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Abstract: The objective of this study was to evaluate the permeability of oxandro-
lone in human skin on a preliminary basis for possible future determination of the 
transdermal route as an alternative to oral treatments. For this purpose, we used a 
percutaneous absorption assay in Franz diffusion cells coupled with freshly excised 
human skin. The drug release kinetics were determined to predict the efficiency of 
this alternative route for the drug. Nearly 236 µg (86.7%, in terms of applied dose) 
of the product was prevented to permeate due to the barrier function of the stratum 
corneum (SC); 21.6% reached the receptor medium (RM), and the remaining 4.3% 
were quantified within viable layers of the skin (in vivo, dermis is vascularized). 
That being said, it is comprehensible that the total amount of drug able to exert ef-
fect is the sum of the drug quantified within remained skin (RS) and RM. In this case, a total of 247.6 
µg of oxandrolone (25.9% of the applied dose) would be able to permeate through a non damaged skin. 
The accuracy of the data is demonstrated by the calculated mass balance (average recovery = 112.6%). 
Thus, transdermal oxandrolone could be a viable alternative for traditional oral form, once clinical stud-
ies are conducted to prove this hypothesis. 
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1. INTRODUCTION 

 Oxandrolone is a potent synthetic testosterone analogue 
that possesses strong anabolic property and weak androgenic 
activity (anabolic:androgenic relationship = 10:1) [1]. Its 
molecule is considered a dihydrotestosterone-derivative, as 
the carbon atom number 2 of the phenanthrene nucleus is 
substituted by an oxygen atom; it is also alkylated by the 
addition of a methyl group on carbon number 17 (Fig. 1). 
The compound was firstly synthesized in 1962 by Pappo and 
Jung and was the first in which the steroid replacement of 
carbon atom in phenanthrene nucleus by another element 
resulted in increased biological activity [2-5]. 
 Currently, oxandrolone is approved for use in the US as 
adjunctive oral therapy for weight gain in patients with a loss 
as a consequence of major surgery, chronic infection, or se-
vere trauma without defined pathophysiological reasons; to 
offset the protein catabolism associated with prolonged cor-
ticosteroid therapy; and to relief ostealgia from osteoporosis 
[6-8]. Its clinical benefit has also been reported in catabolic 
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conditions including HIV-related muscle wasting; injuries by 
severe burn; neuromuscular disorders; cachexia in cancer 
patients; malnutrition related to liver cirrhosis and alcoholic 
hepatitis; Duchenne’s or Becker’s muscular dystrophy; re-
tarded physical growth; Turner Syndrome; chronic obstruc-
tive pulmonary disease (COPD); hypertriglyceridemia; bone 
marrow failure in Fanconi anemia; increase muscle mass and 
strength in the elderly; muscle wasting of unknown nature 
and demyelinating diseases [5, 7, 9-19]. 
 

 
 
Fig. (1). Structural formula of: A – dihydrotestosterone, and B – 
oxandrolone (17α-methyl-2-oxa-5α-androstan-17β-ol-3-one). 
 
