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This review critically examines more than four decades of research and innovation
conducted by our research group on bioactive constituents and standardized extracts
from Brazilian medicinal plants. It integrates phytochemical and preclinical pharmaco-
logical evidence, limited clinical studies and translational experiences, highlighting
major scientific achievements and the persistent gap between academic research and
the development of innovative phytomedicines in Brazil. In parallel, we analyse the
evolution of the Brazilian phytomedicine market and regulatory advances aimed at
supporting the development of phytotherapeutic agents based on scientific evidence
of efficacy and safety. Despite Brazil's exceptional biodiversity and the extensive
experimental data generated over several decades on medicinal plants, the transla-
tion of scientific knowledge into registered and innovative phytotherapeutic agents
remains limited. This review identifies major structural barriers that continue to hin-
der progress, including the low engagement of the national pharmaceutical industry
in innovation-driven drug development, regulatory and operational challenges related
to clinical trials, and the absence of sustained governmental policies to support long-
term basic and translational research. Collectively, these factors restrict Brazil's
capacity to develop medicines domestically and to strategically capitalize on its bio-
logical resources. By critically reflecting on lessons learned from our long-term
research and innovation efforts, this article underscores the need for integrated strat-
egies aligning scientific excellence, regulatory frameworks, industrial participation
and public policies. Strengthening these connections is essential to transform Brazil's
medicinal plant biodiversity into clinically validated, safe and accessible therapeutic

products that benefit public health and national innovation.
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1 | INTRODUCTION

The use of medicinal plants predates written records and has played a
central role in human health for millennia. Historical evidence indicates
that species such as poppy (Papaver somniferum) and cannabis (Cannabis
sativa) were already used for medicinal purposes more than 4000 years
ago (Atanasov et al., 2015). However, scientific characterization of
plant-derived compounds began only in the 19th century, after
Friedrich Sertlirner isolated morphine from poppy latex, marking a key
milestone in pharmacology (Devereaux et al., 2018). This discovery
established the basis for modern research of natural products and stim-
ulated the identification of several bioactive molecules that remain clini-
cally relevant, including morphine, codeine, papaverine, atropine,
caffeine and digoxin (Calixto et al., 2000). Then, the isolation of salicin
from Salix alba and the synthesis of acetylsalicylic acid (aspirin) in 1897
represented another decisive advance that consolidated the modern
pharmaceutical industry (Montinari et al., 2019).

Natural products remain relevant in contemporary drug discovery
and therapeutic practice. About 30% of currently approved medicines
derive direct or indirectly from natural sources, a proportion that rises
to nearly 60% in oncology (Newman & Cragg, 2020). Advances in ana-
lytical chemistry, molecular biology and synthetic methods have fur-
ther elevated the importance of natural molecules as active
substances and structural templates for the development of innova-
tive drugs (Atanasov et al., 2021).

Within this global context, Brazil stands out for its remarkable bio-
logical diversity, comprising approximately 20% of the world's plants
(REFLORA, 2026). This vast biodiversity constitutes a strategic reservoir
of natural compounds with potential pharmacological relevance. Many
active substances have already been isolated from Brazilian species,
reflecting both the country's ecological richness and its strong cultural
tradition of medicinal plant use (see Dutra et al., 2016, for review).

Over the past four decades, our research group has contributed
to the systematic investigation of Brazilian medicinal plants, aiming to
identify bioactive compounds of therapeutic interest. In a previous
review (Dutra et al., 2016), we examined preclinical and clinical find-
ings from Brazilian and international studies and the development of
the national plant medicine market. Building on the previous analysis,
this review article summarizes over four decades of experience from
our research group in the study of Brazilian medicinal plants, focusing
on their potential for the development of innovative therapies. In
addition, this review explores the major scientific, regulatory and
structural challenges that have limited the effective translation of

Brazil's rich biodiversity into innovative medicines.

2 | OVERVIEW ON MEDICINAL PLANTS IN
BRAZIL

2.1 | Brazilian market of plant-based medicines
(phytotherapeutics)

The Brazilian phytotherapeutic market, valued at about 0.4 billion US
dollars in 2024, represents about 2% of the Brazilian pharmaceutical

market, valued at about 30 billion US dollars (IQVIA, 2025). Brazil's
plant-derived medicine market share remains minimal despite contain-
ing around 20% of the world's plant species (REFLORA, 2026).

Table 1 summarizes the 20 best selling phytotherapeutic agents
in Brazil in 2024. Only three were developed by Brazilian companies
in collaboration with Brazilian researchers: Acheflan® (Cordia verbena-
cea), Sintocalmy® (Passiflora incarnata; an incremental innovation) and
Melagrizo® (Mikania glomerata) (Calixto, 2019). The remaining leading
products are mostly imported, predominantly from Europe and Asia.
Acheflan® and Sintocalmy® were approved by the Brazilian Health
Regulatory Agency (Agéncia Nacional de Vigilancia Sanitaria) (Anvisa)
in 2004 (Aché Laboratérios Farmacéuticos S.A., 2025a) and 2007
(Aché Laboratérios Farmacéuticos S.A., 2025b), respectively, while
Melagrizo® was developed decades ago with subsequent validation of
its preclinical safety and efficacy profile (Anvisa, 2014). Although
Brazil has about 350 phytotherapeutic products registered in Anvisa
(Anvisa, 2025), a gap between knowledge generation and market
translation persists, reflecting broader challenges in converting
research on Brazilian medicinal plants into clinical applications.

2.2 | Research on phytotherapeutic medicines
derived from Brazilian biodiversity

As previously reported (Dutra et al., 2016), Brazilian research on
national medicinal plants is of great interest and expanded
substantially between 2015 and 2025. In this period, Brazilian
scientists published over 63,000 scientific papers in indexed journals
on plants, namely, medicinal plants (Figure 1). However, despite the
growing body of scientific evidence, the innovation and development
of marketable products remained limited. The absence of clear
regulatory frameworks, insufficient financial and structural support,
and lack of interest of Brazilian pharmaceutical companies represent
the main constraints to innovation. This scenario will be illustrated by
this review with investigations of endemic species with established

pharmacological potential that did not reach the clinic.

2.3 | Mandevilla velutina: Historical and scientific
relevance in Brazilian natural product studies

