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This work is dedicated to the memory of Professor emeritus Dr. Günter Willuhn (1934 – 2023), 

formerly University of Düsseldorf, Germany, who dedicated a major part of his scientific life to 

research on the genus Arnica, its chemical constituents and pharmacological activity. We are 

sure he would be delighted to see his favorite medicinal plant help to cure such a serious disease. 
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Abstract 

 

Background: Cutaneous leishmaniasis (CL) is caused by Leishmania parasites and affects 1.2 

million cases annually, mainly in the Americas and the Eastern Mediterranean region. The 

standard treatment with pentavalent antimonials is often limited by its toxicity, prompting the 

search for alternative therapies. Arnica montana L. (Asteraceae) is a well-known 

phytotherapeutic plant with anti-inflammatory properties, traditionally used to treat bruises, 

sprains, distortions, and inflammation caused by insect bites. In our previous work, Arnica 

tincture (AT) obtained from the flowers showed excellent in vitro activity against Leishmania 

and in vivo activity in a golden hamster model of CL. It also demonstrated high skin 

permeability and retention in the epidermis without systemic circulation, making it a promising 

option for topical treatment of CL. 

 

Methods: We conducted a randomized, open-label, phase Ib-II clinical trial. Adults with 

parasitologically confirmed uncomplicated CL were randomly assigned to receive AT topically, 

3 times daily, for either 30 or 45 days. We assessed therapeutic response and monitored safety by 

recording adverse events at each follow-up visit. All adverse events were graded according to the 

Common Terminology Criteria for Adverse Events (CTCAE), version 5.0. 

 

Results: Sixteen subjects were enrolled, with eight assigned to each treatment regimen. Twelve 

participants completed the 180-day follow-up, all achieved complete lesion healing (100% cure 

rate). Four participants withdrew their informed consent before or during treatment. The most 

common adverse events were mild and included erythema, pain, edema, and a burning sensation 

at the application site. No severe adverse effects were reported. 

 

Conclusion: AT showed promising results in treating CL and had a favorable safety profile. Due 

to the small sample size and lack of comparison with standard therapies, further studies with 

more robust methodologies are needed to confirm these findings. 

 

Trial registration: NCT05094908 
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Author Summary 

Cutaneous leishmaniasis (CL) is a parasitic skin disease affecting over a million people annually, 

primarily in tropical and subtropical regions. Current treatments rely on pentavalent antimonials, 

which are often associated with severe side effects and limited accessibility in endemic 

communities. Seeking safer alternatives, we explored the use of a topical tincture derived from 

Arnica montana, a medicinal plant known for its anti-inflammatory properties. Previous studies 

have demonstrated the efficacy of this formulation against Leishmania parasites in laboratory 

and animal models, along with high skin retention and low systemic absorption, which are key 

characteristics for a topical therapeutic. We conducted a phase Ib/II clinical trial in Colombia to 

assess the safety and therapeutic response of Arnica tincture in adults with parasitologically 

confirmed, uncomplicated CL (NCT05094908). Participants were randomized to receive 

treatment for either 30 or 45 days. Of the 16 individuals enrolled, 12 completed the full 180-day 

follow-up, and all achieved complete lesion healing. No severe adverse effects were reported; 

only mild, localized reactions such as erythema or burning were observed. Our findings suggest 

that AT may be a safe and effective topical alternative for treating CL. Although these results are 

promising, further clinical trials with larger populations and comparison to standard treatments 

are necessary to confirm its efficacy and potential role in public health strategies. 

 
 
Introduction 

 

Tropical Neglected diseases continue to affect hundreds of millions of people worldwide and 

remain a significant public health concern, particularly in developing countries [1]. Among these 

diseases, leishmaniasis stands out as a disease that disproportionately impacts populations in 

tropical and subtropical regions as well as parts of southern Europe. Globally, leishmaniasis 

affects an estimated 12 million people, with 350 million individuals at risk in nearly 100 

countries [2, 3]. Over 90% of new cases of CL are reported in the Americas and the Eastern 

Mediterranean region, with Afghanistan, Algeria, Brazil, Colombia, Iraq, Pakistan, and Syria 

collectively accounting for more than 80% of these cases [3, 4].  

 

CL, the most common clinical manifestation, is caused by infection with protozoan 

parasites of the genus Leishmania, transmitted by the bite of infected phlebotomine sandflies [3, 
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5]. The disease typically begins as a papule at the bite site and can progress over 1 to 3 months to 

a nodule, an ulcer, or a scaly, wart-like plaque [6]. These disfiguring skin lesions often persist for 

months or years, leading to significant psychosocial and economic consequences [7].  

 

Leishmania braziliensis and L. tropica are the key species responsible for CL in many 

endemic areas, known for their potential to cause various clinical forms of leishmaniasis; 

specifically, L. tropica is associated with CL in Afro-Eurasia, while L. braziliensis is the primary 

cause of CL and mucocutaneous leishmaniasis in the Americas [2]. Both species are also 

important for the severity of the disease they cause [2] and their low response to current 

treatments [8].  

 

For nearly 80 years, first-line treatment for CL typically involves pentavalent antimonials. 

Despite their efficacy, these drugs pose significant challenges, including parenteral 

administration, high costs, and notable side effects such as nausea, vomiting, muscle and 

abdominal pain, cardiac complications, elevated hepatic aminotransferase levels, and chemical 

pancreatitis. Treatment adherence is often hindered by its lengthy duration (several weeks) and 

limited availability [4, 9]. Second-line agents such as amphotericin B and pentamidine also pose 

challenges due to their toxicity profiles and the need for parenteral administration [10]. 

Miltefosine has demonstrated effectiveness but is associated with teratogenicity and other 

adverse effects that limit its use [11, 12]. Moreover, access to these drugs can be limited in rural 

or low-resource settings, further compounding the challenge of disease control. 

