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nanoemulsion in peri- and postmenopausal women: a 
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OBJECTIVE: To investigate the efficacy of a transdermal nanoemulsion testosterone associated with transdermal 
estrogen therapy as a novel protocol treatment for emergent loss of libido.
METHODS: Twenty-four women, aged 31-75 years (mean age, 51.7), with emergent loss of libido were allocated 
to treatment with a novel transdermal formulation of 500 µg/day of testosterone (Biolipid/B2®-testosterone) for 
12 weeks, as part of an open label prospective study on peri- and post-menopausal women. Subjects applied the 
formulation on the right forearm. Clinical and laboratorial parameters including the sexual complaints; serum 
concentrations of testosterone, insulin, C-reactive protein, weight, blood pressure; body mass index and waist 
circumference were compared between baseline and 12 weeks after treatment.
RESULTS: The mean total serum testosterone increased significantly (p = 0.009) after 12 weeks of treatment. No 
adverse or androgenic events were observed. There were positive and significant differences (p < 0.05) on sexual 
complaints, blood pressure, body mass index and waist circumference after transdermal nanoemulsion testosterone 
treatment.
CONCLUSION: This protocol is effective in increasing testosterone levels in peri- and postmenopausal women 
with low libido.
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■ INTRODUCTION

Androgen deficiency leads to different symptoms 
through the menopause transition.1 Several studies 
have shown that the prevalence of sexual disorders 
among women ranges from 10 to 40%.2,3 Transdermal 
testosterone replacement improves sexual desire and 
well being in men and women.4-6

The hormone replacement therapy by oral route 
is frequently related with different adverse events.7,8 
Recently, the use of nanotechnology has been providing 
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alternative strategies for the clinical treatment of 
androgen deficiency.7,9 This new technology is present 
in many fields in medical science and it has been proving 
to be a strong allied with unique properties for drugs 
delivery and physiologic absorption.10,11

Over the years, there has been an increasing 
interest regarding the determination of which symptoms 
could be used to precisely define testosterone deficiency 
in women.12-15 There is an on going debate for the 
establishment of an absolute cutoff level for testosterone 
deficiency in peri- and postmenopausal women.16 In 
different studies, testosterone supplementation have 
been linked to meaningful benefits in the fields of arousal, 
orgasm and well-being.11-13
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or systemic illness, (vii) uncontrolled hypertension (blood 
pressure > 160/95mmHg), (viii) unstable cardiovascular 
disease, (ix) genital bleeding, (x) acne, (xi) dyspaureunia, 
(xii) depression, (xiii) use of psychoactive medications, 
(xiv) alcohol excess consumption or (xv) any other drug 
abuse. Throughout the treatment period, participants 
were additionally excluded if they developed a clinically 
significant abnormal physical finding or if any adverse event 
had occurred that made continuation unsafe, as determined 
by the investigator. Women who commenced any other 
systemic hormonal therapy were also excluded.

Nanoemulsion Preparation
The nanoemulsion was developed at the Department 

of Analytical Chemistry (Laboratory of Advanced Materials) 
at the Federal University of Ceará in association with the 
Laboratory of Chemistry Technology at the Ceará Institute 
of Technology. Testosterone and estradiol were purchased 
from Sigma Aldrich. The formulations of hormone 
(testosterone or estradiol) plus penetration enhancer 
(Biolipid/B2®) were prepared and the following mass ratios 
were obtained: testosterone 500µg + Biolipid/B2® and 
estradiol 2.5 mg + Biolipid/B2® (Evidence Pharmaceuticals, 
Sao Paulo/SP, Brazil).

