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Abstract 

Context: Witheringia solanacea has traditionally been used in Latin American medicine for its anti-inflammatory and antimicrobial properties, as well as for 

general pain management. However, few pharmacological studies have been conducted to validate these traditional uses. 

Aims: To determine the chemical composition and evaluate selected pharmacological activities of W. solanacea extracts using various experimental models. 

Methods: Hydroalcoholic extracts from fruit and aerial parts of W. solanacea were analyzed by high-performance thin-layer chromatography to detect secondary 

metabolites. Qualitative phytochemical screening and quantification of total phenolic and flavonoid contents were performed. The antioxidant and 

antibacterial activities of the extracts were evaluated in vitro. Additionally, acute oral toxicity, analgesic, and anti-inflammatory activities of the aerial part 

extract were assessed in rats. 

Results: Phytochemical analysis confirmed the presence of phenolics, flavonoids, coumarins, terpenoids, triterpenes, steroids, and alkaloids. Fruit extracts 

exhibited higher antioxidant activity than aerial-part extracts. The extracts showed only limited antibacterial activity, with effects observed only against E. 

faecalis (MIC ≈ 5 mg/mL). The aerial-part extract was classified as non-toxic (LD₅₀ > 2000 mg/kg). In vivo, this extract produced significant analgesic effects in the 

tail-flick model and significantly reduced carrageenan-induced paw edema and leukocyte infiltration, with effects comparable to those of indomethacin.  

Conclusions: W. solanacea aerial part extract exhibits analgesic and anti-inflammatory properties that support its traditional use for pain and inflammation, 

although only limited antibacterial activity was observed.  
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Resumen 

Contexto: Witheringia solanacea se ha utilizado tradicionalmente en la medicina latinoamericana por sus propiedades antiinflamatorias y antimicrobianas, así 

como para el manejo general del dolor. Sin embargo, se han realizado pocos estudios farmacológicos para validar estos usos tradicionales.  

Objetivos: Determinar la composición química y evaluar las actividades farmacológicas seleccionadas de los extractos de W. solanacea mediante diversos 

modelos experimentales. 

Métodos: Se analizaron extractos hidroalcohólicos de frutos y de partes aéreas de W. solanacea mediante cromatografía en capa fina de alta resolución para 
detectar metabolitos secundarios. Se realizó un cribado fitoquímico cualitativo y la cuantificación del contenido total de fenólicos y flavonoides. Se evaluaron 

in vitro las actividades antioxidantes y antibacterianas de los extractos. Además, se evaluaron la toxicidad oral aguda, las actividades analgésicas y 

antiinflamatorias del extracto de la parte aérea en ratas. 

Resultados: El análisis fitoquímico confirmó la presencia de fenólicos, flavonoides, cumarinas, terpenoides, triterpenos, esteroides y alcaloides. Los extractos 

de fruta mostraron una mayor actividad antioxidante que los de la parte aérea. Los extractos mostraron una actividad antibacteriana limitada, con efectos 
observados únicamente contra E. faecalis (CMI ≈ 5 mg/mL). El extracto de la parte aérea se clasificó como no tóxico (DL₅₀ > 2000 mg/kg). In vivo, este extracto 

produjo efectos analgésicos significativos en el modelo de movimiento de cola y redujo significativamente el edema de la pata y la infiltración leucocitaria 

inducidos por carragenina, con efectos comparables a los de la indometacina. 

Conclusiones: El extracto de la parte aérea de W. solanacea exhibe propiedades analgésicas y antiinflamatorias que respaldan su uso tradicional en el dolor y la 

inflamación, aunque se observó una actividad antibacteriana limitada. 

Palabras Clave: antiinflamatorio; antimicrobiano; antinociceptivo; antioxidante; toxicidad oral; Witheringia solanacea. 
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Abbreviations: DPPH: 2,2-diphenyl-1-picrylhydrazyl assay; DW: dry weight; E%: percentage of edema; EDTAE: ethylenediaminetetraacetic 
acid equivalents; F1: fruit extract from Mora; F2: fruit extract from Puerto Jiménez; FICA: ferrous iron chelating activity assay; FRAP: ferric 
reducing antioxidant power assay; GAE: gallic acid equivalents; HAT: hydrogen atom transfer; MIC: minimum inhibitory concentration; 
ORAC: oxygen radical absorbance capacity assay; QE: quercetin equivalents; SET: single electron transfer; SL1: stem and leaf extract from 
Mora; SL2: stem and leaf extract from Puerto Jiménez; TE: Trolox equivalents; TFC: total flavonoid content; TPC: total phenolic content. 

 

INTRODUCTION 

Witheringia solanacea L’Hér is a small shrub (1-4 m 
high) that belongs to the Solanaceae family. This species 
is widely distributed from southern Mexico to Bolivia 
in South America, through Central America and the 
Caribbean islands. The plant is typically found be-
tween 0 and 2000 m above sea level (Pequeno et al., 
2017). 

W. solanacea has several medicinal ethnobotanical 
applications in Mesoamerica and South America. For 
example, in Mexico and Nicaragua, this plant is used 
to treat skin illnesses such as acne (Coe, 2008; Jacobo-
Herrera et al., 2006). In Costa Rica, W. solanacea is used 
to treat infections; the fruit is eaten to alleviate head-
aches and stomachaches, and the roots are used to treat 
diabetes (García et al., 2006). In Panama, the whole 
plant and fruit are used for general body pain, skin dis-
eases, hypertension, and as an anthelmintic (Caballero-
George et al., 2001; Gupta et al., 1993). In Ecuador, the 
plant is widely used by several indigenous tribes; infu-
sions and juices from the leaves and fruit are used to 
treat headaches, inflammation, skin infections, stom-
achaches, diarrhea, bronchitis, and tuberculosis (Bal-
lesteros et al., 2016). 

Despite the extensive use of this plant in traditional 
Latin American medicine, few pharmacological stud-
ies have confirmed its traditional uses. Some studies 
have investigated the hypoglycemic activity (Herrera 
et al., 2011; Pequeno et al., 2021) and the antimalarial 
and antileishmanial activity (Chinchilla et al., 2012; 
Chinchilla-Carmona et al., 2014) of different extracts 
and plant parts. 

Moreover, the phytochemistry of W. solanacea is not 
well known, but it has been compared with that of W. 
coccoloboides, from which seven physalins have been 
isolated. Physalins are steroidal lactones commonly 
found in the Solanaceae family and exhibit a variety of 
biological activities, including antitumor, antibacterial, 
and anti-inflammatory properties (Meira et al., 2022; 
Wu et al., 2021). Physalins B, D, and F have been iso-
lated from the leaves of W. solanacea. Physalins B and F 
have demonstrated anti-inflammatory effects in in vitro 
models using cell cultures (Jacobo-Herrera et al., 2006).  

To date, no studies have assessed the anti-inflam-
matory and analgesic activities of W. solanacea in ani-
mal models, which could provide additional biologi-
cally relevant evidence supporting the ethnobotanical 
applications of this plant. Furthermore, to the best of 

our knowledge, no prior reports have described the 
evaluation of the antibacterial activity of W. solanacea 
extracts, despite its traditional use for treating infec-
tions. Given the limited pharmacological data availa-
ble on W. solanacea, this study evaluated its antimicro-
bial, anti-inflammatory, and analgesic activities using 
hydroalcoholic extracts of fruit and aerial parts from 
two regions of Costa Rica. Acute oral toxicity, antioxi-
dant capacity, and phytochemical profiles were also 
determined.  