 

Given these limitations, the exploration of safe, effective, and locally applicable 

treatments for CL is crucial. Recently, local treatment has been recommended for patients with 

localized CL who meet specific criteria (e.g., 1 to 3 lesions in non-critical areas as head and 

periarticular regions, each lesion <900 mm², and no immunosuppression), including intralesional 

antimonials or thermotherapy when feasible [4]. However, there remains an urgent need for 

additional therapeutic options, particularly those derived from plants and applied topically. 

 

Arnica montana L. (Asteraceae) is a medicinal plant with a long European tradition. 

Flower heads are commonly used to treat sprains, bruises, joint complaints, and local muscular 
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pain, as well as superficial inflammation of the skin, such as that caused by insect bites [13, 14, 

15]. The plant and its preparations are well-documented to have anti-inflammatory activity [14, 

15]. Arnica tincture (AT) is an ethanolic solution prepared from the flowerheads of A. montana, 

according to the European Pharmacopoeia (Ph. Eur.). It is widely used as a traditional herbal 

medicinal product in Europe for the treatment of external musculoskeletal disorders and 

superficial inflammatory conditions [16]. 

 

Arnica flowers and the AT produced from them contain a mixture of various 

sesquiterpene lactones (STLs), comprising esters of helenalin and 11a, 13-dihydro helenalin [14, 

15, 16]. Such STLs are considered the main active principles behind the well-documented 

therapeutic effects. Importantly, in addition to their anti-inflammatory properties, our preclinical 

work has demonstrated that Arnica STLs also exhibit potent activity against trypanosomatid 

pathogens, including Trypanosoma and Leishmania species (see the literature cited in [17]. In 

addition, we previously demonstrated that AT had superior curative efficacy compared to the 

standard drug glucantime in golden hamsters with experimental CL caused by L. braziliensis and 

L. tropica [17, 18]. Furthermore, recent permeability studies have shown that Arnica STLs are 

rapidly absorbed through porcine and human skin, with most STL (97%) accumulating in the 

epidermis and binding irreversibly to skin proteins, minimizing systemic exposure and making 

AT a safer and well-suited option for localized treatments [19].  

 

AT is legally authorized for topical use in several European countries and is included in 

Colombia vademecum of medicinal plants [20]. These properties and regulatory status, 

combined with its known anti-inflammatory and wound-healing activities, provide a strong 

rationale for its investigation as a topical treatment for CL. Therefore, this study aimed to 

evaluate the safety, tolerance, and preliminary efficacy of AT in patients with uncomplicated CL. 

 

Methods 

 

Study design 

This is an open-label, randomized (1:1) two-armed phase Ib/II study to evaluate the safety, 

tolerance, and therapeutic response of two regimens of AT. The protocol was registered at 
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clinicaltrials.gov with the code NCT05094908 

(https://clinicaltrials.gov/search?term=NCT05094908). Subjects were enrolled at Grupo de 

Investigación Clínica PECET (GIC-PECET) in Medellín, Colombia. 

 

Population 

 

Inclusion/exclusion criteria: Subjects who met the following criteria were included in the study: 

males and females, aged 18 to 65 years old, with a confirmed parasitological diagnosis of CL, 

subjects had no more than fourth nodule or ulcerative lesions, each measuring maximum 4 cm 

(larger diameter), not located on the ear, face, near mucosal membranes, joints, or any area 

deemed challenging for topical application of the study drug by the principal investigator; the 

lesion did not exceed an evolution of more than 4 months according to the subject history. 

Subjects were excluded for the following reasons: females with a positive serum pregnancy test, 

breast-feeding or of childbearing potential who do not agree to take appropriate contraception 

during the treatment period and until day 45 after the onset of treatment; additional exclusion 

criteria included a history of clinically significant medical conditions, as determined by medical 

history or laboratory results; prior use of antileishmanial drugs within the past 8 weeks; or 

abnormal baseline laboratory values, defined as hemoglobin <10 g/dL, serum creatinine above 

the normal range, or ALT/AST levels exceeding three times the upper limit of normal. 

 

The diagnosis of CL was confirmed by at least one of the following methods: 

microscopic identification of amastigotes in stained lesion tissue, detection of motile 

promastigotes in aspirate cultures, or identification of Leishmania DNA by PCR using 

previously published protocols [20, 21]. Leishmania species were identified using the PCR-

RFLP method [21, 22]. 

 

Patients who did not meet the eligibility criteria or chose not to participate were provided 

with standard treatment as outlined by the Colombian Ministry of Health guidelines [13]. 

 

Product under research 
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The product under investigation is the commercial phytotherapeutic product Tinctura Arnicae e 

flor. Ph.Eur. Gehrlicher 100 mL manufactured by Gehrlicher Pharmazeutische Extrakte GmbH 

(Eurasburg, Germany) (https://gehrlicher.de/en/home-2/). The preparation is a 70% 

hydroethanolic tincture prepared according to the European Pharmacopoeia [16] from the 

flowers of Arnica montana L. The minimum content of STLs, according to Ph. Eur., is 0.04 % 

m/m, determined as Dihydrohelenalin tiglate. The content of the product batch (Ch.-B. 5866) 

used in this study was determined by the manufacturer to be 0.044% according to the Ph. Eur. 

method based on UV detection. A total content of 0.048% was measured by the authors using the 

LC-MS method to quantify individual STLs published in [19]. 

 

Interventions 

 

Participants received AT for 30 (regimen 1) or 45 days (regimen 2). Applications were 

performed three times daily at approximately 8-hour intervals (morning, midday, and evening), 

totaling 90 or 135 applications for regimens 1 and 2, respectively. Approximately 0.5 mL of the 

tincture was applied per lesion at each application. The tincture was applied topically with a 

gloved finger to cover the entire ulcerated and indurated area and rubbed gently into the lesion. 