M. velutina (Apocynaceae), an endemic Brazilian plant, has been inves-
tigated since the early 1980s for its traditional use in treating enven-
omation from Bothrops jararaca bites and inflammatory conditions.
This research occurred within a remarkable historical context: the dis-
covery of bradykinin (BK) in 1949 by Mauricio Rocha e Silva and col-
laborators (Rocha e Silva et al., 1949), by the action of B. jararaca's
venom. Professor Mauricio Rocha e Silva, in collaboration with Wilson
Beraldo and Gastdo Rosenfeld, conducted seminal studies in which
B. jararaca venom was administered to dogs. These experiments led to
the identification of a plasma-derived factor responsible for a marked
decrease in blood pressure and for strong contractions of isolated
guinea pig ileum (Rocha e Silva et al., 1949). The authors demon-
strated, for the first time, that the venom did not act directly, but
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TABLE 1 Top 20 Brazilian phytomedicine products by sales, 2024 (millions of US dollars).
Ranking Products Active principle Pharmaceutical companies 2024 (USD)
1 Tamarine Senna alexandrina + Cassia fistula Farmasa 2414
2 Seakalm Passiflora incarnata Natulab 23.37
3 Kaloba Pelargonium sidoides Takeda 16.80
4 Forfig Silybum marianum Eurofarma 13.43
5 Flebon Pinus pinaster Farmoquimica 12.61
6 Eparema Peumus boldus + Frangula purshiana + Rheum palmatum Takeda 10.62
7 Abrilar Hedera helix Farmoquimica 9.20
8 Melagrido Mikania glomerata + Polygala senega + Cephaelis ipecacuanha Catarinense Pharma 9.04
9 Pasalix Crataegus oxyacantha + P. incarnata + Salix alba Marjan Farma 7.83
10 Naturetti S. alexandrina + C. fistula Sanofi-Aventis 7.59
11 Motore Curcuma longa Aché 7.41
12 Acheflan Cordia verbenacea Aché 7.09
13 Metamucil Plantago ovata Procter & Gamble 6.77
14 Arpadol Harpagophytum procumbens Apsen Farmacéutica 6.63
15 Sintocalmy P. incarnata Aché 6.59
16 Maracugina Pl P. incarnata Hypera Pharma 5.95
17 Hepatilon P. boldus Kley Hertz Farmacéutica 5.95
18 Piascledine Persea americana + Glycine max Abbott 5.88
19 Calman C. oxyacantha + P. incarnata + S. alba Ativus 5.65
20 Vecasten Melilotus officinalis + Aesculus hippocastanum Marjan Farma 5.40

Note: Annual 2024 average

Source: IQVIA (report).
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FIGURE 1 Number of papers published by Brazilian scientists on plants in the life and health sciences over the past 38 years in indexed

: 1 USD = 5.39 BRL.

journals. The inset indicates the number of published articles from 1987 to 1999 on an expanded scale. Black dashed lines indicate the dates of
approval of Anvisa Collegiate Board Resolutions (RDCs) related to phytotherapy in Brazil. The purple lines indicate the dates of Anvisa approval

of selected phytotherapeutic agents. Search strategy: TITLE-ABS-KEY (plants) AND SUBJAREA (medi OR nurs OR vete OR dent OR heal OR mult
OR agri OR bioc OR immu OR neur OR phar) AND LIMIT-TO (AFFILCOUNTRY, ‘Brazil’). Search performed on 8 January 2026. Source: Scopus.

rather triggered the formation of a vasoactive peptide in plasma became known as the kallikrein-kinin system. This pioneering discov-

through the activation of an endogenous enzymatic cascade. This ery opened new avenues for research into inflammatory, pain, vascu-

peptide was later named bradykinin, and the underlying mechanism lar and cardiovascular mediators (Rocha e Silva et al., 1949).
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From bradykinin discovery to captopril development:
Lessons of kinin non-peptidic Antagonists from Mandevilla velutina
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FIGURE 2 Relationship between kallikrein-kinin system discovery and Mandeuvilla velutina plant research in Brazil. °Rocha e Silva et al. (1949).
bFerreira (1965). “Ferreira et al. (1970). 9Silva et al. (2025). ¢Calixto et al. (1992). "Mattos, Ferreira, et al. (2006).

Subsequently, in the early 1960s, Sérgio Henrique Ferreira, a PhD
student under Rocha e Silva's supervision, identified peptides from
B. jararaca venom that enhanced the hypotensive and contractile BK
effects by inhibiting its degradation (Ferreira, 1965), introducing the
concept of indirect modulation of endogenous mediators. Ferreira's
postdoctoral work in the laboratory of Sir John Vane in London
showed that these BK-potentiating peptides inhibited angiotensin-
converting enzymes (ACEs) (Ferreira et al., 1970). This conceptual
framework led to the rational design of captopril, the first orally active
ACE inhibitor, approved for clinical use in the late 1970s (Ondetti
et al., 1977). For more details on this interesting discovery that led to
the development of a class of antihypertensive drugs, see the review
of Calixto (2019).

Investigations of M. velutina directly paralleled this seminal kinin
research, seeking to identify natural non-peptidic antagonists of BK-
mediated responses. Plants of the genus Mandevilla are native to the
Brazilian Cerrado and include species traditionally known as jalapa
(see Figure 2). Their rhizomes have long been used in Brazil as an
empirical remedy against snake venom, particularly bites from
B. jararaca. M. velutina has been extensively investigated by our
research group since the early 1980s from both chemical and preclini-
cal pharmacological perspectives (Calixto et al., 1985, 1987; Calixto &
Yunes, 1986, 1991a). This section summarizes the main experimental

findings related to the BK antagonistic properties of M. velutina, as
well as its anti-inflammatory, antinociceptive and antivenom activities
(see Figure 2).

Phytochemical studies enabled the isolation and characterization
of pregnane glycosides, MV8608 and MV8612, and velutinol A, from
M. velutina rhizomes (Calixto & Yunes, 1991b; Mattos, Campos,
et al., 2006). Preclinical evidence demonstrated that the hydroalco-
holic extract from M. velutina rhizomes reduced inflammatory
responses in mice arachidonic acid-induced ear oedema. MV8608 and
MV8612 were also effective in inhibiting phospholipase A, (PLA,)-
dependent pro-inflammatory actions in paw oedema models induced
by snake venom PLA, (Neves et al., 1993) and reduced the patho-
physiological effects of Crotalus durissus and Bothrops venoms, validat-
ing traditional antivenom use (Biondo et al, 2003). Also, both
compounds selectively inhibited BK-induced contractility in isolated
guinea pig tracheal tissue without affecting responses to histamine,
carbachol or prostaglandins, indicating functional selectivity for the
kinin pathway (Calixto et al., 1992). These findings provide a rationale
for the traditional use of M. velutina in snake envenomation, and
inflammatory processes highlight its potential translational relevance.

In parallel, velutinol A exhibited a distinct pharmacological profile,
selectively inhibiting the nociceptive response caused by the

bradykinin B receptor agonist des-Arg’-BK, without affecting B,
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receptor-mediated responses or prostaglandin-mediated pain
(Mattos, Campos, et al., 2006). However, binding studies failed to
demonstrate direct orthosteric interaction of these compounds with
kinin receptors B4 and B,, indicating non-classical antagonism via
alternative molecular mechanisms. These mechanisms remained
incompletely elucidated due to technical limitations in investigating
interactions between small non-peptidic molecules and peptide-
mediated intracellular signalling pathways during the period of
investigation.

Despite early interest from some multinational pharmaceutical
companies and initial efforts to develop these compounds as drug
prototypes, translational progress was constrained by several factors.
These included the structural complexity of the pregnane glycosides,
limited feasibility of large-scale chemical synthesis and restricted
availability of plant material. Moreover, environmental degradation of
the Brazilian Cerrado for large-scale cultivation of soybeans, corn and
other products further reduced access to M. velutina, ultimately pre-
venting advancement to late preclinical or clinical development.

The body of work on M. velutina illustrates how Brazilian biodi-
versity, traditional knowledge and experimental pharmacology have
converged to generate original insights into inflammatory and noci-
ceptive mechanisms. The hydroalcoholic extract of its rhizomes and
the isolated pregnane glycoside compounds were among the earliest
evidence of the non-peptidic natural products shown to selectively
modulate peptide-mediated pathways, particularly those associated
with BK. Within the historical context of BK discovery in Brazil and
the subsequent development of kinin pharmacology, studies on
M. velutina contributed not only to conceptual advances but also to
the training of researchers in pharmacology and natural products
chemistry.

