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1  | INTRODUC TION

Dermatologic disorders are a common problem in horses (Scott & 
Miller, 2011; Traub-Dargatz, Salman, & Voss, 1991). Cutaneous 
neoplasms account for about 50% of all equine neoplasms (Baker 
& Leyland, 1975), and it has been reported that equine sarcoids, 
squamous cell carcinomas, papillomas, and melanomas are the skin 

cancers most frequently diagnosed in horses (Baker & Leyland, 
1975; Scott & Miller, 2011; Valentine, 2006). The equine malignant 
melanoma (EMM) occurs primarily in gray horses and develops from 
the malignant transformation of normal melanocytes (Reed, Bayly, & 
Sellon, 2018; Smith, Goldschmidt, & McManus, 2002). The onset of 
the disease is usually characterized by the growth of small, solitary, 
raised tumors at glabrous predilection sites, such as the undersurface 

 

Received: 8 May 2020  |  Revised: 28 July 2020  |  Accepted: 28 July 2020

DOI: 10.1111/jvp.12903  

O R I G I N A L  A R T I C L E

Concentration profiles and safety of topically applied betulinic 
acid and NVX-207 in eight healthy horses—A randomized, 
blinded, placebo-controlled, crossover pilot study

Lisa A. Weber1  |   Christina Puff2 |   Jutta Kalbitz3 |   Manfred Kietzmann4  |   
Karsten Feige1 |   Konstanze Bosse5 |   Karl Rohn6 |   Jessika-M. V. Cavalleri7

1Clinic for Horses, University of Veterinary 
Medicine Hannover, Foundation, Hannover, 
Germany
2Department of Pathology, University of 
Veterinary Medicine Hannover, Foundation, 
Hannover, Germany
3Biosolutions Halle GmbH, Halle (Saale), 
Germany
4Department of Pharmacology, Toxicology 
and Pharmacy, University of Veterinary 
Medicine Hannover, Foundation, Hannover, 
Germany
5Skinomics GmbH, Halle (Saale), Germany
6Department of Biometry, Epidemiology 
and Information Processing, University of 
Veterinary Medicine Hannover, Foundation, 
Hannover, Germany
7University Equine Clinic, University of 
Veterinary Medicine Vienna, Vienna, Austria

Correspondence
Lisa A. Weber, Clinic for Horses, University of 
Veterinary Medicine Hannover, Foundation, 
Bünteweg 9, 30559 Hannover, Germany.
Email: lisa.annabel.weber@tiho-hannover.de

Funding information
Bundesministerium für Wirtschaft 
und Energie, Grant/Award Number: 
16KN051526, Open access funding enabled 
and organized by Projekt DEAL.

Abstract
The naturally occurring betulinic acid (BA) and its derivative NVX-207 show anti-
cancer effects against equine malignant melanoma (EMM) cells and a potent per-
meation in isolated equine skin in vitro. The aim of the study was to determine the 
in vivo concentration profiles of BA and NVX-207 in equine skin and assess the 
compounds’ local and systemic tolerability with the intent of developing a topical 
therapy against EMM. Eight horses were treated percutaneously in a crossover de-
sign with 1% BA, 1% NVX-207 or a placebo in a respective vehicle twice a day for 
seven consecutive days with a seven-day washout period between each formulation. 
Horses were treated at the neck and underneath the tail. Concentration profiles of 
the compounds were assessed by high-performance liquid chromatography in the 
cervical skin. Clinical and histopathological examinations and blood analyses were 
performed. Higher concentrations of NVX-207 were found in the skin compared to 
BA. Good systemic tolerability and only mild local adverse effects were observed in 
all three groups. This study substantiates the topical application of BA and NVX-207 
in further clinical trials with horses suffering from EMM; however, penetration and 
permeation of the compounds may be altered in skin affected by tumors.
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of the tail, perianal and perineal region, external genitalia, eyelids, 
and lips (Fleury, Bérard, Balme, & Thomas, 2000; Moore et al., 2013; 
Seltenhammer et al., 2010). Multiple and rapidly growing melano-
mas, which are capable of metastasizing, can occur with disease pro-
gression (Macgillivray, Sweeney, & Piero, 2002; Moore et al., 2013; 
Valentine, 1995). The EMM may reduce the horse’s value and lead 
to economic losses due to cosmetic issues, interference with bit and 
bridle, and breeding impairment (Johnson, 1998; Sutton & Coleman, 
1997). However, even more severe clinical problems, such as tumor 
ulceration with secondary bacterial infection, fecal impaction, os-
teomyelitis, and signs arising from lymphatic and hematogenous 
visceral metastasis, have been reported (Macgillivray et al., 2002; 
Moore et al., 2013; Patterson-Kane, Sanchez, Uhl, & Edens, 2001; 
Rodríguez, Forga, Herráez, Andrada, & Fernández, 1998; Smith et al., 
2002). The few systemic and local therapies described for EMM are 
of varying efficacy (MacKay, 2019; Moore et al., 2013; Phillips & 
Lembcke, 2013). Commercially available, validated topical (epicu-
taneous) treatment options for this skin cancer are currently miss-
ing. One study describes the topical use of the triphenylethylene 
derivative toremifene in a horse affected by melanoma, which re-
sulted in a slight volume reduction of the neoplasm (Soe et al., 1997). 
Positive therapeutic effects after topical application of frankincense 
oil in five EMM horses are reported in a PhD thesis (Moore, 2013). 
However, results from both studies were never confirmed in further 
evidence-based clinical trials.

The advantages of topical therapies for skin tumors include the 
noninvasiveness of the treatment and the possibility of comfortable 
drug application even on unfavorable treatment sites (Nogueira 
et al., 2006). Furthermore, the treatment can be conducted easily by 
the horse owners without the need for specialized equipment or fa-
cilities. Finally, undesired systemic side effects can be reduced (Luís, 
Ruela, Perissinato, Esselin, & Lino, 2016).

