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Abstract

Introduction. Leishmaniasis remains a major public health challenge in Colombia, driven by
high incidence, Leishmania species diversity, and drug resistance. Colombian medicinal
plants, rooted in rich ethnobotanical traditions and supported by the country’s exceptional
biodiversity, represent a promising yet underexplored resource for the development of novel

antileishmanial therapies.

Aim of the study. To systematically assess Colombian medicinal plants with reported in vitro
antileishmanial activity, to estimate pooled ICs, values through meta-analysis, and to identify

extracts with favorable selectivity indices (Sl) as potential antileishmanial candidates.

Materials and methods. A systematic search (2000—April 2025) of PubMed, EMBASE, and
LILACS identified in vitro studies reporting ICs, values of Colombian plant extracts against
Leishmania spp. A random-effects meta-analysis was used to estimate pooled ICs, values.
Risk of bias was assessed using a modified QUIN tool. Subgroup analyses explored
methodological and biological factors, such as plant part, extraction solvent, and taxonomic

family.

Results. Twenty-five studies were included, covering 110 records on 24 plant species.
Thirteen studies with complete IC5,+ SD data were eligible for meta-analysis. The pooled
mean ICs, was 41.25ug/mL (95% CI: 37.95-44.55), with substantial heterogeneity
(I"=100%). Lower ICs, values were associated with bark/wood extracts, methanol or
dichloromethane solvents, and species from the Chrysobalanaceae and Bignoniaceae
families. Xylopia discreta (Annonaceae) showed the highest Sl (up to 110). Additional species
from the Lamiaceae, Lauraceae, Picramniaceae, and Rutaceae families also demonstrated
favorable S| values. However, methodological variability limited the ability to make direct

comparisons across studies.

Conclusion. Several Colombian plant species showed promising in vitro antileishmanial

activity, with selected extracts combining high potency and notably high selectivity. The
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inclusion of Sl analysis in this review provides a more meaningful assessment of therapeutic
potential beyond ICs, values alone. These findings underscore the value of Colombia’s plant
biodiversity as a source of candidate compounds for antileishmanial drug development.
However, standardized in vitro protocols, consistent cytotoxicity evaluation, and in vivo
validation remain essential to ensure comparability and guide the selection and advancement

of the most promising extracts toward therapeutic application.

Introduction

Leishmaniasis is a neglected tropical disease caused by protozoan parasites of the genus
Leishmania, transmitted to humans through the bite of infected female Phlebotomine sandflies
(Phlebotomus spp. in the Old World and Lutzomyia spp. in the New World) [1]. This vector-
borne disease presents a wide clinical spectrum, with three main manifestations: cutaneous
leishmaniasis (CL), the most prevalent form, characterized by ulcerative skin lesions that may
result in disfiguring scars; mucocutaneous leishmaniasis (MCL), a severe and potentially
mutilating progression of CL that affects the mucous membranes of the nasopharyngeal
region; and visceral leishmaniasis (VL), the most severe form, which involves internal organs
such as the spleen, liver, and bone marrow, leading to systemic complications and high

mortality if left untreated [2, 3].

In Colombia, nine Leishmania species have been historically reported: L. panamensis, L.
braziliensis, L. guyanensis, L. equatoriensis, L. lainsoni, L. colombiensis, L. mexicana, L.
amazonensis, and L. infantum. All except L. infantum, which is associated with VL, have been
linked to CL. Furthermore, L. panamensis, L. braziliensis, and L. guyanensis have also been
associated with MCL [4]. In addition, L. naiffi and L. lindenbergi were identified more recently
in three Colombian soldiers, representing the first reports of these species in the country [5].
Compared to 2023, an overall increase of 25.5% in reported cases of leishmaniasis in
Colombia was observed in 2024, from 5,486 to 6,886 notifications [6, 7]. This increase was
mainly driven by a 26.2% increase in CL, which continues to represent the most frequent

clinical manifestation. In addition, a moderate increase of 6.6% was observed in cases of MCL,
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while cases of VL decreased by 15% [7]. The persistent epidemiological burden of
leishmaniasis in Colombia, driven by its endemicity, high incidence rates, broad geographical
distribution, and the diversity of Leishmania species, highlights the urgent need for improved

disease management

Conventional treatment strategies for leishmaniasis in Colombia rely primarily on the use of
pentavalent antimonials, amphotericin B, miltefosine, and other pharmacological agents [8].
Despite their widespread use, these therapies are associated with significant limitations,
including severe toxicity, high cost, complex administration protocols, and, most critically, the
increasing emergence of drug-resistant Leishmania strains. A recent systematic review
addressing treatment failure and clinical relapse in leishmaniasis identified Latin America as
one of the regions with the highest number of cases, with Brazil, Colombia, and French Guiana
reporting the highest rates of relapse [9]. The study also highlighted the impact of treatment
failure across clinical forms of the disease, reporting failure or relapse rates of 47.6% for CL
and 45.2% for VL. These findings underscore the urgent need for novel therapeutic strategies

capable of overcoming the challenges posed by drug-resistant Leishmania strains.

Within the repertoire of pharmacological approaches, increasing attention is being paid to the
reuse of existing drugs and the identification of new compounds with anti-leishmanial activity.
In this context, natural products have emerged as a particularly promising area of exploration.
Medicinal plants offer a rich source of bioactive molecules that may lead to the development
of safer, more effective, and affordable therapeutic options, addressing key gaps in current

pharmacological interventions.

Colombia’s exceptional biodiversity presents a valuable opportunity for bioprospecting efforts.
As one of the most biodiverse countries in the world, Colombia hosts a wide range of plant
species, many of which produce secondary metabolites with antiparasitic activity [10]. This
phytochemical diversity constitutes a largely untapped resource for the discovery of new

leishmanicidal compounds. Recent pharmacological and ethnobotanical studies have
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80 identified several species with activity against Leishmania spp. [11], further supporting the

81  need for a systematic evaluation of the available evidence.

82 This systematic review and meta-analysis aims to comprehensively analyze research
83  conducted between January 1, 2000, and April 30, 2025, on Colombian medicinal plants with
84  documented antileishmanial activity. By synthesizing the available evidence, the study aims
85 toidentify candidate species and their bioactive constituents with potential for the development
86  of safer and more effective treatments for leishmaniasis. Additionally, it aims to identify current
87  knowledge gaps and propose future research priorities to support the advancement of these

88  natural products toward clinical application.

89 Methodology

90 Reporting System and Registration

91  This systematic review and meta-analysis was conducted in accordance with the Preferred
92 Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [12]. The study
93  protocol was prospectively registered in the International Prospective Register of Systematic
94  Reviews (PROSPERO) under the registration number CRD420251076470, accessible at

95  https://www.crd.york.ac.uk/PROSPERO/view/CRD420251076470.