Particle size Z-average and physical stability
Particle size analysis was performed by dynamic light 

scattering, also known as photon correlation spectroscopy, 
using a particle size analyzer (Zetasizer Nanoseries-ZS90 
(Malvern, UK)). Prior to the measurements, all samples 
were diluted (1:360) using Milli-Q water to yield a suitable 
scattering intensity. Dynamic light scattering data were 
analyzed in disposable sizing cuvettes at a laser wavelength 
of 633 nm, 25°C, with a fixed light incidence angle of 90°. 
The mean hydrodynamic diameter (Z-average) and the 
polydispersity index were determined as a measure of the 
width of the particle size distribution. The Z-average and 
polydispersity index of the analyzed samples were obtained 
by calculating the average of 13 runs. Measurements were 
performed in triplicate. The mean particle diameter of the 
testosterone nanoparticles was 232nm. The nanoemulsion 
of testosterone presented a high negative average 
zeta potential of -42.8 mV. The physical stability of the 
testosterone nanoparticles was also evaluated by examining 
changes in mean particle sizes during storage for 2 months 
at room temperature. The testosterone nanoparticles did 
not show statistically significant changes in their mean 
diameter (p > 0.05) when stored at room temperature for 
2 months.

Serum Hormone measurements
Blood samples were collected from the subjects early 

in the morning (drawn before 9 AM) after an overnight fast. 
All samples were immediately centrifuged. Serum levels of 

Recent studies have demonstrated beneficial effects 
of testosterone supplementation on sexual behavior;14-15 
however there are few data regarding the effects of 
nanostructured transdermal formulations in restoring or 
increasing testosterone levels in women.

Data regarding the use of testosterone by peri- and 
postmenopausal women receiving transdermal estrogen 
are lacking. Thus, we performed an open-label prospective 
study to determine the short-term effects of transdermal 
testosterone therapy (TNT) administered daily by a 
metered-dose nanoemulsion system, using a nanoemulsion 
of testosterone (500 µg/day) associated with transdermal 
estradiol (2.5 mg/day) to treat problems related to sexual 
desire. The therapeutic effects were evaluated by clinical 
and laboratorial parameters after a 12 week-follow-up 
period.

■ METHODS

Study Design
This was a open label prospective short-term 

clinical trial study of female patients aged 31-75 years 
treated for low libido complaints. Eligibility and screening 
procedures, including breast examinations and collection 
of blood samples, were performed at a pretreatment visit 
(4 weeks before study entry). The study was registered at 
Clinicaltrials.gov: NCT02215434.

Study subjects
The study involved 24 peri- and postmenopausal 

women aged 43-75 years (mean age: 51.7). Participants 
were recruited from a Medical Center in Teresina, Piauí, 
Brazil, and from the general population via announcements 
over a 6-month period commencing November 2010. The 
study was completed in May 2012.

Inclusion criteria
Time after the last menstrual cycle and estradiol 

serum level less than 35 pg/mL. Included participants had 
the following characteristics: a body mass index between 
18 and 27 kg/m2, diminished libido, sexual behavior 
complaints and no evidence of clinical depression. All 
included participants were in general good health based 
on history and physical examination.

Exclusion Criteria
The exclusion criteria were: patients (i) with a past 

history of neurological disorder; (ii) with poor feelings for 
their partner; (iii) who had received pharmacotherapy for 
depression within 8 weeks of screening; (iv) who were 
taking medication known to interfere with normal sexual 
function (such as α-blockers and β-blockers); (v) who had 
ever used androgen therapy, (vi) who had recent psychiatric 
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total testosterone (TT), estradiol (E2), follicle stimulating 
hormone (FSH), thyroid stimulating hormone (TSH) were 
measured at baseline and after 12 weeks of treatment by 
validated methods as described elsewhere.11,12

Serum insulin levels were measured by Chemilumi-
nescence Immunoassay using ECLIA (Roche Diagnostics), 
with a sensitivity of 0.200 μ IU/ml and intra and interassay 
CVs of 2.0% and 4.3%, respectively. C-Reactive Protein 
(CRP) was assayed with a validated high-sensitivity ne-
phelometric method (Dade Behring Marburg, Marburg, 
Germany). Sensitivity was 0.17 mg/l and intra and inter-
-assay CVs were 4.4% and 5.7%, respectively. All samples 
were measured simultaneously in duplicate. The intra-assay 
variation of the kit was < 10%.