 Apart from their clinical implications, oxandrolone can 
potentially promote several adverse effects, although gener-
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ally occasional, not serious and more related to prolonged 
treatment. These effects are evidenced as changes in blood 
(e.g. iron deficiency anemia, decreased blood clotting fac-
tors, bleeding), cardiovascular system (e.g. edema), neuro-
muscular and skeletal systems (e.g. increase in creatinine 
phosphokinase, premature closure of bone epiphysis), gastro-
intestinal system (e.g. gastric irritation), kidney (e.g. in-
creased creatinine excretion), genitourinary system (e.g. 
virilism, priaprism), endocrine and metabolic diseases (e.g. 
increased LDL, reduced HDL, electrolyte imbalance, gy-
necomastia, inhibition of gonadotropin, glucose intolerance), 
skin (e.g. acne) and central nervous system (e.g. depression, 
insomnia, excitation) [7]. In addition, anabolic steroids can 
be potentially carcinogenic, especially in cases of abuse or 
prolonged use [20-22]. Oxandrolone, as well as other 17-
alkylated compounds, has also hepatotoxic potential [5], and 
one possible concern associated with oral administration of 
oxandrolone is an increase in liver enzymes. Indeed, changes 
in serum enzymes and others considered markers for assess-
ing liver damage have been reported: increased levels of 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), alkaline phosphatase and bilirubin [6,7,23,24]. 
 In the light of this, it is known that the transdermal deliv-
ery of drugs may represent a means to avoid or minimize 
oral adverse effects: for instance, estradiol transdermal sys-
tems, in contrast to oral formulations, do not cause liver 
damage [25]. Transdermal dosage forms have often been 
considered as a means to overcome current limitations of 
other drug delivery routes. In pharmacotherapeutic context, it 
stands out as key advantages of transdermal: avoid intestinal 
and hepatic first-pass metabolism; promote slowly absorp-
tion of the active pharmaceutical (API), as to maintain stable 
and controlled blood levels by an extended time period; re-
duce metabolic effects, including gastrointestinal and sys-
temic adverse effects; improve patient compliance through 
the convenience in reducing the frequency of administration; 
and the non-invasive, painless and easy application [26-31]. 
 In this sense, the objective of this study was to evaluate 
the permeability of oxandrolone in human skin on a prelimi-
nary basis for possible future determination of the transder-
mal route as advantageous and safe alternative to administra-
tion of this drug in long-term treatments. For this purpose, 
we used a percutaneous absorption assay in Franz diffusion 
cells coupled with freshly excised human skin. The drug 
release kinetics were determined to predict the efficiency of 
this alternative route for the drug. Although, there is a num-
ber of non-scientific quotes on internet, to the best of the 
author’s knowledge this is the first scientific report on the 
evaluation of oxandrolone by transdermal route. 

2. MATERIALS AND METHOD 

2.1. Oxandrolone Cream 

 The formulation tested was composed of: oxandrolone – 
2%; ethoxy diglycol (diethylene glycol monoethyl ether) – 
5%; and Pentravan® oil-in-water penetrating cream – 93%. 
The cream was obtained by the following: (i) oxandrolone 
powder was triturated thoroughly and combined with ethoxy 
diglycol; (ii) Pentravan® was geometrically added and mixed 
thoroughly; (iii) the cream was then passed through an oint-

ment mill (Exakt, USA); (iv) the product was mixed an addi-
tional time. 

2.2. Percutaneous Absorption Efficiency - Permeation 
Experiment 

 The experiments were designed to mimic the normal “in-
use” conditions in humans. These were conducted in volu-
metric 7-mL static vertical diffusion cells with automatic 
sampling (Microette Plus, Hanson Research, USA).  
 Abdominal human excised skin was obtained from a pa-
tient who underwent abdominoplasty (1 donor: woman aged 
48 with no previous skin disease). The skin was sectioned 
using a dermatome (Nouvag, Switzerland). Pre-study integ-
rity evaluation was conducted by checking the trans-
epidermal water loss (TEWL) using a vapometer (Delfin, 
USA). This protocol followed The Code of Ethics of the 
World Medical Association (Declaration of Helsinki) and 
was approved by the Ethics Committee of Universidade Fed-
eral de Juiz de Fora, Brazil (protocol no. 151.275). 

