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This review critically evaluates the phytochemistry, pharmacological activities,
and toxicological profile of Tithonia diversifolia (Asteraceae). Evidence from preclinical
studies indicates that the plant contains bioactive constituents, particularly sesquiterpene
lactones and chlorogenic acids, which may contribute to anti-inflammatory, antimicrobial,
antiparasitic, antioxidant, immunomodulatory, and metabolic effects. However, the reported
therapeutic outcomes vary considerably according to extraction solvent, plant source,
experimental model, and dose. Available toxicity studies also suggest a relatively narrow safety
margin at higher exposure levels, with hepatotoxic, nephrotoxic, and gastrointestinal effects
observed in animal models. Current literature is limited by heterogeneous methodologies,
inconsistent phytochemical standardization, and the absence of human clinical studies. Future
research should prioritize standardized extraction procedures, quantitative marker analysis,
pharmacokinetic investigations, and well-designed clinical evaluations before therapeutic

applications can be established.
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Medicinal plants continue to represent an
important source of bioactive molecules for drug
discovery and the development of complementary
therapeutic strategies. Interest in plant-derived
compounds has increased because of the growing
prevalence of chronic inflammatory disorders,
metabolic diseases, and infections caused by
multidrug-resistant pathogens. Within this context,
Tithonia diversifolia (Hemsl.) A. Gray (Asteraceae),
commonly known as Mexican sunflower, has
attracted considerable attention due to its wide
range of traditional medicinal applications and
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chemically diverse secondary metabolites. The
plant is native to Mexico and Central America but
is now widely distributed across tropical regions
of Africa, Asia, and South America, where it is
used in folk medicine for wound healing, fever,
malaria, diabetes, gastrointestinal disorders, and
inflammatory conditions."

Previous publications have described
individual pharmacological activities or
phytochemical constituents of 7. diversifolia,
however, the available evidence remains
fragmented. Reported biological effects are

This is an
Published by Oriental Scientific Publishing Company © 2026

Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).

(©MON




1049

often influenced by extraction solvent, plant
part, geographic origin, and experimental model,
making direct comparison between studies
difficult. In addition, many reviews provide
descriptive summaries without critically addressing
methodological limitations, dose-dependent
toxicity, and the distinction between preclinical
observations and potential clinical relevance.

The objective of the present review is to
provide a structured and critical evaluation of the
phytochemical profile, major pharmacological
activities, and toxicological considerations
associated with T diversifolia. Particular emphasis
is placed on the relationship between sesquiterpene
lactones and chlorogenic acids, their proposed
mechanisms of action, the variability introduced
by extraction methods, and the current gaps that
must be addressed before therapeutic translation
can be considered.

Phytochemical analysis of water and
ethanol extracts from the plant of 7. diversifolia
showed high level of secondary metabolites in
leaves, stems and roots.>*'? Qualitative screening
tests showed the presence of volatile oils, tannins,
saponin glycosides, cardiac glycosides, balsams
and anthracenes."?

Phytochemical profile
Sesquiterpene Lactones (STLs)

