Chemical Characterization and Evaluation of the Antioxidant Activity of Ethanolic Extracts from the Leaves of Turnera subulata: An Integrative Literature Review
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ABSTRACT

	Aims: To conduct an integrative literature review aimed at quantitatively compiling and analyzing published articles on the medicinal use of Turnera subulata, with emphasis on its phytotherapeutic properties in relation to human pathologies.
Study design:  Integrative literature review.
Place and Duration of Study: The database collection followed pre-established academic standards and was conducted between October 2024 and January 2026 through searches in scientific databases.
Methodology: A systematic search was carried out according to predefined academic criteria. The search initially identified 174 articles. After a rigorous screening process, 144 articles were excluded for not meeting the thematic criteria “Phytotherapeutic properties of Turnera subulata in relation to human pathologies.” A total of 30 articles were selected for inclusion in the results and discussion. The review focused on the identification and chemical characterization of active compounds and the analysis of their biological activities, particularly antioxidant, antimicrobial, and anti-inflammatory effects.
Results: The selected studies demonstrate that medicinal plants are an important source for the treatment of various human diseases due to the presence of secondary metabolites with diverse biological activities. The findings indicate that Turnera subulata possesses significant antioxidant, antimicrobial, and anti-inflammatory properties, supporting its traditional use in folk medicine and highlighting its potential phytotherapeutic application in human pathologies.
Conclusion: Turnera subulata presents promising phytotherapeutic potential, especially due to its bioactive secondary metabolites and antioxidant activity. The integrative review reinforces the relevance of further scientific investigations to validate its therapeutic effects and support its safe and effective use in the treatment of human diseases.
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1. INTRODUCTION 

The use of medicinal plants as alternative therapeutic approaches for disease treatment has gained increasing prominence due to advances in scientific research identifying a wide range of bioactive compounds with health benefits (Pedroso et al., 2021). Knowledge regarding the properties of medicinal plants has been transmitted across generations, based on the traditional use of plant species as sources of biologically active molecules (Carvalho & Silveira, 2010).
Medicinal plants have been utilized since ancient times and represent a valuable resource for the treatment of various human diseases. They have become a major focus of modern research because of their extensive chemical and biological diversity, which offers substances with pharmacological and therapeutic potential and serves as inspiration for drug development (Newman & Cragg, 2012; Yang et al., 2017).
Brazil harbors one of the richest biodiversities in the world and is particularly abundant in medicinal plant species. Long employed in folk medicine, plant extracts are traditionally used to treat a variety of diseases (Patrício, 2022).
In addition to its ornamental value and classification as a Non-Conventional Food Plant (PANC), Turnera subulata has traditionally been used in folk medicine in the form of teas, infusions, and herbal preparations (Nutrir, 2021). It has also been reported as a tea used for the treatment of amenorrhea (Agra et al., 2007).
The Turneraceae family comprises 10 genera and 226 species (Shore et al., 2006). The genus Turnera includes approximately 128 species, four of which (Turnera oculata, Turnera thomasii, Turnera ulmifolia, and Turnera subulata) have been introduced and widely distributed throughout several neotropical regions (Arbo, 2005).
Previous studies have highlighted the popular use of oils extracted from various plant species, such as Ouratea fieldingiana, as well as seeds with notable healing potential, particularly for wound treatment and for alleviating inflammatory and infectious conditions (Nascimento et al., 2018).
Research on Turnera subulata has demonstrated several biological activities, particularly anti-inflammatory, antioxidant, and wound-healing effects (Souza et al., 2016). Various chemical constituents, including flavonoids, alkaloids, terpenes, and other secondary metabolites, exhibit multiple medicinal properties that contribute to the treatment and prevention of diseases (Dutra, 2019).
In this context, phytotherapeutic agents may be administered both in primary healthcare settings and in more complex clinical scenarios, such as palliative care, with the aim of improving patients’ quality of life and offering new therapeutic possibilities (Bonow et al., 2021).
Several plant species, including Turnera subulata, have also been investigated for their potential in nanoparticle synthesis and in the development of anticancer drugs, which may help reduce undesirable side effects associated with conventional therapies (Calixto, 2005).
The transmission of ethnobotanical knowledge across generations constitutes an essential cultural element in many societies. However, its preservation requires continuous attention to ensure sustainable and responsible use, particularly in the context of climate change and uncontrolled exploitation, factors that directly threaten global plant biodiversity.
The relevance of this study lies in synthesizing evidence from the literature that demonstrates the biological and therapeutic potential of phytotherapy, highlighting its main applications and its impact on improving quality of life in specific human diseases.
Accordingly, this study addresses the following guiding question: Does the scientific literature provide evidence supporting the application of phytotherapy in the treatment of human pathologies?
Therefore, the objective of this work is to investigate the applicability of Turnera subulata in conditions affecting human health, identifying data that support its practical use, describing its therapeutic benefits, and reporting properties that may contribute to the treatment of human pathologies.Parte superior do formulário