MATERIAL AND METHODS 

Collection of plant material 

Aerial parts of W. solanacea were collected in Febru-
ary 2021 in two different locations of Costa Rica: Puerto 
Jiménez, Puntarenas province (South Pacific Region) 
(8°33’14’’ N, 83°23’56’’ W) and Mora, San José province 
(Central Region) (9°54’52.9” N, 84°16’50.6’’ W). Taxo-
nomic identification was performed by an expert bota-
nist from the National University of Costa Rica. A 
voucher specimen of the species was deposited in the 
“Juvenal Valerio Rodríguez” Herbarium (National 
University of Costa Rica) under the acquisition num-
bers JVR5362 and JVR5363, respectively.  

Preparation of extracts 

Combined stems and leaves of W. solanacea were 
shade-dried and ground to a particle size of 2 mm us-
ing a blade mill (Wiley, United States). Ripe fruits were 
frozen at -80°C and freeze-dried using a LABCONCO 
Freezone 6 system (United States). The dried fruit was 
milled with a food processor and sieved to a maximum 
particle size of 2 mm. Each plant material was macer-
ated separately in a 1:10 ratio with 80%(v/v) ethanol 
for two weeks. The extract was decanted, and the plant 
residue was subjected to a second one-week macera-
tion under the same conditions. The resulting extract 
was decanted and combined with the first extract. The 
pooled extract was filtered through a 0.45 µm PVDF 
membrane, and ethanol was removed by evaporation 
at 40°C (Büchi R-100, Switzerland). The remaining 
aqueous phase was freeze-dried to obtain the dried ex-
tracts. Four extracts were obtained, corresponding to: 
fruit from Mora (F1), fruit from Puerto Jiménez (F2), 
stems and leaves from Mora (SL1), and stems and 
leaves from Puerto Jiménez (SL2). Extraction yields 
were calculated, and the extracts were stored at -20°C 
for further analyses. 
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Chemical characterization of the extracts 

Extracts (10 mg/mL) were diluted in a 1:1 metha-
nol-water mixture, and 25 µL were applied to HPTLC-
grade silica gel 60 F254 plates (20 × 10 cm; Millipore, 
Germany). Samples were sprayed as 8 mm × 1 mm 
bands using the ATS4 autosampler (CAMAG, Switzer-
land) at 150 nL/s, with nitrogen as the propellant gas. 
The first band was positioned 20 mm from the left edge 
of the plate, and the solvent front was set at 80 mm 
from the bottom. After application, the plates were 
dried for 30 seconds using the ADC2 automatic devel-
oping chamber (CAMAG, Switzerland). The chamber 
was then saturated with the mobile phase. Following 
saturation, the plates were developed and dried for 5 
minutes. Chromatographic development was con-
ducted at room temperature (24 ± 3°C) and relative hu-
midity (51 ± 3%). Chromatograms were visualized un-
der visible light or UV light (254 or 366 nm) using a 
TLC visualizer (CAMAG, Switzerland). 

Conditions for the detection of phenolic compounds by 
HPTLC 

For the detection of highly polar phenolic com-
pounds (e.g., glycosidic phenolics), a single develop-
ment system was employed using a mobile phase com-
posed of butan-2-ol: n-butanol, ethyl acetate, and for-
mic acid (60:40:15:10). The development chamber was 
saturated for 20 minutes prior to use. For low-polarity 
phenolic compounds (e.g., non-glycosidic phenolics), a 
two-step development system was applied. Plates 
were first developed with a mobile phase of toluene, 
ethyl acetate, and formic acid (60:45:3), followed by a 
second elution using toluene, ethyl acetate, n-hexane, 
and formic acid (60:30:10:3). The chamber was satu-
rated for 10 minutes before each elution step, and 
plates were dried in the ADC2 development chamber 
prior to the second development. After development, 
plates were derivatized using potassium ferricyanide 
and ferric chloride reagents (detection of phenolics), 
aluminum chloride reagent (detection of flavonoids), 
or potassium hydroxide solution (detection of couma-
rins, flavonoids, and quinones). All reagents were pre-
pared and applied according to the method of Lock de 
Ugaz (1994). 

Conditions for the detection of terpenoids by HPTLC 

Terpenoids were detected using a mobile phase of 
chloroform, methanol, and water (100:40:5) after 20 
minutes of chamber saturation. Following develop-
ment, plates were derivatized with either anisalde-
hyde/sulfuric acid or the Liebermann-Burchard rea-
gent, both prepared and applied as described by Lock 
de Ugaz (1994).  

Conditions for the detection of alkaloids by HPTLC 

Alkaloids were detected using a mobile phase of 
chloroform, methanol, and ammonium hydroxide 
(47.5:47.5:5) after 20 minutes of chamber saturation. 
Following development, plates were derivatized with 
Dragendorff’s reagent, as described by Lock de Ugaz 
(1994).  

Additional qualitative tests 

Additionally, the extracts underwent preliminary 
phytochemical screening to identify secondary metab-
olite groups, including carbohydrates, reducing sug-
ars, amino acids and peptides, saponins, tannins, and 
cardiac glycosides, following standard protocols (Lock 
de Ugaz, 1994; Tiwari et al., 2011). 

Determination of total phenolic content (TPC) 

TPC of the extracts was determined in triplicate us-
ing the 96-well Folin-Ciocalteu method described by 
Bobo-García et al. (2015). Results were expressed as the 
mean concentration of gallic acid equivalents (GAE) 
(mg GAE/g dry weight (DW)) ± standard error of the 
mean (SEM). 

Determination of total flavonoid content (TFC) 

TFC of extracts was measured in triplicate using a 
modified aluminum chloride method, as described by 
Magalhães et al. (2012). Quercetin was used as the 
standard at a concentration range of 20–60 µg/mL. 
TFC values were expressed as mean quercetin equiva-
lents (QE) (mg QE/g DW) ± SEM. 

Evaluation of antioxidant activity 

Oxygen Radical Absorbance Capacity (ORAC) assay  

ORAC values were determined following the 
method of Kenny et al. (2015), with minor modifica-
tions. Fluorescence decay curves of the standard and 
the samples were recorded over 1 hour. A Trolox cali-
bration curve was constructed within a linearity range 
of 20-60 µM. Each sample was analyzed in triplicate, 
and antioxidant capacity was expressed as mean 
Trolox equivalents (TE) (µmol TE/g DW) ± SEM. 

Ferric Reducing Antioxidant Power (FRAP) assay  

FRAP values were measured using a microplate-
adapted version of the method described by Işıl et al. 
(2010). Trolox standards (20-100 µM) were prepared in 
methanol. Extract concentrations were adjusted to fall 
within the calibration curve's linear range. Aliquots of 
20 µL of Trolox or extract solutions were dispensed 
into microplate wells, followed by the addition of 130 
µL of 30 mM HCl, 25 µL of 1.2% (w/v) potassium fer-
ricyanide, and 25 µL of 0.1% (w/v) iron (III) chloride 
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hexahydrate. Methanol was used as the blank for the 
standard instead of Trolox, while distilled water re-
placed potassium ferricyanide in the extract blanks to 
correct for intrinsic absorbance. Plates were incubated 
at room temperature, and the absorbance was meas-
ured at 700 nm using a Synergy HT microplate reader 
(BioTek Instruments, USA). Each assay was performed 
in triplicate, and results were reported as mean TE 
(µmol TE/g DW) ± SEM. 

2,2- Diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity assay 

The concentration of extract required to reduce 
DPPH radicals by 50% (IC50) was determined using a 
microplate assay adapted from Kenny et al. (2015). The 
IC50 values were obtained by interpolation from dose-
response curves fitted with the Hill equation. Each de-
termination was conducted in triplicate, and antioxi-
dant activity was reported as mean IC50 (µg/mL) ± 
SEM. 

Ferrous Iron Chelating Activity (FICA) assay  

FICA was assessed following the procedure de-
scribed by Santos et al. (2017), with minor modifica-
tions. A 0.3 mM iron (II) chloride solution was used as 
an iron (II) source, and the EDTA standard curve 
ranged from 25-100 µM. Each assay was performed in 
triplicate, and results were expressed as mean EDTA 
equivalents (EDTAE) (µmol EDTAE/g DW) ± SEM.  