Before the first application, each day, lesions were cleaned with soap, water, and sterile 0.9% 

saline and debrided. No other topical treatments, antibiotics, corticosteroids, or cosmetic 

products were allowed on the lesions during the treatment period. For general hygiene, patients 

were allowed to use mild, fragrance-free cleansers on intact skin but not on the lesions 

themselves. 

 

The lesion was covered and left undisturbed until the next application was made. At each 

subsequent application of the tincture, the previous application and dressing were removed. 

Study staff members applied the tincture to lesions on day 1 (D1), and then, each participant 

applied the tincture through D30 or D45, respectively. The application continued until D30 or 

D45, even if the lesion had obtained 100% re-epithelialization prior to the end of treatment. 

 

Follow-up and outcomes 
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Subjects were evaluated at enrollment (Day 1 - D1), at mid-treatment, had a telephone follow-up 

during treatment (D15/D22±2 days), at the end of treatment (D30/D45±2 days), and then on 

post-treatment days (PTD): PTD45±5, PTD90±14, and PTD180-14+28. An optional follow-up 

visit occurs on PTD60±5. 

 

The participant kept a record of the study medication daily application (3 times a day) to 

document the application of the study medication. 

The response to treatment was evaluated clinically. The following definitions were used for each 

lesion: 

� Initial cure: complete re-epithelialization of all ulcers and complete disappearance of the 

induration at PTD90. 

� Final Cure: Cure occurred on PTD90, plus the absence of relapses at PTD180. 

� Relapse: a lesion that achieved 100% re-epithelialization by PTD90 that subsequently 

reopened by PTD180. 

� Reactivation: non-healing or worsening of a clinically improving lesion. 

� Failure: re-epithelialization of the lesion <50% at PTD45 or <100% re-epithelialization at 

PTD90, or relapse of the lesion at any time between PTD90 and PTD180, or an increase 

of ≥100% in ulcer area as compared to baseline, at any time before PTD90. 

 

Subjects who met the failure criteria or chose to withdraw from the study for any reason 

received rescue therapy-free treatment with meglumine antimoniate, administered by 

intralesional injection, three to five mL covering the entire ulcer, to be done weekly, with a total 

of 3 to 5 injections depending on the clinical response, or oral miltefosine at a dose of 1.5 to 2.5 

mg/kg/day, with a maximum dose of 150 mg per day, for 28 days, as recommended by the 

PAHO and the Colombian Ministry of Health [4, 23]. 

 

Study procedures 

 

Clinical evaluation was conducted at enrollment, during treatment, at the end of treatment, and at 

PTD45, PTD90, and PTD180. All lesions were measured using standard digital calipers and 

photographed during each visit. Measurements were taken after cleaning the lesion and removing 
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any crust. Using a calibrated electronic caliper, the ulcer dimensions were recorded in two 

perpendicular directions. The ulcer area was calculated by multiplying the primary diameter 

(length) by the minor diameter (width). 

 

The percentage of lesion re-epithelialization was determined by comparing the ulcer size 

at baseline to its size at follow-up visits. 

 

To monitor potential drug-related toxicity, aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and creatinine were measured during enrollment and at the end of 

treatment (D30 or D45). Patients presenting with abnormal laboratory values were monitored 

until they normalized. 

 

Adverse Events Monitoring and Grading 

 

Adverse events (AEs) were actively monitored and recorded during each scheduled study visit 

(at baseline, mid-treatment, end-of-treatment, and follow-up visits), as well as during telephone 

follow-ups. Participants were also asked to document any symptoms in a daily treatment diary. 

All adverse events were graded and classified according to the Common Terminology Criteria 

for Adverse Events (CTCAE) version 5.0 [24]. 

 

Sample size 

 

Sixteen subjects, eight per treatment group (a number chosen for convenience), comparable 

through rigorous selection and application of eligibility criteria, will provide initial evidence of 

AT efficacy in treating uncomplicated CL. 

 

Randomization process 

A computer-generated randomization code using a 1:1 allocation ratio was used to assign 

subjects to either treatment arm. 
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The randomization sequence was implemented using numbered, sealed, opaque 

envelopes. The pharmacist who guarded these envelopes was the only person authorized to open 

them and indicate the assigned treatment group. 

 

Statistical Analysis 

 

Data were verified through double entry prior to analysis. The t-test or Mann–Whitney test was 

used to compare quantitative data based on their distribution. Differences in proportions were 

assessed using the χ² test or Fisher exact test (when the expected frequency in any cell was <5). 

The odds ratio and proportion of definitive cure by treatment arm (primary outcome) were 

calculated. Additionally, the frequency of adverse events by the treatment group was estimated, 

and these events were compared based on severity, intensity, and their relationship with the study 

intervention. Differences in cure proportions at PTD45 and PTD90 (secondary outcomes) were 

also calculated. 

 

Analyses were conducted using intention-to-treat (ITT) and per-protocol (PP) methods 

using IBM SPSS Statistics para Windows (Version 29). A p-value of < 0.05 was considered 

statistically significant. The PP analysis included only those patients who completed follow-up 

visits and received at least 90% of the prescribed tincture dose. 

 

Ethical Approval and Regulation 

 

The protocol for this study was designed based on the general ethical principles contemplated in 

the Declaration of Helsinki and the guidelines of the ICH (International Committee for 

Harmonization) on Good Clinical Practice. The Research Ethics Committee of CLINISALUD 

del Sur S.A.S. approved this study by act CEI-0101-09-2021. The trial was conducted following 

Good Clinical Practice standards. 