96 Data Sources

97 A comprehensive literature search was conducted in the PubMed, EMBASE, and LILACS
98 databases. These platforms were selected for their complementary coverage of biomedical,
99 pharmacological, and regional scientific literature. The search was restricted to articles

100  published between January 1, 2000, and April 30, 2025, in English, Spanish, or Portuguese.
101  Search Strategy

102  Search queries combined Medical Subject Headings (MeSH) and free-text terms, linked with
103  Boolean operators (“AND” and “OR”) to optimize sensitivity and specificity. The full search

104  strategies for each database are provided in the Supporting information (S1 Table). An
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105 information specialist contributed to the development and refinement of search terms. We

106 followed the PRISMA 2020 checklist for reporting (S2 Table).
107  Eligibility criteria

108  Studies were included if they (i) reported in vitro leishmanicidal activity of Colombian plant
109  materials, (ii) provided ICs, values for antiparasitic activity, (iii) were published as full-text
110  articles, and (iv) were written in English, Spanish, or Portuguese. Studies were excluded if
111 they (i) lacked ICs, data, (ii) did not clearly confirm the Colombian origin of the plant material
112  or failed to cite a primary source verifying it, (iii) were not available in full-text format, (iv)
113  consisted of publication types such as conference abstracts, reviews, letters to the editor,
114  posters, infographics, or any other format lacking complete data, (v) relied exclusively on in

115  silico approaches, or (vi) evaluated only synthetic derivatives.
116  Study Selection and Quality Assessment

117  Study selection was conducted by three independent reviewers who screened titles, abstracts,
118 and full texts according to the predefined eligibility criteria. Discrepancies were resolved by
119  consensus. For quality assessment, a modified version of the quality assessment tool for in
120  vitro Studies (QUIN tool) [13] was applied. Each study was evaluated based on specific
121 methodological components, scoring 2 points for clearly and adequately reported elements, 1
122  point for insufficiently specified ones, and 0 points for those not reported. The total score was
123  expressed as a percentage of the maximum possible, and studies were classified into three

124  quality levels: poor (<50%), moderate (50—75%), or high (>75%).
125  Statistical analysis

126  To estimate the pooled inhibitory effect of plant extracts and isolated compounds against
127  Leishmania spp., a meta-analysis was conducted by calculating the mean ICs, values and
128  their corresponding 95% confidence intervals (Cls) from the included studies. Given the
129  anticipated heterogeneity across studies, a random-effects model was applied. Forest plots

130  were generated to visualize both individual and pooled ICs, estimates along with their Cls.
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131  Between-study heterogeneity was assessed using Cochran’s Q test (with p < 0.1 indicating
132  significant heterogeneity) and the I statistic, interpreted as low (25%—49%), moderate (50%—
133  74%), or high (=75%). Potential publication bias was evaluated using funnel plots and Egger’s
134  test. All statistical analyses were performed using Stata 16.0 software (StataCorp, College

135  Station, TX, USA).

136 Results

137  Study selection and data classification

138 A total of 115 articles were initially retrieved through database searches. After eliminating 27
139  duplicates, the titles and abstracts of 88 studies were examined. Of these, 55 were excluded
140  because they were reviews, did not refer to plant species collected in Colombia, or did not
141  focus on antileishmanial biological activity. The remaining 33 articles were evaluated in full
142 text. Eight additional studies were excluded due to lack of access to the full text, inconsistent
143  data, use of non-Colombian plant material, exclusive application of in silico models, or for
144  focusing only on synthetic derivatives. Finally, 25 studies met the inclusion criteria and were

145  retained for analysis (Figure 1).

146 Figure 1. Flowchart describing the study design process.

147  Although this review aimed to evaluate antileishmanial efficacy based on IC;, values, the
148 included studies varied considerably in terms of data quality and completeness. Thirteen
149  studies met the criteria for inclusion in the meta-analysis by reporting ICs, values along with
150 measures of variability, such as standard deviations and the number of replicates. A second
151  group of studies reported ICs, values but were excluded from the meta-analysis because the
152  data were either outside the quantifiable range or lacked essential statistical parameters.
153  Finally, a third group of studies did not provide quantitative ICs, values but presented

”

154  qualitative assessments of leishmanicidal activity, classifying it as “low,” “moderate,” or “high,”

155 or describing it narratively. While these limitations precluded meta-analysis and the
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156  construction of forest plots for the latter two groups, the data still contribute valuable insights
157  foridentifying promising species, informing future research priorities, and avoiding duplication
158  of efforts. To enhance the comparability and utility of future studies, we recommend the

159  standardized reporting of efficacy metrics alongside appropriate measures of variability.

160 Risk of bias assessment

161 To assess methodological quality and reporting standards, the included studies were
162  evaluated using a modified QUIN tool for in vitro research (S3 Table). The results are
163  summarized in Figure 2. Most of the included studies demonstrated adequate methodological
164  clarity across most assessed domains, particularly in the presentation of results, outcome
165 measurement methods, and the overall description of the experimental procedures. However,
166  the domain with the most frequent shortcomings was statistical analysis. A substantial
167  proportion of studies (about 20%) lacked sufficient detail, and nearly 30% did not specify the
168 statistical procedures at all. This indicates that, although quantitative data were available,
169  many studies provided limited detail on how variability, statistical significance, or effect sizes
170 were assessed, potentially compromising the reproducibility and comparability of their
171 findings. Additional methodological limitations were noted in the reporting of sampling
172  techniques and the clarity of study aims or objectives. These elements were inadequately
173  described or omitted in 25% and 20% of the studies, respectively. Incomplete reporting of
174  sampling strategies is particularly relevant in plant-based studies, where ecological variability
175  and harvesting protocols can influence phytochemical content and, consequently, bioactivity
176  outcomes. In contrast, over 90% of the studies clearly described the comparison groups and
177  methodological procedures, suggesting a generally robust experimental design and

178  implementation, despite shortcomings in other reporting areas.

179 Figure 2. Methodological quality across six key domains in the included studies.
180 The y-axis lists the evaluated methodological domains. The x-axis represents the
181 percentage of studies assessed. Bars are stacked and divided into three colors indicating

182  the level of reporting: Blue = adequately reported, yellow = partially reported, and black = not
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reported. Each bar sums to 100% and shows the proportion of studies falling into each
reporting category per domain.

These findings highlight the need for greater adherence to standardized reporting guidelines
in in vitro pharmacological research, to improve clarity, reproducibility, and quality assessment

of preclinical evidence derived from natural products.