The naturally occurring betulinic acid (BA) and synthetically mod-
ified BA derivative NVX-207 have been demonstrated to exert anti-
proliferative and cytotoxic effects in equine melanoma cells in vitro, 
which is mediated by the induction of apoptosis (Liebscher et al., 2016; 
Weber, Meißner, et al., 2020; Weber, Funtan, et al., 2020, under re-
view). Furthermore, a sufficient penetration and permeation of both 
compounds in isolated equine skin has been reported, as assessed by 
Franz-type diffusion cell (FDC) experiments (Weber, Meißner, et al., 
2020; Weber, Funtan, et al., 2020, under review). After application 
of 1% formulations, the in vitro concentration profiles determined in 
the integument exceeded the half-maximal inhibitory concentrations 
(IC50) for equine melanoma cells in the epidermal layers and super-
ficial and partially deep dermal skin layers (Weber, Meißner, et al., 
2020; Weber, Funtan, et al., 2020, under review). Both methods, 
cell culture experiments and FDC studies, are valuable tools for the 
evaluation of the in vitro efficacy and quality of topical formulations. 
However, the whole complexity of a biological system, including the 
metabolism, distribution, and elimination of a therapeutic agent, can-
not be reproduced by FDC experiments, and in vivo data may have to 
follow the initial evaluations (Luís et al., 2016; OECD, 2004; OECD/
OCDE, 2004). Furthermore, as normal equine dermal fibroblasts are 

also sensitive toward BA and NVX-207 in vitro, it has been indicated 
that time- and concentration-dependent antiproliferative and cyto-
toxic effects cannot be ruled out for this cell type in vivo (Weber, 
Meißner, et al., 2020; Weber, Funtan, et al., 2020, under review). To 
the best of the authors’ knowledge, no further literature exists about 
the effects of either compound on equine keratinocytes or other 
unaltered equine skin cells but fibroblasts. Apoptosis-like effects 
have been observed in normal human melanocytes after in vitro 
treatment with BA (Galgon, Wohlrab, & Dräger, 2005; Selzer et al., 
2000). Normal human epithelial keratinocytes and immortalized 
keratinocytes reacted by enhanced differentiation and apoptosis, 
respectively (Galgon et al., 2005). Unfortunately, study results from 
clinical trials in humans evaluating the safety and efficacy of topical 
BA against dysplastic melanocytic nevus and cutaneous metastatic 
melanoma have never been published (Fulda, 2008; Zalesińska & 
Borska, 2019). The BA-derivative NVX-207 had little impact on the 
cell survival of normal human fibroblasts and keratinocytes in vitro 
(Willmann et al., 2009). When NVX-207 was injected intralesionally 
in canine and two equine tumor patients, it was well tolerated and 
only mild local adverse effects were observed in dogs (Liebscher 
et al., 2016; Willmann et al., 2009). However, so far, no data about 
the in vivo percutaneous permeation and safety of epicutaneously 
administered BA or NVX-207 have been reported in horses. In order 
to develop a topical therapy against EMM, the first objective of this 
pilot study was to assess the in vivo concentration profiles of BA and 
NVX-207 in equine skin when applied topically twice a day for seven 
consecutive days in eight healthy horses. The second objective was 
to evaluate the local and systemic tolerability of both compounds 
after epicutaneous application.

2  | MATERIAL AND METHODS

2.1 | Horses

The pilot permeation and safety studies were performed between 
May and September 2019 at the Clinic for Horses of the University 
of Veterinary Medicine Hannover, Foundation, Hannover, Germany. 
Animal experiments were approved by an animal welfare officer of 
the University of Veterinary Medicine Hannover, Foundation, and 
the State Office for Consumer Protection and Food Safety (LAVES) in 
accordance with the German Animal Welfare Law (LAVES Reference 
number: 18/2941). The VICH Guideline 43 “Target Animal Safety For 
Veterinary Pharmaceutical Products” (VICH, 2008) was followed 
regarding the experimental design (number of animals used for the 
study, clinical local and systemic examinations, histopathological ex-
aminations of skin biopsies). Eight horses (five mares, two geldings, 
and one stallion) with a median age of 14.5 years (range 7–23 years) 
and a median body weight of 587.5 kg (range 488–649 kg) were used 
for target animal safety and permeation studies. Coat colors included 
bay (3), black (2), chestnut (2), and gray (1). Apart from horse 7 and 
8, all were long-term residents of the Clinic for Horses, University 
of Veterinary Medicine Hannover, Foundation. The horses, except 
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for the stallion, were maintained outdoors on grass pastures before 
commencing the study. They were stabled during treatment peri-
ods but lunged or walked daily. They were fed with hay (2 kg/100 kg 
bodyweight) and a mix of pellets and muesli (1.5–2 kg/horse/day). 
Access to water was ad libitum.

2.2 | Topical treatment

The horses were topically treated with test formulations that had 
been previously tested in permeation studies with isolated equine 
skin (Weber, Meißner, et al., 2020; Weber, Funtan, et al., 2020, under 
review). They were assigned to the following treatment groups: Test 
formulation 1 (TF-PLACEBO) contained “Basiscreme DAC” (am-
phiphilic cream as published in the German Drug Codex; Table 1) 
with 20% medium-chained triglycerides; test formulation 2 (TF-BA) 
contained “Basiscreme DAC” with 20% medium-chained triglyc-
erides and 1% BA; and test formulation 3 (TF-NVX207) contained 
“Basiscreme DAC” with 1% NVX-207. The test formulations were 
blinded by a number and letter code and unblinded after all analyses 
at the end of the study. The treatment was always performed by 
the same investigator (LAW). A crossover design was used to treat 
every horse with every formulation on the neck and undersurface 
of the tail for seven consecutive days, with a seven-day washout pe-
riod between each formulation. The order of the formulations was 
randomized for each horse. Figure 1 gives an overview of the exact 
treatment sites. Treatment areas on the neck and control areas on 
the contralateral neck site were clipped 24 hr before each treatment 
period. The treatment sites were completely covered with about 
1 g of the test formulations twice a day. If cream remnants from the 
previous treatment were still present, the skin was carefully cleaned 
with saline and swabs. The treatment and control sites in four horses 
(horses 3, 4, 7, and 8; randomly selected) were protected with a 
wound dressing (“Animal Soft,” Snögg) and completely covered with 
“Fixomull stretch” (BSN medical GmbH). The covering on the neck 
was additionally attached with “AnimalPolster” (Snögg).

