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Abstract

Although it is well known that penile growth is dependent on androgens, few clinical 

studies have reported successful treatment of micropenis with testosterone, likely due 

to concerns regarding the efficacy and safety of prolonged testosterone use. Thus, we 

assessed the synergenic effects of growth hormone (GH) treatments with and without 

testosterone on phallic growth in a rat model of micropenis. Fifty Sprague–Dawley 

rats were assigned to control (C), microphallus (MP), testosterone, GH (G) and GH 

plus testosterone (GT) treatment groups, and microphallus was induced by secondary 

hypogonadism. Pre-pubertal treatments with testosterone, GH or the combination were 

initiated from 7 days after birth and were maintained until 12 weeks of age. To assess 

the efficacy of treatments, phallic dimensions were determined and histological markers 

of cavernosal integrity were evaluated. Skeletal and gonadal safety profiles of the 

treatments were then assessed according to right tibial lengths and testicular weights, 

respectively. No monotreatments normalised penile dimensions, whereas combination 

treatments led to complete restoration. The combination treatment also prevented 

decreases in histological indicators of cavernosal integrity, including smooth muscle 

actin and collagen III expression levels and fat globule accumulation and sinusoidal 

density. These synergenic effects of GH treatments on penile growth may follow changes 

in androgen receptor expression levels and were accompanied by decreased testicular 

volume losses. Although the physiological conditions of phallic growth differ between 

humans and rats, this proof-of-concept study provides a strategy for circumventing the 

problems of testosterone monotherapy for human micropenis.

Introduction

The term micropenis encompasses a range of congenital 
and acquired conditions that present as abnormally 
short penises with a stretched length of more than 2.5 
standard deviations (s.d.) below the mean for a particular 
age, albeit with no hypospadias, as indicated by normal 
morphology of the urethral meatus at the tip of the 
glans penis. Micropenis is commonly associated with 
testosterone deficiencies from 12  weeks of gestation, 

with normal placental human chorionic gonadotropin-
induced testosterone levels during organogenesis (1). 
Among patients with hypogonadotropic hypogonadism, 
functional deficiencies are more frequently associated 
with foetal luteinising hormone than with disorders of 
sexual differentiation. Less frequent causes include growth 
hormone (GH) deficiencies and idiopathic functional 
abnormalities of the hypothalamic–pituitary–testicular 
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axis, and overt abnormalities are generally absent under 
these conditions (2, 3).

Patients with micropenis are often dissatisfied with 
their sexual quality of life and cosmetic appearance 
and stigmatisation is common (4, 5). Hence, hormone 
treatments have been considered, and these reportedly 
result in longer penile lengths when administered early 
(6, 7), albeit with concerning side effects. In a study 
of hypogonadotropic microphallic rats by Husmann 
et  al. (8), testosterone treatments increased pre-pubertal  
penile lengths but resulted in smaller phallic sizes  
than in normal rats, suggesting that early administration 
leads to premature termination of pubertal phallic 
growth. These observations were associated decreased 
androgen receptor (AR) expression levels before puberty, 
clearly due to the presence of exogenous testosterone. 
Moreover, effects on the growth of testicular germ cells 
and bone may warrant safety concerns, and these remain 
insufficiently characterised.

GH deficiency is the primary cause of micropenis, 
even in the presence of intact hypothalamic–pituitary–
gonadal axis (9). Although the underlying molecular 
mechanisms have not been described, the GH–insulin-
like growth factor 1 (IGF1) axis is a proactive mediator 
of the actions of testosterone and its potent derivative 
dihydrotestosterone. Accordingly, stimulation of IGF1 
signalling prevented reductions of AR expression and 
enhanced penile fibroblast proliferation and testis growth, 
indicating a target for the treatment of micropenis 
(10). Hence, under conditions of normal GH and IGF1 
activities, penile dimensions may be increased without 
the side effects of conventional androgen treatments.

Herein, we characterised the effects of GH 
monotherapy and GH–testosterone combination therapy 
on phallic dimensions, structural integrity, bone growth 
and testicular size in microphallic rats.

Materials and methods

Animals and experimental protocol

All animal procedures were reviewed and approved by the 
Institutional Animal Care and Use Committee of Seoul 
National University. Animal husbandry was performed 
in compliance with the Association for Assessment 
and Accreditation of Laboratory Animal Care and the 
National Institutes of Health guidelines. Seven timed-
pregnant Sprague–Dawley rats were obtained at 1  week 
before parturition, and after parturition, pups were raised 

with their mothers until 2 weeks of age. Male pups were 
distinguished from females by longer anogenital lengths 
on the third postnatal day, although this distinction 
was not always clear, leading to differing numbers of 
pups between study groups. Pups were assigned to the 
following treatment groups: normal control (C), untreated 
microphallic rats (MP), microphallic rats treated with  
GH only (G), microphallic rats treated with testosterone 
and microphallic rats treated with both GH and 
testosterone (GT).