Characterization of bioactive extracts and experimental models

From the 13 studies included in the meta-analysis, 110 records were extracted corresponding
to different extracts, fractions or metabolites from 24 plant species collected in Colombia and
evaluated in vitro against various species of Leishmania. The most frequently studied species
was L. panamensis (64/110), followed by L. braziliensis (25/110), L. major (9/110), L. donovani
(4/110), L. amazonensis (4/110) and L. guyanensis (4/110). The promastigote stage was the

most commonly used (68/110) (Table 1 & 2).
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Table 1. Summary of plant species, parasite strains, and reported antileishmanial activity in studies included in the meta-analysis

ICs, refers to the concentration required to inhibit 50% of parasite viability. In cases marked with an asterisk (*), inhibition was measured using ECs,. The
selectivity index (SI), calculated as the ratio of cytotoxic concentration to effective antiparasitic concentration, provides an estimate of therapeutic potential. SI
values greater than 10 are shown in bold within shaded cells, as this threshold is commonly considered a minimum criterion for preclinical evaluation, indicating
reduced toxicity to mammalian cells. NA, not applicable; ND, not determined; A, amastigote; P, promastigote. Superscript letters denote experimental conditions
as follows: a: two independent trials with triplicates; b: triplicate; c: five independent experiments; d: three independent trials with triplicates; e: duplicate; f; three
independent trials with duplicates; g: two independent trials with duplicates.

Plant Preparation Leishmania Antileishmanial assay
Ref. Botanic famil Botanic specie Part Extraction Fractions Extract Fraction Specie Stage Stain Range IC50 (ug/mL):SD sl Rej
. v P technique technique P! 9 (Hg/mL) g - P-
Dichloromethane 24.6+1.1* 2.00
Araliaceae Oreopanax Ethyl acetate 23741 2.20
incisus
Hexane 87.417.6* >2.30
Moquilea "
Chrysobalanaceae o Ethyl acetate 9.8+1.2 >20.40
salicifolia
Dichloromethane 48+7.3* >4.20
Persea -140-epir-
5 |Lauraceae formomea Leaf Solvent NA NA L. panamensis A g/HOM/CO’SWUA 140-epir- 14 78.100 a
g Ethyl acetate FP 25.542.6* >7.80
Dichloromethane 21.6£2.79* 3.57
Ethanol 29.4+0.5* >6.81
. Palicourea
Rubiaceae inkleri
winkleri Ethyl acetate 14.1£0.47* 7.75
Hexane 84.8+2.5% 0.14
A 29.16+2.08* 3.45
L. major Friedlin V1
Ocotea P 9.7£1* 10.36
Lauraceae il Leaf NA NA 25-150
macrophylia A 12.67+0.11% 7.93
L. p M/HOM/CO/87/UA-140
P 100.64+2.96* 1.00
A 30.135+0.685* 10.50
L. major Friedlin V1
P 77.04£3.72* 4.11
28 Solvent Ethanol F1 - Alkaloid 200-450 b
A 46.23+1.05* 6.85
L. p M/HOM/CO/87/UA-140
P 61.43+£3.05* 5.15
Rutaceae Zag thgxy'lum Bark/Wood Solvent
sohrebert A 24.95+3.15% 2.86
L. major Friedlin V1
P 28.99+3.17* 2.46
NA 12.5-150
A 6.16£0.115* 11.60
L. p M/HOM/CO/87/UA-140
P 17.06+1495* 4.19
NA NA 17.7¢1.4* 3.40
29 |Bignoniaceae "f"d"’aﬂ’;’“”s BarkWood | Solvent Ethanol L. brazilensis A M/HOM/CO/88/UA-301-EGFP |1.56-100 b
chrysanthus F1 - Methanol 7.9:0.3* 1.70
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F2 - Methanol 11.1+1.4* 18.90
Membrane F3 - Methanol 6.7+1.7 1.20
fitration F4 - Methanol 3.3:03" 240
F5 - Methanol 23.3+4.2* <2.57
L. panamensis M/HOM/CO/87/UA-140 14.5+0.8* 1.80
L. amazonensis IFLA/BR/75/PH8 23.4+0.007 ND
NA NA
L. brazilensis M/HOM/BR/75/M2903 32+0.14 ND
L. donovani M/HOM/BR/74/PP75 35.35+3.88 ND
L. amazonensis IFLA/BR/75/PH8 23+0.56 ND
L. brazilensis M/HOM/BR/75/M2903 32+0.21 ND
L. donovani M/HOM/BR/74/PP75 68.3+0.49 ND
Sapindus Hexane- L. panamensis M/HOM/CO/87/UA-140 2.5+0.3* 0.50
30 Sapindaceae N Fruit Solvent Chloroform- 0.625-10
saponana Methanol L. amazonensis IFLA/BR/75/PH8 68.4£0.35 ND
Chloroform-Methanol, isolation
. Hederagenin-3-0-(3,4-O- L. brazilensis M/HOM/BR/75/M2903 32.4+0.28 ND
Solid phase " N
tracti diacetyl-B-D-xylopiranosyl-(1--
extraction >3)-a-L-thamnopyranosyl-(1~ |L. donovani M/HOM/BR/74/PPT5 68.6:0.14 ND
>2)-a-L-arabinopyranoside
L. panamensis M/HOM/CO/87/UA-140 2.7+0.6* 0.80
L. amazonensis IFLA/BR/75/PH8 23.2+0.28 ND
L. brazilensis M/HOM/BR/75/M2903 28.1+0.42 ND
L. donovani M/HOM/BR/74/PP75 66.3+1.34 ND
L. panamensis M/HOM/CO/87/UA-140 2.1+0.2* 1.80
31 |Rutaceae Raputiarana g vood | Solvent Solidphase o) NA L. panamensis MHOM/CO/BB/COIUA-140-ir- | o 114 0.059:+0.0193* 3.80
heptaphylla extraction GFP
Hydrodistillation Aqueous 9.68+5* 32.60
25+9.7* >40.00
Ethanol
48.7+12* 8.00
10.67.3* 7.40
Ether
NA NA 50+13* 3.82
Leaf 30.2+8.9* 7.40
Ethyl acetate
50+19* 232
32 Annonaceae Xylopia discreta L. panamensis M/HOM/CO/87/UA-140 3.13-100
Solvent 37.5+14* 22.87
Methanol
9.23+1.2* 64.80
F1-Essential oil 6.25+1.1% 25.60
Solvent Ethanol
F2-Essential oil 6.35+4* 110.00
Chloroform 46.146* 4.70
Seeds NA NA 3.68+0.98* 11.60
Ethanol
6.25+2.6* 5.66
33 Solanaceae Flower Solvent NA Ethanol NA L. panamensis M/HOM/CO/87/UA-140 3.13-100 8.9+1* 1.70
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Water-insoluble 28+5* 125
Physalis Solvent Water-soluble 30£6.2* 1.04
peruviana
Ether Polar 102+33* 0.53
L. brazilensis P M/HOM/BR/75/M2903 9.19+£2.1* 2.90
Lippia alba
L. panamensis A M/HOM/PA/71/LS94 63.87+6.2* 0.40
11.18+1.63* ND
34 Verbenaceae Leaf Hydrodistillation [ NA Aqueous NA L. brazilensis P M/HOM/BR/75/M2903 3.7-100
L 15.43+£0.9* 3.40
Lippia
origanoides 42.66+2* 120
L. panamensis A M/HOM/PA/71/LS94
89.29+4.2* 0.50
A. axenic 12.3+0.8* 1.40
Dichloromethane
A. intracellular 20.3+£3.2* 0.80
NA NA
A. axenic 52.8+1.6* 1.10
A. intracellular -140-epir- 7.5¢1.5* 7.70
35  |Aquifoliaceae llex laurina Leaf Solvent Lp MHOM/CO/B7/UA-140-epir- | 4 56 100
" GFP
Dichloromethane-methanol-
Ethyl acetate acetic acid, isolation llexsaponin 5.9+0.5 4.30
Solid phase A A
extraction Dichloromethane-methanol-
acetic acid, isolation 41.6+1.5* 0.60
Rotungenoside
" . . F3 . 17+2.8* >2.00
36 |Picramniaceae P’c""ﬁ"’a Fruit Solvent S"t"d ’:_hase Ethanol Lp A gI/:}-;OM/CO/N/ UA-140-epir- |5 25200
gractis extraction F4 37.57.6" >11.80
NA NA 78.125-1000 98+19.9% 2.00
Isolation erythro-diarylbutane L. panamensis M/HOM/CO/87/UA-140 26.6+2.6* 3.00
Ocotea Membrane Isolation ocophyllal-A 15625100 58.9+32.2 3.00
macrophylla fitration L. brazilensis MIHOM/CO/86/CL-250 36.3:11.4* 4.00
Isolation ocophyllal-B
L. panamensis M/HOM/CO/87/UA-140 34+14.9% 4.00
NA NA L. brazilensis M/HOM/CO/86/CL-250 78.125-1000 85.7£22.9* 2.00
37 Lauraceae Leaf Solvent Ethanol N P
Isolation (+)-otobaphenol 31.1+13.9% 6.00
Isolation 7,8,7",8 L. panamensis M/HOM/CO/87/UA-140 o5 6154 300
didehydrootobaphenol .65, i
Pleurothyrium Membrane L. brazilensis M/HOM/CO/86/CL-250 25+15* 2.00
cinereum filtration Isolation dihydroflavokawin-B 15.625-200
L. panamensis M/HOM/CO/87/UA-140 19.9+3.3* 2.00
L. brazilensis M/HOM/CO/86/CL-250 45.414 8% 1.00
Isolation kaurenoic acid
L. panamensis M/HOM/CO/87/UA-140 25.3£9.2* 1.00
Apiaceae g;ﬁ';:’”m Seed L. panamensis M/HOM/CO/98/UA-1702 427.95:118.44% 3.00
Ocimum L. guyanensis M/HOM/CO/84/CL-007 315.55+90.86* >5.00
38 basilicum Hydrodistilation | NA Adqueous NA L. panamensis P M/HOM/CO/98/UA-1702 10-640 251.50264.18" >6.40
L Leaf
Ori L. brazilensis M/HOM/CO/2011/UA-3320 204.36+21.56* 270
riganum
vulgare L. major Friedlin V1 171.8£20.64* 3.20
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203