2.3 | Clinical examination and scoring

The horses were examined and scored by the first author (LAW), 
who was blinded to the treatment. The clinical examination and 

scoring were conducted twice a day during each treatment period 
and one day before and after each treatment period. The parameters 
obtained included behavior, posture, appetite, rectal temperature, 
mandibular lymph nodes, heart rate, mucous membranes, jugular 
vein filling, respiratory rate, auscultation of the thorax and the abdo-
men, and defecation. Summarized results from the clinical examina-
tion, skin areas treated and horses’ behavior during test formulation 
application were scored in accordance with Table 2A, B, and C. Score 
results from the morning and evening examination were summed up 
daily in order to assess the burden for each horse. Horses with a 
score ≥11 on one day or ≥9 over three days, with a severely impaired 
general condition or severe skin reactions, were excluded from the 
study. The horses were clinically examined once a day on day 2–7 of 
each washout period but not scored.

2.4 | Sampling

Blood samples for complete blood counts and blood chemistry 
were taken in the morning of day 1 of each treatment period and 
in the morning of day 1 of each washout period. Blood chemistry 
included electrolytes (Na, K, Cl, Ca, Mg), bilirubin, glucose, urea, 
creatinine, bile acids, triglycerides, total protein, albumin, lactate, 
serum amyloid A and the enzymatic activity of the alkaline phos-
phatase, glutamate dehydrogenase, aspartate amino-transferase, 
γ-glutamyl transferase, creatine kinase, and lactate dehydrogenase. 
Furthermore, lithium-heparin plasma was analyzed for BA or NVX-
207 content after the respective treatment, as described below.

Skin biopsies from the treatment and control sites were taken 
in the morning of day 1 of each washout period. The horses were 
sedated with butorphanol (0.01 mg/kg i.v.; “Butorgesic,” cp-pharma, 
Burgdorf, Germany) and detomidine (0.01 mg/kg i.v.; “Cepesedan,” 
cp-pharma). Mepivacaine (“Mepidor”; WDT) was used for local an-
esthesia. Three 8-mm punch biopsies were obtained from the neck 
(two from the treatment site, one control) and two 6-mm punch 
biopsies from the undersurface of the tail (one from the treat-
ment site, one control) using single-use punch-biopsy instruments 
(“Dermal Biopsy Punch,” WDT). Only one tail-control per horse was 
taken during the whole study to reduce the infection risk at this site. 
Biopsy wounds were cleaned, disinfected, and treated with ointment 
containing povidone-iodine (“Vet-Sept Salbe”; Albrecht GmbH) and 
aluminum spray (“Aluminiumspray”; aniMedica GmbH). Skin biopsies 
were fixed in 10% neutral-buffered formalin until further process-
ing for histopathological examination. The second biopsy from the 
treated neck site was frozen at −20°C in aluminum foil until further 
processing for compound analysis.

2.5 | Quantification of BA and NVX-207 in the 
biopsy specimen and plasma

The skin sample processing was performed as described (Weber, 
Meißner, et al., 2020). Briefly, the frozen skin samples were cut 

TA B L E  1   Ingredients of the "Basiscreme DAC" according to the 
German Drug Codex. Composition of 100 g cream

Purified aqua 40.0 g

Petrolatum 25.5 g

Propylene glycol 10.0 g

Medium-chained triglycerides 7.5 g

PEG-20-glyceryl stearate 7.0 g

Cetyl alcohol 6.0 g

Hydrogenated palm glycerides 4.0 g
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horizontally to the epidermis with a cryostat (“CryoStar™ NX70 
Cryostat,” Thermo Fisher) in skin slices (each with a thickness of 
20 µm), after the first 10 µm (stratum corneum) had been separated 
due to possible cream residues. The skin slices were pooled at 
5 × 20 µm, and the concentrations of BA and NVX-207 per 100 µm 
skin depth were consecutively analyzed by high-performance liquid 
chromatography (HPLC). The HPLC analysis for BA was performed 
as reported (Weber, Meißner, et al., 2020). Reverse phase analysis 
was conducted for NVX-207 determination using an Agilent 1100 
system (Agilent) on a Luna® Omega column (3 µm, PS C18, 100 Å, 
150 x 4.6 mm; Phenomenex) at 30 °C utilizing a gradient method 
with acetonitrile (0.1% HCOOH)(A):water (0.1% HCOOH)(B) at 
1.1 ml/min (from 60% to 10% B within 7.50 min). The diode array 
detector was set at 200 nm.

Plasma samples were freeze-dried, extracted for 30 min with 
1 ml methanol for NVX-207 samples and 1 ml ethanol for BA sam-
ples, and centrifuged with centrifugal filter units at 10T rpm for 
10 min. A quantity of 40 μl of the supernatant was injected directly 
into the HPLC.

The detection limits of the HPLC methods were 0.1 µg/ml for both 
compounds (0.219 µmol/L for BA and 0.166 µmol/L for NVX-207).

