, 12, 767947. 
https://doi.org/10.3389/fphar.2021.767947 

Zemour, K., Labdelli, A., Adda, A., Dellal, A., Talou, T., 
& Merah, O. (2019). Phenol content and antioxidant 
and antiaging activity of safflower seed oil 
(Carthamus tinctorius L.). Cosmetics, 6(3), 55. 
https://doi.org/10.3390/cosmetics6030055 