204

205

206

207

208

L. panamensis M/HOM/CO/98/UA-1702 42.23+2.04* 12.90
Thymus vulgaris L. panamensis M/HOM/CO/98/UA-1702 402.23+82.9* 1.10
L. brazilensis M/HOM/CO/2011/UA-3320 160.06+43.49* 1.30
Cymbopogon L. guyanensis M/HOM/CO/84/CL-007 149.1+6.22* 1.40
Poaceae citratus L. major Friedlin V1 194.05429.2* 1.10
L. panamensis M/HOM/CO/98/UA-1702 180.83+82.24* 1.20
Citrus x limon L. guyanensis M/HOM/CO/84/CL-007 231.4+42.43* >6.90
L. brazilensis M/HOM/CO/2011/UA-3320 124.94+52.98* 1.20
o Zingiber L. guyanensis M/HOM/CO/84/CL-007 256.95+75.17* 0.60
Zingiberaceae ficinal
oficinale L. major Friedlin V1 303+107.48 0.50
L. panamensis M/HOM/CO/98/UA-1702 154.83+23.86* 1.00
NA NA 15.4+2.7* 0.70
F1-Methanol 88.4+25* 2.60
F3-Methanol, Isolation 3,5- 4.240.21* <1.40
39 Fabaceae Cabari brunnea |Bark/Wood Solvent Solid phase Ethanol diOMe stilbene L. brazilensis A M/HOM/CO/88/UA-301-EGFP |0.78-200 o= ' a
extraction - i
F?ﬁ Meiha.nol, Isolation 13.6£0.28% 360
Pinostrobin
F4-Methanol 145.9+48.2* 2.80

Most extracts were obtained from species belonging to the families Lauraceae (n = 18), Sapindaceae (n = 15), and Annonaceae (n = 14).
Sapindus saponaria was the most frequently studied species (n = 16), with reported traditional uses for treating leishmaniasis-related ulcers, as
well as gastrointestinal and inflammatory disorders. Xylopia discreta was also frequently cited (n = 14), although no traditional uses were
mentioned in the reviewed studies. Leaves were the most commonly used plant part (n = 64), followed by bark/wood (n = 20), fruits (n = 18),
seeds (n = 4), and flowers (n = 4). Regarding extraction solvents, ethanol was the most frequently used (n = 48). The characteristics of the

bioactive extracts are summarized in Tables 1 and 2.
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Table 2. Subgroup analyses of antileishmanial activity by plant part, extraction method,
botanical family, and leishmania species

Summary of subgroup analyses from 13 studies included in the meta-analysis of plant-derived extracts
with reported IC;, values. Data are presented as pooled mean ICs, values (ug/mL) with 95% confidence
intervals (CI). Subgroups are stratified by plant part, preparation method, botanical family, and
Leishmania species. Heterogeneity is reported as 12 (%) and associated p value. n indicates the number
of records contributing to each estimate. Heterogeneity statistics are not provided for subgroups

represented by a single study.
Characteristics n ICso (Mg/mL) 95% CI Heterogeneity
[12 (%), p value]
Lower Upper