2.6 | Histopathologic analysis of the 
biopsy specimen

The skin specimens fixed in neutral-buffered formalin were em-
bedded in paraffin. Sections (each with a thickness of 3 µm) were 
stained with hematoxylin-eosin and evaluated histopathologically 
by a European specialist in veterinary pathology (CP) in a blinded 
process. Cell layers of the stratum spinosum were counted to assess 
the degree of epidermal hyperplasia. If there were up to twice as 
many cell layers compared to the corresponding control, the acan-
thosis was defined as “mild.” If up to three times as many cell layers 
compared to the corresponding control were counted, the acantho-
sis was addressed as “moderate.” More than three times as many cell 
layers compared to the control in the same location was defined as 
“severe acanthosis.”

2.7 | Statistical analysis

Data analysis was performed using SAS 9.4m5 with the SAS 
Enterprise Guide, version 7.1 (SAS Institute Inc.). The quantitative 

TA B L E  2   Scoring system

Score

A Clinical examination 0 = unremarkable
1 = mild alterations
2 = moderate alterations
3 = severe alterations

B Skin reaction on treatment site 0 = skin is unremarkable
1 = skin is mildly reddened, warm, swollen, painful, mild desquamation
2 = skin is moderately reddened, warm, swollen, painful, moderate desquamation
3 = skin is severely reddened, warm, swollen, painful, severe desquamation

C Behavior during test formulation application 0 = horse shows no defense movements or only mild muscle twitching
1 = horse is nervous; tail striking
2 = horse kicks, bites, tries to attempt application by active movement

Note: Horses were scored twice a day during treatment periods and one day before and after the treatments.

F I G U R E  1   Schematic illustration of the treatment sites. (a) The three 5 × 5 cm treatment sites (one for each formulation) on the neck 
were located four, six and eight handbreadths caudal to C1 (atlas) and one handbreadth ventral to the crest. (b) The three 5 × 5 cm treatment 
areas on the ventral surface of the tail were located approximately one, two and three handbreadths caudal from the tail root. Note that the 
different treatment sites are not drawn to scale [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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parameters were checked for normal distribution by visual assess-
ment of the Q-Q plots of the model residuals and calculating the 
Shapiro–Wilk test. Due to normal distribution of hematology and 
blood chemistry parameters, the effect of each treatment (TF-
PLACEBO, TF-BA and TF-NVX207) for each blood parameter (dif-
ference between pre- and posttreatment) was calculated with a 
paired t-test for paired observations. A two-way analysis of variance 
with independent (covering) and correlated (treatments; all three 
treatments were performed on each horse with a time interval in be-
tween) measurements and the interaction between the two effects 
was calculated to compare the effects between treatment groups 
(TF-PLACEBO, TF-BA, and TF-NVX207) and covering (covering of 
treatment site vs. no covering of treatment site) on the influence of 
hematology and blood chemistry parameters (difference between 
pre- and posttreatment). The drug concentrations in the different 
skin depths were compared between BA and NVX-207, both with 
and without covering, using a two-way analysis of variance analo-
gous to the evaluation of the blood parameters. The number of cell 
layers of the corresponding control was subtracted from the num-
ber of cell layers in the treated skin to compare the impact of the 
three different treatments (TF-PLACEBO, TF-BA, and TF-NVX207) 
and covering (covering of treatment site vs. no covering of treat-
ment site) on the thickness of the stratum spinosum. In accordance 
with blood parameters, the differences were analyzed with a two-
way analysis of variance. The Procedure Mixed was used for the lin-
ear model. The post hoc Tukey test was applied for multiple pairwise 
comparisons, while maintaining the experiential error rate. p-values 
<.05 were considered statistically significant.

3  | RESULTS

3.1 | Local and systemic tolerability of the topical 
treatments

Horse 8 had to be excluded from the study as it developed an acute 
lameness grade IV/V on the left front limb due to an orthopedic 
disorder (infected keratoma) on day 7 of the first washout period. 
The horse was treated with TF-NVX207 and, therefore, data for 
eight horses in the TF-NVX207 group and seven horses in the TF-
PLACEBO and TF-BA group, respectively, were available.

All horses tolerated the repeated topical applications on both 
treatment sites very well (Score C: 0 for every horse in every treat-
ment group). The mean score (±SD) for skin reactions after nine 
scoring days for each treatment was 3.4 (± 3.4) for TF-PLACEBO, 
4.4 (± 3.9) for TF-BA and 1.4 (± 1.6) for TF-NVX207, with no dif-
ference observationally noted between horses with covered or 
uncovered treatment sites. The most common local side effects on 
the neck after all three treatments (TF-PLACEBO, TF-BA, and TF-
NVX207) were mild erythema (TF-PLACEBO n = 4; TF-BA n = 3; 
TF-NVX207 n = 1), mild swelling (TF-PLACEBO n = 3; TF-BA n = 1; 
TF-NVX207 n = 5), and mild desquamation (TF-PLACEBO n = 4; 

TF-BA n = 5; TF-NVX207 n = 3). Palpation of the altered treatment 
site skin did not elicit a pain response. In most cases, side effects 
started during the fourth or fifth treatment day and resolved com-
pletely within the second to third day of the washout period. Mild 
alopecia on the neck ventral to the treatment site was observed in 
horse 1 (TF-BA) and horse 6 (TF-PLACEBO) at day 7 of treatment. 
The skin of the ventral tail was less affected compared to the cer-
vical skin. Only horse 7 showed a mild erythema and desquamation 
on the skin of the tail from day four to seven when treated topically 
with TF-BA. No evidence of permanent cosmetic or functional defi-
cits was observed in any horse on either treatment site (neck or tail).