Parte inferior do formulário

2. methodology 

2.1 Type of Research
The present study is an integrative literature review, guided by the search for previously published materials in scientific journals. It consists of the analysis of 30 scientific articles published up to 2025 on the medicinal and therapeutic use of Turnera subulata.
The bibliographic survey was conducted using databases such as PubMed, SciELO, Google Scholar, Litmaps, ScienceDirect, and Plataforma Sucupira, applying the following descriptors: “Turnera subulata,” “Medicinal properties of Turnera subulata,” and “Therapeutic applications of Turnera subulata.”
This research is exploratory in nature, involving both qualitative and quantitative data.

2.2 Research Setting
The databases used for article selection consisted of texts extracted from virtual platforms, including SciELO (Scientific Electronic Library Online), ScienceDirect, Plataforma Sucupira, PubMed, Litmaps, and Google Scholar. The descriptors used included phytotherapy, medicinal plants, and Turnera subulata.
In this context, the selected studies related to the theme were carefully read to consolidate relevant and coherent characteristics for the scientific construction of the present study.

2.3 Inclusion and Exclusion Criteria
The inclusion criteria were based on the search for scientific articles published about the plant, including full-text articles available in the aforementioned databases, regardless of language, in order to satisfactorily address the guiding research questions.
The exclusion criteria included incomplete texts and studies that did not address active compounds or medicinal applicability. As a result, ten articles were validated during the structuring of the discussion.
Only clinical, laboratory, and experimental studies were considered, as these types of research provide a solid scientific evidence base, with defined methodologies and comparable results. The selection of articles addressing the bioactive properties of Turnera subulata and its medicinal applications for diseases caused by pathogens is essential to understand the plant’s therapeutic potential in combating infectious diseases.

2.4 Data Collection and Analysis
The literature search was conducted between October 2024 and January 2026 following predefined eligibility criteria. The initial search yielded 174 records across the selected databases. After removal of duplicates and screening based on titles and abstracts, studies that did not address the phytochemical characterization or therapeutic applicability of Turnera subulata were excluded. Full-text assessment resulted in the selection of 30 studies for qualitative and quantitative synthesis (Fig. 1). For each selected article, structured data were systematically extracted and organized into a summary table, including country of origin, plant part used, type of extract or phytochemical approach, reported biological activities, experimental model (in vitro, in vivo, or clinical), and studied organism or cell line. Quantitative analysis was performed using descriptive statistics, based on absolute frequencies, to identify trends in research focus, biological activities, and geographic distribution of studies on Turnera subulata.
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Fig. 1. Flowchart of the identification, selection, eligibility, and inclusion process of studies in the integrative review on the phytotherapeutic properties of Turnera subulata