 

Results 

 

Participant characteristics 
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Participants were enrolled from May 2023 to September 2024. Sixteen participants were 

randomly assigned to one of the two treatment arms (AT 30 days or AT 45 days). In total, 12 

subjects (n=6 '30-day scheme' and n=6 '45-day scheme') completed the study follow-up. None 

relapse or reactivation occurred. The description of treatment outcomes, voluntary withdrawals, 

and loss to follow-up are shown in Figure 1. 

 

Figure 1 

 

Figure 1. Enrollment and follow-up of participants  

 

Table 1 presents the baseline and disease descriptions by treatment group. Randomization 

successfully assigned subjects with characteristics similar to those of the two treatment groups. 

 

The entire study population was mixed race, with no history of infection with 

Leishmaniasis and all had ulcerated lesions. Except for adenopathies in the area of the lesion (n = 

1), the physical examination was regular in all participants. At screening, liver (aspartate 

aminotransferase and alanine aminotransferase) function tests were regular; one participant had a 

non-clinically significant abnormal creatinine level (renal function). 

 

Table 1. Baseline participant characteristics and disease description 

Characteristic Categories/Test 

Arnica tincture scheme 

 ‘AT 30-days’   ‘AT 45-days’  

Gender n (%) 
Male 6 (46.3) 7 (53.7) 

Female 2 (66.7) 1 (33.3) 

Age (years) 

Mean ±SD 39±13 30±11 

Median (Q1, 

Q3) 

37 (29, 52) 27 (21, 42) 
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Range 23-56 18-47 

Possible infection region n (%) 

Antioquia 5 (62.5) 6 (75) 

Boyacá 1 (12.5) 0 

Chocó 0 2 (25) 

Córdoba 1 (12.5) 0 

Magdalena 1 (12.5) 0 

Leishmania species n (%) 

L. panamensis 6 (75) 4 (50) 

L. braziliensis 1 (12.5) 0 

Unidentified 1 (12.5) 4 (50) 

Lesions information 

Number n (%) 
Single 7 (87.5) 8 (100) 

Two 1 (12.5) 0 

Anatomical location n (%) 

Upper limbs 5 (62.5) 1 (12.5) 

Lower limbs 3 (37.5) 5 (62.5) 

Thorax 0 2 (25.0) 

Head and neck 0 0 

Evolution time (months before 

treatment) 

Mean ±SD 2±1   

Median (Q1, 

Q3) 

2 (2, 3) 2 (1, 3) 

Range 1-4 1-3 

Lesion area (mm2) 

Mean ±SD 260±190.7 254.3±309.1 

Median (Q1, 

Q3) 

222.9 (140.7, 

357) 

183.2 (99.7, 

228.8) 

Range 27.6-612.3 15.6–995.2 
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Therapeutic Response 

 

Of the 12 participants (n=6, 30-day scheme, and n=6, 30-day scheme) who completed the entire 

study, including the 180-day follow-up, all achieved complete lesion healing, demonstrating a 

100% cure rate (Table 2). The remaining four participants withdrew their informed consent 

before or during treatment (see Table S1, Supporting Information). 

 

Table 2. Therapeutic outcomes of participants receiving Arnica tincture for cutaneous 

leishmaniasis 

Therapeutic outcomes  
‘AT 30-days’ scheme 

n (%) 

‘AT 45-days’ scheme 

n (%) 

Cure1 6 (75) 6 (75) 

Failure2 0 (0) 0 (0) 

Withdrawals3 2 (25) 2 (25) 
 

This table summarizes the therapeutic responses observed on day 180 after treatment for 

participants in each treatment regimen. 
1Cure: was defined as complete re-epithelialization of all lesions without relapse 
2Failure: was defined as re-epithelialization of less than 50% on day 45 or less than 100% on day 

90, or relapse between days 90 and 180. 
3Withdrawals: refer to participants who discontinued treatment or withdrew their informed 

consent. 

 

Figure 2 shows information on the evolution of lesion size during the treatment and post 

treatment (PT) follow-up; except for 1 participant (45-day scheme), all ulcers showed a 

significant decrease in area at PT day 45, with healing in 56% (n=9) of them. The underlying 

numeric data, presented in tabular form, is shown in Table S1 of the Supporting Information. 

 

Figure 2 
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Figure 2. Lesion size evolution during the treatment and post-treatment (PT) follow-up. 

The figures represent individual lesion trajectories across different subjects. D1 indicates the 

start of treatment, while TD30 (A) and TD45 (B) denote 30 and 45 days of treatment duration, 

respectively. PTD45, PTD90, and PTD180 correspond to 45, 90, and 180 days post-treatment, 

respectively. Each line represents the progression of lesion size for an individual participant. * 

corresponds to participants who withdrew from the study. 

 

Figure 3 presents photos illustrating the healing progress of a representative patient 

(Patient 015, as shown in Figure 2). The corresponding photo documentation for all patients is 

provided in Figures S1 and S2 of the Supporting Information. 

 

Figure 3 

 

Figure 3. Evolution of the lesion during treatment and post-treatment (PT) follow-up. The 

figures represent the lesion trajectories for one representative patient across the study. D1 

indicates the start of treatment, TD30 is the last day of treatment, and PTD90 and PTD180 

correspond to 90 and 180 days post-treatment, respectively. 

