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that postnatal testosterone therapy simply advanced penile growth 
rather than enhancing the final length,10 while others suggested that 
prepubertal androgen exposure of the hypogonadotropic hypogonadal 
micropenis significantly reduced eventual penile size in adulthood.11,12 
As a result, testosterone therapy remains debatable for congenital 
micropenis.7,13,14 The advertised noninvasive techniques for penile 
growth, such as the penile extender, penoscrotal rings, and botulinum 
toxin, are only supported by limited scientific evidence.6 Phalloplasty, 
such as penile suspensory ligament division, inverted V-Y plasty 
closure, and venous grafting for the corpora cavernosa may achieve 
optical enlargement effects, but the penis is not genuinely longer or 
bigger.1,3 On the contrary, because of poorly standardized indications 
and surgical methods,1,6 these techniques remain controversial6 and 
experimental.1,3 Therefore, more investigation is needed for suitable 
methods to lengthen the penis.

The tunica albuginea, which is mainly composed of thick collagen 
bundles and a few elastic fibers, forms the key structure that determines 
penile length during erection.15,16 Therefore, we speculated that some 
albuginea remodeling occurs during penile growth, and interference 
with this remodeling process may promote penile lengthening.

INTRODUCTION
Penile length is measured from the pubic bone to the tip of glans 
under the erectile or stretched condition.1 Penile growth is gradual 
from birth, reaching the peak growth between 12 and 16 years of age, 
which coincides with the maximal pubertal growth spurt.2 Throughout 
human history, penis has been considered central for power and 
identity, and penile growth is currently an important indicator for male 
sexual development.3,4 Penile size abnormality includes micropenis 
(normally formed but with a stretched length below 2.5 standard 
deviations of the normal median; <7.5 cm for adult men) and acquired 
penile retraction (Peyronie’s disease, postinfection, posttrauma, and 
postpriapism),1,5–7 which cause considerable sexual dysfunction and 
psychological problems.7

Due to the ideology of “Phallocentrism”,3 most patients with 
abnormal penile size suffer from a penile dysmorphic disorder6,7 and 
desire a larger penile size3 (a considerable challenge for urologists) 
to improve self-esteem or to satisfy partners. Postnatal testosterone 
treatment has been recommended for congenital micropenis;7–9 on the 
other hand, most patients seek reconstructive surgery after treatment, 
even under active psychological counseling.7 Some researchers reported 
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Lysyl oxidase (LOX) is an extracellular copper-dependent 
monoamine oxidase17 that catalyzes the crosslinking of collagen and 
elastin proteins into insoluble mature fibers, which are essential for 
the tensile strength and mechanical stability of collagen, as well as 
the elasticity of elastin.17–20 Our previous data showed that LOX levels 
decreased with age in the corpus cavernosum, as in other organs.21 In 
addition, inhibition or knockout of LOX prevented the crosslinking of 
collagen and elastin in the aorta, which significantly increased aortic 
diameter19 or led to aneurysmal dilatation.17,18 As the tunica albuginea 
and aorta are both composed mainly of collagen and elastin fibers, we 
investigated whether anti-LOX could lengthen the penis by inducing 
penile albuginea remodeling, similar to the effect of an increased 
aortic diameter.

In addition, continuous traction mechanically induced 
collagen remodeling and increased its extensibility,22,23 and the 
traction device was reported to increase penile length in some 
noncontrolled case studies.6,24,25 Therefore, we explored whether 
a potential lengthening effect from anti-LOX-induced penile 
albuginea remodeling may further be stretched by the force of a 
vacuum device.

MATERIALS AND METHODS
All experimental procedures were approved by the Animal Ethics 
Committee of West China Hospital, Sichuan University, Chengdu, 
China (No. 20160461A), and all rats were housed and cared under 
strict guidelines.

LOX in rats with different ages
Six Sprague–Dawley (SD) male rats (6 per group; Chengdu Dossy 
Experimental Animals, Co., Ltd., Chengdu, China) were sacrificed at 
8, 12, 16, 24, and 48 weeks old. The penis was obtained and washed 
with cold phosphate-buffered saline (PBS; self-configuration) for the 
following Western blot and LOX activity analyses.

The protein expression of LOX was determined by a standard 
Western blot analysis. LOX activity was measured using an 
Amplite™ Fluorimetric LOX assay kit (AAT Bioquest Inc., 
Sunnyvale, CA, USA) according to the manufacturer’s instructions 
(Supplementary Materials and Methods).