3. results and discussion






Table 1.  Summary of Selected Studies on Turnera subulata: Phytochemical Characterization, Biological Activities, and Experimental Models
	Nº
	Authors / Year
	Country
	Title
	Plant Part
	Therapeutic Properties and/or Applicability
	Types of Study
	Studied Organism/Cell

	1
	Thenmozhi et al., (2023)
	India
	Evaluation of Turnera subulata extract induced AgNPs
for antimicrobial, antioxidant, cytotoxic, and anticancer
propertiesagainst PANC‑1
	Aqueous extract of Turnera subulata
	Antimicrobial, antioxidant, and anticancer activity
	In vitro
	PANC cells

	2
	Andrade-Pinheiro et al., (2023)
	Switzerland
	LC-MS Analysis and Antifungal Activity of Turnera subulata Sm.
	Ethanolic extract of Turnera subulata leaves
	Antifungal activity
	In vitro
	Candida albicans, Candida krusei, and Candida tropicalis strains

	3
	Luz et al., (2022)
	Switzerland
	Chemical Characterization of Flowers and Leaf Extracts Obtained from Turnera subulata and Their Immunomodulatory Effect on LPS-Activated RAW 264.7 Macrophages
	Aqueous and hydroalcoholic extracts of flowers and leaves of Turnera subulata
	Antioxidant and immunomodulatory properties; inhibition of inflammatory mediators; anti-inflammatory activity
	In vitro
	Murine macrophage cell line RAW 264.7

	4
	Fernandes et al., (2014)
	Brazil
	Characterization and anti-staphylococcal activity of the essential oil from Turnera subulata Sm.
	Essential oil from aerial parts of Turnera subulata Sm.
	Antibacterial and antimicrobial potential
	In vitro
	Staphylococcus aureus strains and MRSA strains



	5
	Brito Filho et al., (2014)
	Brazil
	Chemical constituents isolated from Turnera subulata Sm. and electrochemical characterization of phaeophytin B.
	Chemical constituents from aerial parts of Turnera subulata Sm.​
	Antioxidant and anti-inflammatory activity; electrochemical activity; potential use in optoelectronic devices and biosensors
	In vitro
	Chemical characterization and physical/electrochemical property analysis of isolated compounds

	6
	Freitas et al. (2019)
	The United Kingdom
	Enhancement of antibiotic activity by phytocompounds of Turnera subulata
	Aerial parts of Turnera subulata, including leaves and Flowers

	Antimicrobial activity and synergistic effect
	In vitro
	Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa strains

	7
	Saravanan et al., (2018)
	Netherlands
	Phytochemical and pharmacological profiling of Turnera subulata Sm., a vital medicinal herb.
	Root and aerial part extracts of Turnera subulata Sm.
	Antibacterial, antifungal, and phytochemical properties
	In vitro
	Escherichia coli, Staphylococcus aureus, Aspergillus niger and Candida albicans

	8
	Wu et al., (2022)
	Netherlands
	Eco-friendly, green synthesized copper oxide nanoparticle (CuNPs) from an important medicinal plant Turnera subulata Sm. and its biological evaluation
	Leaf extract of Turnera subulata Sm.
	Antibacterial, antibiofilm, and photocatalytic activity
	In vitro
	Escherichia coli and Staphylococcus aureus

	9
	Saravanan et al., (2019)
	Netherlands
	Antiangiogenic, anti-inflammatory and their antioxidant activities of Turnera subulata Sm. (Turneraceae)
	Alcoholic leaf extract

of Turnera subulata Sm.
	Antiangiogenic, anti-inflammatory, and antioxidant activities
	In vitro
	Endothelial cells and macrophages

	10
	Souza et al., (2023)
	Brazil
	Study of the Biotechnological Potential of Tucumã Bark (Astrocaryum aculeatum) and Turnera subulata (Guarujá Flower) In Natura Against Pathogenic Bacterial Isolates
	Flower extract of Turnera subulata
	Antimicrobial properties
	In vitro
	Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and Klebsiella pneumoniae strains