Scores for the clinical examination revealed a good overall sys-
temic tolerability of the topical treatment. The mean clinical score 
(±SD) for all horses after seven days of treatment with TF-PLACEBO 
was 0.6 (± 1.0), 0.4 (± 0.8) with TF-BA, and 0.3 (± 0.8) with TF-
NVX207. Occasional observations of slightly increased heart or 
respiratory rates could always be linked to reasons other than the 
topical therapy. Horse 5 developed fever (max. 39.3°C) with a mild 
leukocytosis (max. 14.6 G/L; reference limits: 4.3–12 G/L) and in-
creased serum amyloid A (max. 607 µg/ml; reference limit: <7 µg/
ml) in the washout period after treatment with TF-NVX207. Biopsy 
wounds of this horse on the neck were mildly to moderately swol-
len and exudative. Wash samples from the guttural pouches for 
Strep. equi ssp. equi diagnostic and nasal swabs for Equine Influenza 
Virus type 1 and Equine Herpes Virus type 1 and 4 diagnostic were 
negative. The mare received metamizole (30 mg/kg i.v.; “Metamizol 
WDT”; WDT) twice and recovered within three days. The horse was 
suspended from the study for two weeks and then treated again to 
give her rest and ensure that the medication did not have any impact 
on the study results.

The blood results did not reveal any clinically relevant abnor-
malities, but there were occasional statistical differences. There 
was a statistically significant (p < .01) increase in lactate dehydro-
genase after treatment with BA. While the lactate dehydrogenase of 
horse 4 changed from 351 to 311 U/L (reference range 0–235 U/L), 
the values of the other horses were within the reference range. 
Furthermore, a statistically significant decrease (p < .05) was ob-
served in lymphocytes after treatment with BA. However, the blood 
values of the horses were within the reference range (20 – 45% of 
WBC), except for horse 1, which changed from 17.5% to 18.2%. A 
statistically significant increase (p < .05) was found in albumin and 
decrease (p < .5) in bile acids after treatment with NVX-207, but 
the blood values of all horses for both parameters were within the 
reference ranges (27–40 g/L for albumin and 0–12 µmol/L for bile 
acids). When the effects between treatment groups (TF-PLACEBO, 
TF-BA, and TF-NVX207) and covering (covering of treatment site vs. 
no covering of treatment site) on the influence of hematology and 
blood chemistry parameters were compared, a statistically signifi-
cant difference was observed between the placebo and NVX-207 in 
hematocrit (p < .05) and erythrocytes (p < .05). However, the values 
of both parameters were within reference ranges (0.3–0.45 L/L for 
hematocrit and 5–10 T/L for erythrocytes).
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3.2 | In vivo permeation profiles of BA and NVX-
207 in equine skin and analysis of plasma samples

The skin biopsies differed in thickness, and each sample was pro-
cessed at the cryostat as long as uniform sections were possible. 
Therefore, the skin depths analyzed ranged from 1,510 to 2,010 µm 
(median skin depth 2,010 µm). When the horse’s skin was treated 
twice a day for seven consecutive days, NVX-207 and BA liberated 
from the carrier cream penetrated the stratum corneum and perme-
ated through the epidermal and dermal skin layers. Noticeable, albeit 
not statistically significant (p > .05) differences in the amount of per-
meation and skin depth were found between the two compounds 
and a higher quantity of NVX-207 was detected up to a depth of 
2,010 µm (Figure 2). Furthermore, higher concentrations of BA and 
NVX-207 were observed in the skin in horses with a covered treat-
ment site compared to those with uncovered treatment sites, but 
differences were not statistically significant (p > .05) (Figure 2). 
The individual comparisons between NVX-207/covered treat-
ment site and the other groups were significant (p-values <.05, .01 
and .001) especially in the upper skin layers (up to 1,310 µm) with 

comparison-related error probability. Nevertheless, in the case of 
experiment-wise error rates (post hoc Tukey tests), the significances 
could not be shown due to the large number of tests, the small sam-
ple size, and the large scattering.

Neither BA nor NVX-207 were detected in any of the plasma 
samples.

3.3 | Histopathological examination of the skin

Histopathological changes were observed in the epidermis and der-
mis for all horses after all treatments (TF-PLACEBO, TF-BA, and 
TF-NVX207). The histopathological diagnoses were remarkably 
similar, regardless of whether the treatment site was covered or not. 
Most of the changes in the tail were very mild to mild, and those 
in the neck were mild to moderate. The stratum corneum on both 
treatment sites showed orthokeratosis in all horses after all treat-
ments. Three horses additionally displayed multifocal parakeratotic 
areas of the neck (horse 7 after treatment with TF-PLACEBO, horse 
6 after treatment with TF-BA, and horse 5 after treatment with TF-
NVX20). A mild-to-moderate acanthosis of the stratum spinosum 
was observed in the cervical and tail skin after treatment with all 
three test formulations in all horses without any statistically signifi-
cant difference (p > 0.05) between groups (TF-PLACEBO, TF-BA, 
and TF-NVX207/ covered treatment site vs. uncovered treatment 
site). The increase in the absolute number of stratum spinosum cell 
layers is shown in Table 3. Figure 3 illustrates the histopathological 
images of horse 2 after treatment with all three formulations as a 
representative example. One apoptotic keratinocyte each was found 
on the neck of horses 1 and 3 after treatment with TF-NVX207; the 
same was found on the neck of horses 1 and 2 after treatment with 
the placebo. A very slight to moderate, multifocal, perivascularly ac-
centuated, lymphohistiocytic inflammation with a few neutrophils 
was observed in the superficial dermis of the neck and tail skin after 
all treatments (Figure 4).

4  | DISCUSSION

The aim of this placebo-controlled pilot study was to determine 
the concentration profiles of BA and NVX-207 in the skin of eight 
healthy horses when applied topically twice a day for seven con-
secutive days. The local and systemic tolerability of the compounds 
was also assessed. Higher concentrations of NVX-207 compared 
to BA were found in the skin. A good systemic tolerability and only 
mild local adverse effects were observed in all three groups (TF-
PLACEBO, TF-BA, and TF-NVX207).