Part of plant Fruits 18 32.07 23.24 40.89 100, <0.001
Bark/Wood 20 23.21 20.22 26.19 100, <0.001
Flowers 4 36.99 20.74 53.24 99, <0.001
Leaf 64 45.66 42.44 48.87 99.8, <0.001
Seeds 4 24.99 10.01 39.98 99.4, <0.001

Preparation Aqueous 23 107.33 92.93 121.733 99.2, <0.001
Chloroform 1 46.1 37.78 54.41 -
Dichloromethane 5 24.12 16.43 31.82 98.1, <0.001
Ethanol 48 25.57 23 28.14 99.9, <0.001
Ether 3 48.73 7.53 89.92 92.3, <0.001
Ethyl acetate 10 24.64 16.48 32.8 99.7, <0.001
Hexane 2 85.05 81.76 88.34 0, 0.646
Methanol 2 21.64 -5.85 49.14 87.6, 0.004
Hexane-Chloroform- 16 32,67 23.31 42.03 100, <0.001
Methanol

Botanic Annonaceae 14 21.86 17.97 25.74 98.6, <0.001

family name Apiaceae 1 427.95 311.88 544.02 -
Aquifoliaceae 6 234 9.86 36.94 99.9, <0.001
Araliaceae 3 43.58 33.66 53.51 99.5, <0.001
Bignoniaceae 6 11.14 7.76 14.52 99.2, <0.001
Chrysobalanaceae 1 9.8 8.84 10.76 -
Fabaceae 5 22.13 14.96 29.29 99.9, <0.001
Lamiaceae 6 225.69 130.9 320.47 99.1, <0.001
Lauraceae 18 41.38 33.09 49.66 99.6, <0.001
Picramniaceae 2 27.05 6.96 47.133 97.4, <0.001
Poaceae 4 167.31 139.58 195.05 69.2, 0.021
Rubiaceae 4 37.42 22.16 52.69 100, <0.001
Rutaceae 10 34.16 29.51 38.81 100, <0.001
Sapindaceae 15 32.68 23.32 42.03 100, <0.001
Solanaceae 4 36.99 20.74 53.24 99, <0.001
Verbenaceae 6 38.26 22.29 54.23 99.5, <0.001
Zingiberaceae 4 196.03 132.65 259.42 80.7, 0.001

Leishmania L. amazonensis 4 34.5 16.35 52.65 100, <0.001

specie L. braziliensis 25 3345 27.75 39.14 100, <0.001
L. donovani 4 61.04 58.07 64.01 99.3, <0.001
L. guyanensis 4 230.48 156.04 304.92 91.6, <0.001
L. major 10 63 50.68 75.33 99.6, <0.001
L. panamensis 64 31,86 29.6 34.13 99.9, <0.001

IC50 and selectivity index values

It is important to note that a low I1C5, indicates biological activity but does not necessarily imply
selectivity. The selectivity index (Sl), defined as the ratio between the cytotoxic concentration
to host cells (CCs,) and the inhibitory concentration against Leishmania spp (ICsy), is a key

parameter for evaluating how selectively a compound targets the parasite without harming
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223  host cells. Compounds with moderate or relatively high ICs, values but elevated Sl values may
224  represent safer and more selective candidates, whereas those with low ICs, values but no
225 cytotoxicity data cannot be adequately assessed. Unfortunately, a meta-analysis or
226  comparative evaluation based on Sl was not feasible in this review, as 26 of the 110 records
227  did not report Sl values. Moreover, among the studies that did report S, only a few provided

228  associated measures of variability.

229  According to the literature, extracts with SI = 10 are considered selective and suitable for
230 further studies, while values above 20 indicate high selectivity and therapeutic potential [14,
231 15]. Among the selective extracts identified, those tested against L. panamensis
232  promastigotes exhibited the highest SI. The most selective extract was obtained from X.
233  discreta (SI = 110.0), followed by Origanum vulgare (SI = 12.90), both exceeding the
234  established threshold for potential further investigation. The same for the amastigote form of
235 L. panamensis, for which, the most favorable selectivity was observed for extracts from
236  Moquilea salicifolia (S| >20.40), Picramnia gracilis (S| >11.80), and Zanthoxylum schreberi (Sl
237 =11.60). In the case of L. braziliensis amastigotes, Handroanthus chrysanthus demonstrated
238 high selectivity (SI = 18.90), approaching the threshold indicative of strong therapeutic
239  potential. For L. major, selectivity was observed for Z. schreberi (S| = 10.50, amastigote stage)
240 and Ocotea macrophylla (S| = 10.36, promastigote stage), suggesting that these extracts may
241 also merit further evaluation. Notably, X. discreta consistently demonstrated high selectivity
242 indices across different extraction methods. Whether obtained through methanolic, ethanolic,
243 aqueous, or essential oil preparations, the extracts exhibited S| values well above the
244  threshold for further investigation, highlighting the robustness of its leishmanicidal potential.
245  This consistency across extraction types positions X. discreta as a particularly promising

246  candidate for anti-Leishmania drug development (Table 1).

247  Meta-analysis


https://doi.org/10.1101/2025.07.20.665797
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.07.20.665797; this version posted July 25, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