According to the section, rats (8 weeks of age) with the highest 
LOX protein expression and activity were selected for the further study.

Animals in adult age
Twenty-four SD adult male rats at 8 weeks of age (240–260 g) were 
randomly divided into four groups: (1) control group (gavaged with 
normal saline [NS]; Chengdu Qingshan Likang Pharmaceutical Co., 
Ltd., Chengdu, China); (2) anti-LOX group; (3) vacuum device (VD) 
group (aspiration with a negative pressure at −300 mmHg value); and 
(4) anti-LOX + VD group. Anti-LOX was performed by intragastric 
administration of a specific LOX inhibitor, β-aminopropionitrile 
(BAPN) fumarate (Shanghai Aladdin Biochemical Technology Co., 
Ltd., Shanghai, China), using a dose of 100 mg kg−1 day−1.26,27

The rats were anesthetized using a facemask first with 5.0% (v/v) 
isoflurane (Shenzhen RWD Life Science Co., Ltd., Shenzhen, China) for 
3 min and then with 1.0% isoflurane.28 VD aspiration with a negative 
pressure of −300 mmHg (Chengdu Xin Wei Cheng Technology Co., 
Ltd., Chengdu, China) was performed twice (with a 2-min interval) 
daily, each session lasting 5 min, Monday to Friday.29 The total 
treatment duration (anti-LOX with or without VD aspiration) was 
7 weeks. All paraphimoses were manually recovered.30 VD aspiration 
was stopped for 1 or 2 days when serious prepuce bleeding. These 
animals were used for the following analysis.

Penile length
On the last intervention day, body weights of all rats were measured and 
recorded. Penile length was measured by a modified 2.5 ml disposable 
syringe (inner diameter: 9.0 mm) with the following procedures (Figure 
1a and 1b), the injection end of the syringe was connected to a negative-
pressure device (Chengdu Xin Wei Cheng Technology Co., Ltd.), and 
the flanged end was placed over the penis and firmly pressed onto the 
pubis. After a unified vacuum device aspiration (−200 mmHg of 5 
min for twice, with a 2-min interval), penile length was recorded, with 
head of the ruler close to syringe flanged end (Figure 1), as described 
previously.31 Following a 1-week washout period, penile length was 
measured once more using the same method to observe any penile 
retraction.

After erectile function assessment (described next), the exposed 
penile length was recorded. Briefly, the penis was totally exposed and 
vertically stretched with the glans cartilage clipped by vessel forceps, 
until rat’s rump/back separated from the animal experimental 
table. The exposed length was measured from the junction of the 
urethral bulb and corpus cavernosum (marked with a yellow line in 
Figure 1), to the tip of the glans cartilage; the measurement errors 
of length data were corrected using recorded images (Figure 1). 
Meanwhile, dorsal–ventral and lateral–lateral diameters of the 
middle penis were measured (in the exposed stretched position) 
by a vernier caliper.

Erectile function assessment
Erectile function was assessed after a 1-week washout period from 
the last penile length measurement. Rats were kept on a heating pad 
at 38°C32 and anesthetized using a facemask first with 5.0% isoflurane 
for 3 min and then with 2.0% isoflurane. Following the exposure and 
intubation of the crus penile and carotid artery, the concentration of 
isoflurane was decreased and maintained at 0.9%.28,33 The cavernous 
nerve was stimulated electrically at 5.0 V, 20.0 Hz, pulse width 
of 5.0 ms, for 50 s.28,29,33 Intracavernous pressure (ICP) and arterial 
pressure were simultaneously monitored with a BL420 biofunctional 
experiment system (TME Technology Co. Ltd. Chengdu, China).28,33 
The maximum ICP/mean arterial pressure (MAP) ratio was calculated 
and analyzed. After the erectile function measurement, the exposed 
penis was cut at the junction of the urethral bulb and corpus 
cavernosum and then the excised penile weight was measured. The 
glans was removed, and the remaining penis tissue was washed with 
PBS and cut into four (proximal, proximal-middle, distal-middle, 
and distal) sections. The harvested penile tissues were used for the 
following detections.

Component testing
The obtained penis was used for the detection of LOX activity as 
described previously.18,34 Total hydroxyproline (HYP) and total elastin 
level were assessed. The crosslinking level of collagen and elastin 
(detected by pyridinoline [PYD] and desmosines [DES], respectively). 
All of the procedures were performed according to the manufacturer’s 
instructions (Supplementary Materials and Methods).