Evaluation of antibacterial activity 

Staphylococcus aureus (ATCC 6538), Staphylococcus 
epidermidis (ATCC 12228), Enterococcus faecalis (ATCC 
29212), Pseudomonas aeruginosa (ATCC 15442), Esche-
richia coli (ATCC BAA-2452), Klebsiella pneumoniae 
(ATCC 10031), and Salmonella enterica subsp. enterica 
serovar Typhimurium (known as S. typhimurium) 
(ATCC 14028) were employed as test microorganisms. 
The minimum inhibitory concentration (MIC) of the 
extracts was determined using the broth microdilution 
method, following the guidelines established by the 
European Committee for Antimicrobial Susceptibility 
Testing (EUCAST, 2003) of the European Society of 
Clinical Microbiology and Infectious Diseases 
(ESCMID). Extracts were tested at a maximum concen-
tration of 10 mg/mL. Ciprofloxacin hydrochloride was 
used as the positive control for E. coli and E. faecalis, 
while ceftriaxone disodium salt was used for the re-
maining strains. Dimethyl sulfoxide (DMSO) was em-
ployed as the solvent for the extracts, at a final concen-
tration not exceeding 1% (v/v) in the culture broth. For 
antibiotic controls, the culture broth was used without 
any added solvent. 

Experimental animals 

Sprague–Dawley rats (11-12 weeks old) were ob-
tained from the Biological Testing Laboratory (LEBi), 
University of Costa Rica. All experimental protocols 
were approved by the Institutional Committee for the 
Care and Use of Laboratory Animals (CICUA 038-
2020) and complied with the International Guiding 
Principles for Biomedical Research Involving Animals 
(CIOMS). Animals were maintained under standard 
conditions (22 ± 2°C, 12 h light/dark cycle) and had ad 
libitum access to food and water. 

Due to limited fruit availability, only the stem and 
leaf extract (SL2) was used for in vivo tests. SL2 was se-
lected over SL1 due to its higher total phenolic content 
and antioxidant activity, suggesting a greater concen-
tration of bioactive compounds. 

Acute oral toxicity test 

The acute oral toxicity of SL2 was evaluated in ac-
cordance with OECD Guideline 423. A single oral dose 
of 2000 mg/kg (dissolved in distilled water) was ad-
ministered to six female Sprague-Dawley rats (11 
weeks old, 260 ± 15 g) fasted overnight. A control 
group received distilled water. Animals were observed 
at 30, 60, 120, 180, and 240 minutes after treatment and 
daily for 14 days. Clinical signs (e.g., tremors, convul-
sions, dehydration, salivation, diarrhea, lethargy), as 
well as respiratory, circulatory, autonomic, and central 
nervous system function, were monitored. Body 
weight was recorded every two days. At the end of the 
observation period, animals were euthanized 
(150 mg/kg i.p. pentobarbital overdose), and necrop-
sies were performed to assess macroscopic changes in 
target organs. 

Evaluation of antinociceptive activity by the tail 
flick test 

Antinociceptive effects were assessed using the tail 
flick test described by D’Amour & Smith (1941), with a 
Tail Flick Unit-Thermal Stimulation device (Ugo Ba-
sile, model 7360). Male Sprague–Dawley rats (12 weeks 
old, 350 ± 20 g) were randomized into four groups (n = 
8) and treated i.p. with SL2 extract dissolved in saline 
solution (500 or 1000 mg/kg), morphine (5 mg/kg) as 
a positive control, or saline solution (1 mL) as a nega-
tive control. Tail withdrawal latency was measured 10 
minutes before (pre-treatment latency) and at 30, 60, 
90, and 120 minutes after treatment administration 
(post-treatment latency). All measurements were per-
formed at the midpoint of the distal third of the tail. A 
20 s cut-off time was applied to prevent tissue damage. 
Results were expressed as a percentage of antinocicep-
tion (A%) according to the following formula [1]. 
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A% =  
(post-treatment latency – pre-treatment latency) 

× 100 [1] 
(cut-off time – pre-treatment latency) 

 
Evaluation of anti-inflammatory activity by the 
carrageenan-induced paw edema model 

The anti-inflammatory effect was assessed accord-
ing to the method described by Winter et al. (1962), 
with minor modifications. Male Sprague–Dawley rats 
(11 weeks old, 300 ± 20 g) were randomized into four 
groups (n = 8) and treated i.p. with SL2 extract dis-
solved in saline solution (250 or 500 mg/kg), indo-
methacin (50 mg/kg) as a positive control, or saline (1 
mL) as a negative control. After one hour, 0.1 mL of 1% 
(w/v) carrageenan was injected subplantarly into the 
right hind paw, and 0.1 mL of saline into the left paw. 
Paw thickness was measured in duplicate at 1, 2, 4, 6, 
and 24 hours using a digital caliper (Kroeplin, model 
C330). Results were expressed as a percentage of 
edema (E%) according to the following formula [2]. 

E% =  
(right paw size – left paw size) 

× 100 [2] 
(left paw size)  

Histology of paw tissue 

At the end of the anti-inflammatory evaluation, an-
imals were euthanized by decapitation. Subplantar 
skin samples were fixed in 10% formalin-PBS for 48 h, 

processed, embedded in paraffin, sectioned (5 µm), 
and stained with hematoxylin–eosin. Histopathologi-
cal evaluation focused on tissue congestion and leuko-
cyte infiltration. 

Statistical analysis 

Results were expressed as means ± SEM. Data from 
antioxidant activity assays were analyzed by one-way 
ANOVA followed by Tukey’s post hoc tests and Pear-
son´s correlation. In vivo results were analyzed using a 
two-way repeated-measures ANOVA followed by 
Dunnett´s multiple-comparisons test. A p-value <0.05 
was considered statistically significant. Analyses were 
performed using the GraphPad Prism® version 8. 

RESULTS  

Chemical characterization of the extracts 

Data from the detection of different groups of me-
tabolites in the ethanolic extracts obtained from W. sol-
anacea are summarized in Table 1. HPTLC chromato-
grams are shown in Figs. 1 to 4. Fruit extracts contained 
a more diverse array of phenolic compounds com-
pared to extracts from stems and leaves (Fig. 1A).  

 

Table 1. Results of qualitative tests for the detection of metabolite groups in W. solanacea extracts. 

Detected metabolites 
Extract 

F1 F2 SL1 SL2 

Metabolites detected by HPTLC 

Phenolics + + + + 

Flavonoids + + + + 

Quinones  - - - - 

Coumarins - + + + 

Terpenoids + + + + 

Triterpenes and Steroids + + + + 

Alkaloids + + - - 

Metabolites detected by qualitative phytochemical screening 

Carbohydrates (Molisch test) + + + + 

Carbohydrates (Benedict test) + + + + 

Amino acids and peptides (Ninhydrin test) + + + + 

Amino acids and peptides (Biuret test) + + + + 

Saponins (Foam test) - - - - 

Tannins (Protein precipitation test) - - - - 

Cardiac glycosides (Kedde test) - - - - 

Cardiac glycosides (Keller-Killiani test) - - - - 

+: Positive result; -: Negative result. F1: Fruit extract from Mora; F2: Fruit extract from Puerto Jiménez; SL1: Stem and leaf extract from Mora; SL2: 

Stem and leaf extract from Puerto Jiménez. 
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Figure 1. Chromatograms showing the 

detection of polar phenolic compounds 

in W. solanacea extracts.  

(A) General phenolics (derivatization with 

potassium ferricyanide and ferric chloride 

reagent). (B) Flavonoids (derivatization with 

aluminum chloride reagent). (C) Coumarins, 

flavonoids, and quinones (derivatization with 

potassium hydroxide reagent).  