	11
	Rebouças et al. (2021)
	Brazil
	Evaluation of the Pharmacological Potential of the Ethanolic Extract of Flowers and Stems of Turnera subulata Sm. (Chanana) in Adult Zebrafish (Danio rerio)
	Ethanolic extract of flowers and stems of T. subulata Sm.
	Antinociceptive, anti-inflammatory, and hypoglycemic potential
	In vivo and in vitro
	Adult zebrafish; Artemia

	12
	Sri et al., (2021)


	India
	Antitumor Activity of Turnera subulata Sm. (Turneraceae) in Hep G2 Cancer Cell Line
	Ethanolic flower extract of Turnera subulata Sm.
	Antimicrobial and antitumor activity
	In vitro
	Human hepatocellular carcinoma cell line (HepG2)

	 13
	Dias et al.
(2021)
	Brazil
	In Vitro Evaluation of the Acaricidal Activity of Turnera subulata Sm. in Engorged Females of Rhipicephalus (Boophilus) microplus
	Dried leaf extract of Turnera subulata Sm.
	Acaricidal activity


	In vitro

	Tick strains (Rhipicephalus microplus)

	14
	Ananthu et al. (2025)
	South Africa
	Direct shoot regeneration from cotyledon explants and anticancer efficacy of Turnera subulata Sm., an important medicinal herb
	Methanolic extracts of buds and roots of T. subulata Sm.
	Anticancer activity
	In vitro
	Specific cytotoxicity to tumor cells

	15
	Batista et al. (2025)
	Brazil
	Composition of Sodium Alginate Films Containing Copper Oxide Nanoparticles Synthesized Using Aqueous Extract of Turnera subulata Sm and Evaluation of Their Healing Potential In Vivo
	Aqueous extract of T. subulata Sm.
	Wound healing biomaterial; alginate films + CuO-NPs with antimicrobial potential

	In vivo
	Animal model

	16
	Oliveira et al. (2025)
	Brazil
	AgNPs Synthesized with Turnera subulata Extracts for Control of Immature Vector Stages (Aedes spp.)
	Aqueous extract of T. subulata
	Larvicidal/vector control (arboviruses); reduced larval survival (70–100% mortality under study conditions)
	In vitro
	Immature stages (larvae) of Aedes spp.


	17
	Santos et al. (2021)
	Brazil
	Nest refuse of Acromyrmex balzani increases the plant vigor in Turnera subulata
	Whole plant (growth/development measured)
	Agroecological application; nest refuse as biofertilizer/substrate improving plant vigor
	In vivo
	Acromyrmex balzani (leaf-cutting ant)

	18
	Silva et al. (2025)
	United Kingdom
	[bookmark: _heading=h.d15vhijsmbfs]Ants on flowers: Protective ants impose a low but variable cost to pollination, moderated by location of extrafloral nectaries and type of flower visitor
	Extrafloral nectaries (EFNs)
	Pollination/ ecology; impact of protective ants on floral visitation and reproductive performance
	Meta-analysis
	Floral visitors (e.g., bees)

	19
	Henning et al. (2024)
	USA
	[bookmark: _heading=h.4xpfgr22b4t9]Phosphoproteomic analysis of distylous Turnera subulata identifies pathways related to endoreduplication that correlate with reciprocal herkogamy
	Developing stamens (filaments)
	Elucidate pathways related to distyly/reciprocal hercogamy (molecular basis of floral dimorphism)
	Omics experimental study (in vivo)
	Developing floral tissues

	20
	Henning et al. (2025)
	United Kingdom
	Comparative Proteomic Analysis of Self-Compatible Turnera Mutants Suggests Glutathione S-Transferase 8 Is Involved in Overcoming S-Morph Female Self-Incompatibility Response
	Floral buds/reproductive tissues
	Mechanisms of self-incompatibility and transition to self-compatibility (ROS signaling, etc.)
	In vitro.
	Plant cells of the genus Turnera