 

Safety (Adverse events) 

 

Seven subjects in the AT 30-day group and six in the AT 45-day group reported a total of 41 

adverse events (AEs) related to tincture use. Erythema, burning sensation, and pruritus were the 

most common local AEs, all affecting the area around the lesion where the tincture was applied 

(Table 3). All adverse events were graded according to the CTCAE version 5.0 [24], with the 

majority being mild to moderate in severity. Seven subjects reported adverse events that were 

classified as not related to the study drug, including flu-related symptoms (2), bacterial over-

infection in the lesion (1), cellulitis (1), contact dermatitis (1), sharps injury (1), and headache 

(1). There were no serious AEs. 
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Table 3. Incidence of local adverse events (AE) by treatment group, as reported by the 

study participants 

 

Adverse event ‘AT 30-days’ scheme ‘AT 45-days’ scheme 

Number of AE reported1 24 (7 subjects= 88%) 17 (6 subjects= 75%) 

Local adverse event Grade2 n (%) n (%) 

Erythema 

 

 

Grade 1 / Mild 4 (80) 1 (20) 

Grade 2 / Moderate 0 1 (20) 

Grade 3 / Severe 1 (20) 2 (60) 

Burning sensation 

 

 

Grade 1 / Mild 5 (71.4) 4 (66.6) 

Grade 2 / Moderate 2 (28.6) 1 (16.7) 

Grade 3 / Severe 0 1 (16.7) 

Pain 
Grade 1 / Mild 3 (100) 1 (50) 

Grade 2 / Moderate 0 1 (50) 

Pruritus 

 

 

Grade 1 / Mild 4 (80) 1 (33) 

Grade 2 / Moderate 0 1 (33) 

Grade 3 / Severe 1 (20) 1 (33) 

Edema Grade 2 / Moderate 3 (75) 2 (100) 

  Grade 3 / Severe 1 (25) 0 

 
1No difference in adverse event frequencies between groups (p=0.52, chi-square test).  
2Grading according to Common Terminology Criteria for Adverse Events (CTCAE) v5.0 [24]. 

 

During the screening, one participant presented a slight alteration in the creatinine level, 

which was considered not clinically significant due to the absence of relevant clinical conditions 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


in the participant. The result was attributed to possible dehydration related to the fasting required 

for sample collection. Laboratory tests of renal and hepatic function of all participants were in 

the normal range at the end of treatment (see Table S2, Supporting Information). 

 

 

In terms of adherence, 8 participants (n=5 in the 'AT 30-days' scheme and n=3 in the 'AT 

45-days' scheme) missed at least one dose of AT, but none met the criteria for discontinuation; 

the reason for the missed doses was forgetfulness. No subject missed a full day's dosing. 

 

Discussion 

 

This study was conducted in accordance with the approved protocol and the principles of good 

clinical practice. All participants voluntarily agreed to participate in the study and received their 

treatment according to the treatment arm, which they were randomly allocated. The follow-up 

rate at 6 months was 75%. Of the 12 participants who completed the 180-day follow-up, all 

achieved complete lesion healing, demonstrating a 100% cure rate. 

 

This open-label and randomized Phase Ib-II clinical trial demonstrated that AT applied 

topically to CL lesions achieved a therapeutic response of 100% in patients who completed the 

180-day post-treatment follow-up. These results suggest superior efficacy compared to 

conventional therapies, such as miltefosina [25] or amphotericin B [26], with the added 

advantage of being a non-invasive topical treatment. This suggests that AT could represent a 

therapeutic alternative for patients who do not tolerate systemic treatments or who prefer more 

accessible and less aggressive options. 

 

Concerning the therapeutic regimens evaluated, the finding of no significant differences 

in clinical outcomes between the 30-day and 45-day groups is important. From the perspective of 

clinical practice and patient experience, this equivalence in therapeutic response favors the 

shorter 30-day regimen, which would reduce the total application time by approximately one-

third (favoring adherence) [17] and consequently reduce patient exposure to the AT treatment. 
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The observed adverse events were of low severity, consistent with expectations for a 

topical treatment [28]. This reinforces the safety profile of AT and its potential to be 

administered on an outpatient basis with minimal physician supervision. The absence of serious 

adverse events is particularly relevant, given the significant toxicity associated with current 

systemic treatments. 

 

Although the exact mechanisms of action of AT in the context of CL were not explored 

in this study, AT has a long history of traditional use in European herbal medicine for the topical 

treatment of bruises, sprains, and inflammatory skin conditions [13]. Its pharmacological effects 

are attributed mainly to the presence of STLs, particularly helenalin and dihydrohelenalin 

derivatives, which are the main active constituents that have demonstrated anti-inflammatory, 

antimicrobial, and wound-healing properties [27]. These STLs inhibit the activation of NF-κB 

and the expression of pro-inflammatory cytokines, thereby modulating the local immune 

response and reducing tissue damage [28]. Additionally, AT has been shown to promote re-

epithelialization by stimulating cell migration and proliferation, processes essential for wound 

closure and healing [18]. While direct studies on the Arnica effect in CL are limited, its known 

anti-inflammatory and wound-healing effects, along with in vitro and in vivo evidence of 

antiprotozoal, particularly anti-leishmanial, activity [17, 18], provide a plausible rationale for its 

use in this context. These established pharmacological activities may explain the dual effect 

observed in this trial and could explain the high percentage of healing observed. Compared with 

conventional antileishmanial drugs, which primarily act on the parasite, AT could offer the 

additional advantage of modulating the local inflammatory response and creating an environment 

favorable to healing. 

 

Our findings align with the growing interest in natural or plant-based treatments for CL. 

While most research on herbal products remains preclinical, a recent clinical study by Aghaei et 

al. (2024) [29] evaluated an herbal ointment containing Aloe vera, Brazembel, Nigella sativa, 

Propolis, Lavender, and Olive oil in 60 Iranian patients with CL. This study demonstrated a 

significant reduction in lesion size in the herbal ointment group compared to the control group 

receiving intralesional glucantime, suggesting that multi-component plant-based preparations 

may provide an effective alternative to conventional treatments. Notably, while Shirvan herbal 
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ointment showed promise, it remains an investigational product without regulatory approval. In 

contrast, AT is already approved as a traditional herbal medicinal product by the European 

Medicines Agency (EMA) and is commercially available in other countries as a phytotherapeutic 

or cosmetic product, facilitating broader access and implementation compared to other natural 

agents still under experimental investigation. 