Scanning electron microscope (SEM) assay images
The electron microscopy analysis of the nanoparticles 

was obtained by a TESCAN SEM equipment (Model VEGA/
XMU, Brno, Czech Republic) using an accelerating voltage 
of the 30Kv. All samples analyzed for SEM were previously 
sputtered with a ~20nm gold layer in order to obtain the 
images of the testosterone nanoparticles.

Treatment
During the 12 week period, participants self-

administered a daily metered-dose of 0.8g of a nanoemulsion 
of 500µg of testosterone + Biolipid/B2® (Evidence 
Pharmaceuticals, Sao Paulo/SP, Brazil) on the volar surface 
of the right arm. The same procedure was performed on the 
volar aspect of the left arm with a nanoemulsion of 2.5mg 
of estradiol + Biolipid/B2® (Evidence Pharmaceuticals, Sao 
Paulo/SP, Brazil).

Clinical procedures
The first clinical consultation consisted of a brief 

explanation about benefits and risks of TNT. At consultation, 
changes in the voice, hirsutism and acne was evaluated by 
the same physician. Any adverse events were recorded. 
In addition, during the treatment volunteers were asked 
to respond questions about sexual complaints or any 
adverse events. Blood samples were collected at baseline 
and after 12 weeks of treatment for serum determination 
of testosterone, estradiol, Thyroid-Stimulating Hormone, 
Follicle Stimulating Hormone, insulin and C-reactive 
protein.

Safety Assessment
Safety evaluations included review of adverse events 

since the last visit, recording of vital signs, assessment of 
hirsutism using the scale of Lorenzo17 (which ranges from 
0 to 4, with a higher score indicating more hair growth), 
facial depilation frequency, acne18 (range, 0 to 3, with an 
increase in the score of 1 or more considered an adverse 
event) and breast tenderness (data not shown). The 

nanoemulsion application sites were examined for any 
dermal reaction. Physical examinations, including breast 
and pelvic examination, were periodically performed. Vital 
signs, weight, and any vaginal bleeding were recorded at 
each visit.

Evaluation of sexual and libido complaints
The sexual complaints were assessed by an adapted 

questionnaire.14 It includes questions for sexual interest, 
mood and well-being.16 The questionnaire form was self-
administered at baseline and after 12 weeks of treatment.

Statistical Analysis
All statistical analyses were performed using Graph 

Pad Prism package for Windows version 3.0 (GraphPad 
Software, Inc., San Diego, CA, USA). The data are presented 
as mean ± SEM or as medians. Differences between baseline 
and after-treatment were evaluated by Student’s t test to 
compare means. Statistical differences were considered 
to be significant at p < 0.05. Categorical variables were 
compared using chi-square test.

Ethics
All participants gave written informed consent 

to participate, and the appropriate ethics committees 
approved the protocol and informed consent form. All 
participants who completed the third month were invited to 
continue receiving their assigned treatment. Findings from 
the extension phase will be reported separately.

■ RESULTS

Patients
A total of 32 women were assessed for eligibility of 

whom 4 declined to participate; 9 did not meet the eligibility 
criteria, and 5 could not be contacted (N = 14). The most 
frequent reasons for ineligibility included being out of the 
age range, taking excluded medications, coexistent medical 
conditions or high BMI.

Effects of treatment on anthropometric variables
Table 1 presents the weight, blood pressure, body 

mass index, waist circumference blood pressure and sexual 
satisfaction index for the 14 peri- and postmenopausal 
women before and after 12 weeks of TNT treatment. The 
changes in weight and were not statistically significant. 
However diastolic blood pressure decreased significantly.