Nevertheless, the consistency, originality and conceptual rele-
vance of the findings justify renewed translational investigation.
Advances in molecular biology, receptor pharmacology and functional
screening technologies now provide opportunities to revisit these
compounds, clarify their molecular targets and reassess their thera-
peutic potential. In this context, M. velutina remains a compelling
example of how Brazilian medicinal plants can inspire innovative

pharmacological concepts with potential future clinical impact.

2.4 | Euphorbia tirucalli

E. tirucalli is native to Africa, particularly to the arid and semi-arid
regions of the continent. The species was introduced into Brazil
through early maritime routes, most likely in the late 19th century.
Following its introduction, E. tirucalli came to be widely cultivated as a
living fence and ornamental plant, as well as for property demarcation,
adapting successfully to the tropical and subtropical regions of the
country, especially in the North and Northeast. This plant has been
used in Brazil for folk practice for the management of syphilis, asthma,
rheumatism, cancer and skin tumours (Betancur-Galvis et al., 2002).
The latex of E. tirucalli consists predominantly of water (50%-80%)

and a complex mixture of bioactive constituents, including
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tigliane-type diterpenes (phorbol esters), ingenane derivatives (ingenol
esters), and several terpenic alcohols such as euphol, B-euphorbol, tar-
axasterol and tirucallol (Table 2) (De Souza et al., 2019; Silva
et al., 2007). Our group previously demonstrated that euphol, the
major pentacyclic triterpene present in the latex of E. tirucalli, exerts
marked anti-inflammatory and immunomodulatory effects following
oral administration in rodents (Dutra et al., 2012, 2015). Euphol also
prevented and ameliorated experimental colitis induced by dextran
sulfate sodium (DSS) or trinitrobenzene sulfonic acid (TNBS) (Dutra
et al., 2011). These effects were associated with the suppression of
pro-inflammatory mediators, including interleukin-1p (IL-18), chemo-
kine C-X-C motif ligand 1 (CXCL1)/keratinocyte-derived chemokine
(KC), monocyte chemoattractant protein-1 (MCP-1), macrophage
inflammatory protein-2 (MIP-2), tumour necrosis factor-a (TNF-a),
interleukin-6 (IL-6), inducible nitric oxide synthase (iNOS), vascular
endothelial growth factor (VEGF), Ki-67, adhesion molecules and
nuclear factor-kB (NF-kB) signalling (Dutra et al., 2011).

Moreover, euphol reduced clinical and histopathological manifes-
tations in experimental models of multiple sclerosis and inhibited
12-O-tetradecanoylphorbol-13-acetate (TPA)-induced ear oedema, an
effect linked to inhibition of CXCL1/MIP-2, extracellular signal-
regulated kinase (ERK), cyclooxygenase 2 (COX-2) and protein kinase
C (PKC) pathways (Dutra et al., 2012; Passos et al., 2013) (see
Table 2). Collectively, these findings identify euphol as a pharmacolog-
ically relevant natural compound and support the therapeutic poten-
tial of E. tirucalli-derived constituents, while emphasizing the need for
careful consideration of the recognized toxicological risks of this

species and further clinical studies.

2.5 | Plants of the genus Phyllanthus

The genus Phyllanthus (Euphorbiaceae) comprises approximately
550-750 species distributed across tropical and subtropical regions,
with nearly 200 species occurring in the Americas, particularly in
Brazil and the Caribbean (Calixto et al., 1998). Several species, includ-
ing Phyllanthus niruri, Phyllanthus urinaria, Phyllanthus emblica,
Phyllanthus amarus and Phyllanthus sellowianus, are collectively known
in Brazilian traditional medicine as ‘quebra-pedra’, and preparations
as infusions or decoctions of aerial parts and roots are widely used for
the management of kidney and bladder disorders, infections, diabetes
and liver diseases, notably hepatitis B (see Calixto et al., 1998, for
review).

Phytochemical and pharmacological studies from our research
group and other researchers have identified a diverse range of bioac-
tive constituents in Phyllanthus spp., including alkaloids, flavonoids,
phytosterols, lignans (notably phyllanthin, hypophyllanthin and nir-
anthin) and hydrolysable tannins such as geraniin (see Calixto
et al., 1998, for review) (see Table 2). These compounds and extracts
underpin a broad pharmacological profile with potential translational
relevance. Several Phyllanthus spp. exhibit diuretic and spasmolytic
effects relevant to urinary tract disorders (Calixto et al., 1998). For

example, P. sellowianus relaxes smooth muscle in gastrointestinal and
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vascular tissues via papaverine-like mechanisms (Calixto et al., 1984),
whereas P. urinaria modulates urinary bladder contractility via
calcium-dependent and cyclooxygenase-related pathways (Calixto
et al., 1998).

Analgesic and anti-inflammatory activities have been consistently
demonstrated in preclinical models. Extracts and lignan-enriched
fractions from P. amarus reduce inflammatory and neuropathic pain
(Kassuya et al., 2003), whereas flavonoids isolated from P. niruri atten-
uate cyclophosphamide-induced cystitis with efficacy comparable to
Mesna (positive control) (Boeira et al., 2011), supporting their poten-
tial as adjunct therapies. Collectively, these findings identify Phyl-
lanthus species as a rich source of pharmacologically active
compounds with potential for translational development, particularly
in inflammatory, hepatic and urological disorders (Calixto et al., 1998).

Other species of the genus, such as P. emblica, have demon-
strated significant anti-tumour potential effects on both in vitro and
in vivo models (Ngamkitidechakul et al., 2010). The aqueous fruit
extract exhibited selective cytotoxicity by significantly inhibiting the
growth of six different human cancer cell lines—lung (A549), liver
(HepG2), cervical (Hela), breast (MDA-MB-231), ovarian (SK-OV3)
and colorectal (SW620)—while sparing normal lung fibroblasts (MRC5)
(Ngamkitidechakul et al., 2010). Mechanistic investigations in the
Hela cell line revealed that the extract induces apoptosis via DNA
fragmentation and marked activation of caspase-3, caspase-7 and
caspase-8, accompanied by the up-regulation of the Fas receptor,
indicating the involvement of the extrinsic, death receptor-mediated
apoptotic pathway. Furthermore, the extract significantly attenuated
the invasive capacity of metastatic breast cancer cells in in vitro inva-
sion assays. These pharmacological properties were further validated
in an in vivo model of 7,12-dimethylbenz[alanthracene (DMBA)/TPA-
induced skin tumourigenesis in mice, where topical application of the
extract resulted in a greater than 50% reduction in both tumour num-
ber and volume. Overall, these results demonstrate the tumour-
suppressive and anti-invasive potential of P. emblica fruit extract
(Ngamkitidechakul et al., 2010).