Microphallus was induced in rat pups by weekly 
administration of leuprolide acetate (74381536, 
intramuscular administration of 5 µg/kg in 0.1 mL saline 
solution, Sigma-Aldrich) at 0.1–0.4 mg/kg, with biweekly 
dose increases from postpartum day 5. From postpartum 
day 7, testosterone enanthate (Savient Pharmaceuticals, 
East Brunswick, NJ, USA) was administered intramuscularly 
at 0.4 mg/kg/week. GH (recombinant human growth 
hormone bulk solution, LG Life Sciences, Korea) 
treatments were administered subcutaneously on 
alternate days at 2.5 mg/kg, and after 14 weeks, rats were 
killed by aspiration of blood from the heart. Following 
anthropometric measurements of body weights and 
phallic dimensions, penises were excised at the level of the 
crus and were examined under stereomicroscopic control. 
To evaluate the effects of treatments on bone growth, right 
tibia lengths were measured using a digital calliper with an 
accuracy of 0.01 mm (Merox, Vienna, Austria). The area 
below the penile os (distal area) that shows the typical 
bilobular shape of the corpus cavernosum was isolated, 
sliced and fixed in 4% formalin for immunohistochemical 
analyses. Western blotting analyses were performed 
using tissue samples from the area near the penile crus 
(proximal side), which includes smooth muscle. These 
samples were resected, snap-frozen in liquid nitrogen and 
stored at −80°C.

Penile anthropometry

Body weights were measured every 2  weeks and at the 
time of necropsy. Stretched penile lengths were recorded 
by stretching the phallus and measuring the length from 
the palpable proximal penile tip to the tip of the phallus 
using micro-callipers. Adjusted penile lengths were 
recorded as ratios of penile and tibial lengths.

Plasma testosterone and IGF1 assays

Aliquots of blood were centrifuged, and the resulting 
plasma samples were stored at −20°C. After thawing 
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plasma, assays of testosterone and IGF1 were performed 
using commercial ELISA kits (Abcam and R&D Systems, 
respectively). All assays were conducted in duplicate, 
and mean values were calculated. Assays were sensitive 
to 0.07 ng/mL testosterone and 4.4 pg/mL IGF1, with 
reported inter-assay coefficients of variation of 5 and 
4.6%, respectively.

AR assays

Proximal parts of penises were homogenised individually 
in a buffer containing 10 mM Tris (pH 7.4), 1.5 mM EDTA, 
0.1% glycerol, 1 mM 2-mercapto-ethanol and 10 mM Na 
molybdate. Homogenates were centrifuged at 150,000 g 
for 30 min, and cytosolic fractions were collected. 
Aliquots of the penile cytosol fractions containing 120 μg 
of protein were run on 7.5% polyacrylamide (PAGE) gels 
in sodium dodecyl sulphate, and the proteins were then 
transferred to PVDF membranes (0.45 µm, GE Healthcare 
Bio-Sciences) at 100 V for 50 min. Membranes were 
blocked with 5% bovine serum albumin in PBS solution 
for 1 h and were then incubated with primary rabbit 
polyclonal antibody against a 110 kDa rat AR protein from 
the HepG2 nuclear region (1:1000, ab133273, Abcam). 
Subsequently, membranes were rinsed briefly with TBS-T 
buffer and were incubated with secondary horseradish 
peroxidase-conjugated antibody (1:3000) for 60 min. 
Bands were detected using enhanced chemiluminescence 
(GE Healthcare Bio-Sciences), and exposed films were 
scanned for densitometric analyses of band densities.