Transmission electron microscopy (TEM)
TEM was performed to determine microstructural changes to smooth 
muscle cells (SMCs), fibroblasts, collagen, and elastin in the tunica 
albuginea. A small piece (0.5 cm × 0.5 cm) of penile tunica albuginea was 
harvested (from the distal–middle penis), fixed in 3.0% glutaraldehyde 
(kindly provided by Chengdu Li Lai Biotechnology Co., Ltd., Chengdu, 
China), and sent to Chengdu Li Lai Biotechnology Co., Ltd. for 
analysis. Briefly, the tissues were postfixed in 1.0% osmium tetroxide 
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(provided by Chengdu Li Lai Biotechnology Co., Ltd.), dehydrated in 
acetone (Guangzhou Sagene Biotech Co., Ltd., Guangzhou, China), 
and embedded in Epon 812 (Beijing Zhongjingkeyi Technology Co., 
Ltd., Beijing, China).35,36 Ultrathin sections were double stained with 
uranium acetate and citric acid (Beijing Zhongjingkeyi Technology 
Co., Ltd.) and examined using a H-600IV transmission electron 
microscope (Hitachi group, Tokyo, Japan).

Hart’s elastin staining
Distal penile pieces were fixed in the formaldehyde solution (Pathology 
Platform, West China Hospital, Sichuan University, Chengdu, China), 
underwent routine dehydration and paraffin embedding, and cut 
into 5 μm sections (Leica RM2135, Wetzlar, Germany). As described 
previously,16,37 tissue slides were soaked in a 0.25% KMnO4 solution 
(Beijing Solarbio Science and Technology Co., Ltd., Beijing, China) for 
5 min, cleaned in a 5.0% oxalic acid solution (Beijing Solarbio Science 
and Technology Co., Ltd.), and incubated overnight in resorcin–fuchsin 

working solution (Xiya Chemical Co., Ltd., Jinan, China). After 
washing, the samples were counterstained with Van Gieson’s solution 
(Beijing Solarbio Science and Technology Co., Ltd.) for 1 min. The 
elastic fibers were stained blue-black to blue, and collagen was stained 
pink to red. To examine the cumulative area of elastic fibers in tunica 
albuginea and corpus spongiosum (locations at 0, 3, 6, and 9 o’clock),16,38 
images at ×400 magnification were acquired by a Zeiss Axio Imager 
(ZEISS, Oberkochen, Germany) and analyzed with Image-Pro Plus 
version 6.0 software (Media Cybernetics, Inc., Rockville, MD, USA).

Statistical analyses
The data were analyzed by GraphPad Prism 5 software (GraphPad 
Software, Inc., La Jolla, CA, USA). Statistical differences among 
multiple groups were compared using the one-way ANOVA analysis, 
followed with a Tukey’s test to compare all pairs of columns. For some 
groups, we performed the Student’s t-test to obtain P values. P < 0.05 
was considered statistically significant.

Figure 1: Anti-LOX combined with a VD induces penile lengthening (n = 6 per group). (a) Representative images of penile length. (b) Representative images of 
penile length after a 1-week washout period. For a and b, penile length was measured under unified vacuum device aspiration condition (measured at –200 
mmHg for 5 min twice with a 2-min interval). (c) Exposed penile length; the length was measured from the junction of urethral bulb and corpus cavernosum 
(marked with yellow line), to tip of glans cartilage; the measurement errors of length data were corrected on recorded images. (d) Statistical analysis of 
penile length (P < 0.0001). (e) Statistical analysis of penile length after a 1-week washout period (P < 0.0001). (f) Statistical analysis for exposed penile 
length (P < 0.0001). Anti-LOX: intragastric administration of β-aminopropionitrile (BAPN) with a dose of 100 mg kg−1 day−1; VD: vacuum device aspiration 
with negative pressure of -300 mmHg. **P < 0.01, ***P < 0.0001. LOX: lysyl oxidase.
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RESULTS
LOX in rats with different ages
Western blot revealed that LOX expression in the corpus cavernosum 
was highest in the 8-week-old rats and then significantly decreased 
with age (P < 0.0001). LOX activity showed the same trend, with LOX 
activity highest at 8 weeks of age and then significantly declining 
(P < 0.0001) and finally reaching a relative stable level (P > 0.05; 
Figure 2 and Supplementary Figure 1)