2.6 | Protium kleinii and Protium heptaphyllum
Species of the genus Protium (Burseraceae), notably P. heptaphyllum
and P. kleinii, are widely distributed across South America, particularly
within the Amazon biome (Fine et al., 2005). These species are known
in Brazilian traditional medicine as ‘almécega’ or ‘pau-de-breu’ and
are valued for their aromatic oleoresins, traditionally used to treat
inflammatory conditions, pain, respiratory disorders and skin injuries
and as insect-repellent (Oliveira, Costa, et al., 2005; Siani et al., 1999).
Our research has focused on the pharmacological activity of
extracts and isolated compounds from these species (see Table 2),
with particular emphasis on the pentacyclic triterpenes present in
their oleoresins. From a translational perspective, a-amyrin and
B-amyrin display a pharmacological profile of considerable interest.
Topical administration of a-amyrin isolated from P. kleinii attenuated

TPA-induced ear oedema and reduced pro-inflammatory cytokine

production and prostaglandin E, (PGE,) levels (Medeiros et al., 2007).
These effects were associated with inhibition of COX-2 expression
and suppression of NF-kB signalling and were comparable to those of
dexamethasone, without evidence of corticosteroid-like adverse
effects (Medeiros et al., 2007). Moreover, in experimental models of
inflammatory bowel diseases (IBDs), both triterpenoids markedly
reduced TNBS- and DSS-induced colitis, an effect linked to restora-
tion of interleukin-10 (IL-10) levels and suppression of p-NF-kB, IL-1f
and COX-2 (Vitor et al., 2009).

The analgesic properties of a-amyrin and p-amyrin further rein-
force their translational relevance. These compounds produced sus-
tained antinociceptive effects in models of acute, inflammatory,
visceral and neuropathic pain (da Silva et al, 2011; Medeiros
et al., 2007). The underlying mechanisms involve both CB; and CB,
endocannabinoid systems, inhibition of protein kinase A (PKA)- and
PKC-dependent signalling pathways, suppression of NF-kB and cAMP
response element-binding protein (CREB) activation, reduction of pro-
inflammatory cytokines (including TNF-a, IL-1p and IL-6) and modula-
tion of transient receptor potential vanilloid 1 (TRPV1) channel activ-
ity (da Silva et al., 2011; Matos et al., 2013). Notably, these effects
were independent of opioid mechanisms and were not associated
with sedation or motor impairment (da Silva et al., 2011).

Overall, these findings identify Protium species and their major
triterpenes, a-amyrin and p-amyrin, as promising sources of bioactive
compounds. Their multi-target mechanisms, consistent efficacy
across preclinical models and favourable tolerability support further
pharmacokinetic, safety and target-validation studies aimed at
advancing their therapeutic potential in inflammatory and pain-

related disorders.

2.7 | Trichilia catigua
T. catigua is a plant species native to Brazil that has long been
employed in traditional medicine, particularly as a neurostimulator and
aphrodisiac (Mendes & Carlini, 2007). Phytochemical investigations
indicated the presence of alkaloids, lactones, phytosterols (including
B-sitosterol and stigmasterol) and flavalignans, which together under-
pin its complex pharmacological profile (Pizzolatti et al., 2002, 2004).
Our group demonstrated that extracts of T. catigua produced con-
sistent antinociceptive effects in chemical and thermal models of pain
(Viana et al., 2011). These effects involve modulation of nitric oxide
signalling and mechanisms that depend on opioid and dopamine path-
ways. Accordingly, a critical involvement of D, dopamine receptors
was confirmed, suggesting a mechanistic profile distinct from that of
conventional analgesics. Furthermore, T. catigua extract prevented
apomorphine hypothermia and haloperidol-induced catalepsy (Viana
et al., 2011). In parallel, T. catigua extract displayed consistent
antidepressant-like effects in the forced swimming test (Campos
et al., 2005). These effects were associated with inhibition of mono-
amine uptake in synaptosomes and increased release of serotonin and
dopamine, indicating broad modulation of monoaminergic neurotrans-

mission (Campos et al., 2005).
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In a model of transient global cerebral ischaemia, the ethyl ace-
tate fraction of T. catigua provided significant functional neuropro-
tection (Godinho et al., 2018). The extract demonstrated antioxidant
and anti-inflammatory activity, possibly contributing to the memory
protective effects after cerebral ischaemia/reperfusion (Godinho
etal., 2018).

Beyond central nervous system (CNS) effects, T. catigua shows
pharmacological activity in other systems of translational relevance.
An herbal medicine containing T. catigua induced long-term relaxation
of corpus cavernosum tissue via cCAMP levels, which is consistent with
its traditional use as an aphrodisiac (Antunes et al., 2001). Clinical
studies conducted in healthy volunteers demonstrate that T. catigua
extract is safe with no major adverse effects (Oliveira, Moraes,
et al., 2005).

Taken together, current evidence identifies T. catigua as a source
of bioactive compounds with a multi-target pharmacological profile,
involving monoaminergic modulation, especially dopamine. The con-
vergence of antinociceptive, antidepressant, neuroprotective, aphrodi-
siac and cardioprotective effects, mediated by mechanisms distinct
from those of existing therapies, supports its translational relevance.
However, comprehensive studies addressing pharmacokinetics, target
engagement, safety and compound standardization are required to
define the therapeutic potential of T. catigua-derived constituents are
still required.

3 | IMPACT OF PHYTOMEDICINE
REGULATION IN BRAZIL BY ANVISA

3.1 | Regulatory challenges and opportunities for
phytomedicine development in Brazil

As already stated in this review, Brazil has a rich biodiversity, which
creates opportunities for developing phytomedicines with scientific
proof of efficacy and safety. To translate this potential into authorized
products, Brazil relies on a regulatory framework led by Anvisa, an
agency broadly comparable to the US Food and Drug Administration
(FDA) and the European Medicines Agency (EMA). Anvisa regulation
aims to ensure safety, efficacy and quality while supporting innovation
and recognizing well-documented traditional knowledge associated
with some few medicinal plants.

Brazilian regulation defines phytotherapeutic products as stan-
dardized plant-derived extracts obtained from one or more botanical
sources, supported by scientific evidence of safety, efficacy and qual-
ity from preclinical and clinical evaluation (Anvisa, 2025). Since the
late 1990s and early 2000s, Anvisa has expanded and refined this
framework. Anvisa Collegiate Board Resolution (Resolucdo da
Diretoria Colegiada [RDC]) No. 48/2004 established specific require-
ments for registration of herbal medicines and differentiated these
products from synthetic drugs, allowing demonstration of safety, effi-
cacy and quality through phytochemical, preclinical and clinical data
and, in selected cases, through documented traditional use supported

by adequate pharmaceutical quality data.
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RDC No. 14/2010 further consolidated the regulatory structure
by defining two categories: herbal medicines that require scientific
evidence of efficacy and safety, and traditional herbal products sup-
ported by documented traditional use of at least 30 years, including at
least 15 years in Brazil. RDC No. 26/2014 strengthened requirements
for pharmacovigilance, quality control, extract standardization and
good manufacturing practices and increased the emphasis on chemical
characterization of extracts using markers, chromatographic profiles
and stability studies, aligning Brazilian regulation with international
guidelines from the World Health Organization and EMA. Then, the
Brazilian Biodiversity Law (Law No. 13,123 of May 20, 2015, 2015)
added biodiversity-related requirements by linking sanitary approval
to regularization of access to genetic resources and benefit sharing,
which increased legal certainty for product development.

More recently, Anvisa has introduced measures to streamline pro-
cedures without reducing technical requirements, supporting incre-
mental innovation and reassessment of established products. This
environment has supported the approval of a limited number of inno-
vative phytomedicines derived from Brazilian biodiversity, including
Acheflan® and Sintocalmy®, based on preclinical and clinical evidence
(see further details in Sections 3.3 and 3.4). Overall, Anvisa regulation
provides a structured pathway that integrates scientific and traditional
knowledge and supports product development when developers also
secure sustained financial support, manufacturing capacity and coordi-
nated collaboration among academic groups, Brazilian pharmaceutical
companies, the Ministry of Health, and the Ministry of Science, Tech-

nology and Innovation.