 

The small sample size of this study was intentionally chosen, as this Phase Ib-II trial was 

designed as a pilot study to assess the initial safety, tolerability, and early efficacy signals of AT. 

The small sample size was not due to a low disease burden, as CL is endemic in the study area. 

Instead, it was influenced by practical and ethical considerations: recruitment was limited to a 

single clinical site with a rigorous eligibility process, and patients ineligible for the study 

received immediate standard care. Notably, a placebo group was not included because in clinical 

practice, thousands of patients have shown that alcohol alone, used as the only excipient in 

Arnica tincture has no leishmanicidal activity and does not cure cutaneous leishmaniasis, making 

the use of placebo ethically unacceptable. Furthermore, the primary aim of this study was to 

compare two different treatment regimens of AT to evaluate differences in safety and efficacy 

rather than to deprive a control group of a potentially beneficial treatment. The primary focus 

was on generating preliminary evidence to support future, larger studies. 

 

Despite the small sample size and the lack of a placebo control group, the findings are 

relevant for public health because they provide an early indication of the potential utility of AT 

as a safe, effective, and locally applicable treatment. These data are valuable for the design of 

larger and more definitive randomized controlled trials. 

 

Finally, the ease of topical application and favorable safety profile make AT especially 

attractive for rural settings or communities with limited access to specialized health services. As 

a plant-derived preparation, it also holds the potential for more sustainable and affordable 

production compared to synthetic drugs. 

 

Conclusion 

 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


AT demonstrated promising results in treating CL and exhibited a favorable safety profile. Its 

topical, non-invasive administration and potential dual action (anti-leishmanial and anti-

inflammatory) suggest that it could be an attractive alternative for patients who do not tolerate 

systemic therapies or for those in remote areas with limited access to specialized care. 

 

In terms of public health relevance, AT could help reduce the treatment burden for CL, 

particularly in rural or resource-limited settings. As a locally applicable, plant-derived product, it 

may offer an affordable and accessible option with a lower risk of systemic adverse effects 

compared to current first-line therapies such as pentavalent antimonials, amphotericin B, or 

miltefosine. Importantly, scaling up production and distribution would be supported by the fact 

that AT is already approved by the European Medicines Agency (EMA) as a traditional herbal 

medicinal product and is commercially available in other countries as a homeopathic or cosmetic 

product. This established regulatory and commercial framework facilitates broader access while 

ensuring consistent quality and safety. 

 

Future studies should include larger sample sizes, direct comparisons with standard 

treatments and cost-effectiveness analyses to integrate AT into existing treatment guidelines for 

CL. Such studies are already underway. 

 

Limitations of the study 

 

This study employed an open-label (non-blinded) design, meaning that both participants and 

investigators were aware of the assigned treatment. This approach was necessary due to the 

inherent difference in the duration of the two treatment regimens (30 vs. 45 days), which was 

known to both patients and study staff during the mid-treatment and end-of-treatment visits. 

Consequently, blinding was not feasible in this context. 

 

Notably, a placebo group was not included because in clinical practice, thousands of 

patients have shown that alcohol alone, used as the only excipient in Arnica tincture has no 

leishmanicidal activity and does not cure cutaneous leishmaniasis, making the use of placebo 

ethically unacceptable. Furthermore, the primary aim of this study was to compare two different 
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treatment regimens of AT to evaluate differences in safety and efficacy rather than depriving a 

control group of a potentially beneficial treatment. 

 

The sample size (16 enrolled, 12 completed) was small and chosen for feasibility as an 

exploratory Phase Ib-II study rather than based on formal power calculations for efficacy. The 

small sample size reflects the pilot nature of the trial, strict eligibility criteria, and ethical 

considerations in this population, not a low disease burden. Although this limits the statistical 

inference and generalizability of the findings, the results provide important preliminary data to 

guide future, larger-scale clinical trials. 

 

The PCR-HPLC was unable to identify some Leishmania strains in this study. This 

limitation is likely due to genetic variability beyond the scope of the current reference database. 

To address this, future work will incorporate direct sequencing of target regions to enable the 

identification of novel or divergent strains, thereby enhancing the robustness of the reference 

database. 

 

Future research should include a larger number of participants and more severe cases of 

CL to confirm these findings and establish the potential role of AT within clinical guidelines. 

 

Supporting information 

 

S1 Table. Evolution of lesions in each participant during the study. 

 

Table S2. Serum Metabolite Levels (AST, ALT, and Creatinine) Before and After 

Treatment in Study Participants. 

 

S1 Figure. Photographies of the evolution of lesions. The figures represent individual lesion 

trajectories across different subjects. D1 indicates the start of treatment, while TD30 (A) and 

TD45 (B) denote 30 or 45 days of treatment duration, respectively. PTD45, PTD90, and PTD180 

correspond to 45, 90, and 180 days post-treatment, respectively. Each line represents the 
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progression of lesion size for an individual participant. "*" corresponds to participants who 

withdrew from the study. 

 

Competing Interest 

 

The authors have declared that no competing interests exist. 

 

Data Availability 

 

The data obtained in this study are contained within the article. However, the underlying raw 

data are available on request from the corresponding author. 

 

Acknowledgments 

 

The authors are very grateful to Wilhelm Doerenkamp-Foundation, Chur, Switzerland, for 

financial support of this study in the form of a NATVANTAGE GRANT. We also thank 

Gehrlicher Pharmazeutische Extrakte GmbH, Eurasburg, Germany, for supporting this study by 

donating the Arnica tincture. We thank Dr. Franziska Jürgens, Münster, Germany, for 

developing the analytical method to determine the exact STL content of Arnica tincture and 

Lizanne Schäfer, Münster, for analyzing the tincture batch used in this study. This study is part 

of the Research Network on Natural Products against Neglected Diseases (ResNet NPND; see 

www.resnetnpnd.org). 