Penile length
Penile length data were reported as mean ± standard error 
mean (s.e.m.). All rats showed similar primary penile length 
(P = 0.9186; Supplementary Table 1). After 7 weeks, anti-LOX 
and VD treatment significantly increased penile length to 
38.33 ± 0.36 mm and 37.42 ± 0.33 mm (P < 0.0001), respectively, 
which was 10.8% (3.75 mm) and 8.2% (2.48 mm) longer than 
the control group (34.58 ± 0.54 mm), respectively. Interestingly, 
anti-LOX + VD produced the longest penis (40.58 ± 0.40 mm; 
P < 0.0001), which was 17.4% (6.00 mm), 5.9% (2.25 mm), and 
8.4% (3.16 mm) longer than the control, anti-LOX, and VD groups, 
respectively (Figure 1, Supplementary Table 1 and 2).

After a 1-week washout period, similar results were observed. 
The anti-LOX + VD group had the longest penis (41.00 ± 0.37 mm; 
P < 0.0001), which was 17.7% (6.17 mm), 6.5% (2.50 mm), and 9.8% 
(3.67 mm) longer than the control (34.83 ± 0.59 mm), anti-LOX 
(38.50 ± 0.32 mm), and VD (37.33 ± 0.48 mm) groups, respectively 
(Figure 1, Supplementary Table 1 and 3). For exposed length measured 
by stretched method, anti-LOX and VD significantly lengthened 
the penis to 35.33 ± 0.31 mm and 34.17 ± 0.38 mm (P < 0.0001), 
respectively, which was 10.7% (3.41 mm) and 7.1% (2.25 mm) longer 
than the control (31.92 ± 0.33 mm) group, respectively. Anti-LOX + 
VD resulted in the longest penis (36.50 ± 0.26 mm; P < 0.0001), which 
was 14.4% (4.58 mm), 3.3% (1.17 mm), and 6.8% (2.33 mm) longer 

than the control, anti-LOX, and VD groups, respectively (Figure 1, 
Supplementary Table 1 and 4).

No significant difference was found among the treatment groups 
in final body weights (P = 0.6467) and dorsal–ventral (P = 0.7520) and 
lateral–lateral (P = 0.8263) penile diameters. Rats in the control group 
had a lower excised penis weight, but there was no significant difference 
(P = 0.5924) (Supplementary Table 1 and Supplementary Figure 2).

Erectile function assessment
There were no statistical differences in the ICP (P = 0.4512), MAP 
(P = 0.1017), and maximum ICP/MAP ratio (P = 0.4297) among the 
four groups (Figure 3 and Supplementary Table 1).

Component testing
The anti-LOX and anti-LOX + VD groups exhibited significantly 
lower (P = 0.0149) LOX activity than the control and VD groups. No 
difference was found between the control and VD groups (P = 0.8496) 
or between the anti-LOX and anti-LOX + VD groups (P = 0.6318) 
(Figure 4).

No statistical differences were observed in HYP (P = 0.5440) or 
elastin (P = 0.2228) levels among the groups (Figure 4). On the other 
hand, the anti-LOX group exhibited a significantly lower (P = 0.0449) 
PYD concentration than the control group. The anti-LOX+VD group 
had a significantly lower (P = 0.0015) level of PYD compared with the 
control and VD groups (Figure 4). No statistical difference in DES 
levels was found (P = 0.8226; Figure 4).

TEM
In the tunica albuginea of the corpus cavernosum, collagen bundles in 
the control group displayed a regular arrangement, diameter, and shape, 
with abundant ground substance between these fibers. In contrast, 
fibrous bundles in the anti-LOX + VD group were loosely arranged in 
longitudinal sections. In cross sections, irregular collagen bundles were 
more obvious in the anti-LOX, VD, and anti-LOX + VD groups, with 
disorganized fibrous bundles exhibiting irregular shapes and less 
ground substance (Figure 5). In the tunica albuginea of the corpus 
cavernosum, fibroblasts with spindle cell nuclei were found among 
collagen fibers of all groups. Rich rough endoplasmic reticulum in the 
cytoplasm was observed in the control and anti-LOX groups, whereas 
dilated rough endoplasmic reticulum and swollen mitochondria were 
found in the VD and anti-LOX + VD groups. All smooth muscle cells 
(SMCs) exhibited spindle cell nuclei and homogeneously distributed 
chromatin; myofibrils had formed dense bodies, with well-structured 
mitochondria and rough endoplasmic reticulum in the cytoplasm, and 
macula densa beneath the cell membrane (Supplementary Figure 3).