Histomorphometry

Fixed specimens were processed and embedded in 
paraffin wax and were then sectioned and stained with 
haematoxylin and eosin. Slides were de-paraffinised using 
three washes with xylene and were then rehydrated by 
incubating in a graded series of alcohol (100, 95 and 70%) 
and water solutions for 5 min. Unless otherwise stated, 
all washes were performed three times in PBS containing 
0.05% Tween (pH 7.4) for 5 min each, and all incubation 
steps were conducted in a humid chamber at room 
temperature. Antigen retrieval was achieved by heating 
slides in a microwave oven in 0.01 M sodium citrate 
(pH 6.0), cooling for 30 min and then washing 3 times  
in PBS containing 0.05% Tween. Endogenous peroxidase 
activity was blocked using 1% hydrogen peroxide in 
methanol for 30 min, and non-specific binding was 
blocked by incubating in normal horse serum for 1 h 
(Vector Laboratories, Inc.). Slides were incubated with 

an anti-ACTA2 primary antibody (1:1000, sc-130617, 
Santa Cruz Biotechnology) and collagen types I (1:1000, 
ab34710, Abcam) and III (1:1000, ab7778, Abcam) for 1.5 h 
at room temperature. After washing, an avidin–biotin–HRP  
complex (VECTASTAIN Elite ABC kit, Vector Labs) was 
prepared and added according to the manufacturer’s 
instructions. Finally, 3,3,0-diaminobenzidine was used 
as the chromogen substrate and photomicrographs were 
taken using an Olympus BX73 microscope (Olympus) 
under bright field illumination.

Relative expression levels of smooth muscle actin 
(SMA) and collagen types I and III were determined, 
and numbers of fat globules and sinusoid densities 
were calculated from photomicrographs taken at 100× 
magnification using Image Pro Plus software (version 
4.5.0.29z, Media Cybernetics, Rockville, MD, USA). 
All variables were assessed in two different areas of the 
corpus cavernosum for each animal. Areas with SMA or 
collagen expression were calculated from percentages of 
pixels with the same colour (brown for SMA and deep 
blue for collagen) using a histogram tool after colour 
segmentation of the image as described previously (11). 
Similarly, sinusoidal densities were calculated by dividing 
the sum of sinusoids by the total area of the trabecular 
network. Numbers of fat globules were counted and 
averaged directly.

Statistical analysis

Data are expressed as means ± s.d. Data were analysed 
using GraphPad Prism version 6 (Graph Pad Software 
Inc.), and differences were identified using one-way 
ANOVA followed by the Bonferroni post hoc test.

Results

Experimental overview, anthropometry and plasma 
testosterone and IGF1 levels

Pregnant female rats predominantly gave birth to 8–14 
pups at a time, and 3–11 of these were males and were 
allocated to treatment groups. A total of 37 male rats were 
allocated to groups C, MP, G, testosterone and GT (6, 8, 
9, 6 and 8 rats, respectively). Anthropometric assessments 
of mean body weights, right tibia lengths and testicular 
weights are presented with plasma testosterone and IGF1 
levels in Table 1. After treatments, mean body weights and 
tibia lengths were comparable between all experimental 
groups. In contrast, leuprolide pretreatment caused 
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secondary hypogonadism, with significant reductions 
in testicle volumes, and these conditions were further 
aggravated by testosterone treatments in MP and G 
groups. Treatments with GH led to significantly larger 
testis volume and higher plasma testosterone level, 
ameliorating changes associated with hypogonadism, but 
did not correct the problem completely. Compared with 
rats in the C group, those in the MP group had significantly 
lower mean plasma testosterone levels. Treatments with 
testosterone and GH resulted in corresponding increases in 
plasma levels of these agents, whereas plasma testosterone 
levels were slightly but significantly higher in the G group 
than in the MP group. Plasma IGF1 levels were lower 
in testosterone-treated rats that in untreated rats, and  
mean plasma IGF1 concentrations in the GT group did 
not differ significantly with those in the C group, despite 
GH supplementation.

Penile anthropometry

Comparisons of phallic lengths and girths are presented 
in Fig. 1. Microphallus was confirmed in rats of the MP 
group, with significantly smaller mean phallic dimensions 
than in the C group. Phallic dimensions in the G group did 
not differ significantly with those in the MP group, and 
whereas those in the testosterone group were significantly 
improved, they were not restored to control dimensions. 
In contrast, combination treatments normalised phallic 
dimensions to C sizes. To assess bone growth, adjusted 
penile lengths were calculated as the ratio of penile and 
right tibial lengths. Differences in this parameter were 
similar to those of penile lengths, indicating minimal 
effects of the present treatments on bone growth.

Androgen receptor expression in penile tissues

Comparisons of penile (Fig.  2) AR expression levels 
in 14-week-old rats revealed higher expression in the 
MP group than that in the C group. Treatments with 

testosterone alone suppressed AR expression, whereas 
treatments with GH resulted in increased expression 
of AR. The highest AR expression levels were observed 
in the G group, and these were comparable MP  
and GT groups.