Dr: observation after derivatization; Dv: 

observation after development; F1: fruit 

extract from Mora; F2: fruit extract from 

Puerto Jiménez; SL1: stem and leaf extract 

from Mora; SL2: stem and leaf extract from 

Puerto Jiménez; UV: chromatogram under UV 

light (366 nm); Vis: chromatogram observed 

under visible light. Major positive changes are 

highlighted with yellow or black boxes. 

 
 

 

Figure 2. Chromatograms 

showing the detection of non-

polar phenolic compounds in W. 

solanacea extracts.  

(A) General phenolics (derivatization 

with potassium ferricyanide and ferric 

chloride reagent). (B) Flavonoids 

(derivatization with aluminum chloride 

reagent). (C) Coumarins, flavonoids, 

and quinones (derivatization with 

potassium hydroxide reagent). 

Dr: observation after derivatization; Dv: 

observation after development; F1: 

fruit extract from Mora; F2: fruit extract 

from Puerto Jiménez; SL1: stem and 

leaf extract from Mora; SL2: stem and 

leaf extract from Puerto Jiménez; UV: 

chromatogram under UV light (366 nm); 

Vis: chromatogram observed under 

visible light. Major positive changes are 

highlighted with yellow or black boxes. 

 
Moreover, most of the phenolics present in the ex-

tracts were highly polar. The flavonoids present in F1 
and F2 consisted of a mixture of polar and non-polar 
compounds, with F1 containing the greatest number of 
such compounds (Figs. 1B and 2B). Coumarins were 
only detected in SL1 and SL2 under low-polarity 
HPTLC development conditions; however, under 
high-polarity elution conditions, coumarins were also 
found in F2 but not in F1 (Figs. 1C and 2C). 

Extracts were also rich in terpenoids (Fig. 3). Differ-
ences were observed between extracts of the same 

plant material collected from different regions; moreo-
ver, F1 and SL1 showed a more diverse terpenoid pro-
file compared to F2 and SL2, respectively. The extracts 
were particularly abundant in triterpenoid and steroi-
dal compounds (Fig. 3B). The fruit extracts also 
showed the presence of alkaloids, with F1 and F2 ex-
hibiting a similar profile for this group of metabolites 
(Fig. 4). However, SL1 and SL2 were negative for the 
presence of alkaloids. 
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Figure 3. Chromatograms showing 
the detection of terpenoids in W. 

solanacea extracts.  

(A) General terpenoids (derivatization 

with anisaldehyde/sulfuric acid reagent). 

(B) Steroids and triterpenoids 

(derivatization Liebermann-Burchard 

reagent).  

Dr: observation after derivatization; Dv: 

observation after development; F1: fruit 

extract from Mora; F2: fruit extract from 

Puerto Jiménez; SL1: stem and leaf 

extract from Mora; SL2: stem and leaf 

extract from Puerto Jiménez; UV: 

chromatogram under UV light (366 nm); 

Vis: chromatogram observed under 

visible light. Major positive changes are 

highlighted with yellow or black boxes. 

 
 

 

Figure 4. Chromatograms showing the detection of alkaloids in 

W. solanacea extracts by derivatization with Dragendorff 

reagent.  

Dr: observation after derivatization; Dv: observation after development; 

F1: fruit extract from Mora; F2: fruit extract from Puerto Jiménez; SL1: 

stem and leaf extract from Mora; SL2: stem and leaf extract from Puerto 

Jiménez; Vis: chromatogram observed under visible light. Major positive 

changes are highlighted with black boxes. 

 
Determination of TPC, TFC, and antioxidant activity 

The results of the TPC and TFC assays are pre-
sented in Fig. 5A-B. Fruit extracts showed higher levels 
of TPC and TFC compared to stem and leaf extracts. F1 
had the highest TPC value (59.1 ± 0.9 mg GAE/g), 
whereas F2 showed the highest TFC level (127.7 ± 5 mg 
QE/g). 

Regarding the antioxidant activity assays, fruit ex-
tracts exhibited the strongest antioxidant activity in 
ORAC, FRAP, and DPPH assays (Fig. 5C-E, respec-
tively). F1 was the most potent extract in these assays, 
with ORAC, FRAP, and DPPH IC50 values of 1796 ± 63 
µmol TE/g, 472.7 ± 5.4 µmol TE/g, and 51.6 ± 2.5 
µg/mL, respectively. In the FICA assay (Fig. 5F), F2 
and SL2 were the most active, with FICA values of 

104.6 ± 0.5 µmol EDTAE/g and 103.1 ± 0.7 µmol 
EDTAE/g, respectively. 

On the other hand, Fig. 6 indicates a significant cor-
relation between TPC and TFC values and the antioxi-
dant activities evaluated by ORAC, DPPH, and FRAP 
assays. However, the FICA assay results did not corre-
late with either TPC or TFC. 

Determination of antibacterial activity 

Table 2 summarizes the results from the broth mi-
crodilution assay. SL2 was the only active extract, with 
an MIC of 5 mg/mL against E. faecalis, which is classi-
fied as exhibiting mild antibacterial activity according 
to the criteria reported by Bussmann et al. (2010). 
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Figure 5. Determination of TPC, TFC, and antioxidant activity of W. solanacea extracts.  

(A) TPC values. (B) TFC values. (C) ORAC values. (D) FRAP values. (E) IC50 DPPH values. (F) FICA values. 

Different capital letters above the bars indicate significant differences (p < 0.05). Results are expressed as mean ± SEM (n = 3). DPPH: 2,2-diphenyl-1-

picrylhydrazyl assay; DW: dry weight; EDTAE: ethylenediaminetetraacetic acid equivalents; F1: fruit extract from Mora; F2: fruit extract from Puerto 

Jiménez; FICA: ferrous iron chelating activity assay; FRAP: ferric reducing antioxidant power assay; GAE: gallic acid equivalents; ORAC: oxygen radical 

absorbance capacity assay; QE: quercetin equivalents; SL1: stem and leaf extract from Mora; SL2: stem and leaf extract from Puerto Jiménez; TE: Trolox 

equivalents; TFC: total flavonoid content; TPC: total phenolic content. 

 
 

 

Figure 6. Pearson’s correlation matrix.  

(A) Correlation coefficients (r). (B) p-values 

matrix. 

DPPH: 2,2-diphenyl-1-picrylhydrazyl assay; FICA: 

ferrous iron chelating activity assay; FRAP: ferric 

reducing antioxidant power assay; ORAC: oxygen 

radical absorbance capacity assay; TFC: total 

flavonoid content; TPC: total phenolic content. 
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Table 2. Antibacterial activity of W. solanacea extracts against selected bacterial strains. 

Bacteria 

Minimum Inhibitory Concentration 

F1 

(mg/mL) 

F2 

(mg/mL) 

SL1 

(mg/mL) 

SL2 

(mg/mL) 

Control* 

(µg/mL) 

S. aureus (ATCC 6538) >5 >5 >5 >5 4 

S. epidermidis (ATCC 12228) >5 >5 >5 >5 2 

E. faecalis (ATCC 29212) >5 >5 >5 5 0.5 

P. aeruginosa (ATCC 15442) >5 >5 >5 >5 32 

E. coli (ATCC BAA-2452) >5 >5 >5 >5 0.03 

K. pneumoniae (ATCC 10031) >5 >5 >5 >5 0.03 

S. typhimurium (ATCC 14028) >5 >5 >5 >5 0.06 

*Control: ciprofloxacin chloride for E. coli and E. faecalis, or ceftriaxone disodium salt for other bacteria. F1: fruit extract from Mora; F2: fruit 

extract from Puerto Jiménez; SL1: stem and leaf extract from Mora; SL2: stem and leaf extract from Puerto Jiménez. 