 

Funding Statement 

 

This work was supported by Wilhelm Doerenkamp-Foundation (NATVANTAGE RESEARCH 

GRANT 2018 to TJS and SMR). The funders had no role in the study design, data collection and 

analysis, the decision to publish, or the preparation of the manuscript. 

 

Author Contributions 

 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


Conceptualization: Sara M. Robedo and and Thomas J. Schmidt. 

 

Data curation: Juliana Quintero, Yulied Tabares, Any C. Garcés 

 

Formal analysis: Liliana López, Iván D. Vélez and Sara M. Robledo 

 

Funding adquisition: Thomas J. Schmidt and Sara M. Robedo 

Investigation: Juliana Quintero, Yulied Tabares, Any C. Garcés, Sara M. Robledo, Susana Ríos 

and Esteban Soto. 

 

Methodology: Liliana López, Iván D. Vélez, Sara M. Robledo. 

 

Project administration: Thomas J. Schmidt 

 

Resources: Thomas J. Schmidt and Sara M. Robledo. 

 

Supervision: Thomas J. Schmidt. 

 

Visualization: Liliana López, Sara M. Robledo, and Thomas J. Schmidt. 

 

Writing—original draft preparation: Sara M. Robledo, Thomas J. Schmidt, Liliana López and 

Juliana Quintero. 

 

Writing—review and editing: Thomas J. Schmidt, Liliana López, Iván D. Vélez and Sara M. 

Robledo 

 

All authors have read and agreed to the published version of the manuscript. 

 

Reporting of the trial was prepared following the CONSORT guidelines [30,31]. 

 

 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


References 

 

1. Ca J, Kumar P VB, Kandi V, N G, K S, Dharshini D, Batchu SVC, Bhanu P. Neglected 

Tropical Diseases: A Comprehensive Review. Cureus. 2024;16(2):e53933. doi: 

10.7759/cureus.53933 

 

2. Alvar J, Vélez ID, Bern C, Herrero M, Desjeux P, Cano J, Jannin J, den Boer M; WHO 

Leishmaniasis Control Team. Leishmaniasis worldwide and global estimates of its incidence. 

PLoS One. 2012;7(5):e35671. doi: 10.1371/journal.pone.0035671. 

 

3. WHO. (2023). Leishmaniasis. https://www.who.int/news-room/fact-sheets/detail/leishmaniasis 

 

4. Organización Panamericana de la Salud. Directrices para el tratamiento de las leishmaniasis en 

la Región de las Américas. Segunda edición. Washington, DC: OPS; 2022. Disponible en: 

https://doi. org/10.37774/9789275325032 

 

5. Kaye P, Scott P. Leishmaniasis: complexity at the host-pathogen interface. Nat Rev Microbiol. 

2011 Jul 11;9(8):604-15. doi: 10.1038/nrmicro2608. 

 

6. World Health Organization. Control of the leishmaniases: WHO TRS N°949. 

Report of a meeting of the WHO Expert Committee on the Control of Leishmaniases, Geneva, 

22–26 March 2010 

 

7. de Vries HJC, Schallig HD. Cutaneous Leishmaniasis: A 2022 Updated Narrative Review into 

Diagnosis and Management Developments. Am J Clin Dermatol. 2022;23(6):823-840. doi: 

10.1007/s40257-022-00726-8.. 

 

8. Madusanka RK, Silva H, Karunaweera ND. Treatment of Cutaneous Leishmaniasis and 

Insights into Species-Specific Responses: A Narrative Review. Infect Dis Ther. 2022;11(2):695-

711. doi: 10.1007/s40121-022-00602-2. 

 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


9. Croft SL, Olliaro P. Leishmaniasis chemotherapy--challenges and opportunities. Clin 

Microbiol Infect. 2011;17(10):1478-83. doi: 10.1111/j.1469-0691.2011.03630.x.. 

 

10. Sundar S, Chakravarty J. An update on pharmacotherapy for leishmaniasis. Expert Opin 

Pharmacother. 2015;16(2):237-52. doi: 10.1517/14656566.2015.973850. 

 

11. Sundar S, Jha TK, Thakur CP, Engel J, Sindermann H, Fischer C, Junge K, Bryceson A, 

Berman J. Oral miltefosine for Indian visceral leishmaniasis. N Engl J Med. 2002;347(22):1739-

46. doi: 10.1056/NEJMoa021556. 

 

12. Dorlo TP, Balasegaram M, Beijnen JH, de Vries PJ. Miltefosine: a review of its 

pharmacology and therapeutic efficacy in the treatment of leishmaniasis. J Antimicrob 

Chemother. 2012;67(11):2576-97. doi: 10.1093/jac/dks275. 

 

13. European Medicines Agency-Community Herbal Monograph on Arnica montana L., Flos. 

Available online: http://www.ema.europa.eu/docs/en_GB/document_library/Herbal_-

_Community_herbal_monograph/2014/07/WC500170007.pdf (accessed on 03 April 2025). 

 

14. Willuhn G. Arnicae flos. In Herbal Drugs and Phytopharmaceuticals: A Handbook for 

Practice on a Scientific Basis, 3rd ed.; Wichtl, M., Ed.; Medpharm: Stuttgart, Germany; CRC 

Press: Boca Raton, FL, USA, 2004; pp. 54–59. 

 

15. Willuhn G. Arnica flowers: Pharmacology, toxicology, and analysis of the sesquiterpene 

lactones—Their main active substances. In Phytomedicines of Europe—ACS Symposium Series 

691; Lawson, L.D., Bauer, R., Eds.; American Chemical Society: Washington DC, USA, 1998; 

691:118–132. 