Table 1 Comparison of mean body weight, mean testicular weight, mean plasma testosterone and mean IGF-1 among 

experimental groups.

C MP G Testosterone GT

Body weight (g, s.d.) 588 (34) 579 (28) 575 (39) 552 (44) 567 (45)
Testis volume (mL, s.d.) 1.36 (0.11) 0.97 (0.05)b 1.26 (0.08)a 0.83 (0.06)ab 1.10 (0.09)a,b

Tibial length (mm) 38.4 (2.6) 36.6 (3.1) 39.1 (2.2) 35.5 (3.3) 36.8 (2.9)
Plasma testosterone (ng/mL, 
s.d.)

3.72 (1.91)a 0.44 (0.05)b 2.08 (0.51)a 27.5a,b 29.2a,b

Plasma IGF-1 (ng/mL, s.d.) 1445 (155) 1432 (232) 1704 (116)a,b 628 (206)a,b 1197 (126)a,b

aDenotes statistical significance (P < 0.05) compared to MP; bdenotes statistical significance (P < 0.05) compared to C.

Figure 1
Comparisons of stretched penile lengths, penile weights and penile length/
right tibial length ratios among the five study groups; comparisons of 
treatments are made with control (C) and microphallus (MP) groups; *P < 0.05 
compared with the MP group; #P < 0.05 compared with the C group.
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Histomorphometry

Exposures to hypogonadal insults after birth led to several 
obvious histologic changes (Fig. 3A and B). Compared with 
rats of the C group, MP rats had reduced SMA expression 
control and increased collagen I and III expression levels. 
Both collagen types accumulated densely throughout the 
trabeculae. Moreover, multiple fat globules were found 
around sinusoidal spaces, and decreased sinusoidal densities 
were identified. Treatments with GH significantly reduced 
the expression of collagen III, but did not affect other 
histologic parameters. Moreover, testosterone treatments 
significantly increased SMA expression levels and sinusoidal 
densities and led to marked decreases in fat globule numbers. 
Expression levels of collagens I and III, however, were not 
influenced by testosterone treatments alone.

All histologic parameters were improved by combination 
therapy, with comparable SMA expression levels, numbers 
of fat globules and sinusoidal densities as those in the C 
group. But collagen III levels were only partially restored, 
and no changes in collagen I levels were identified.

Discussion

After inducing hypogonadotropic hypogonadism in 
microphallic rats, significantly smaller phalli were 

accompanied by reductions in smooth muscle and 
cavernosal spaces and increased collagen levels and fat 
globule accumulations. Treatments with GH alone did not 
affect phallic dimensions, and only partial improvements 
of collagen III levels were observed under these conditions. 
Treatments with testosterone alone led to improvements 
in phallic dimensions and other histologic features, but 
failed to restore these features to controlled levels. In 
contrast, combination treatments completely normalised 
all penile dimensions. Histological assessments showed 
corresponding benefits of combined hormone treatments, 
and although collagen I overexpression was not prevented, 
all treated microphallic rats had significantly decreased 
testicular volumes, and further losses of testicular volumes 
due to testosterone monotherapy were ameliorated.

The salient observation of this study was that 
cotreatments with GH augment the tropic effects 
of testosterone. We confirmed that testosterone 
monotherapy significantly, albeit partially, restores penile 
dimensions in hypogonadal rats, as shown previously 
(12, 13). Our data also corroborate previous observations 
of the limited tropic effects of GH monotherapy in the 
absence of GH deficiencies (14). In contrast, the tropic 
effects of combined treatments with GH and testosterone 
were sufficient to normalise penile dimensions. Because 
GH treatments enhanced AR expression, we suggest 
that the effects of cotreatments with testosterone are 
mediated by this receptor and that the ensuing signalling 
normalises phallic growth. Hence, the suboptimal 
preclinical results of testosterone treatments may reflect 
insufficient AR expression.

We observed abnormal structural integrity under 
the present conditions of microphallus. Previous reports 
show no relationship between penile lengths and sexual 
satisfaction (15), whereas other studies indicate that 
patients with micropenis have unsatisfactory or no 
sexual intercourse for reasons that were not specified 
(4). Taken together, these studies suggest that although 
psychological factors likely contribute to the sexual 
insufficiencies of hypogonadism, penile structural 
features are at least partly responsible. In accordance, 
Traish et  al. (16) reported loss of smooth muscle and 
accumulation of adipocytes in hypogonadal rats, and 
these pathological traits were adequately addressed by 
testosterone treatments alone. In addition to confirming 
these observations, we found changes in collagen 
expression and sinusoidal densities, suggesting that 
micropenis is compounded by structural integrity and 
that combination treatments with testosterone and GH 
restore penis sizes and structural integrity.