As a prominent member of the Asteraceae
family, the plant’s most heavily evaluated
terpenoid subclasses are STLs, which concentrate
heavily within the leaves and flowers.”#!%17
Structurally, these molecules feature a core
15-carbon framework built from three distinct
isoprene units fused directly to an a-methylene-
a-lactone ring arrangement.”? While STLs like
Tagitinin A&C and 142 methoxydiversifolin, drive
the plant’s potent antiprotozoal action, they also
account for its baseline cellular toxicity. This dual
effect occurs via a classic Michael-type addition
reaction. The &, a-unsaturated carbonyl groups on
the lactone ring function as electrophilic Michael
acceptors, binding covalently with nucleophilic
free thiol groups (R-SH) on cellular proteins and
cysteine residues. This covalent binding causes
macromolecular dysfunction, disrupts cellular
replication, and triggers targeted oxidative stress
within target pathogens as well as mammalian host
cells at elevated concentrations.?
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Phenolic & Essential Oil Compositions
Fractional analysis clearly differentiates the
plant’s therapeutic mechanics:
* The Polar Extract (PE): Lacks STLs entirely and
is dominated by hydrophilic Chlorogenic Acids
(CAs). In preclinical models, these compounds
exert prominent anti-inflammatory effects by
modulating distinct cellular pathways.'**
* The Lipophilic/Low-Polarity Extract (LRE):
Serves as the primary source for evaluating
lipophilic STLs and flavonoids."
* Essential Volatile Oils: Characterized by high
chemical variability depending on plant tissue
source:
* Flowers: Dominated by a-pinene (50.8% to 61.0%)
and (Z)-a-ocimene (15.5% to 21.4%).2' Alternate
profiles demonstrate a-caryophyllene (20.1%),
germacrene D (20.3%) and bicyclogermacrene
(8.0%).22%
* Leaves: characterized by (Z)-a-ocimene (40.2%)
[21] or alternate profiles containing a-caryophyllene
(20.8%), 1,8-cineole (9.1%), germacrene D
(12.6%), a-pinene (10.9%), and 1,8- a-pinene
(32.9%).22:2324
Visualized Chemistry and Mechanisms

To address structural clarity and map
the therapeutic activities of T. diversifolia, the
following visual keys outline the core chemistry
and biological pathways:
Evaluated Biological Activities

Table 1, Reformatted Quantitative
Pharmacological Metrics of Tithonia diversifolia
Fractions
Pharmacological Activities of Tithonia
diversifolia
Anti-Inflammatory & Anti-Nociceptive
Pathways

In preclinical experimental models, crude
plant extracts show evidence of anti-inflammatory
activity. Oral pe at low doses of 10 mg/kg and
50 mg/kg exhibited mean anti-edematogenic
inhibitions of 64.3% and 66.4% respectively, which
were greater than Indomethacin (45.4%) and LRE
fractions (52.1%).'° At the cellular level, both PE
and LRE are effective in modulating neutrophil
migration and reducing pro-inflammatory cytokine
cascades. Specifically, Tagitinin A, C and F directly
inhibit the lipopolysaccharide-induced expression
for Tumour Necrosis Factor-alpha (TNF-a)
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Interleukin-6 (IL-6), Interleukin-8 (IL-8) and in
human neutrophils.” These extracts, when applied
topically in animal designs, demonstrate classical
cyclooxygenase (COX) inhibition profiles, though
further comparative safety evaluations are required
before human therapeutic assumptions can be
finalized."
Immune Modulation & Hematopoietic Recovery
Saline leaf preparations act as effective
biological response modifiers. In murine models,
these extracts activate splenocytes and increase
cell proliferation within 24 hours, indicating
an immunostimulatory effect.® Furthermore,
administering flavonoid-rich fractions to
immunosuppressed animal groups yields a
significantly higher phagocytic index compared
to untreated controls.’ In chemotherapy-induced
stress models, 7. diversifolia demonstrated a strong
capacity to restore white blood cell, haemoglobin,
red blood cell and levelsfollowing severe
cyclophosphamide-induced myelosuppression.’
Antimicrobial Spectrum
* T. diversifolia extracts display variable, dose-
dependent zone inhibitions against critical
bacterial pathogens, with E. coli showing higher
vulnerability to volatile essential oils compared to
P, aeruginosa.*
* At a standard 15 mg leaf extract application,
S. aureus and E. coli generated distinct zones
of inhibition measuring 6 mm and 10 mm,
respectively.'!
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* Antifungal screenings highlight strong efficacy
against pathogenic yeasts. Saline extractions
yielded a minimum inhibitory concentration
(MIC50) of 0.0024 ig/mL against Candida krusei,
0.293 ig/mL for C. parapsilosis, and 0.25 ig/mL
against C. albicans.’

* Against agricultural crop fungi like Fusarium
oxysporum, standard crude extracts applied at 25
to 100g/L generated steady inhibition zones from
7.93 mm to 10.44 mm."