Effects of treatment on serum hormone concentrations
The average serum of fasting insulin, C-reactive protein, 

Thyroid Stimuli Hormone (TSH) and Follicle Stimuli Hormone 
(FSH) concentrations decreased from baseline to week 12 after 
the treatment with TNT are presented in table 2.
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Table 1 - Clinical and anthropometric variables of participants at baseline submitted to TNT on Baseline and after 12 weeks of treatment 

Baseline (n = 14) 12 weeks TNT (n = 14) Significance

Mean weight ± SD, Kg     57.6 ± 5.28        57 ± 4.86 P = 0.7a

Mean Body Mass Index ± SD, Kg/m2     22.9 ± 2.27     22.6 ± 2.24 P = 0.8a

Waist Circumference ± SD, cm    82.2 ± 5.86      80.5 ± 4.93 P = 0.4a

Systolic blood pressure (mmHg)  120 ± 9.6 116.4 ± 7.4 P = 0.2a

Diastolic blood pressure (mm Hg) 81.4 ± 9.5   71.4 ± 5.3       P = 0.002a*

Sexual activity (%) 38 82   P < 0.05b

Values expressed as mean ± SD; P: Difference between Baseline and 12 weeks after TNT; * indicate statistical difference between Baseline and after 12 weeks TNT; Legend for 
statistical tests: a t-test; b Chi Square test.

Table 2 - Serum Hormone Concentrations at Baseline and after 12 weeks of treatment

Baseline 
(n = 14)

12-weeks TNT 
(n = 14)

Average paired difference 
[12-weeks TNT - baseline] 

(n = 14)
Significance

Fasting Insulin (µU/ml) 4.43 ± 2.25 3.11 ± 1.74 p = 0.09a

C-reactive protein (mg/L) 2.38 ± 2.50 1.14 ± 1.99 p = 0.02a*

Estradiol (pg/mL) 26.41 ± 22.78 68.25 ± 76.96 +41.84 ± 16.56¶    p = 0.02b**

Testosterone (ng/dL) 34.34 ± 40.48 98.1 ± 100.2 +63.78 ± 27.50¶    p = 0.02b**

Thyroid-Stimulating Hormone (µIU/mL) 1.69 ± 0.92 1.36 ± 0.81 p = 0.56a

Follicle Stimulating Hormone (µIU/mL) 54.21 ± 38.51 42.75 ± 35.09 p = 0.02a*
Values expressed as mean ± SD; ¶ Values for [(after 12 weeks) - (Baseline)]: mean ± std error of mean; P: difference between Baseline and 12-weeks TNT. * denotes significance 
between Baseline vs. 12-weeks TNT; ** denotes significance between [12-weeks TNT - baseline] by paired t-test; Legend for statistical tests: a t-test; b paired t-test.

The total testosterone and estradiol levels increased 
in all women in the TNT group indicating efficacy and 
compliance with the proposed TNT protocol. There were 
significant differences (p < 0.05) for both hormones levels 
between baseline vs. after the twelve-week treatment 
protocol. The mean values for TSH and FSH remained 
within the menopause range. C-reactive protein decrease 
with a significant difference, while insulin levels decreased 
but did not reach statistical significance. Figure 1 shows a 
sample of a scanning electron microscopic scan highligting 
the morphology of testosterone particles. The significant 
estradiol and total testosterone serum concentration 
profiles are presented in Figure 2A and B.

Sexual behavior outcomes
At baseline, 38% of all participants considered their 

sexual behavior as satisfying. This increased significantly to 
82% after the twelve-week treatment as shown in Table 1.

Adverse events
No adverse effects were reported by the partici-

pants at any time in the study. Hirsutism score did not 
change significantly with TNT and none of the women 
developed acne or experienced voice change by self-
-report or clinical assessment. Application of the na-
noemulsion (TNT) was well tolerated, with no women 
reporting any skin reactions. No serious adverse event 
occurred.

■ DISCUSSION

This study was undertaken to evaluate the efficacy 
of a transdermal nanostructured testosterone therapy 
in peri- and postmenopausal Brazilian women with 
sexual complaints using the transdermal nanostructured 
testosterone therapy associated with estradiol. We have 
demonstrated that treatment with the 500 µg/day of 
testosterone in a nanoemulsion, significantly improved 
sexual desire and reduced sexual complaints.