3.2 | Clinical research on medicinal plants in Brazil:
Challenges and opportunities for translation

As illustrated in Section 2.2 (Figure 1), Brazilian contributions to
indexed journals in the field of medicinal plants are prominent at the
international level, underscoring the country's scientific relevance in
this domain. Nevertheless, a considerable proportion of this research,
largely conducted within academic institutions, remains insufficiently
integrated with industrial partners. Furthermore, regulatory consider-
ations are often not incorporated at early stages of research and
development, limiting the progression of promising findings into clini-
cal trials in humans, a critical step for regulatory approval and
therapeutic use.

Given the longstanding and widespread use of medicinal plants in
Brazil, there is increasing emphasis on generating robust scientific evi-
dence to support their rational use. Efforts have focused mainly on
the identification and characterization of bioactive constituents, dem-
onstration of efficacy and elucidation of pharmacological mechanisms
through well-designed preclinical and clinical studies. This has facili-
tated the integration of traditional knowledge with modern pharmaco-
logical science and has stimulated innovation in plant-derived
therapeutics.

Despite these advances, the translation of Brazil's biodiversity

into innovative medicines remains limited. Contributing factors
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Selected phytotherapeutic medicines approved by Anvisa in Brazil

Acheflan® (Cordia verbenacea)

Sintocalmy® (Passiflora incarnata)
Approved in 2007 by Anvisa

Approved in 2004 by Anvisa
N\

s ™
Phytochemical’s effects and mechanism of action

* Modulation of inflammatory pathways, NF-kB
inhibition®

» a-Humulene: reduction of IL-18, efficacy in
asthma models®

» trans-Caryophyllene: modulation of intestinal
inflammation through CB, receptors and
PPAR-y pathway¢

N . : 2
Aerial part® Major constituents Aerial part® Major constituents
(leaf essential oil) (ACHO6 extract)
a-Humulene
trans-Caryophyllene
\ J Ha€ J

\, J/
{ N
Phytochemical's effects and mechanism of action

e Anxiolytic and sleep-modulating’
 Interaction with GABAergic system?
| * Diazepam-comparable anxiolytic activity®

FIGURE 3 Acheflan® and Sintocalmy® main active compounds and their pharmacological effects. 2Martim et al. (2021). "Medeiros et al.
(2007). “Rogerio et al. (2009). 9Bento et al. (2011). *Guseinov et al. (2019). ‘McGregor et al. (2008). 8Grundmann et al. (2008).

include historical regulatory constraints on access to genetic resources
(in place until 2015), which restricted research and development activ-
ities in both academia and industry. In addition, the domestic pharma-
ceutical sector has traditionally prioritized generic drug production
over investment in innovative R&D. The lack of sustained public poli-
cies promoting collaboration between academia and industry has fur-
ther hindered translational progress.

Regulatory challenges also remain a key barrier, particularly with
respect to the efficiency of clinical trial authorization and the approval
of new medicines by the FDA-like Brazilian agency Anvisa. Strength-
ening regulatory frameworks and improving process efficiency are
essential to accelerate the development pipeline. In this context, align-
ing scientific, industrial and regulatory strategies will be critical to
unlocking the full therapeutic potential of Brazil's biodiversity.

3.3 | Development of the phytomedicine
Acheflan® from the Brazilian plant C. verbenacea

C. verbenacea D.C. (formerly classified as Cordia curassavica) is a
Brazilian native species of the Boraginaceae family, widely distributed
along the south-eastern coast. Its aerial parts exhibit a strong, persis-
tent aroma and are traditionally used in Brazilian folk medicine as

alcoholic extracts, decoctions and infusions, with reported anti-ulcer,

antimicrobial, anti-inflammatory, anti-rheumatic, analgesic and tonic
properties.

Phytochemical studies of ethanolic leaf extracts indicate a diverse
composition, including tannins, flavonoids and essential oils (Sertié
et al., 1988, 1991). The essential oil is mainly composed of monoter-
penes and sesquiterpenes, with constituents such as a-pinene, trans-
caryophyllene and alloaromadendrene (De Carvalho et al., 2004).
Within the regulatory pathway described in Section 3.1, Acheflan®
illustrates how Brazil can translate traditional use and academic phar-
macology into a registered phytomedicine when industry commits to
development (Figure 3). Acheflan® is a topical phytomedicine devel-
oped from the essential oil of C. verbenacea, a Brazilian species tradi-
tionally used for pain and inflammatory conditions. This case supports
a central premise of this review: Product development requires coor-
dinated selection of a relevant species, standardization of the active
preparation, long-term stability of the major constituents, well-
conducted and reproducible preclinical pharmacology studies, and
well-conducted clinical trials to confirm the safety and efficacy under
a defined regulatory framework. In 1998, Aché Laboratory redirected
its strategy towards innovation based on national biodiversity and
established a programme to prioritize species with consistent tradi-
tional use and pharmacological plausibility. To this end, a group of
researchers and consultants was assembled with the task of selecting

Brazilian plants with a strong tradition of medicinal use and
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demonstrable pharmacological potential. Among the species initially
considered, C. verbenacea, popularly known as ‘erva-baleeira’ or
‘maria-milagrosa’, stood out. In addition to its frequent use by local
populations to treat pain and inflammation, Aché Laboratory had
already conducted preliminary studies on this plant in partnership
with the University of Sdo Paulo, without conclusive results (Sertié
et al,, 1988, 1991, 2005).

Given the limitations of earlier studies using plant extracts, the
group decided to adopt a new strategy: to investigate the essential oil
extracted from the leaves of C. verbenacea; this approach proved deci-
sive. Chemical analysis of the oil led to the identification of several
compounds, with particular emphasis on two sesquiterpenes:
a-humulene and trans-caryophyllene (or B-caryophyllene), which dem-
onstrated marked anti-inflammatory and analgesic effects in experi-
mental models administered topically and systemically (Bento
et al., 2011; Fernandes et al., 2007; Medeiros et al., 2007; Passos
et al., 2007; Rogerio et al., 2009; Segat et al., 2017).

Building on this background, the partnership between academic
researchers and Aché Laboratory was consolidated in the early 2000s,
with a specific focus on the plant's essential oil. Preclinical studies
conducted by our research group demonstrated that this oil consis-
tently inhibited oedema induced by various inflammatory agents,
including carrageenan, BK, histamine and substance P. Moreover, it
reduced neutrophil migration and modulated allergic inflammatory
responses, including in models of ovalbumin-induced asthma. These
effects were mainly associated with reductions in pro-inflammatory
cytokines, such as TNF-a, without direct inhibition of the
cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) enzymes,
which are common targets of traditional anti-inflammatory drugs.