The transport of a therapeutic agent into the skin is a multi-
step process, which has to be assessed carefully when developing 
a topical drug (Kalia & Guy, 2001; Luís et al., 2016). Firstly, the ac-
tive compound needs to dissolve within and liberate from the phar-
maceutical formulation. After penetrating and diffusing the skin’s 
outermost layer and “major barrier”—the stratum corneum—mainly 

F I G U R E  2   Concentration profiles of betulinic acid and NVX-
207 in equine skin. Seven horses were treated topically on the 
neck with “Basiscreme DAC” +20% medium-chained triglycerides 
and 1% betulinic acid (BA) b.i.d. for seven consecutive days. Eight 
horses were treated with “Basiscreme DAC” and 1% NVX-207. The 
treatment site was covered in three (BA group) and four (NVX-
207 group) horses. Data represent mean concentration (±SD) of 
BA and NVX-207 in cryostat skin slices at different skin depths 
determined by high-performance liquid chromatography. Each BA 
and NVX-207 concentration plotted corresponds to 100 µm skin 
depth, respectively. The active agent in the TF-BA group was found 
up to a median skin depth of 2,010 µm in horses with a covered 
treatment site (range from 1,310 to 2,010 µm) and up to a median 
skin depth of 760 µm in horses with an uncovered treatment site 
(range from 310 to 1,210 µm). The median permeated skin depth 
in horses treated with TF-NVX207 was 1,810 µm in both groups 
(covered and uncovered treatment site); however, it ranged from 
1,510 to 2,010 µm in the covered and from 510 to 2,010 µm in 
the uncovered treatment site horses. No statistically significant 
difference between the groups could be shown
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via intercellular lipids, the therapeutic agent has to permeate the 
viable epidermis to reach the superficial dermis. The compound is 
absorbed in the dermis by local capillary blood vessels and an uptake 
into the systemic circulation takes place.

In the present study, BA and BA-derivative NVX-207 liberated 
from the carrier cream “Basiscreme DAC” with 20% medium-chain 
triglycerides (BA) or “Basiscreme DAC” only (NVX-207), penetrated 
the stratum corneum, and permeated the viable epidermal and der-
mal skin layers of equine cervical skin after topical application. 
Equine skin from the lateral thorax was used for in vitro permeation 
studies with BA and NVX-207 (Weber,  Meißner, et al., 2020; Weber, 
Funtan, et al., 2020, under review). Regarding the in vivo study re-
ported here, the horses were treated on the neck rather than the 
thorax to prevent the cream from being licked off by the animals. 
Concentration profiles were determined for the cervical skin only 
and, despite the 6-mm punch biopsy for histopathologic examina-
tion, no second biopsy was taken from the treated area underneath 
the tail. The rationale for this decision was the higher risk of infec-
tion at this location. The possible quantities of permeated active 
compounds calculated previously in skin slices of only 6 mm in diam-
eter were below the detection limits of the HPLC methods (0.1 µg/
ml). Thus, the risk of taking a second at least 8-mm large biopsy for 
substance quantification was considered inadequate. Equine neck 
skin is structurally similar to the skin of the thorax regarding epider-
mal and dermal thickness and the number of hair follicles (Scott & 
Miller, 2011; Wong, Buechner-Maxwell, & Manning, 2005) and, thus, 
good comparisons could be made with the in vitro results (Weber,  
Meißner, et al., 2020; Weber, Funtan, et al., 2020, under review). The 
concentration profiles of the substances in the tail skin can be ex-
pected to correspond, as there was no difference in the penetration 
of hydrocortisone, a substance with lipophilic properties close to BA 
and NVX-207, in clipped equine thoracic skin and nearly glabrous 
equine groin skin (Mills & Cross, 2006).

The area treated was covered with a patch in four horses in order 
to investigate whether this practice influences the permeation. The 
predilection sites for EMM are glabrous cutaneous regions, and the 
tumors are mainly found underneath the tail (Fleury et al., 2000; 
Seltenhammer et al., 2010). While not every part of the undersur-
face of the tail is in contact with the hind legs, the covering proce-
dure may be necessary to prevent the cream from being rubbed off 

when treating a melanoma located laterally on the ventral tail. It was 
demonstrated that higher concentrations of the compounds were 
found in the covered compared to the uncovered skin, but differ-
ences were not statistically significant. Furthermore, permeated skin 
depths were deeper in horses with a covered treatment site. This 
may have been because the creams always remained at the desired 
location in these horses, even when they were rolling or laying in 
lateral recumbency for sleeping. Occlusion effects, which can occur 
due to covering of the skin or ingredients of the topical pharmaceu-
tical formulation (e.g., propylene glycol, petrolatum), also could have 
had a positive influence on the permeation (Chang & Riviere, 1993; 
Prausnitz et al., 2012). Occlusion effects cause a hydration of the 
stratum corneum and, therefore, alter the barrier function of the skin 
(Chang & Riviere, 1993; Prausnitz et al., 2012).

After a treatment of seven days or 168 hr in vivo, the amount 
of BA and NVX-207 detected in the skin of horses with a covered 
treatment site was generally considerably higher than in the 24-hr in 
vitro samples (Weber,  Meißner, et al., 2020; Weber, Funtan, et al., 
2020, under review). On the one hand, this does not seem to be sur-
prising due to the prolonged incubation time. On the other hand, 
it shows that although certain amounts of active agents are always 
transported away from the treatment site by capillary dermal ab-
sorption (Kalia & Guy, 2001), high concentrations of BA and NVX-
207 can be achieved especially in the epidermis and superficial and 
partially deep dermis of equine skin in vivo. The concentration pro-
files of NVX-207 in horses with a covered and uncovered treatment 
site exceeded the respective concentration profiles of BA in vivo. By 
contrast, higher amounts of BA were found in isolated equine skin 
in vitro after an incubation of 24 hr in FDC experiments compared 
to the concentrations of NVX-207 (Weber,  Meißner, et al., 2020; 
Weber, Funtan, et al., 2020, under review). This might be explained 
by a high affinity of both substances to the lipophilic stratum corneum, 
but there were differences in permeation rates through the viable, 
aqueous epidermis and dermis, which only became apparent in vivo 
after an application over a longer period of time (Guy & Hadgraft, 
1984). The rapid penetration of the stratum corneum is followed by 
an accumulation of BA and NVX-207 in this skin layer, which leads to 
a reservoir effect—NVX-207 may permeate the hydrophilic epider-
mal and dermal tissue somewhat slower and is, therefore, absorbed 
more slowly by capillary blood vessels.