 
 

 

Figure 7. Antinociceptive effect of the 

stem and leaf extract from Puerto Jiménez 

(SL2) in the tail flick test in rats.  

Results are presented as the mean ± SEM of the 

percentage of antinociception (n = 8). Statistical 

significance was determined by two-way 

repeated measures ANOVA followed by 

Dunnett´s multiple comparisons test. *p < 0.05, 

***p < 0.001 compared to control (saline 

solution). 

 
Acute toxicity test 

The acute toxicity test revealed that oral administra-
tion of SL2 extract at a single dose of 2000 mg/kg did 
not cause mortality in the rats during the 14 days of the 
assay. Since the median lethal dose (LD50) is greater 
than 2000 mg/kg, this extract is classified as non-toxic 
under OECD Guideline 423 (2002). Moreover, the ex-
tract did not cause significant changes in behavior or 
general appearance, or any signs of toxicity, during the 
14 days following administration. Body weight gain in 
both control and treated groups was similar. Necropsy 
conducted 14 days post-administration revealed no 
significant macroscopic alterations in the target or-
gans.  

Antinociceptive activity 

The results of the antinociceptive activity of the SL2 
extract are presented in Fig. 7. The tail-flick test 
showed a significant (p = 0.0334) increase in baseline 
latency time (i.e., the time required to withdraw the 
tail) 30 min after the treatment with 1000 mg/kg of SL2 
extract compared to the control group. No significant 

effect was observed at later time points or with the 500 
mg/kg dose. As expected, morphine (5 mg/kg) in-
creased latency at 30, 60, and 90 minutes post-treat-
ment compared with the control (p = 0.0005, 0.0009, 
and 0.0119, respectively). Vehicle administration did 
not significantly affect the nociceptive threshold. 

Anti-inflammatory activity 

The results of the anti-inflammatory activity of the 
SL2 extract are shown in Fig. 8. Injection of carragee-
nan into the hind paw tissue of rats pretreated with ve-
hicle (control group) caused a progressive increase in 
paw edema that persisted for 24 hours, with a maxi-
mum effect at 4 and 6 hours. Pretreatment with 500 
mg/kg of SL2 extract significantly reduced carragee-
nan-induced edema at 2 and 4 hours post-injection 
compared with the control group (p = 0.0209 and p = 
0.0043, respectively). No significant reduction was ob-
served at 1, 6, or 24 hours, although a trend toward de-
creased edema was observed across all time points, 
similar in magnitude to that in the indomethacin 
group. Pretreatment  with 250  mg/kg  of  SL2  extract 
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Figure 8. Anti-inflammatory effect 
of the stem and leaf extract from 

Puerto Jiménez (SL2) extract in 

carrageenan-induced paw edema 

in rats.  

Results are presented as the mean ± 

SEM of the percentage of edema (right 

hind paw) relative to non-inflamed 

control (left hind paw) (n = 8). Statistical 

significance was determined by two-

way repeated measures ANOVA followed 

by Dunnett´s multiple comparison test. 

*p < 0.05 compared to control (saline 

solution). 

 
significantly (p = 0.0222) reduced edema only at 4 
hours post-injection. No significant reduction in in-
flammation was observed at 1, 2, 6, or 24 hours. Indo-
methacin (50 mg/kg) produced a significant reduction 
in paw edema at 2 and 4 hours post-injection as com-
pared to the control group (p = 0.0229 and p = 0.0143, 
respectively). 

The histological biopsies of the rat paw 24 hours af-
ter carrageenan injection are presented in Fig. 9. Paw 
tissue from the control group pretreated with vehicle 
(Fig. 9A) showed typical signs of acute inflammation, 
including leukocyte infiltration and congestion, com-
pared to normal paw tissue (Fig. 9B). Pretreatment 
with indomethacin decreased paw swelling and leuko-
cyte infiltration (Fig. 9E). Pretreatment with 500 
mg/kg of SL2 extract similarly reduced swelling and 
leukocyte infiltration to a comparable extent (Fig. 9C). 
Paw tissue from animals pretreated with 250 mg/kg of 
SL2 extract showed more leukocyte infiltration and 
congestion than the group treated with the higher dose 
(Fig. 9D). 

DISCUSSION 

In Latin American countries, W. solanacea has tradi-
tionally been used for various purposes, including as 
an anti-inflammatory and antimicrobial agent, and for 
general pain relief. Ethnobotanical reports describe the 
use of different parts of the plant – such as fruits, stems, 
and leaves - prepared using diverse methods (Balles-
teros et al., 2016; Caballero-George et al., 2001; Coe, 
2008; García et al., 2006; Gupta et al., 1993; Jacobo-Her-
rera et al., 2006). Given the diversity in traditional 
preparations, ethanolic extracts of each plant material 
were prepared for chemical characterization and bio-
logical evaluation. 

The primary finding from chemical characteriza-
tion was the variation among extracts from different 
plant parts and collection sites. Phytochemical screen-
ing and HPTLC analysis revealed the presence of phe-
nolics, flavonoids, coumarins, terpenoids, alkaloids, 
triterpenes, and steroids. Variation in phytochemical 
profiles between plant parts is typical in medicinal 
plants (Ak et al., 2020). Furthermore, chemical differ-
ences related to collection sites have been reported in 
other species (Camara et al., 2021). F1 and SL1 were 
collected in Costa Rica´s Central Valley (cooler, mod-
erate rainfall), while F2 and SL2 were from the South 
Pacific Region (hotter, more humid). Environmental 
factors such as altitude, temperature, solar radiation, 
and precipitation are known to influence the metabo-
lite profiles (Liu et al., 2016). Genotypic variation may 
also contribute to the observed differences (Camara et 
al., 2021). These aspects warrant further in-depth in-
vestigation. 

The extracts were rich in triterpenoid and steroidal 
compounds, consistent with previous reports of these 
metabolite groups in species of the Witheringia genus, 
including W. solanacea (Pequeno et al., 2017). Previous 
studies have isolated physalins —steroidal lactones— 
from this species (Jacobo-Herrera et al., 2006). 

As expected for Solanaceae species, fruit extracts 
were positive for alkaloids. Several alkaloids from this 
family exhibit anti-inflammatory activity (Xia et al., 
2021). Thus, identifying the alkaloids in W. solanacea 
fruit and evaluating their anti-inflammatory potential 
is a promising research direction. Unfortunately, this 
analysis could not be conducted due to limited fruit 
availability.  

Consistent with qualitative assays, in vitro analyses 
revealed differences in TPC and TFC values and anti-
oxidant activity among extracts from different regions, 
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Figure 9. Paw tissue dissected 24 hours after injection of A) carrageenan or B) saline solution in control groups; C) 500 mg/kg, D) 250 

mg/kg of stem and leaf extract from Puerto Jiménez (SL2); and E) 50 mg/kg of indomethacin.  

Arrows indicate leukocyte infiltration. Arrowheads indicate tissue congestion and swelling. Hematoxylin–eosin staining. Scale bar = 50 µm. 

 
likely due to environmental variation. Fruit extracts 
showed higher TPC and TFC values and stronger anti-
oxidant activity than stem and leaf extracts. Similar dif-
ferences in TPC, TFC, and antioxidant activity among 
plant parts have been reported in related species, such 
as W. somnifera (Alam et al., 2012; Sahoo et al., 2024) 
and Physalis peruviana (Ertürk et al., 2017), although 
their extracts exhibited lower values than those of W. 
solanacea in the present study. 