248 Regarding ICs, data, heterogeneity analysis revealed substantial variability among studies (Q
249 =7.8 x 108, df = 109, 12 = 100%, p < 0.05), warranting the use of a random-effects model
250  (Figure 3). The pooled mean IC5, was 41.25 pg/mL (95% CI: 37.95 — 44.55). Publication bias
251  was assessed using a funnel plot and Egger’s regression test. Visual inspection of the funnel
252  plot (Figure 4) suggested asymmetry, with studies concentrated in the upper right quadrant
253 and sparse in the lower left, indicative of potential reporting bias. Nevertheless, Egger’s test
254  did not detect significant publication bias (t = —0.25, p = 0.804). Subgroup analyses revealed
255  considerable heterogeneity in leishmanicidal activity according to the plant part used, type of
256  extract, botanical family, and Leishmania species. Most subgroups showed I? values greater
257  than 90% and p-values < 0.001 (Cochran’s Q test), indicating significant differences among
258  studies. This high degree of variability can be attributed to the considerable differences in the
259  overall experimental systems across studies. These include variation in the plant species
260 used, the geographical location of plant collection, the specific plant part tested, and the
261  preparation method of the extracts, ranging from crude extracts to fractions and purified
262 metabolites. Additionally, heterogeneity arose from differences in the Leishmania species and
263  strains employed for in vitro testing, as well as in broader methodological and experimental
264  conditions. These findings underscore the critical need to standardize protocols in future
265  studies to facilitate more robust and meaningful comparisons. Regarding the plant part used,
266 leaf extracts exhibited the highest mean ICsq (45.66 pg/mL; 95% Cl: 42.44-48.87), whereas
267  bark/wood extracts showed lower values (23.21 pg/mL; 95% CI: 20.22-26.19). All subgroups
268 presented high heterogeneity (I > 99%; p < 0.001). Among solvents, aqueous extracts had
269 the highest mean ICsq (107.33 ug/mL; 95% CI: 92.93-121.73), while ethanol (25.57 ug/mL;
270  95% CI: 23.00 — 28.14) and dichloromethane extracts (24.12 ug/mL; 95% CI: 16.43 — 31.82)
271 showed greater potency. Hexane extracts were the only subgroup with low heterogeneity (12
272  =0%; p = 0.646). The botanical families with the lowest mean IC;, values were Bignoniaceae
273  (11.14 pg/mL; 95% CI: 7.76 — 14.52) and Chrysobalanaceae (9.80 pug/mL; 95% CI: 8.84—

274  10.76), whereas Lamiaceae (225.69 pg/mL; 95% CI: 130.90 — 320.47) and Zingiberaceae
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275  (196.03 pg/mL; 95% CI: 132.65 — 259.42) recorded the highest values. Finally, pooled mean
276  1Cso values ranged from 31.86 yg/mL for L. panamensis (95% CI: 29.60 — 34.13) to 230.48
277  pg/mL for L. guyanensis (95% Cl: 156.04 — 304.92), with high heterogeneity across all species

278  subgroups (1> > 99%; p < 0.001). Detailed strain-specific data are presented in Table 2.

279 Qualitative and semi-quantitative data

280  As previously noted, in addition to the quantitative analysis, records containing both qualitative
281 and semi-quantitative data on leishmanicidal activity were included. These correspond to
282  extracts for which exact IC5, values were not reported either because they fell outside the
283 measurable range of the assay or were assessed solely through descriptive methods. This
284  information is summarized in figure 5, which categorizes the extracts based on their I1C;s,
285  values (=10 pg/mL; 10-25 pg/mL; >25-50 pg/mL; >50-100 pg/mL; and >100 ug/mL). This
286  visual representation facilitates the rapid identification of extracts with potentially relevant
287  activity, even in the absence of complete quantitative data. Among these, promising extracts
288  were observed from genera such as Xylopia, Annona, Sapindus, Lippia, and Croton, which
289  may guide future research toward more rigorous evaluation, including toxicity and selectivity

290 assessments as well as phytochemical characterization.

291  In the study by Calderon et al. (2010), ethanolic extracts from numerous plant species
292  (collected across seven Latin American countries, including Colombia) were tested in vitro
293 against L. mexicana. Although the authors reported that several extracts showed
294  antileishmanial activity with 1C5, values <50 ug/mL, none of the extracts derived from
295 Colombian plant species fell within this threshold (S4 Table). All tested Colombian extracts
296  exhibited IC5, values >50 ug/mL and were therefore considered inactive or of no further
297  interest by the authors. These findings still represent relevant preliminary background, as they
298 demonstrate that extracts from those Colombian species were challenged in antileishmanial

299 assays and yielded only modest activity.

300
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301 Figure 3. Forest Plot from Random-Effects Meta-Analysis of the mean IC;, values of
302 medicinal plants with promising antileishmanial activity in Colombia

303 The pooled mean ICs, was 41.25 pg/mL (95% CI: 37.95-44.55). Heterogeneity across
304 studies was assessed using Cochran’s Q test (Q = 7.8 x 10°, df = 109, p < 0.05) and the I?
305 statistic (1> = 100.0%, p < 0.001), indicating substantial between-study variability.

306

307 Figure 4. Funnel Plot of Studies Included in the Meta-Analysis of IC;, values of
308 medicinal plants collected in Colombia

309 Funnel plot used to assess publication bias among the studies included in the meta-analysis
310 of ICs, values. Each point represents an individual study, with the x-axis indicating the
311 reported I1Cs, (ug/mL) and the y-axis representing the standard error of the estimate.
312

313  Figure 5. Heat Map of Leishmanicidal Activity (IC5,) of Plant Extracts by Plant Part and

314 Leishmania Species

315 Each row represents a specific plant species and the part of the plant used for extract
316 preparation, while columns correspond to different Leishmania species. Cell values indicate
317 ICs0 values (ug/mL) obtained from in vitro assays. Gray-shaded cells indicate combinations

318 for which no data were reported in the studies included in the meta-analysis. Abbreviations:
319 Ld, L. donovani; La, L. amazonensis; Lb, L. braziliensis; Lp, L. panamensis; Lc, L. chagasi;
320 Lg, L. guyanensis; Lm, L. major; Li, L. infantum.

321

322 Discussion

323  Theresults of this systematic review and meta-analysis demonstrate that several plant species
324  collected in Colombia exhibit promising in vitro antileishmanial activity, as reflected by ICs,
325  values comparable to, or in some cases lower than, those reported in previous systematic
326  reviews of plants collected in other countries. The pooled mean IC;, for antileishmanial plant
327  extracts from Colombia was 41.25 ug/mL (95% CI: 37.95-44.55), notably lower than the
328 pooled mean reported for herbal extracts in Iran, which was 456.64 ug/mL (95% CI: 396.15—
329 517.12) [16]. In comparison, the pooled mean ICs, for Ethiopian medicinal plants was 16.80
330  pg/mL (95% CI: 12.44-21.16) against promastigotes and 13.81 pyg/mL (95% CI: 13.12-14.50)
331  against amastigotes [17]. While the ICs, is a key parameter for estimating the biological

332 potency of an extract or compound, it is not sufficient to determine its viability as a
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333 pharmacological candidate. In vitro efficacy must be evaluated alongside toxicity and
334  selectivity profiles. One of the main contributions of this review is the inclusion and analysis of
335 the selectivity index (Sl), which provides critical insight into the therapeutic window of a given
336  extract. An extract with moderate IC5, but high Sl may, in fact, be more promising than one
337  with a lower IC5, but poor selectivity. Cytotoxicity and selectivity data are therefore essential
338 for assessing biological specificity and guiding preclinical development of antileishmanial
339 agents. These parameters should be considered fundamental benchmarks in future efforts to

340 identify and validate novel therapeutic candidates.