Mechanistic studies revealed that o-humulene and trans-
caryophyllene act by modulating key inflammatory pathways, includ-
ing inhibition of the transcription factor NF-kB. a-Humulene exhibited
additional relevant effects, such as reduction of IL-1p levels and
down-regulation of receptors involved in inflammation, and marked
efficacy in models of allergic asthma (Fernandes et al., 2007; Medeiros
et al., 2007; Passos et al., 2007; Rogerio et al., 2009). Alongside, trans-
caryophyllene demonstrated a central role in modulating intestinal
inflammation in an experimental model of DSS-induced colitis, with
effects mediated by cannabinoid CB, receptors and the peroxisome
proliferator-activated receptor-y (PPAR-y) pathway, suggesting thera-
peutic potential for IBD (Bento et al, 2011). Furthermore, trans-
caryophyllene exhibited an anti-allodynic effect in a paclitaxel-induced
peripheral neuropathy model, associated with up-regulation of CB,
receptors and its transcripts (Segat et al., 2017).

Preventive or therapeutic treatments with a-humulene orally or
by aerosol exhibited marked anti-inflammatory properties in a
murine model of airways allergic inflammation, an effect mediated
by the reduction of inflammatory mediators, inhibition of NF-kB and
activator protein 1 (AP-1) activation, expression of P-selectin and
increased mucus secretion in the lung (Rogerio et al., 2009). Further-
more, both compounds exhibited long-lasting analgesic effects in
different pain models, including inflammatory, neuropathic and post-

surgical pain.
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Pharmacokinetic studies demonstrated that a-humulene has rela-
tively rapid absorption following oral and topical administration,
reaching relevant concentrations in target tissues (Chaves
et al., 2008). Collectively, these findings helped to explain the clinical
efficacy observed with Acheflan® topical formulations. In parallel, tox-
icological studies in rodents and dogs indicated a high safety profile,
even after prolonged administration. Based on this robust body of
preclinical evidence, phase |, Il and Il clinical studies were conducted,
confirming the safety and efficacy of C. verbenacea essential oil as a
topical analgesic and anti-inflammatory agent. In 2004, the product
was approved by the Brazilian regulatory agency Anvisa and launched
on the Brazilian market in 2005 under the name Acheflan® (Aché
Laboratdrios Farmacéuticos S.A., 2025a). Subsequently, in 2007, a
spray formulation was introduced, further expanding its clinical
acceptance.

Since then, Acheflan® has become the most widely prescribed
topical medicine in Brazil for the treatment of pain and inflammation,
currently accounting for approximately 50% of prescriptions in this
category. Acheflan® is also exported to several countries across differ-
ent continents. Cumulative sales since its launch represent significant
economic value, consolidating the product as a commercial and
scientific success. Therefore, Acheflan® represents a rare example of
pharmaceutical innovation based on Brazilian biodiversity and demon-
strates that rigorous science, sustained industrial investment and sup-
portive industrial policy can translate a native species into a regulated

therapeutic product with clinical and commercial uptake in Brazil.

3.4 | Development of the phytomedicine
Sintocalmy® from P. incarnata

Following the development pathway described for Acheflan® and
within the regulatory framework of Anvisa, Sintocalmy® provides an
example of incremental innovation based on standardization and
repositioning of an established herbal medicine for CNS indications
(Figure 3). P. incarnata has a long history of use for anxiety and insom-
nia, and several international monographs and pharmacopoeias
describe its preparations for these indications (British Herbal Medicine
Association [BHMA], 1983; EMA, 2014).

Around 2006, after the commercial and clinical consolidation of
Acheflan®, Aché Laboratory decided to invest in the development of
a phytomedicine aimed at the treatment of CNS-related disorders.
This initiative was motivated by the high incidence of anxiety and
insomnia and the widespread use of benzodiazepines, which, although
effective, are associated with important adverse effects (i.e., sedation
and dependence). The search for Brazilian plants with a strong tradi-
tion of popular use for these indications proved to be limited, particu-
larly when large-scale cultivation was required. As an alternative, a
strategy of technological repositioning was adopted, focusing on an
already well-established herbal medicine derived from P. incarnata.

P. incarnata belongs to the family Passifloraceae and is widely dis-
tributed in temperate and tropical regions. Its hydroalcoholic extract,

obtained mainly from the leaves, has been traditionally used in several
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countries for the treatment of anxiety and insomnia. The species is
included in numerous international pharmacopoeias and monographs,
including those of France (Agence nationale de sécurité du médica-
ment et des produits de santé [ANSM], 2007) and Switzerland
(Swissmedic, 2006) and in EMA documents (EMA, 2014). Preclinical
studies conducted by our research group have demonstrated that the
extract exhibits anxiolytic and sleep-modulating effects in animal
models, which are mainly attributed to the flavonoids present in the
plant, such as vitexin, isovitexin and apigenin, known to interact with
the GABAergic system (De Oliveira et al., 2020; Elsas et al., 2010).

The innovative strategy adopted consisted of an extensive phyto-
chemical investigation aimed at removing alkaloids potentially associ-
ated with adverse effects while concentrating the flavonoid fraction.
The resulting extract, designated ACHO6, was standardized to contain
42 mg (7%) of total flavonoids expressed as vitexin. Non-clinical
studies conducted by our group at the Federal University of Santa
Catarina demonstrated that ACHO6 exhibited anxiolytic activity com-
parable to that of diazepam, with a favourable safety (toxicological)
profile.

On the basis of these findings, a phase Ill clinical trial was con-
ducted comparing ACHO6 with diazepam in patients with anxiety and
sleep disorders. The phytomedicine showed clinical efficacy similar to
that of the reference drug. As a result, the product was approved by
Anvisa under the name Sintocalmy® (Aché Laboratérios Farmacéuti-
cos S.A.,, 2025b), with indications for irritability, nervous agitation,
insomnia and anxiety disorders. Launched in 2010, Sintocalmy®
achieved wide medical acceptance and has since become one of the

most frequently prescribed phytomedicines in Brazil.

4 | POTENTIALPHYTOTHERAPEUTIC
MEDICINES CURRENTLY IN DEVELOPMENT
BY OUR RESEARCH GROUP

4.1 | Non-clinical efficacy and regulatory safety
assessment of a standardized extract of llex
paraguariensis for metabolic disorders

I. paraguariensis (yerba mate) is widely consumed in South America
and has long been associated with health-promoting effects. Accumu-
lating preclinical and limited observational clinical evidence indicates
beneficial actions of I. paraguariensis extracts in metabolic disorders,
including obesity, dyslipidaemia and type 2 diabetes mellitus (Bastos
et al., 2007; Gambero & Ribeiro, 2015; Lima et al., 2014; Pereira
et al., 2012; Pimentel et al., 2013; Valenca et al., 2022; see José
et al., 2023, for review). However, despite extensive traditional use,
no fully standardized extract had previously undergone a comprehen-
sive non-clinical development programme compliant with regulatory
requirements for the development of innovative phytotherapeutic
medicine.

To address this gap, our group generated a quite complete non-
clinical dossier in accordance with guidelines from Anvisa and other

regulatory agencies, aiming to support the clinical development of a

phytomedicine (Tolouei et al., 2025). Leaves and young branches of
I. paraguariensis were botanically authenticated and extracted using hot
agueous extraction, selected based on yield, scalability and regulatory
suitability. The resulting extract (yield ~17%) was chemically character-
ized by ultra-performance liquid chromatography-mass spectrometry
(UPLC-MS), identifying caffeine, theophylline, theobromine, rutin and
caffeoylquinic acids as major constituents (Tolouei et al., 2025).