The antioxidant capacity was evaluated using as-
says based on different chemical mechanisms. Phe-
nolic compounds and flavonoids are known to stabi-
lize free radicals and to chelate transition metals in-
volved in Fenton and Haber-Weiss reactions (Perron & 
Brumaghim, 2009). A positive correlation was ob-
served between TPC/TFC and antioxidant activities in 
the ORAC, DPPH, and FRAP assays. In contrast, no 
such correlation was found with FICA results, possibly 
due to differences in compounds responsible for metal 

chelation. This hypothesis is supported by the ob-
served variations in phenolic composition among the 
extracts. 

Antibacterial activity was assessed due to the tradi-
tional use of W. solanacea for treating infections (García 
et al., 2006; Jacobo-Herrera et al., 2006). Only the stem 
and leaf extract of W. solanacea from Puerto Jiménez 
showed mild activity against E. faecalis, a pathogen in-
volved in external and internal infections. Although 
limited, these findings are noteworthy given the lack 
of prior antibacterial studies despite its traditional use. 

In vivo studies were conducted only with the stem 
and leaf extract due to limited fruit availability. SL2 
was selected based on higher TPC and antioxidant ac-
tivity than SL1, suggesting a greater concentration of 
active metabolites.  

Toxicological evaluation is essential for medicinal 
plant research. Thus, the acute oral toxicity of SL2 was 
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assessed prior to its pharmacological evaluation. Re-
sults indicated no acute toxicity at doses up to 2000 
mg/kg. This is a relevant finding, given the lack of pre-
vious toxicological studies for W. solanacea or related 
species. These results are consistent with previous 
studies conducted with extracts from plants of the Sol-
anaceae family, in which many species have been 
shown to exhibit low acute oral toxicity in animal mod-
els at doses of up to 5000 mg/kg (Epoh et al., 2019; 
Moussaoui et al., 2020; Parra et al., 2001).  

Pain is a common symptom associated with numer-
ous medical conditions. In Latin America, W. solanacea 
is traditionally used to treat headaches and general 
pain (Caballero-George et al., 2001; García et al., 2006; 
Gupta et al., 1993), although no pharmacological stud-
ies had been reported prior to this work. The tail flick 
test is a well-established method for assessing analge-
sic properties, measuring the latency of the tail flick re-
flex following thermal stimulation, which activates 
pain responses at spinal and/or supraspinal levels 
(Barrot, 2012). Although the SL2 extract of W. solanacea 
produced analgesic effects only during the first 30 
minutes of the test, this finding is noteworthy given its 
traditional use for pain relief and the absence of prior 
pharmacological evidence.  

The phenolic-rich profile of W. solanacea may ex-
plain its analgesic potential, as such compounds pos-
sess antinociceptive activity (Sun & Shahrajabian, 
2023). Additionally, some physalins—compounds 
identified in W. solanacea—have been reported to pos-
sess analgesic properties (Jacobo-Herrera et al., 2006; 
Wu et al., 2021). These components may contribute to 
the plant's observed analgesic effects. However, fur-
ther studies should be conducted using additional no-
ciception and pain models to confirm this activity and 
to identify the specific active metabolites involved. 

The carrageenan-induced paw edema model, 
which mimics acute inflammation, was used to assess 
anti-inflammatory activity. This model involves two 
phases: an early phase involving the release of media-
tors such as histamine, serotonin, and bradykinin, and 
a later phase characterized by increased cyclooxygen-
ase (COX) and nitric oxide synthase activity, leading to 
edema and leukocyte infiltration (McKim et al., 2016). 
The SL2 extract reduced edema at 2 and 4 hours and 
decreased leukocyte infiltration at 24 hours, similar to 
indomethacin, suggesting inhibition of pro-inflamma-
tory enzymes. These findings indicate a modulatory ef-
fect on acute inflammation; however, further mecha-
nistic studies are needed. 

Previous research demonstrated that physalins B 
and F (but not D) from W. solanacea modulate NF-κB in 
cell models (Jacobo-Herrera et al., 2006). Other studies 
have confirmed the anti-inflammatory effects of 

physalins by suppressing cytokine production (Meira 
et al., 2022). However, in vivo evidence of anti-inflam-
matory activity for W. solanacea was previously lack-
ing. The present findings provide novel in vivo confir-
mation that supports its traditional medicinal use. 

Finally, antioxidant polyphenols may contribute to 
the observed anti-inflammatory effects (Roy et al., 
2022). Phenolic acids and flavonoids have been shown 
to mitigate oxidative stress in inflammation models, in-
cluding carrageenan-induced paw edema, in which ox-
idative stress is a key component (Albarakati, 2022). 
Thus, in addition to physalins, polyphenols are likely 
contributors to the W. solanacea anti-inflammatory ac-
tivity. Future studies could include fractionation of the 
active extract to isolate specific anti-inflammatory or 
analgesic compounds and assess their effects on in-
flammatory mediators (e.g., COX, cytokines) to eluci-
date mechanisms. 

CONCLUSION 

Extracts from the aerial parts of W. solanacea demon-
strated anti-inflammatory and antinociceptive effects, 
with no acute toxicity observed. These results support 
the traditional use of the plant for treating inflamma-
tion and pain. In contrast, antibacterial activity was 
weak. The observed anti-inflammatory and analgesic 
effects may be attributed to antioxidant phenolics, fla-
vonoids, and known physalins present in the extracts. 
W. solanacea, therefore, represents a promising source 
of compounds for managing inflammation and pain. 

CONFLICT OF INTEREST 

The research was conducted entirely free from any in-
volvement in commercial, financial, or personal matters that 
might be perceived as a possible conflict of interest or that 
could have influenced the outcomes or interpretation of the 
study. 

ACKNOWLEDGMENTS 

The authors would like to thank Jorge Poveda and Minor 
Carranza from the “Juvenal Valerio Rodríguez” Herbarium 
(Universidad Nacional, Costa Rica), and German Madrigal 
from the Pharmaceutical Research Institute (INIFAR, for its 
acronym in Spanish), University of Costa Rica, for their help 
in the collection and identification of the plant. The authors 
also thank the technical staff and students from the School of 
Pharmacy and the Pharmaceutical Research Institute at the 
University of Costa Rica for their assistance with parts of the 
experiments. This work was supported by the University of 
Costa Rica (grant number 817-C1-096). 

GENERATIVE ARTIFICIAL INTELLIGENCE (AI) 

The authors used ChatGPT (Open AI) to improve the lan-
guage and readability of the manuscript. The authors re-
viewed and edited the content and take full responsibility for 

https://jppres.com/


Herrera et al. Pharmacological activities of Witheringia solanacea 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(1): 13 

 

its accuracy. No images were generated or manipulated us-
ing AI tools. 

REFERENCES 

Ak G, Zengin G, Sinan KI, Mahomoodally MF, Picot-Allain MCN, 
Cakir O, Bensari S, Yilmaz MA, Gallo M, Montesano D (2020) A 
comparative bio-evaluation and chemical profiles of Calendula 
officinalis L. extracts prepared via different extraction 
techniques. Appl Sci 10(1/): 5920. 
https://doi.org/10.3390/app10175920 

Alam N, Hossain M, Mottalib MA, Sulaiman SA, Gan SH, Khalil MI 
(2012) Methanolic extracts of Withania somnifera leaves, fruits 
and roots possess antioxidant properties and antibacterial 
activities. BMC Complement Altern Med 12: 175. 
https://doi.org/10.1186/1472-6882-12-175 

Albarakati AJA (2022) Protocatechuic acid counteracts oxidative 
stress and inflammation in carrageenan-induced paw edema in 
mice. Environ Sci Pollut Res Int 29: 56393–56402. 
https://doi.org/10.1007/s11356-022-19688-9 

Ballesteros JL, Bracco F, Cerna M, Vita Finzi P, Vidari G (2016) 
Ethnobotanical research at the Kutukú Scientific Station, 
Morona-Santiago, Ecuador. Biomed Res Int 2016: 1–18. 
https://doi.org/10.1155/2016/9105746 