Recent studies have shown the efficacy and short-
term safety of a transdermal testosterone patch delivering 
300μg per day for the treatment of hypoactive sexual desire 
disorder in postmenopausal women who have undergone 
either surgically induced or natural menopause and 
who use concomitant estrogen.13-15 We found significant 
improvements in the frequency of satisfying sexual episodes 
which is similar to those previously shown by others studies 
when testosterone was administered transdermically.19

Different studies indicate that sexual activity is 
one of main factor for a better life and stable relationship 
between couples. Is it well established that postmenopausal 
women continue to be sexually active despite sexual 
complaints.2-13 Sexual activity is a useful tool to maintain 
a healthy life. Women were allocated to this study if they 
reported significant loss of sexual desire. In our judgment, 
the level of serum testosterone alone, could not be an 
inclusion criterion, because a single measurement of the 
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of the electrostatic repulsion between particles. In general, 
particles are considered stably dispersed when the zeta 
potential is below -30 mV or above +30 mV due to the 
electric repulsion between the nanoparticles. In the present 
study the nanoparticles of testosterone presented a strong 
anionic value. Probably, this is the key to understand 
the skin absorption process. Other interesting finding 
of the study is the uniformity of shape and size of the 
nanoparticles of testosterone the figure taken by Scanning 
electron microscopy shows a uniform and regular shape 
of the particles.

There was a minor incidence of androgenic adverse 
events, with a transient duration; similarly to that observed 
in other studies there was a slight incidence of acne13-15 that 
was related to higher serum testosterone levels. Probably, 
this condition may reflect the complexity of receptor 
sensitivity to testosterone.2-9 Despite the mild incidence of 
acne, women report that this event was not seen as an issue.

Breast cancers were not detected in any of our 
participants. The absence of this condition is probably 
related to the small sample. However, the possibility of 
a causal relationship with a larger population must be 
considered. This is an issue with divergent opinions among 
researchers.23-25

A recent study suggests that the inclusion of 
testosterone in women submitted to regimens of estrogen 
supplementation may play an important role on orgasm25 
and the stimulating effects of hormones on the breast.26 The 
fact that vaginal bleeding was not reported probably reflects 
the atrophic effect of testosterone on the endometrium;27 
during this investigation no endometrial disorders were 
seen or reported.

The study did not reveal additional safety concerns, 
but these data should be interpreted with caution, since 
they involve a small sample. The study was not sufficiently 
large or long to assess the safety of long-term use of this 
novel transdermal testosterone nanoemulsion. However, 
the use of the transdermal nanoemulsion delivering 500 
μg of testosterone per day significantly improved sexual 
desire and decreased distress in peri- and postmenopausal 
women who were receiving transdermal estrogen therapy; 
the increase in the frequency of satisfying sexual episodes 
was modest but appeared to be clinically meaningful. 
These findings indicate that exogenous nanostructured 
testosterone therapy, when estrogen is combined seems 
to be effective in the treatment of hypoactive sexual desire 
disorder. Additional data are needed to assess the long-term 
safety of this novel protocol.

■ CONCLUSION

In this study the transdermal testosterone nanoemulsion 
was effective in improving body mass index and waist circumfe-
rence in peri- and postmenopausal women, over 12 weeks of 

Figure 1 - Scanning Electron Microscopic of testosterone particles morphology 
administered topically in 14 women submitted to TNT during 12 weeks

serum level in women presenting low sexual desire is not 
the only parameter for diagnosing androgen deficiency.3,4

Previous clinical studies have shown that women 
treated with testosterone were more likely to report 
benefits in different aspects related to sexual activity.13,14 
Regarding, other studies related with testosterone therapy 
in postmenopausal where taking estrogen failed,20 our 
findings in this present study are contrary to previous 
ones21,22 that have shown that the concurrent estrogen 
therapy interferes with exogenous testosterone. A recent 
study by Botelho et al.4 evaluated the comparative effects of 
transdermal estrogen therapy associated with progesterone. 
They found that progesterone did not interfere in the results 
when compared with estrogens alone.