Antiparasitic Capabilities

* Anti-trypanosomal: Tagitinin C stands out as
a highly active anti-trypanosomal compound.
It selectively suppresses Trypanosoma brucei
(TC221) with an extreme IC50 value of 0.0042
ig/mL, outperforming the clinical reference drug
Suramin by a factor of 4.5.

* Antimalarial: Traditional claims regarding its
efficacy against Flavonoid-rich extracts sustain P.
berghei and Plasmodium falciparum.

The extract clearly suppresses trophozoite
development at low baselines of 0.0004 mg/mL,
reaching a 100% decrease at 0.025 mg/mL across
24 and 48-hour periods.>'
* Antileishmanial: In peritoneal macrophages,
lipophilic STLs such Tagitinin F and Tirotundin
3-O-methyl ether have potent efficacy against
Leishmania braziliensis’s promastigote and
amastigote developmental phases without harming
host cells.”
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Fig. 1. Structural Classification of Major Bioactive Phyto-Constituents



1051

Antioxidant Capacity & Metabolic Regulation
* Quantitative free radical scavenging studies show
that the saline extract provides a total DPPH/ABTS
radical scavenging baseline of 3.042 + 0.019 mg
AAE/g, which is comparable to the commercial
standard Butylated Hydroxytoluene at4.12 +0.10
mg AAE/g.” Aqueous preparations likewise exhibit
high antioxidant activity, producing 241.04 + 11.93
imol Trolox per gram of dry extraction weight.'"'8
The plant functions as an efficient organic
phytobiotic when added to the diets of young tilapia
at a rate of up to 160 g/kg. It optimizes baseline
levels of superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPX) while
maintaining stable levels of alkaline phosphatase
(ALP) and low levels of serum transaminases
(ALT, AST).!

* Anti-Hyperglycemic Activity: Isolated Tagitinin
G and Tagitinin I significantly enhance glucose
uptake in adipocyte tissue models, outperforming
the reference antidiabetic drug Pioglitazone.>”'%"
* Lipid Modulation: In livestock feeding trials,
swine fed Tithonia leaf meal (TDLM) showed
an optimized drop in serum triglycerides and
total cholesterol, decreasing down to 4.15 mol/L
compared to control groups.’
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Critical Methodological Discussion and
Limitations

A critical review of the existing literature
reveals significant limitations that must be
addressed to advance the therapeutic deployment
of T. diversifolia:
Extraction Solvent Variability

The phytochemical profile changes
dramatically depending on extraction parameters.
While aqueous extracts maximize the yield of
polar chlorogenic acids (minimizing toxic STL
contamination), ethanolic and methanolic processes
aggressively extract lipophilic sesquiterpene
lactones.'® This structural variation heavily alters
the safety-to-efficacy ratios reported across
different academic papers.
Experimental Model Discrepancies

The vast majority of available data
is derived from automated in vitro systems or
preliminary rodent designs. These models fail to
account for complex human metabolic conversions,
bio-distribution properties, or chronic low-dose
biological accumulations.
Inconsistent Efficacy Metrics

Conflicting baseline values appear
frequently in publications, driven by variations in

1. Anti-Inflammatory Pathway:

Expression

Oxidative Stress

Plant Phenolics/STLs — Lipopolysaccharide (LPS) —{ TNF-o, IL-6, & IL-8
Inhibits Neutrophil Migration

2. Pathogen Cellular Toxicity (Michael-Type Addition):

STL Alpha, Beta-Unsaturated Carbonyl —»

Covalent Bond with Free Thiol (R-SH) Groups “—» Protein Dysfinction + Targeted

Fig. —i Proposed Moleculz;r Méc-han-ism ;)f Actig)nl Pr(;ﬁles-

Table 1. Key Quantitative Pharmacological Metrics of Tithonia diversifolia Fractions.