	21
	Senes-Lopes et al. (2018)
	USA
	Genotoxicity of Turnera subulata and Spondias mombin × Spondias tuberosa Extracts from Brazilian Caatinga Biome
	Aqueous and ethanolic leaf extracts of Turnera subulata
	Evaluation of genotoxic potential
	In vivo
	Drosophila melanogaster

	22
	Santos et al., (2023)
	Brazil
	Anti-Mayaro Activity of Extract and Fractions of Turnera subulata Sm.
	Ethanolic extracts of stems and leaves of
Turnera subulata Sm.
	Antiviral activity against Mayaro virus

	In vitro
	Mayaro virus (MAYV)

	23
	Luz et al. (2019)
	USA
	Thrombin inhibition: preliminary assessment of the anticoagulant potential of Turnera subulata (passifloraceae)
	Ethanolic leaf extracts of
Turnera subulata
	Anticoagulant activity
	In vitro
	Thrombin enzyme

	24
	Santos et al. (2017)
	Nigeria
	Phomopsis sp. as an endophyte of Turnera subulata L.: Isolation, identification and antimicrobial and antioxidant activity of their extracts
	Leaves of Turnera subulata L.
	Antioxidant and antimicrobial activity
	In vitro
	Endophytic fungus Phomopsis sp

	25
	Vivekraj et al. (2017)
	India
	Preliminary Phytochemical Screening and GC-MS Analysis of Methanolic Extract of Turnera subulata Smith (Passifloraceae)
	Methanolic leaf extract
of Turnera subulata
	Antioxidant, anti-inflammatory, antimicrobial, wound-healing, and possible cytotoxic activity

	In vitro
	Leaves of Turnera subulata

	26
	Amarante et al., (2015)
	Brazil
	Anti-Inflammatory and Antioxidant Effect of the Hydroalcoholic Extract of Turnera subulata in Acetic Acid-Induced Ulcerative Colitis in Rats
	Hydroalcoholic leaf extract
of Turnera subulata
	Anti-inflammatory and antioxidant activity
	In vivo
	Rats

	27
	Murugan et al., (2011)
	India
	Screening for antibacterial activity of Turnera subulata extracts against human pathogens
	Leaf extracts of Turnera subulata
	Antibacterial activity
	In vitro
	Human pathogenic bacteria


	28
	Luz et al., (2021)
	Brazil
	Chemical and Toxicological Characterization of Turnera subulata and Licania rigida Extracts and Their Effects on Inflammatory Response and Hemostasis
	Leaf and flower extracts of Turnera subulata
	Anti-inflammatory and anticoagulant activity

	In vitro and in vivo
	Murine and human cells; rats

	29
	Borges (2018)
	Brazil
	Antimicrobial Potential of Ethanolic Extracts of Caatinga Plants Turnera subulata Sm. and Senna siamea Against Staphylococcus spp.
	Ethanolic leaf extract of Turnera subulata Sm.
	Antimicrobial activity

	In vitro
	Staphylococcus spp. Isolates

	30
	Santos et al. (2024)
	Brazil
	Biosynthesis of Zinc Oxide Nanoparticles Using Turnera subulata Sm.
	Aqueous leaf extract of Turnera subulata Sm.
	Biosynthesis of nanoparticles associated with bioactive compounds
	in vitro
	Leaf of Turnera subulata



Phytotherapy is part of traditional medical practice and is commonly used by economically disadvantaged populations. Due to advances in the scientific field, phytotherapeutic medicines that are recognized as safe and effective have been developed. However, their recommendation depends on healthcare professionals’ knowledge of the therapeutic properties, indications, and dosages of these plants used by the community, in order to ensure safety and even to strengthen the bond with healthcare users (Bruning et al., 2012).
Thirty studies published between 2011 and 2025 were included in this analysis. A marked increase in publications was observed after 2017, with approximately 70% (n = 21) of the studies published between 2018 and 2025, highlighting growing scientific interest in Turnera subulata (Fig. 2).
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Fig. 2. Distribution of selected studies on Turnera subulata according to country of origin, plant parts used, type of study, and screening results included in the integrative review.