 The skin discs were positioned between the donor and the 
receptor compartments with the SC uppermost, ensuring that 
all air under the skin was removed. The available diffusion 
area was 1.86 cm2 and a clamp was used to hold the com-
partments together. The receptor chamber was filled with 
receptor medium (0.01 M phosphate-buffered saline, PBS, 
pH 7.4, with 0.5% of 2-hydroxypropyl-β-cyclodextrin added, 
to maintain sink conditions), stirred at 600 rpm and main-
tained at 32 ± 2 ºC during the whole experiment. This recep-
tor medium was chosen based on pre-permeation studies, to 
verify if the solubility of the drug was adequate. A finite 
dose of the semisolid preparations was applied after the skin 
was allowed to equilibrate with the receptor medium for 30 
minutes, using a calibrated positive displacement pipette 
Pos-D MR-110 (Rainin, USA), on the surface of the mem-
brane (13.6 mg of cream per cell, i.e., 0.272 mg of oxandro-
lone; this quantity was based on the thinking that 1.0 g of 
cream would be spread in vivo through a 136.8 cm-2 forehead 
skin area – the forehead was chosen on the assumption that 
transfer of the drug to clothes would be minimized). The 
semisolid preparation was then evenly spread using a glass 
rod and applying a light pressure. The rod (spreader) was 
checked for retention of material, thus the real applied dose 
was determined by subtraction of the amount of retained 
material from the applied dose. No control was used, such as 
an oxandrolone solution, as no comparison between other 
possible formations was aimed. For controlling the method, 
pre- and post-experiment TEWL measurements were per-
formed, to ensure skin viability, and assay total recovery was 
determined, to guarantee analytical accuracy.  
 Aliquots (1 mL) were withdrawn at regular time intervals 
(0.5, 1, 2, 4, 6, 8, 12, 16, 20 and 24h post-dosing), collected 
into HPLC vials and immediately replaced with receptor 
medium at the same temperature. A wash of the automatic 
sampling tubes with 1.5 mL of the medium was performed 
30 seconds prior to each collection, and the stirring was in-
terrupted during this washing. The hormone concentrations 
were correspondingly corrected for the washings and replen-
ishments. The drug concentration in each sample was deter-
mined using HPLC, and each experiment was performed in 
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sextuplicate. The permeated amount of the drug (Qreal, t), in 
the time t, was calculated using Eq. (1): 

,         (1) 

where Cmeasured.t is the concentration measured at sampling 
time t, Vr is the volume of the diffusion cell, Va  is the aliquot 
volume and Ca is the concentration of the aliquot. Mathe-
matical models were used to predict absorption kinetics. The 
steady-state flux (Js) was determined from the linear slope of 
the cumulative amount of oxandrolone versus the time curve. 
The lag time (TL) represented the time required to achieve 
the steady-state flux. 

 Afterwards, the skin was removed from the diffusion cell 
and stratum corneum (SC) was separated from the remaining 
skin (RS) by applying 15 tape strips with adhesive tapes 
(Durex®, 3M, Brazil). The RS was cut into small pieces. 
Tape strips with SC and RS were placed in individual tubes 
and immersed in 5 mL of mobile phase, homogenized with a 
vortex mixer for 2 min and left in ultrasound bath for 30 min 
at room temperature. The tubes containing SC and RS were 
then filtered and analyzed by HPLC. 

2.3. Quantification - HPLC 

 The HPLC analyses were performed in a qualified and 
calibrated Young Lin (Korea) chromatography system com-
posed of the following: quaternary pump (YL 9110), photo-
diode array detector (YL 9160), automatic injector (YL 
9150), column compartment (YL 9130) and software con-
troller (Clarity). The mobile phase was composed of a mix-
ture of acetonitrile and water (5:5, v/v). Chromatographic 
separation was achieved using a Phenomenex (USA) packing 
L1, 4.6-mm × 25-cm, 5-µm particle column; the column was 
connected with a pre-column with the same packing (4.0 × 
3.0 mm, 5 µm) from the same manufacturer. The mobile 
phase was pumped using a flow rate of 0.8 mL/min. The 
samples and standards were injected in a volume of 20 µL 
and monitored using UV detection at 210 nm. 
 Quantification was made on the basis of a calibration 
curve y = 23.4x + 31.5; R2 = 0.9974; Analysis of Variance 
(ANOVA): Fregression = 49645.96 (Fcritical = 4.67) and Flack of fit 
= 1.57 (Fcritical = 3.71). Detection and Quantification limits 
were set at 0.02 and 0.07 µg mL-1, respectively. 