Thus, it is reasonable to understand why transdermal 
nanostructured estrogen therapy was effective and 
presented no adverse effects on glucose metabolism; in 
fact these variables had positive clinical changes over the 
12 weeks of treatment. Our findings are consistent with a 
recent study of transdermal testosterone in premenopausal 
women with low libido that showed an increase in satisfying 
sexual episodes with the administration of testosterone 
therapy.23

During the treatment period described here, 
testosterone was delivered consistently, which resulted 
in biologically active concentrations of testosterone. The 
zeta potential is an important factor for evaluating the 
transdermal efficacy of a nanoemulsion. It is a function of 
the particle surface charge, which modulates the magnitude 
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Figure 2 - A: Serum levels of total testosterone from baseline and after 12 weeks of transdermal testosterone metered-dose nanoemulsion treatment. B: Serum levels of estradiol 
from baseline and after 12 weeks of transdermal testosterone metered-dose nanoemulsion treatment.

trial. It increased sexual desire, improved sexual function and 
improved overall well-being in menopausal women with low 
libido who were also using transdermal estrogen therapy.

Within the limitations of the study, we have demons-
trated significant efficacy of transdermal testosterone na-
noemulsion therapy in peri- and postmenopausal women. 
Our findings may have considerable implications in terms of 
the psycho-sexual health of menopausal women and merit 
further investigation through a large randomized control-
led study. The protocol used in this study can be seen as an 
effective strategy for future studies, especially those used to 
validate transdermal testosterone for menopausal women.
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EFEITOS DE NANOEMULSÃO TRANSDÉRMICA 
DOSIMETRADA DE TESTOSTERONA EM 
MULHERES PERI- E PÓS-MENOPAUSA: UM NOVO 
PROTOCOLO PARA O TRATAMENTO DE LIBIDO 
REDUZIDO.

OBJETIVO: Investigar a eficácia de uma nanoemulsão 
transdérmica de testosterona associada à terapia com 
estrogênio transdérmico como tratamento para a perda 
emergente da libido.

MÉTODOS: Vinte e quatro mulheres, com idade entre 
31-75 anos (idade média de 51,7), com perda emergente 
de libido foram incluídas num protocolo para tratamento 
de libido reduzida com uma formulação transdérmica de 
500 µg/dia de testosterona (biolípido/B2®-testosterona) 
com 12 semanas de duração, como parte de um estudo 
prospectivo aberto em mulheres peri- e pós-menopausa. As 
participantes aplicaram a formulação no antebraço direito. 
Os parâmetros clínicos e laboratoriais, incluindo as queixas 
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sexuais foram comparados entre os valores iniciais e 12 
semanas após o tratamento. Mediram-se as concentrações 
séricas de testosterona, insulina, proteína C-reactiva, o 
peso, a pressão arterial; o índice de massa corporal e a 
circunferência da cintura.

RESULTADOS: A média de testosterona total no soro 
aumentou significativamente (p = 0,009) após 12 semanas 
de tratamento. Não foram observados efeitos adversos ou 
androgênicos. Registraram-se reduções significativas (p 
< 0,05) sobre as queixas sexuais, da pressão arterial, do 
índice de massa corporal e da circunferência da cintura 
após o tratamento transdérmico com nanoemulsão de 
testosterona.

CONCLUSÃO: O protocolo mostrou eficacia em 
aumentar os níveis de testosterona em e melhorar a libido 
em mulheres peri e pós-menopausa com baixa libido.

PALAVRAS-CHAVE: deficiência androgênica, 
menopausa, nanotecnologia, via transdérmica, testosterona, 
nanopartículas
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