 

16. European Directorate for the Quality of Medicines & HealthCare (EDQM). Arnica tincture. 

In European Pharmacopoeia, 10th ed.; Council of Europe: Strasbourg, France, 2020. 

 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


17. Robledo SM, Vélez ID, Schmidt TJ. Arnica Tincture Cures Cutaneous Leishmaniasis in 

Golden Hamsters. Molecules. 2018;23(1):150. doi: 10.3390/molecules23010150.  

 

18. Robledo SM, Murillo J, Arbeláez N, Montoya A, Ospina V, Jürgens FM, Vélez ID, Schmidt 

TJ. Therapeutic Efficacy of Arnica in Hamsters with Cutaneous Leishmaniasis Caused by 

Leishmania braziliensis and L. tropica. Pharmaceuticals (Basel). 2022;15(7):776. doi: 

10.3390/ph15070776. PMID: 35890075; PMCID: PMC9321785. 

 

19. Jürgens FM, Herrmann FC, Robledo SM, Schmidt TJ. Dermal Absorption of Sesquiterpene 

Lactones from Arnica Tincture. Pharmaceutics. 2022;14(4):742. doi: 

10.3390/pharmaceutics14040742. PMID: 35456576; PMCID: PMC9027632. 

 

20. Ministerio de la Proteccion Social. Vademecum colombiano d eplantas medicinales. ISBN 

978958701997-1. 2008. 311 pages. 

 

21.  Montalvo AM, Fraga J, Tirado D, Blandón G, Alba A, Van der Auwera G, Vélez ID, 

Muskus C. Detection and identification of Leishmania spp.: application of two hsp70-based 

PCR-RFLP protocols to clinical samples from the New World. Parasitol Res. 2017;116(7):1843-

1848. doi: 10.1007/s00436-017-5454-6. Epub 2017 Jun 1. PMID: 28573463. 

 

22. Montalvo AM, Fraga J, Maes I, Dujardin JC, Van der Auwera G. Three new sensitive and 

specific heat-shock protein 70 PCRs for global Leishmania species identification. Eur J Clin 

Microbiol Infect Dis. 2012;31(7):1453-61. doi: 10.1007/s10096-011-1463-z. Epub 2011 Nov 15. 

PMID: 22083340. 

 

23. Ministerio de Salud y Protección Social de Colombia. (2023). Guidelines for comprehensive 

clinical care for leishmaniasis in Colombia. Retrieved from 

[https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/PP/PAI/Lineamientos-

leishmaniasis.pdf] 

 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


24. National Cancer Institute. (2017). Common Terminology Criteria for Adverse Events 

(CTCAE) version 5.0. U.S. Department of Health and Human Services. Retrieved from 

https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm 

 

25. Vélez I, López L, Sánchez X, Mestra L, Rojas C, Rodríguez E. Efficacy of miltefosine for 

the treatment of American cutaneous leishmaniasis. Am J Trop Med Hyg. 2010;83(2):351-6. doi: 

10.4269/ajtmh.2010.10-0060.  

 

26. López L, Vélez I, Asela C, Cruz C, Alves F, Robledo S, Arana B. A phase II study to 

evaluate the safety and efficacy of topical 3% amphotericin B cream (Anfoleish) for the 

treatment of uncomplicated cutaneous leishmaniasis in Colombia. PLoS Negl Trop Dis. 

2018;12(7):e0006653. doi: 10.1371/journal.pntd.0006653.  

 

27. Toma CC, Marrelli M, Puticiu M, Conforti F, Statti G. Effects of Arnica Phytotherapeutic 

and Homeopathic Formulations on Traumatic Injuries and Inflammatory Conditions: A 

Systematic Review. Plants. 2024;13(21), 3112. doi: 10.3390/plants13213112 

 

28. Lyss G, Schmidt TJ, Merfort I, Pahl HL. Helenalin, an anti-inflammatory sesquiterpene 

lactone from Arnica, selectively inhibits transcription factor NF-kappaB. Biol Chem. 1997; 

378(9):951-61. doi: 10.1515/bchm.1997.378.9.951. 

 

29. Aghaei M, Aghaei S, Ghelichzadeh A, Ansari N, Fakhar M, Hosseini SM, Shahmoradi Z, 

Hejazi SH. The Therapeutic Effect of Shirvan Herbal Ointment on Human Cutaneous 

Leishmaniasis Compared with Glucantime. Adv Biomed Res. 2024;13:74. doi: 

10.4103/abr.abr_243_23. 

 

30. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: Updated guidelines for 

reporting parallel group randomised trials. J Pharmacol Pharmacother. 2010;1(2):100-7. doi: 

10.4103/0976-500X.72352. PMID: 21350618; PMCID: PMC3043330. 

 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


31. Butcher NJ, Monsour A, Mew EJ, Chan AW, Moher D, Mayo-Wilson E, Terwee CB, Chee-

A-Tow A, Baba A, Gavin F, Grimshaw JM, Kelly LE, Saeed L, Thabane L, Askie L, Smith M, 

Farid-Kapadia M, Williamson PR, Szatmari P, Tugwell P, Golub RM, Monga S, Vohra S, 

Marlin S, Ungar WJ, Offringa M. Guidelines for Reporting Outcomes in Trial Reports: The 

CONSORT-Outcomes 2022 Extension. JAMA. 2022;328(22):2252-2264. doi: 

10.1001/jama.2022.21022. PMID: 36511921. 

 

 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/


 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 20, 2025. ; https://doi.org/10.1101/2025.06.18.25327211doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.18.25327211
http://creativecommons.org/licenses/by/4.0/