341 In some notable cases, such as X. discreta, Sl values exceeding 20 (up to 110) were reported,
342  suggesting a highly favorable therapeutic window, particularly in the essential oil fraction
343 tested against promastigotes of L. panamensis. This pattern of leishmanicidal activity
344  combined with low cytotoxicity does not appear to be exclusive to X. discreta within the genus,
345  as bioactive compounds with similar effects have been reported in other Xylopia species. For
346  example, X. parviflora roots collected in Limpopo Province, South Africa, and extracted with
347  dichloromethane inhibited the growth of L. donovani amastigotes with an I1Cs, of 5.01 pg/mL
348 and an Sl of 10 [18]. Likewise, a diterpene glycoside of the ent-kaurene type isolated from the
349 leaves of X. excellens collected in Manaus, Brazil, exhibited in vitro activity against L.
350 amazonensis promastigotes (ICs, = 15.23 = 0.64 pg/mL) [19]. Although the authors
351 considered the selectivity index of 1.96 to indicate good selectivity, this interpretation relies on
352  a less conservative threshold and lacks supporting references. Nonetheless, these findings
353 reinforce the relevance of the Xylopia genus as a promising source of antileishmanial
354  metabolites and position the Colombian species X. discreta, with its consistently higher SI
355  values, as a particularly compelling candidate for further investigation. These comparisons
356 also underscore the importance of adopting standardized and evidence-based criteria for S
357 interpretation in order to facilitate the comparison of findings across studies and support the

358 identification of truly promising therapeutic candidates.
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359  The study by Lépez et al. (2009) on X. discreta highlights the significant variability that can
360 arise in both IC5, and selectivity index (Sl) values depending on the type of extract used,
361  offering a valuable opportunity to understand how extraction methods influence bioactivity
362  profiles. In that study, a range of solvents (water, ethanol, ether, ethyl acetate, methanol, and
363  chloroform) were employed to obtain extracts from leaves or seeds, resulting in markedly
364  different antileishmanial activities and selectivity indices (Table 1). For instance, among the
365  crude extracts from leaves, Sl values ranged from as low as 2.32 (ethyl acetate extract) to as
366 high as 64.8 (methanol extract), depending on the solvent used. The essential oil fraction
367  obtained with ethanol exhibited a Sl value of 110.0, further underscoring the critical influence
368 of extraction method and fractionation on bioactivity outcomes. This variability can be
369  attributed to the distinct chemical affinities of each solvent. Ethanol, particularly at intermediate
370  concentrations (70-80%), allows the solubilization of a broad spectrum of secondary
371  metabolites with medium to high polarity. Under optimized extraction conditions—such as
372  reflux or ultrasound-assisted extraction—ethanol significantly enhances the recovery of
373  phenolic compounds and flavonoids, which have been widely associated with antioxidant, anti-
374  inflammatory, antimicrobial, and antitumor activities [20, 21, 22]. In contrast, highly polar
375 glycosylated metabolites are more efficiently extracted with water, although this non-selective
376  solvent also dissolves hydrophilic impurities that may affect bioactivity measurements.
377  Solvents such as dichloromethane and ethanol tend to extract mid-polarity bioactive
378  compounds like alkaloids, terpenes, and phenolics, while ether and ethyl acetate show similar
379  butvariable affinities depending on compound structure. Methanol extracts, which concentrate
380 moderately polar and often lipophilic secondary metabolites, have been repeatedly associated
381  with anti-Leishmania effects [23, 24, 25]. In contrast, non-polar solvents such as hexane are
382  more likely to extract lipophilic substances like waxes and chlorophylls, which are generally

383  considered non-bioactive in antiprotozoal assays [26]
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384  Taken together, these findings illustrate the critical influence of solvent selection on the
385  phytochemical profile and biological performance of medicinal plant extracts and reinforce the

386 importance of rational extraction strategies in antiprotozoal drug discovery.

387  Another noteworthy finding of this review is the high proportion of studies focused on L.
388 panamensis, a species with broad geographic distribution and clear clinical relevance in
389 Central America and along the Pacific coast of Colombia and Ecuador. Although this focus
390 was expected given the local epidemiology, its confirmation is particularly significant in light of
391  the global research landscape. Previous reviews have been conducted in regions such as
392  East Africa (e.g., Ethiopia) and Asia (e.g., Iran), and have focused on Leishmania species that
393 are not representative of Colombian transmission patterns: L. tropica, L. major, and L.
394  infantumin Iran, and L. aethiopica, L. donovani, and L. major in Ethiopia. Besides X. discreta,
395 we found that other Colombian plant species exhibited promising selectivity against L.
396  panamensis, including Origanum vulgare (S| = 12.90) against promastigotes, and Moquilea
397  salicifolia (S| >20.40), Picramnia gracilis (S| >11.80), and Zanthoxylum schreberi (S| = 11.60)

398 against amastigotes. In the case of L. braziliensis, Handroanthus chrysanthus exhibited high

399  selectivity (SI = 18.90, amastigotes), while for L. major, selective activity was observed in Z.

400  schreberi (SI = 10.50, amastigotes) and Ocotea macrophylla (S| = 10.36, promastigotes).
401 These findings support the notion that a subset of Colombian medicinal plants possess
402  selective antileishmanial activity not only against the most prevalent local species but also

403  against others of broader epidemiological relevance, thereby reinforcing their potential value

404  as starting points for drug development beyond the local setting.

405 A major limitation of this review was the substantial methodological heterogeneity among the
406 included studies. Some of this variability was expected, arising from differences in the plant
407 parts used, extraction methods, presence or absence of fractionation, and the developmental
408 stage of the parasite targeted (e.g., promastigotes, intracellular amastigotes, or axenic
409 amastigotes). However, additional heterogeneity stemmed from the lack of standardized

410  protocols, particularly in the methods and criteria used to evaluate antileishmanial activity. This
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411  inconsistency hindered meaningful cross-study comparisons and contributed to the high level
412  of statistical heterogeneity observed. Furthermore, most studies lacked in vivo validation,
413 limiting the translational potential of in vitro findings to more advanced preclinical models.
414  Similar challenges have been reported in reviews conducted in other geographical regions,
415  suggesting that this is a broader, structural issue within the field. Therefore, there is a pressing
416 need to establish harmonized experimental guidelines for antileishmanial bioassays. These
417  should include the systematic use of standardized positive controls, generation of complete
418  dose-response curves, and parallel evaluation of parameters such as cytotoxicity in host cells.
419  Adoption of these practices would significantly improve the quality, reproducibility, and

420 translational relevance of the evidence generated.