TA B L E  3   Increase in stratum spinosum cell layers

Cervical skin Ventral tail skin

TF-PLACEBO TF-BA TF-NVX207 TF-PLACEBO TF-BA TF-NVX207

Uncovered treatment 
site

3 ± 1 (n = 4) 3 ± 1 (n = 4) 4 ± 1 (n = 4) 5 ± 3 (n = 4) 5 ± 2 (n = 4) 4 ± 2 (n = 4)

Covered treatment site 3 ± 2 (n = 3) 3 ± 1 (n = 3) 4 ± 2 (n = 4) 2 ± 4 (n = 3) 2 ± 2 (n = 3) 2 ± 1 (n = 4)

Note: Horses were treated topically on the neck and tail with a placebo (TF-PLACEBO), a 1% betulinic acid cream (TF-BA) or a 1% NVX-207 cream 
(TF-NVX207) b.i.d. for seven consecutive days in a crossover design. Cell layers in the stratum spinosum were counted. A mild-to-moderate acanthosis 
was observed in all horses after every treatment (TF-PLACEBO, TF-BA and TF-NVX207). Data represent the difference between cell layers of 
the treatment site and corresponding control (absolute numbers; mean ± SD), with positive values implying an increase in cell layers. There was 
no statistically significant difference (p > .05) between the groups (TF-PLACEBO, TF-BA and TF-NVX207/covered treatment site vs. uncovered 
treatment site).
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Previously reported 96-h IC50 values with cytotoxic effects on 
EMM cells were reached in the deep dermis (up to 2,010 µm) for 
BA and NVX-207 in horses with a covered treatment site (Weber,  
Meißner, et al., 2020; Weber, Funtan, et al., 2020, under review). 
The amounts of BA and NVX-207 detected in horses with an uncov-
ered treatment site exceeded the IC50 values for EMM up to a depth 
of 510 and 2,010 µm, respectively. While the skin sample thickness 
in previous FDC experiments was standardized and did not exceed 
910 µm, the skin biopsy thickness in this study differed but never 
exceeded 2,010 µm. The active ingredients were found at the deep-
est skin depths analyzed, especially in horses treated with NVX-207 
(covered and uncovered) and BA (covered). It is, therefore, possible 
that even deeper skin layers, which were not reached by the biopsy, 

had been permeated by the active ingredients. Taken together, the 
findings from the in vivo permeation study suggest that the treat-
ment site should be covered in the topical application of BA and 
NVX-207. However, this must be confirmed by a larger sample size, 
as the differences between groups were not significant. Statistically, 
only a tendency was observed that a treatment with NVX-207 in 
combination with a covered treatment field increases the concen-
tration in the skin compared to the other treatments. The covering 
could ensure that concentrations of the compounds, which have 
shown good effects against EMM cells at least in vitro, also reach 
lesions located in deeper equine skin layers. Nevertheless, a lack of 
correlation between the cell behavior in the natural microenviron-
ment and under in vitro cell culture conditions is not uncommon, 

F I G U R E  3   Hematoxylin and eosin 
staining of equine skin (horse 2). 
Histopathological images of cervical skin 
(left column—a, c, e, g) and ventral tail 
skin (right column—b, d, f, h) of horse 2 
as a representative example of all eight 
horses enrolled in the study. The horse 
was treated topically twice daily for seven 
consecutive days with a placebo cream 
(c, d), a 1% betulinic acid cream (e, f) and 
a 1% NVX-207 cream (g, h). A different 
area of the neck or tail was treated for 
each test substance, and there was a 
one-week washout period between the 
individual test substances. Treatment sites 
were not covered on this horse. Pictures 
A and B show the untreated control sites. 
After the three treatment periods, a mild-
to-moderate acanthosis of the stratum 
spinosum was observed in the neck and 
tail skin. A mild to moderate, multifocal, 
perivascularly accentuated, predominantly 
lymphohistiocytic inflammation was 
observed in the superficial dermis of both 
treatment sites (Hematoxylin and eosin, 
40×, dimension bars correspond to a 
length of 200 µm)
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and cells in vivo may, therefore, be more robust against pharmaco-
logical influences (Hulsart-Billström et al., 2016; Wilson, Adelstein, 
Keegan, Barrett, & Kutz, 1996; Yao et al., 2014). Furthermore, EMM-
induced changes in the skin structure (e.g., ulceration, encapsulation 
of the tumor) may alter the percutaneous permeation of the agents 
applied significantly compared to normal skin and, consequently, 
prospective clinical trials have to prove the antitumoral efficacy of 
the drugs.

Neither BA nor NVX-207 were detected in plasma samples by 
HPLC analysis at the end of each treatment period. Hematology 
and blood chemistry revealed no clinically relevant abnormalities. 
Consequently, it could be assumed that the risk of systemic adverse 
effects in horses after topical application is negligible due to the 
low systemic bioavailability of the compounds and an overall good 
systemic tolerability. It seems unlikely that the fever which devel-
oped in horse 5 in the washout period after NVX-207 application 
was related to the previous treatment, as the skin treated showed 
no clinical signs of inflammation. The biopsy wounds were mildly to 
moderately reactive one day after the biopsies were taken, which 
could possibly explain the disturbed general condition. No other in-
fectious cause or ultrasonographic changes in the thorax or abdo-
men could be detected.