3. RESULTS AND DISCUSSIONS 

 The permeation profile of oxandrolone cream throughout 
a 24-h period is presented graphically in Fig. (2). These re-
sults show that the vehicle used was able to deliver approxi-
mately 32 µg of oxandrolone per cm2 of skin, when consid-
ering only the drug that reached the receptor medium. When 
fitting permeation data to mathematical models, zero-order 
kinetics appeared to be more adequate (R2 = 0.99785) than 
Higuchi or first-order models, i.e., the absorption process 
does not depend of the drug concentration, and then the 
quantity of drug permeated is directly related to the time of 
the test. By this model, the steady-state flux was determined 
as 1.2 µg cm2 h-1, with a lag time of 50.4 min. 

 
 
Fig. (2). Cumulative amounts of oxandrolone quantified into the 
receptor medium: ex vivo percutaneous absorption profile. Results 
presented as mean ± standard deviation (n = 6). 
 
 The vehicle used was chosen based upon previous studies 
reported on the literature, which detected that it is a suitable 
excipient for steroidal molecules. For instance, Polonini et 
al. [32] found permeation percentages of 76.8% for trans-
dermal progesterone, 99.9% for estradiol in isolation, and 
84.7% and 49.9% for estradiol and estriol, respectively, 
when combined in a single product. For their turn, Lehman 
and Raney [33] evaluated the permeation of testosterone in 
the same vehicle. Although they did not determine permea-
tion percentual, they reported that the vehicle used was able 
to enhance the transdermal vehicle of the drug, compared to 
a commercial formulation. Additionally, Pentravan® also 
proved to be adequate for molecules such as resveratrol, a 
non-flavanoid phenolic compound (percentage of permeation 
= 62.6%) [34]. 
 These data were supplemented with the determination of 
the extend of drug retained within the SC and other skin lay-
ers (Fig. 3). Nearly 236 µg (86.7%, in terms of applied dose) 
of the product was prevented to permeate due to the barrier 
function of the SC; 21.6% reached the RM, and the remain-
ing 4.3% were quantified within viable layers of the skin (in 
vivo, dermis is vascularized). That being said, it is compre-
hensible that the total amount of drug able to exert effect is 
the sum of the drug quantified within RS and RM. In this 
case, a total of 247.6 µg of oxandrolone (25.9% of the ap-
plied dose) would be able to permeate through a non dam-
aged skin. The accuracy of the data is demonstrated by the 
calculated mass balance (average recovery = 112.6%). 
 These results were found to a theoretical dose of 1 g ap-
plied to a surface of approximately 137 cm-2 (considered to 
be the average area for the forehead). This body area was 
selected because it is already a common clinical practice to 
spread transdermal hormones in it – whether to prevent 
losses to clothes or transfer to sexual partners, once theses 
substances are usually used before sleeping. 
 Concerning this used dose, Karim et al. [35] demon-
strated that an oral ingestion of 10 mg of oxandrolone, which 
is the commonly used dosage, can lead to a maximum 
plasma concentration of 417 ng mL-1. Thus, if we consider a 
70-kg man, with 40 mL of plasma per kg, a total of 1,167.6 
µg would have been absorbed, although data concerning its 
volume of distribution was not found on drugbank.ca. By our 
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results, theoretically a patient with the same physical propor-
tion using transdermal oxandrolone with a dose of 10 mg per 
1 gram of cream would have nearly 2,590 µg of drug within 
its current blood. However, this needs to be confirmed by 
clinical dermo-pharmaco-kinetics in vivo studies. 
 Although this is not a conclusive study on the clinical 
potential of oxandrolone, new studies on this subject are 
highly encouraged, once oral oxandrolone has been associ-
ated with an increase in serum liver enzymes aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) 
[23]. This suggests that this drug could play a role in the 
physiopathology of liver acute injury [36]. Thus, transdermal 
oxandrolone could become an alternative to overcome the 
adverse effects of the oral route. To prove that, clinical stud-
ies are necessary. 

CONCLUSION 

 Transdermal oxandrolone seems to be a viable alternative 
for traditional oral dosage form, as ours results show that the 
drug has potential to be absorbed from a transdermal vehicle 
– which encourages clinical studies to be performed. 
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