421 Conclusion

422  This systematic review and meta-analysis provides evidence that several medicinal plants
423 collected in Colombia exhibit promising in vitro antileishmanial activity, with ICs, and selectivity
424  index (Sl) values that support their potential for further pharmacological development. The
425  predominance of studies targeting L. panamensis aligns well with Colombia’s epidemiological
426  context. Xylopia discreta emerged as a particularly compelling candidate against L.
427  panamensis, showing consistently high Sl values across multiple extraction methods. Other
428 Colombian plant species that exhibited promising selectivity against L. panamensis include

429  Origanum vulgare, Moquilea salicifolia, Picramnia gracilis, and Zanthoxylum schreberi.

430 Importantly, one of the key contributions of this study is the inclusion and systematic analysis
431  of Sl, an essential parameter for estimating the relative safety of plant extracts in host cells.
432  While IC5, values reflect biological potency, the Sl provides critical insight into the therapeutic
433  window of a compound. Extracts with moderate ICs, but high SI may represent safer and more
434  promising candidates than highly potent but cytotoxic ones. Therefore, incorporating Sl into

435  future evaluations is crucial for the accurate selection of leads for preclinical development.
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436 In addition, differences in solvent polarity and extraction techniques were associated with
437  considerable variation in both 1C5, and Sl values. This highlights the significant impact of
438  extraction solvents on bioactivity outcomes, reinforcing the importance of rational extraction

439  strategies in natural product research.

440 Despite these promising findings, the high methodological heterogeneity among studies and
441  the frequent absence of in vivo validation limit the comparability and translational applicability
442  of the available data. Variability in plant parts used, extraction protocols, parasite
443  developmental stages, and outcome measures all contributed to the high statistical
444  heterogeneity observed. To address these challenges, the establishment of standardized
445  experimental guidelines, including the use of full dose—response curves, standardized positive
446  controls, and cytotoxicity assays in host cells, is essential. The adoption of such practices
447  would enhance the quality, reproducibility, and translational relevance of future antileishmanial

448 research.
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Funnel plot with pseudo 95% confidence limits
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Leishmania specie

Botanic specie/Part of plant Le Lg Lm Li Ref.
Abula grandifohaComplete plant 40
Aloysia citrodora/Completa plant 41

Annona exsuccalleaf [ 42

Annona exsuccaStem 43

Annona papilionella/Leal 43

Annona cherimolioides/Aerial parts 43

Annana muricataLeaf 43

Annana municata’Sterm I 43

Annona papiionelia/Leaf 43

Annona papilicnella’Stem 43

Aspidosperma megalocarpon/Bark_Wood | [ ] B 44

Bacopa scoparioides/Leaf 44

Bomarea andreana/Aerial parts I 45

Bomarea bredemeyerianalferial parts . 45

Bomarea diffracta/Aerial parts 45

Bomarea edulis/Aerial parts 45

Bomarea euryanthalAerial parts 45

Bomarea linifolia/Aenal parts I | — 45

Bomarea pardinalAerial parts I 45

Bomarea paliniifAerial parts [ | 45

& Cabari brunneaBark_Wood 39
am a_panamense/Leaf B 4450

il CeadrelaLeaf 46

Citrus x aurantivm/Leaf . 38

Citrus = limon/Leaf 38

Coriandrum sativum/Seed L | ] 38

Croton leplosiachyus/Aerial parts 40

Croton leptostachyus/Leaf 47

Croton pedicellatus/Leaf 47

Curcuma L./Leaf - 46

Cymbopogon citratus/Leaf ] [ | 38

Desmopsis panamensis/Leaf [ | 43

ion posted July 25, 2025. The copy ri&r'aholder for this p
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Guarea gu}f}fme.ralﬂarh_WDud 44
varea polymeralLeat 44
Guatteria amplifolia’Aerial parts | [ 44
Handroanthus chrysanthus/Bark_Wood 29
Huberodendron patinoi/Bark_Wood - 44
Hygrophila guianensis/Aerial parts 44
Nex launnaLeaf 35
lochroma arborescens/Aerial parts 40
Iryanthera hostmannn/Leal 46
?Jacaranda caucana/Leaf 'J 44
Lippia alba'Complete plant 41
Lippia alballeaf [ 34,46
Lﬁgpﬁa aréganafde;meai | 34
Lippia aulcis/Complete plant [ 41
Lippia micromera’Complete plant [ ] 41
Lippia oniganoides/Complete plant 41
Manila laxiflora/Leal 44
Melizsa officinalis/Leaf 45
Mentha pulegium/Lea I [ | 38
Moquilea salicifolia/Leal 27
Ocimum basilicum/Leaf | ] 38
Ocotea macrophyiia/Leal 28,37 .46
Oreopanax ncisus/Leat 27
Origanum vulgare/Leal | | | 38
Oioba novogranatensis/Fruit 44
Chtoba no anatensis/Leaf 44
Otoba parvifolia/Bark_Wood 44
Palicourea winklerilLeaf 27
Persea ferruginea/Leaf 27
Persea caerulea/Flower 46
Persea caerulea/Fruil 465
FPhytfanthus acuminalus/Leaf 47
hysalis peruviana/Flower a3
Picramnia gracilis/Fruil 36
Picramnia gracilis/Leal 36
iper cumanense/Leaf 40
Piper holtorilAerial parts 40
Preww!;!w'um cinereum/Leal a7
rotium amplum Frui B 44
Pseudomalmea boyacana/Leaf 43
Pseudomaimea boyacana/Stem 43
Raputiarana heplaphylia/Bark_Wood 31,49
Hapuliarana NaLeaf 46,49
Rudgea Salisb.Leaf 46
Salvia rosmarinus/Leaf | 38,46
Sapindus saponaria/Fruil a0
Swinglea glutinosa/Bark_Wood 44
Tabernaemaontana undulata/Leal . 44
Thymus vulgaris/Leaf . 3@
Vachellia farnesiana/Bark_Wood 40
Vachellia famesianaLeal 40
Xylopia discreta/Leat 32
Aylopia discrela/Seed 32
Xylopia aromalica’Aenial parts 40
i"y.l'ﬂpfa_ aromaticaLeaf 43
ylopia aromatica’Stem 43
Zanthoxylum schrebaeri/Bark_Wood 28
anthoxyium schreben/Fruit 46
Zanthoxylum schreber/Leaf . 46
Zingiber officinale/Leal 38

Level 1: 1C50 =10 pg/mL
Lewvel 2: 1C50 10 - 25 pg/mL

Level 3: 1C50 25 - 50 pg/mL
el 4: 1C50 50 = 100 pg/mL
el 5: 1C50 =100 pgimlL
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