Mild erythema, mild swelling, and mild desquamation were the 
most common treatment-related local side effects clinically ob-
served in the horses, regardless of whether the treatment site was 
covered or not. The local alterations were observed on the cervical 
skin and on the ventral tail skin only in one horse. These adverse 
effects became apparent not only after treatment with TF-BA and 
TF-NVX207 but also after treatment with the placebo. The skin 
alterations resolved within two to three days with no evidence of 

permanent cosmetic or functional deficits. Despite the clinical dif-
ferences between the cervical and tail skin, interestingly, similar 
findings were obtained histopathologically for both treatment sites.

An epidermal hyperplasia or, more precisely, an acanthosis of 
the stratum spinosum and perivascularly accentuated lymphohistio-
cytic inflammation were the dominant findings in the histopatho-
logical examination of both the cervical and tail skin. The stratum 
corneum was not included in the data analysis. The cells of this skin 
layer are exposed to numerous exogenous influences and, therefore, 
the results may easily be falsified, for example, by the mechanical 
abrasion which can occur when a topical treatment is given twice a 
day. Epidermal hyperplasia is described as a common, nondiagnos-
tic feature of virtually any chronic inflammatory process of the skin 
in horses (Scott & Miller, 2011). Another, albeit rather improbable, 
reason for the increased cell count of the stratum spinosum could be 
the so-called retention acanthosis, where the keratinocytes show a 
prolonged postmitotic lifespan and the epidermal turnover time is 
increased (Bullough, 1972; Lubach & Kietzmann, 1988). The perivas-
cular dermatitis, as seen in nearly every horse after every treatment, 
could have arisen due to a hypersensitivity reaction to the creams 
applied (Scott & Miller, 2011). However, one would expect signifi-
cantly more eosinophilic granulocytes and mast cells in real allergic 
or hyperergic processes than was the case with most of the biop-
sies in this study. It can be assumed that the clinical and histopatho-
logical skin alterations were associated with the ingredients of the 
“Basiscreme DAC” but not with the active compounds BA or NVX-
207, as they were observed without a difference in all three treat-
ment groups (TF-PLACEBO, TF-BA, and TF-NVX207). “Basiscreme 
DAC” is a pharmaceutical cream commonly used in humans and gen-
erally considered safe. However, it consists of, among others things, 
propylene glycol, cetyl alcohol, and glyceryl stearate, ingredients 
which have been demonstrated to induce mild skin irritations in an-
imals such as mice and rabbits, partially even in lower doses than 
the ones in “Basiscreme DAC” (Johnson, 1988, 2004; Johnson et al., 
2012). Furthermore, it has been demonstrated that an experimental 
acanthosis can be induced in guinea pigs after a seven-day treatment 
with yellow petrolatum (Born, 1969). Reports about safety assess-
ments of pharmaceutical (or even cosmetic) ingredients in horses are 
rare and, therefore, no secure conclusion can be drawn from which 
ingredient(s) the local side effects originated in this study. Although 
evidence of a mild skin irritative potential was observed, a further 
use of the amphiphilic “Basiscreme DAC” as a vehicle for 1% BA and 
1% NVX-207 should be considered, as a homogenous and stable dis-
tribution of the compounds in the cream is given (own laboratory 
controls; unpublished data). Furthermore, the previously mentioned 
findings from in vitro studies utilizing these creams (Weber, Funtan, 
et al., 2020, under review) were supported here by analytic in vivo 
experiments. Although the topical treatment with betulin, an alco-
hol related in structure to BA, was well tolerated in human patients 
suffering from actinic keratosis (Huyke, Laszczyk, Scheffler, Ernst, & 
Schempp, 2006; Huyke et al., 2008), further studies in humans are 
missing and, consequently, owners and veterinarians should wear 
gloves for safety reasons when treating the horses topically.

F I G U R E  4   Hematoxylin and eosin staining of equine cervical 
skin after NVX-207 application (horse 2). The horse was treated 
topically twice daily for seven consecutive days on the neck 
with a cream containing 1% NVX-207. A moderate, multifocal, 
perivascularly accentuated, mainly lymphohistiocytic, partly 
neutrophilic inflammation was observed in the superficial dermis. 
Black arrows: Lymphocytes; black arrowheads: Macrophages; open 
arrows: Neutrophil granulocytes (Hematoxylin and eosin, 400×, 
dimension bar corresponds to a length of 20 µm)
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The relatively short treatment period and the small sample pop-
ulation in this pilot safety study limits the accurate tolerance pre-
dictability for a therapy over weeks and for a larger population and 
is, therefore, not comparable with an approval study. Nevertheless, 
good first insights into the concentration profiles and safety of BA 
and NVX-207 after topical application in horses were obtained.

5  | CONCLUSION

The results of this in vivo permeation and safety study indicate that 
high local concentrations of BA and NVX-207 can be reached in nor-
mal equine skin when applied topically twice a day for seven con-
secutive days. A covering of the treatment site seems to increase the 
drug concentration in the skin as well as the permeated skin depth, 
especially for NVX-207. Furthermore, it was demonstrated that the 
topical treatment of horses with both compounds is convenient and 
safe. Only mild local adverse effects were observed in all groups (TF-
PLACEBO, TF-BA, and TF-NVX207), which suggests an association 
with ingredients in the carrier cream “Basiscreme DAC” but no caus-
ative effect of the compounds BA or NVX-207. This study supports 
the topical application of BA and NVX-207 in prospective clinical 
trials with horses suffering from EMM; however, the concentration 
profiles of the compounds may be altered in skin bearing tumors.
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