A single spray-dried batch (about 4 kg), produced under industrial
conditions, was used throughout the programme. Quantitative analyses
confirmed consistent levels of alkaloids, phenolic acids and flavonoids,
and long-term stability studies demonstrated chemical integrity for at
least 30 months. Regulatory-relevant drug-enzyme interaction studies
showed no interaction on CYP3A4 activity in vivo, as assessed by mid-
azolam pharmacokinetics in rats, indicating a low risk of clinically signifi-
cant herb-drug interactions (Tolouei et al., 2025).

Pharmacokinetic studies performed in both mice and rats demon-
strated rapid oral absorption and sustained systemic exposure of the
principal alkaloids caffeine, theophylline and theobromine following
acute and repeated dosing. Efficacy was evaluated in multiple in vivo
validated models relevant to metabolic disease, including diet-induced
obesity, non-alcoholic hepatic steatosis, streptozotocin-induced type
2 diabetes mellitus and diabetes-associated hypertension. Therapeutic
administration of the extract reduced body weight gain, food intake
and glucose intolerance, with efficacy comparable to liraglutide. Treat-
ment normalized plasma glucose, insulin, leptin and cholesterol levels;
reduced adipose and liver mass; and significantly lowered circulating
pro-inflammatory cytokines (Tolouei et al., 2025).

Histological and molecular analyses demonstrated the modulation
of several relevant genes, protection against hepatic steatosis,
reduced lipid accumulation and down-regulation of fibrosis-related
and inflammasome-associated genes. Mechanistic investigations
revealed coordinated modulation of pathways involved in lipid metab-
olism, satiety and inflammation across adipose tissue, liver and hypo-
thalamus. Comprehensive Good Laboratory Practice (GLP)-compliant
safety studies showed no genotoxicity, no relevant toxicity in maxi-
mum tolerated dose or 90-day repeated-dose studies in rats, and no
adverse effects in CNS or cardiovascular safety pharmacology assays
(Tolouei et al., 2025).

In  conclusion, this standardized aqueous extract of
I. paraguariensis demonstrates robust efficacy and a favourable regula-
tory safety profile across multiple preclinical models of metabolic dis-
ease. Completion of ongoing non-rodent toxicity studies will enable
regulatory submission to Anvisa and FDA, supporting first-in-human

clinical development.

4.2 | Non-clinical efficacy and regulatory safety
assessment of a standardized extract of Justicia
pectoralis for respiratory inflammation

J. pectoralis Jacg. (Acanthaceae) is a perennial herb native to Brazil
and other Latin American countries, traditionally used to treat respira-

tory disorders (Leal et al., 2017; Nunes et al., 2018). Its leaves are
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commonly prepared as infusions and valued for their expectorant
properties (Leal et al., 2017; Rosa Janior et al., 2024). The species is
included in RENISUS and listed in the Brazilian Pharmacopoeia, where
it is indicated as an expectorant (Anvisa, 2021).

Preclinical studies with different extracts report multiple pharma-
cological activities, including anti-inflammatory, antioxidant, sedative,
anxiolytic, estrogenic and gastroprotective effects (Rosa Junior
et al., 2024; Timalsina et al., 2021; Wieczfinska et al., 2020). Extracts
also show antimicrobial activity against clinically relevant pathogens
such as Acinetobacter baumannii, Klebsiella pneumoniae, Staphylococcus
aureus, Listeria monocytogenes, Salmonella enteritidis and Escherichia
coli (Nunes et al., 2018; Oliveira et al., 2023). Phytochemical studies
indicate a diverse profile rich in coumarins, flavonoids and alkaloids,
which likely underpin its anti-inflammatory, bronchodilatory and
expectorant effects (Moura et al., 2017; Nunes et al., 2018).

Recently our group published a robust preclinical development
using TI-138, a fully standardized J. pectoralis extract (Tolouei
et al., 2026). The extract was chemically characterized by liquid
chromatography-tandem mass spectrometry (LC-MS/MS), and stabil-
ity studies demonstrated a consistent phytochemical profile for more
than 28 months. Pharmacokinetic evaluation in rats showed rapid oral
absorption (Ta.x = 0.25 h), with sustained peak plasma concentra-
tions of its principal markers, coumarin (~1.5 pg-ml~1) and o-coumaric
acid (~2.0 ug-ml~2). Importantly, interaction studies revealed no sig-
nificant effects on CYP3A4 activity, suggesting a low potential for
clinically relevant herb-drug interactions.

The therapeutic efficacy of orally administered TI-138 was dem-
onstrated across three distinct in vivo models of respiratory disease.
The extract produced marked expectorant and antitussive effects and
significantly attenuated airway inflammation and tissue remodelling in
experimental asthma. Mechanistic analyses, including polymerase
chain reaction (PCR) arrays, quantitative reverse transcription PCR
(RT-gPCR) and enzyme-linked immunosorbent assay (ELISA), indicated
that TI-138 exerts its effects through modulation of immune-
regulatory pathways. Treatment suppressed a broad panel of pro-
inflammatory genes, including interleukin-4 (IL-4), interleukin-5 (IL-5),
interleukin-13 (IL-13), interleukin-17a (IL-17a) and TNF-a, and down-
regulated key chemokines and receptors (CCL5, CCR4, CD4 and
CD28) to levels below those observed in healthy controls. At the pro-
tein level, these transcriptional changes were associated with a
marked reduction in pulmonary IgE and key inflammatory cytokines,
including IL-5, IL-13 and TNF-a (Tolouei et al., 2026).

In addition to its efficacy, the formulation underwent an extensive
battery of safety pharmacology and toxicological assessments con-
ducted under GLP conditions. TI-138 showed no evidence of geno-
toxicity and exhibited a favourable safety profile in both acute and
repeated-dose toxicity studies. Furthermore, evaluations of the CNS,
cardiovascular system and respiratory system revealed no adverse
off-target effects at therapeutically relevant doses (Tolouei
et al., 2026).

Taken together, the pharmacological, mechanistic and safety data
generated for the standardized TI-138 extract provide strong support

for the traditional use of J. pectoralis. By meeting stringent non-clinical
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regulatory requirements, these findings establish a solid foundation
for the progression of this candidate into clinical trials for the treat-

ment of inflammatory respiratory diseases (Tolouei et al., 2026).

4.3 | Non-clinical efficacy and regulatory safety
assessment of a standardized extract of Apuleia ferrea
for chronic inflammatory bowel diseases (IBDs)

Libidibia ferrea (Mart. ex Tul.) L.P. Queiroz (syn. Caesalpinia ferrea and
A. ferrea), commonly known as ‘juca’ or Brazilian ironwood, is a native
and endemic plant from Brazil and widely used in traditional medicine
for treating wounds, inflammation, respiratory and gastrointestinal
disorders, diabetes and rheumatism, typically as infusions or topical
preparations. Preclinical studies have demonstrated significant
wound-healing, anti-inflammatory and antimicrobial activities, with
evidence from in vitro assays and animal models, including enhanced
dermal repair in rodents, goats and dogs. Phytochemical analyses
reveal a complex composition rich in polyphenols (e.g., tannins), flavo-
noids, saponins and terpenoids, which are considered responsible for
its biological effects (Carvalho et al., 1996; Falcdo et al., 2019; see
Almeida et al., 2021; Macédo et al., 2020, for review).