Extract / Bioactive Target Pathogen / Model

Key Quantitative Metric / Outcome

Polar Extract (PE)'®  In Vivo Paw Edema

Tagitinin C Trypanosoma brucei (TC221)

Candida kruseiCandida albicans
Adipocyte Cultures

Saline Leaf Extract’
Tagitinin G & I"'¢

64.3% inhibition at 10 mg/kg oral dose66.4%
inhibition at 50 mg/kg oral dose

IC50: 0.0042 ig/mL(4.5x more potent than
Suramin reference)

MIC50: 0.0024 ig/mLMIC50: 0.25 ig/mL
Significantly improved glucose uptake compared
to standard Pioglitazone background.
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plant maturity, geographic harvesting zones, and
soil qualities. Standardizing raw chemical profiles
is therefore an absolute requirement before clinical
translation.
Toxicological and Safety Considerations
The Dose-Response Duality

Despite promising therapeutic activities in
screening assays, 1. diversifolia possesses a highly
restrictive safety margin due to the intrinsic toxicity
of its highly active STLs. For example, the highly
potent Tagitinin C displays poor cellular selectivity
in host macrophages, returning a low Selectivity
Index (SI = 1.4)." This toxicity is directly linked
to its chemical architecture, which contains a
highly reactive 4, a-unsaturated carbonyl moiety
paired with dual double bonds in its germacrene
ring structure. Crude methanolic and aqueous
extracts provide distinct IC50 toxicity levels of
5.2ig/mL and 3.7 ig/mL, respectively, when tested
against common mammalian host cell lines such
as BALB/3T3 murine fibroblasts.?
Organ-Specific Pathology
* Long-term in vivo toxicity assessments in rodent
designs reveal clear safety risks when predefined
exposure limits are crossed:
* Hepatotoxicity & Nephrotoxicity: Doses
Hepatocellular necrosis is caused by doses more
than 200 mg/kg body weight given over a 14-
day period. bile ductular hyperplasia, and renal
tubular epithelial flattening with localized vacuolar
degeneration.® While low-dose blends (100-200
mg/kg) safely enhance immune parameters
without side effects, exceeding this 200 mg/kg
limit consistently causes structural tissue damage.®
* Gastrointestinal Damage: While a modest 10%
dietary inclusion rate of TDLM in livestock
feed helps optimize lipid metabolism, raising
this dietary threshold above 20% triggers severe
damage along the digestive tract.* Histographical
analyses confirm extensive mucosal erosion,
epithelial degeneration, focal necrosis, intense
neutrophilic infiltration, and severe mucosal
hemorrhaging paired with congested mesenteries
throughout both the small and large intestines.?
Guidelines for Safe Usage
Safety ceiling notice

To prevent systemic pathologies during
long-term clinical or livestock evaluation, strict
exposure ceilings must be strictly maintained based
on the following validated thresholds:
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1. In Vitro Bioassays: Safe working concentrations
should remain at or below 25 ig/mL.’

2.InVivo Rodent Models: Direct oral administration
must be kept strictly below 200 mg/kg body
weight.®

3. Livestock Feeding Regimens: Dietary inclusion
levels for leaf meal mixtures must be restricted to
under 20% of total feed volume to prevent severe
systemic toxicity.?

CONCLUSION

Current evidence indicates that Tithonia
diversifolia is a phytochemically rich species
with several promising preclinical biological
activities. Sesquiterpene lactones, including
Tagitinin derivatives, have demonstrated notable
antiparasitic and immunomodulatory effects,
whereas chlorogenic acids appear to contribute
substantially to the antioxidant and anti-
inflammatory properties observed in experimental
models. Nevertheless, the available data are derived
predominantly from in vitro assays and animal
studies, and the reported efficacy varies according
to extraction method, plant source, dose, and
experimental design.

The toxicological literature also suggests
that higher exposure levels may produce hepatotoxic,
nephrotoxic, and gastrointestinal alterations,
indicating that safety assessment is a critical
consideration for future development. Because
standardized phytochemical characterization,
pharmacokinetic information, and clinical evidence
are currently lacking, 7. diversifolia should be
regarded as a promising preclinical candidate
rather than an established therapeutic agent.
Future investigations should focus on extraction
standardization, quantitative marker analysis,
mechanism-based studies, long-term safety
evaluation, and well-designed human clinical trials.
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