Barrot M (2012) Tests and models of nociception and pain in rodents. 
Neuroscience 211: 39–50. 
https://doi.org/10.1016/j.neuroscience.2011.12.041 

Bobo-García G, Davidov-Pardo G, Arroqui C, Vírseda P, Marín-
Arroyo MR, Navarro M (2015) Intra-laboratory validation of 
microplate methods for total phenolic content and antioxidant 
activity on polyphenolic extracts, and comparison with 
conventional spectrophotometric methods. J Sci Food Agric 
95(1): 204–209. https://doi.org/10.1002/jsfa.6706 

Bussmann RW, Malca-García G, Glenn A, Sharon D, Chait G, Díaz 
D, Pourmand K, Jonat B, Somogy S, Guardado G, Aguirre C, 
Chan R, Meyer K, Kuhlman A, Townesmith A, Effio-Carbajal J, 
Frías-Fernández F, Benito M (2010) Minimum inhibitory 
concentrations of medicinal plants used in Northern Peru as 
antibacterial remedies. J Ethnopharmacol 132(1): 101–108. 
https://doi.org/10.1016/j.jep.2010.07.048 

Caballero-George C, Vanderheyden PML, Solís PN, Pieters L, Shahat 
AA, Gupta MP, Vauquelin G, Vlietinck AJ, (2001) Biological 
screening of selected medicinal Panamanian plants by 
radioligand-binding techniques. Phytomedicine 8(1): 59–70. 
https://doi.org/10.1078/0944-7113-00011 

Camara A, Haddad M, Traore MS, Chapeland-Leclerc F, Ruprich-
Robert G, Fourasté I, Balde MA, Royo J, Parny M, Batigne P, 
Salon M, Coste A, Balde AM, Aubouy A (2021) Variation in 
chemical composition and antimalarial activities of two 
samples of Terminalia albida collected from separate sites in 
Guinea. BMC Complement Med Ther 21: 64. 
https://doi.org/10.1186/s12906-021-03231-3 

Chinchilla M, Valerio I, Sánchez R, Mora V, Bagnarello V, Martínez 
L, González A, Vanegas JC, Apestegui Á (2012) In vitro 
antimalarial activity of extracts of some plants from a biological 
reserve in Costa Rica. Rev Biol Trop 60(2): 881–891. 
https://doi.org/10.15517/rbt.v60i2.4024 

Chinchilla-Carmona M, Valerio-Campos I, Sánchez-Porras R, 
Bagnarello-Madrigal V, Martínez-Esquivel L, González-
Paniagua A, Alpízar JC, Cordero-Villalobos M, Rodríguez-
Chaves D (2014) Anti-leishmanial activity in plants from a 
biological reserve of Costa Rica. Rev Biol Trop 62(3): 1229–1240. 
https://doi.org/10.15517/rbt.v62i3.12377 

Coe FG (2008) Ethnomedicine of the Rama of southeastern 
Nicaragua. J Ethnobiol 28(1): 1–38. 
https://doi.org/10.2993/0278-
0771_2008_28_1_eotros_2.0.co_2 

D’Amour FE, Smith DL (1941) A method for determining loss of pain 
sensation. J Pharmacol Exp Ther 72: 74–79. 

Epoh NJ, Matafack OL, Tadjoua HT, Tchouanguep FM, Telefo P 
(2019) Evaluation of acute and sub-acute toxicity of the aqueous 
extract from the fruit of Solanum indicum Linn. (Solanaceae) in 
rats. Eur J Med Plant 30(3): 1–16. 
https://doi.org/10.9734/ejmp/2019/v30i330179 

Ertürk Ö, Çol ayvaz M, Can Z, Karaman Ü, Korkmaz K (2017) 
Antioxidant, antimicrobial activities and phenolic and chemical 
contents of Physalis peruviana L. from Trabzon, Turkey. Indian J 
Pharm Educ Res 51(3s): S213-S216. 
https://doi.org/10.5530/ijper.51.3s.15 

EUCAST (2003) European Committee for Antimicrobial 
Susceptibility Testing (EUCAST) of the European Society of 
Clinical Microbiology and Infectious Diseases (ESCMID). 
Determination of minimum inhibitory concentrations (MICs) of 
antibacterial agents by broth dilution. Clin Microbiol Infect 9(8): 
ix–xv. https://doi.org/10.1046/j.1469-0691.2003.00790.x 

García M, Sánchez P, Poveda L, Otárola M (2006) Proyecto 
etnobotánico del Caribe Norte de Costa Rica. Estación Biológica 
Cano Palma, Universidad Nacional de Costa Rica (UNA). 

Gupta MP, Correa MD, Solís PN, Jones A, Galdames C, Guionneau-
Sinclair F (1993) Medicinal plant inventory of Kuna Indians: Part 
1. J Ethnopharmacol 40(2): 77–109. 
https://doi.org/10.1016/0378-8741(93)90054-9 

Herrera C, García-Barrantes PM, Binns F, Vargas M, Poveda L, 
Badilla S (2011) Hypoglycemic and antihyperglycemic effect of 
Witheringia solanacea in normal and alloxan-induced 
hyperglycemic rats. J Ethnopharmacol 133(2): 907–910. 
https://doi.org/10.1016/j.jep.2010.10.003 

Işıl K, Güçlü K, Tor İ, Demirata B, Apak R (2010) Total antioxidant 
capacity assay using optimized ferricyanide/prussian blue 
method. Food Anal Methods 3: 154–168. 
https://doi.org/10.1007/s12161-009-9117-9 

Jacobo-Herrera NJ, Bremner P, Márquez N, Gupta MP, Gibbons S, 
Muñoz E, Heinrich M (2006) Physalins from Witheringia 
solanacea as modulators of the NF-κB cascade. J Nat Prod 69(3): 
328–331. https://doi.org/10.1021/np050225t 

Kenny O, Brunton NP, Smyth TJ (2015) In Vitro Protocols for 
Measuring the Antioxidant Capacity of Algal Extracts. In: 
Stengel D, Connan S (eds.) Natural Products From Marine 
Algae. Methods in Molecular Biology, vol. 1308. New York, NY: 
Humana Press, pp. 375–402. https://doi.org/10.1007/978-1-
4939-2684-8_24 

Liu W, Yin D, Li N, Hou X, Wang D, Li D, Liu J (2016) Influence of 
environmental factors on the active substance production and 
antioxidant activity in Potentilla fruticosa L. and its quality 
assessment. Sci Rep 6: 28591. 
https://doi.org/10.1038/srep28591 

Lock de Ugaz O (1994) Investigación fitoquímica: métodos en el 
estudio de productos naturales. Pontificia Universidad Católica 
del Perú Fondo Editorial, Perú. 
https://doi.org/10.18800/9788483909522 

Magalhães LM, Almeida MIGS, Barreiros L, Reis S, Segundo MA 
(2012) Automatic aluminum chloride method for routine 
estimation of total flavonoids in red wines and teas. Food Anal 
Methods 5: 530–539. https://doi.org/10.1007/s12161-011-9278-
1 

McKim JM, Baas H, Rice GP, Willoughby JA, Weiner ML, Blakemore 
W (2016) Effects of carrageenan on cell permeability, 
cytotoxicity, and cytokine gene expression in human intestinal 
and hepatic cell lines. Food Chem Toxicol 96: 1–10. 
https://doi.org/10.1016/j.fct.2016.07.006 