Our group evaluated the preclinical efficacy, mechanisms of
action and GLP safety preclinical studies of a standardized extract of
A. ferrea (Test Item 118), aiming to support the regulatory develop-
ment of a phytomedicine for management of chronic IBDs, particu-
larly ulcerative colitis and Crohn's disease (Calixto, 2026). The
programme was conducted in line with national and international reg-
ulatory guidelines and integrated chemical characterization, long-term
stability assessment, pharmacokinetics, evaluation of drug-enzyme
interactions, demonstration of in vitro and in vivo proof of concept
(efficacy) in validated experimental models, molecular studies to
access the mechanisms of action and a comprehensive regulatory bat-
tery of preclinical safety studies.

Plant material was collected in the herbarium of Universidade de
Ribeirao Preto (UNAERP), state of Sdo Paulo; botanically authenti-
cated; and deposited in a recognized herbarium. Following compara-
tive extraction studies, a hydroalcoholic extract (50% v/v ethanol)
prepared from the aerial parts was selected based on extraction effi-
ciency, scalability and regulatory suitability. In collaboration with the
Centroflora company, a single 4-kg spray-dried batch was produced
and used throughout the programme. Chemical characterization using
advanced UPLC-MS chromatographic techniques identified flavo-
noids, phenolic acids and tannins as the predominant bioactive clas-
ses. Major constituents included gallic acid, epicatechin, quercetin,
naringenin, hispidulin, caffeic acid, galloylquinic acid derivatives and
gallotannins. The extract showed high chemical and biological stability
for at least 14 months.

Pharmacokinetic studies demonstrated low systemic exposure of
the principal phenolic compounds following oral administration, with
plasma concentrations below the limit of quantification after both
acute and repeated dosing. This pharmacokinetic profile strongly sug-

gests that the therapeutic effects are predominantly mediated by local
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action within the intestinal lumen and mucosa or through intestinal
microbiota, a highly desirable feature for the treatment of IBD. Con-
sistent with this, the extract did not significantly interfere with cyto-
chrome P450 3A4 activity, indicating a low potential for clinically
relevant herb-drug interactions.

Preclinical efficacy was demonstrated in both in vitro and in vivo
models. In intestinal epithelial cells stimulated with lipopolysaccharide,
the extract significantly reduced interleukin-8 (IL-8) release, indicating
direct suppression of pro-inflammatory signalling at the epithelial
level. In murine DSS- and TNBS-induced colitis models, oral treatment
attenuated body weight loss, disease activity index, colon shortening
and histopathological damage, accompanied by marked reductions in
key pro-inflammatory cytokines, including IL-6, TNF-q, interleukin-17
(IL-17) and interferon-y (IFN-y) (Calixto, 2026).

Mechanistic investigations provided important insights into the
molecular basis of these effects. Transcriptomic analyses using PCR
arrays and RT-gPCR revealed coordinated down-regulation of genes
associated with inflammasome activation, cytokine signalling and tissue
injury, alongside up-regulation of pathways related to cytoprotection,
epithelial regeneration and metabolic homeostasis. Notably, modulation
of genes involved in immune regulation (e.g., IL-6, TNF-a and signal
transducer and activator of transcription [STAT]), cell cycle control and
proliferation (proliferating cell nuclear antigen [PENA] and cyclin-depen-
dent kinase inhibitor 2A [CDKN2A]), tissue remodelling (T-cell immuno-
globulin and mucin domain 1 [TIM1]), oxidative stress responses (heme
oxygenase 1 [HMOX1] and iNOS) and epithelial repair (epidermal
growth factor receptor [EGFR], prominin-1 [PROM1] and catenin beta-
1 [CTNB1]) was observed. Immunohistochemical analyses corroborated
these findings, demonstrating reduced inflammatory infiltrates and
enhanced markers of mucosal repair (Calixto, 2026).

The gastroprotective effects of the extract were further con-
firmed in a chronic acetic acid-induced gastric ulcer model in rats, in
which treatment significantly reduced lesion area and volume,
supporting a broader role in mucosal protection and tissue healing.
Comprehensive GLP-compliant non-clinical safety studies conducted
in rodents demonstrated no mutagenic or genotoxic effects, no toxic-
ity in maximum tolerated dose or 90-day repeated-dose oral
toxicity studies, and no adverse effects on the CNS, cardiovascular
system or respiratory system.

In conclusion, the standardized extract of A. ferrea exhibits a
robust anti-inflammatory and mucosal-protective profile mediated by
multi-target modulation of inflammatory, immune and regenerative
pathways, combined with a favourable preclinical safety profile. These
findings provide strong mechanistic and regulatory support for contin-
ued development and submission to health authorities to enable clini-

cal evaluation in patients with IBDs to confirm its clinical efficacy.

5 | CONCLUDING REMARKS AND FUTURE
DIRECTION

Despite its extraordinary biodiversity and the extensive body of

published chemical and biological research on Brazilian plants in the

last decades, Brazil still lacks a coherent, durable national long-term
strategy to translate its biological resources into sustained medical
innovation products that effectively benefit its population. Persis-
tent regulatory constraints; the limited interest of domestic pharma-
ceutical companies in innovation; difficulties in conducting clinical
trials—particularly early-phase (phase ) studies; and the increasing
complexity, bureaucracy and scope of regulatory oversight Anvisa
have collectively hindered scientific progress and technological
development.

Although the enactment of the Brazilian Biodiversity Law (Law
No. 13,123 of May 20, 2015, 2015) represented an important regula-
tory milestone, critical aspects of its implementation remain insuffi-
ciently defined. Ongoing uncertainties regarding genetic information,
associated traditional knowledge, prior informed consent and access
to biological materials continue to discourage research and innovation.
Without urgent regulatory clarification and greater legal certainty, the
scientific and therapeutic potential of Brazil's biodiversity will remain
largely underexploited.

These structural limitations are clearly reflected in the current
market landscape. Among the 20 leading phytotherapeutic products
commercialized in Brazil in 2024 (see Table 1), only three were devel-
oped domestically, all of which involved partnerships with our
research group for the conduct of preclinical studies. To date, only
two phytotherapeutic medicines originating from Brazilian native bio-
diversity, C. verbenacea and M. glomerata, have received regulatory
approval by Anvisa for human use and remain commercially available.
Moreover, the phytomedicine sector has continued to decline, cur-
rently representing about 2% of the national pharmaceutical market,
compared with around 4%-5% in 2010.

Finally, reflecting on more than four decades of research and
innovation activities conducted by our research group on Brazilian
medicinal plants, we recognize that meaningful scientific advances
have been achieved, albeit with limited translation into innovative
products. The restricted engagement of the national pharmaceutical
industry in innovation-driven drug development, combined with the
lack of sustained governmental and political support for basic
research and long-term innovation policies, remains a major struc-
tural bottleneck. This persistent lack of commitment continues to
undermine Brazil's capacity to develop innovative medicines domes-
tically and to strategically capitalize on the exceptional value of its
rich biodiversity. Nevertheless, considerable efforts are still required
to reach this goal.

5.1 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to corre-
sponding entries in the IUPHAR/BPS Guide to PHARMACOLOGY
http://www.guidetopharmacology.org and are permanently archived
in the Concise Guide to PHARMACOLOGY 2025/26 (Alexander,
Cidlowski et al., 2025; Alexander, Davenport et al., 2025; Alexander,
Fabbro, Gibb, et al., 2025; Alexander, Fabbro, Peach, et al., 2025;
Alexander, Gibb et al., 2025; Alexander, Striessnig et al., 2025).
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