Brazil accounted for the highest number of publications (40%, n = 12), followed by India (13%, n = 4), the Netherlands (10%, n = 3), the United Kingdom (10%, n = 3), the United States (10%, n = 3), Switzerland (7%, n = 2), as well as Nigeria and South Africa (3% each, n = 1). These data demonstrate the species’ strong national relevance, as well as expanding international interest.
Leaf extracts were the most commonly used, representing approximately 53% (n = 16) of the studies. Aerial parts (leaves + flowers) accounted for 17% (n = 5), flowers alone for 10% (n = 3), while roots, stems, whole plant, essential oils, and isolated compounds together comprised 20% (n = 6). Regarding extraction methods, aqueous and ethanolic extracts predominated, jointly representing more than 60% of the described procedures.
Antimicrobial activity was the most investigated property, reported in 43% (n = 13) of the studies. This category included antibacterial, antifungal, antiviral, antibiofilm activities, and synergistic effects with antibiotics. Among the target microorganisms, clinically relevant pathogens stood out, such as Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Candida species, and the Mayaro virus.
Anti-inflammatory and antioxidant activities were described in 27% (n = 8) of the studies, often assessed through inhibition of inflammatory mediators, modulation of oxidative stress, or in vivo inflammatory models. Anticancer and cytotoxic effects were investigated in 17% (n = 5) of the publications, including studies using tumor cell lines such as PANC-1 and HepG2.
Applications in nanobiotechnology represented 13% (n = 4) of the studies, involving the green synthesis of metallic nanoparticles (AgNPs, CuO-NPs, ZnO-NPs) with antimicrobial, larvicidal, and wound-healing potential. Other reported activities—including acaricidal, larvicidal, anticoagulant action, genotoxic evaluation, hypoglycemic effect, agroecological applications, and reproductive biology studies—collectively accounted for approximately 20% of the studies.
Most investigations were conducted using in vitro methodologies (67%, n = 20). In vivo studies represented 23% (n = 7), including experimental models with rats, zebrafish (Danio rerio), Drosophila melanogaster, ticks (Rhipicephalus microplus), and animal wound-healing models. Combined approaches (in vitro and in vivo) accounted for 7% (n = 2), while field ecological studies and meta-analyses represented 3% (n = 1).
Regarding the biological models employed, bacterial strains were the most frequently used (40% of total studies), followed by mammalian cell lines (23%), fungal strains (17%), and vertebrate or invertebrate animal models (20%).
More recent studies (2021–2025) demonstrate methodological diversification, including omics analyses (proteomics and phosphoproteomics), reproductive biology, pollination ecology, and advanced applications in nanomaterials. This shift indicates an evolution in research, moving from traditional antimicrobial screenings toward more sophisticated molecular and biotechnological approaches.
Overall, the data demonstrate that Turnera subulata exhibits a broad spectrum of bioactivities, with emphasis on antimicrobial and anti-inflammatory applications. However, the predominance of in vitro studies highlights the need to expand in vivo investigations and translational studies to validate the species’ therapeutic applicability.

4. Conclusion

Phytotherapy has played an important role in the prevention and recovery of health conditions across generations, being used both in simple daily care and in more complex therapeutic contexts. The literature presents numerous studies that support the use of phytotherapeutic agents in the management of diseases within human medicine, reinforcing their biological and therapeutic potential.
However, to ensure safe and effective use, it is essential to develop strategic actions aimed at improving the regulation and monitoring of phytotherapeutic prescriptions, providing continuous training for healthcare professionals, strengthening the relationship between healthcare teams and the community, and encouraging further scientific research in this field. These measures are fundamental to consolidating phytotherapy as an evidence-based complementary approach within modern healthcare systems.
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