Figure 2
Comparisons of penile androgen receptor (AR) expression between 
treatment groups; representative traces and corresponding densitometric 
analyses are presented in upper and lower panels, respectively. 
Comparisons were made with C and MP groups; *P < 0.05 compared with 
the MP group; #P < 0.05 compared with the C group.
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Figure 3
(A) Immunohistochemical localisation of collagens I and III and smooth muscle actin; relative expression levels were determined semiquantitatively; scale 
bar, 100 μm. (B) Relative expression levels of collagens I and III and sinusoidal densities and the numbers of fat globules; expression data are presented in 
the densitogram. Comparisons were made with C and MP groups; *P < 0.05, compared with the MP group; #P < 0.05 compared with the C group.
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Although collagen is a major constituent of 
extracellular matrixes and is an essential component of 
the penis, excessive extracellular matrix is undesirable 
and collagen accumulation may hinder sinusoidal 
engorgement, leading to reduced sinusoidal densities. 
Collagen accumulation in patients with hypogonadism is 
often referred to as penile fibrosis (17) and may prohibit 
penile growth and contribute to venogenic erectile 
dysfunction and potentially reduced sexual activity. In our 
experiments, collagen III overexpression was alleviated by 
GH treatments. Although collagen I expression persisted 
under these conditions, these benefits are exclusive to 
GH treatments, supporting its use in combination with 
testosterone to limit penile fibrosis and preserve structural 
integrity. Although the implications of increased collagen 
III levels on penile function require further study, neither 
of the present monotreatments were ineffective at 
reducing collagen III levels, despite failing to affect penile 
dimensions.

Adverse effects of neonatal hypogonadism on 
subsequent corporal integrity were previously investigated 
by Okumu et al. (17). In their study, neonatal androgen 
deficiencies were associated with reduced expression 
levels of genes and proteins that play roles in smooth 
muscle differentiation and tone. Taken with these studies, 
our data indicate that proactive treatments of micropenis 
may successfully preserve penile integrity and penile 
dimensions. Specifically, the side effects of prolonged 
androgen exposure may be alleviated by cotreatments 
with GH.

We found that GH treatments alone or in combination 
prevented loss of testicular function beyond that due to 
hypogonadism. Although testis volumes in the MP group 
were almost 30% smaller than in control rats, they were 
significantly larger in hypogonadal rats treated with GH. 
Conversely, rats receiving testosterone only suffered 
greater losses of testis volumes than rats in the MP group. 
Although the mechanisms behind the tropic effects of 
GH on testis are yet to be clarified, several clinical (18) 
and preclinical reports (19) suggest that GH treatments 
facilitate testicular growth. Our data are in agreement 
with studies showing that serum testosterone levels 
are increased by GH treatments, although testosterone 
treatments decreased serum IGF1 expression, potentially 
diminishing the associated benefits. These observations 
further support the use of GH as a treatment for micropenis 
that ameliorates the adverse effects of testosterone 
monotherapy on testicle growth.

Although changes in tibial lengths corresponded with 
changes in ratios of penile and tibial lengths, prolonged 

treatments with testosterone might affect bone growth. 
Oestrogen rather than testosterone, however, played a 
major role in bone metabolism and retarded bone growth 
when present in excess (20). Because the present rats 
had induced hypogonadism, anti-osteogenic effects of 
oestrogen are unlikely to reflect limited aromatisation 
of testosterone. Although high testosterone levels were 
observed in rats receiving exogenous testosterone, these 
were not sustained following administration of injectable 
testosterone in other studies. Thus, in the present rats, 
the lack of aberrant bone growth may be explained by 
hypogonadism and the temporary actions of exogenous 
testosterone. Yet, in previous studies, exogenous 
testosterone affected bone growth in eugonadal subjects, 
suggesting that assessments of tibial lengths are poorly 
representative of bone growth and may be insufficient to 
confirm the osteopathic safety of testosterone treatments. 
Assessing tibial bone mass might reveal the difference 
that was not seen in mere comparison of length. These 
questions will be subjects of future studies of more factors 
in relation to bone metabolism.

Notwithstanding the limitations of our assessments of 
safety, our experiments suggest that combination therapy 
with testosterone and GH can circumvent the problems 
associated with monotherapies for hypognadism. In 
particular, as an adjunct to testosterone, GH may enhance 
penile growth and preserve structural integrity.
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