Meira CS, Soares JWC, dos Reis BPZC, Pacheco LV, Santos IP, Silva 
DKC, de Lacerda JC, Daltro SRT, Guimarães ET, Soares MBP 
(2022) Therapeutic applications of physalins: powerful natural 

https://jppres.com/
https://doi.org/10.3390/app10175920
https://doi.org/10.1186/1472-6882-12-175
https://doi.org/10.1007/s11356-022-19688-9
https://doi.org/10.1155/2016/9105746
https://doi.org/10.1016/j.neuroscience.2011.12.041
https://doi.org/10.1002/jsfa.6706
https://doi.org/10.1016/j.jep.2010.07.048
https://doi.org/10.1078/0944-7113-00011
https://doi.org/10.1186/s12906-021-03231-3
https://doi.org/10.15517/rbt.v60i2.4024
https://doi.org/10.15517/rbt.v62i3.12377
https://doi.org/10.2993/0278-0771_2008_28_1_eotros_2.0.co_2
https://doi.org/10.2993/0278-0771_2008_28_1_eotros_2.0.co_2
https://doi.org/10.9734/ejmp/2019/v30i330179
https://doi.org/10.5530/ijper.51.3s.15
https://doi.org/10.1046/j.1469-0691.2003.00790.x
https://doi.org/10.1016/0378-8741(93)90054-9
https://doi.org/10.1016/j.jep.2010.10.003
https://doi.org/10.1007/s12161-009-9117-9
https://doi.org/10.1021/np050225t
https://doi.org/10.1007/978-1-4939-2684-8_24
https://doi.org/10.1007/978-1-4939-2684-8_24
https://doi.org/10.1038/srep28591
https://doi.org/10.18800/9788483909522
https://doi.org/10.1007/s12161-011-9278-1
https://doi.org/10.1007/s12161-011-9278-1
https://doi.org/10.1016/j.fct.2016.07.006


Herrera et al. Pharmacological activities of Witheringia solanacea 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(1): 14 

 

weapons. Front Pharmacol 13: 864714. 
https://doi.org/10.3389/fphar.2022.864714 

Moussaoui AEL, Bourhia MM, Jawhari FZ, Es-Safi I, Ali SS, Bari A, 
Mahmood HM, Bousta D, Bari A (2020) Withania frutescens. L 
extract: phytochemical characterization and acute and repeated 
dose 28-day oral toxicity studies in mice. Biomed Res Int 2020: 
1976298.  https://doi.org/10.1155/2020/1976298 

OECD (2002) Test No. 423: Acute Oral toxicity - Acute Toxic Class 
Method, OECD Guidelines for the Testing of Chemicals, 
Section 4. Paris: OECD Publishing. 
https://doi.org/10.1787/9789264071001-en 

Parra AL, Yhebra RS, Sardiñas IG, Buela LI (2001) Comparative 
study of the assay of Artemia salina L. and the estimate of the 
medium lethal dose (LD50 value) in mice, to determine oral 
acute toxicity of plant extracts. Phytomedicine 8(5): 395–400. 
https://doi.org/10.1078/0944-7113-00044 

Pequeno A, Miranda Y, Rodríguez G, Valverde V, Álvarez L, Juvenal 
H, Rodríguez V, Da Silva T, Da V, Junior S (2017) The genus 
Witheringia: A review of its traditional uses, phytochemistry 
and pharmacology. Int J Herb Med 5(2): 11–15. 

Pequeno AP, da Silva TMS, de Oliveira VVG, da Silva VA (2021) 
Hypoglycemic effect and histopathological changes of the 
ethanolic extract of Witheringia solanaceae L’Hér fruits. J 
Morphol Sci 38: 305–308. 
https://doi.org/10.51929/jms.38.52.2021 

Perron NR, Brumaghim JL (2009) A review of the antioxidant 
mechanisms of polyphenol compounds related to iron binding. 
Cell Biochem Biophys 53: 75–100. 
https://doi.org/10.1007/s12013-009-9043-x 

Roy A, Das S, Chatterjee I, Roy S, Chakraborty R (2022) Anti-
inflammatory effects of different dietary antioxidants. In: Ekiert 
HM, Ramawat KG, Arora J (eds.). Plant Antioxidants and 

Health. Reference Series in Phytochemistry. Springer, Cham. 
https://doi.org/10.1007/978-3-030-78160-6_20 

Sahoo M R, Varrier RR, Sharma BSH, Rajendran A, Guru B (2024) 
Phytochemical profiling for leaf, stem, roots, and seeds of 
Withania somnifera (L.) Dunal. J Rep Pharm Sci 12(1): e146161. 
https://doi.org/10.5812/jrps.146161 

Santos JS, Alvarenga VR, Granato D (2017) High-throughput assay 
comparison and standardization for metal chelating capacity 
screening: A proposal and application. Food Chem 214: 515–
522. https://doi.org/10.1016/j.foodchem.2016.07.091 

Sun W, Shahrajabian MH (2023) Therapeutic potential of phenolic 
compounds in medicinal plants-natural health products for 
human health. Molecules 28(4): 1845. 
https://doi.org/10.3390/molecules28041845 

Tiwari P, Kumar B, Mandeep K, Kaur G, Kaur H (2011) 
Phytochemical screening and extraction: A review. Int Pharm 
Sciencia 1: 98–101. 

Winter CA, Risley EA, Nuss GW (1962) Carrageenin-induced edema 
in hind paw of the rat as an assay for antiinflammatory drugs. 
Proc Soc Exp Biol Med 111: 544–547. 
https://doi.org/10.3181/00379727-111-27849 

Wu J, Zhao J, Zhang T, Gu Y, Khan IA, Zou Z, Xu Q (2021) Naturally 
occurring physalins from the genus Physalis: A review. 
Phytochemistry 191: 112925. 
https://doi.org/10.1016/j.phytochem.2021.112925 

Xia W, Kolli AR, Koshibu K, Martin F, Kondylis A, Kuczaj A, Tan 
WT, Yeo YS, Tan G, Teng C, Woon K, Schneider T, Talikka M, 
Phillips BW, Vanscheeuwijck P, Peitsch MC, Hoeng J (2021) In 
vivo profiling of a natural alkaloid, anatabine, in rodents: 
pharmacokinetics and anti-inflammatory efficacy. J Nat Prod 
84(4): 1012–1021. 
https://doi.org/10.1021/acs.jnatprod.0c01044 

_________________________________________________________________________________________________________ 

 

 
AUTHOR CONTRIBUTION:      

Contribution Herrera C Delgado-Rodríguez F Apú N Madrigal-Gamboa V Porras M 

Concepts or ideas x x    

Design x x    

Definition of intellectual content x x    

Literature search x x    

Experimental studies x x x x x 

Data acquisition x x x x  

Data analysis x x    

Statistical analysis x x    

Manuscript preparation x x    

Manuscript editing x x x x x 

Manuscript review x x x x x 

 

Citation Format: Herrera C, Delgado-Rodríguez F, Apú N, Madrigal-Gamboa V, Porras M (2025) Anti-inflammatory, antinociceptive, antioxidant, and 

antimicrobial activities of hydroalcoholic extracts of Witheringia solanacea L’Hér. J Pharm Pharmacogn Res 14(1): 2303. 

https://doi.org/10.56499/jppres_14.1.2303 

 

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the 

publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed 

by the publisher. 

 

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, duplication, 

adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license and 

indicate if changes were made.  

https://jppres.com/
https://doi.org/10.3389/fphar.2022.864714
https://doi.org/10.1155/2020/1976298
https://doi.org/10.1787/9789264071001-en
https://doi.org/10.1078/0944-7113-00044
https://doi.org/10.51929/jms.38.52.2021
https://doi.org/10.1007/s12013-009-9043-x
https://doi.org/10.1007/978-3-030-78160-6_20
https://doi.org/10.5812/jrps.146161
https://doi.org/10.1016/j.foodchem.2016.07.091
https://doi.org/10.3390/molecules28041845
https://doi.org/10.3181/00379727-111-27849
https://doi.org/10.1016/j.phytochem.2021.112925
https://doi.org/10.1021/acs.jnatprod.0c01044
https://doi.org/10.56499/jppres_14.1.2303