Hart’s elastin staining
In the tunica albuginea, elastic fibers with regular size and length 
were tightly intertwined with collagen bundles. These fibers were 
abundant between the Buck’s fascia and tunica albuginea (Figure 6). 
Corpus spongiosum contained abundant elastic fibers with a twisted 
appearance, and no significant difference was observed among the 
groups in the cumulative area (P = 0.6375; Figure 6).

DISCUSSION
Penile length is determined by the tunica albuginea, which is mainly 
composed by collagen bundles and elastic fibers.15,16 LOX can catalyze 
the crosslinking of collagen and elastin proteins into insoluble mature 
fibers.17–19 Our results have revealed that both the protein expression 
and activity of LOX sharply decreased with age to relative stable levels. 
We remodeled the tunica albuginea by anti-LOX and investigated this 
effect on penile lengthening in adult rats.

Figure 2: LOX variation in corpus cavernosum in rats with 8, 12, 16, 24, 
and 48 weeks, respectively (n = 6 per group). (a) Representative image 
from Western blot. (b) Statistical analysis revealed that LOX expression 
was the highest at 8 weeks of age, which was significantly decreased with 
age (P < 0.0001). (c) LOX activity was the highest at 8 weeks of age; it 
was then significantly declined (P < 0.0001) and finally attained a relative 
stable level (P > 0.05). *P < 0.05, ***P < 0.0001. LOX: lysyl oxidase; 
RFUs: relative fluorescent units.
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All groups showed a similar primary penile length before 
the treatment. After 7 weeks of treatment, anti-LOX significantly 
lengthened the penis by 10.8%. We speculated that anti-LOX remodeled 

the penile tunica albuginea by inhibiting the crosslinking of collagen 
and elastin, thereby reducing the tensile strength of collagen and 
elasticity of elastin.17–19

Chronic traction has been previously applied to lengthen limbs 
using the Ilizarov technique.39 Mechanical stressing restructured 
collagen and allowed its stretching in Dupuytren’s disease tissue,23,40 
while the traction device was reported to lengthen the penis in some 
noncontrolled case studies.6,24,25 A recent animal study also showed 
that the traction device and VD can exert a tissue remodeling effect to 
correct penile curvature.41 Our study revealed that VD (−300 mmHg) 
significantly increased penile length by 8.2% compared with the 
controls. Possible explanations for this increase include continuous 
traction-induced collagen realignment,22,42 stimulation of fibroblasts42 
and soft cellular proliferation,40,43 or tissue growth.6,40

We combined anti-LOX with VD and investigated their effects on 
penile lengthening. Our results showed that anti-LOX + VD achieved 
the longest penile length, which was 17.4%, 5.9%, and 8.4% longer 
than the control, anti-LOX, and VD groups, respectively. We further 
speculated that anti-LOX induced incomplete crosslinked collagen and 
elastin, and the remodeled tunica albuginea was unable to bear the 
extra drag force of VD.18,44 As a result, penile lengthening was enhanced 
when anti-LOX was combined with a VD force.

A 1–2 cm length gain has been considered a success.1 The 
current and prevalent invasive penile suspensory ligament division 
can lengthen the penis by 1.5–2 cm, and penile disassembly 
and rib cartilage transplant can achieve a short-term increase 
of 2–3 cm, that is, a 12.5%–16.7% and 16.7%–25% increase, 
respectively (assuming a human stretched normal penile length of 
12 cm).5 In comparison, our noninvasive anti-LOX + VD method 
has lengthened the penis by 17.4% and has achieved effects to that 
of the invasive lengthening phalloplasty techniques.1,3 Considering 
−150 to −300 mmHg is acceptable for human VD,45,46 we found that 
−300 mmHg + anti-LOX exhibited a larger penile lengthening effect 
than −200 mmHg + anti-LOX (unpublished data); therefore, we 
selected the pressure of −300 mmHg.

To determine whether the lengthened penes would retract or 
shrink, we remeasured penile length after a 1-week washout period. 

Figure 3: Anti-LOX combined with a VD does not impact normal erectile function (n = 6 per group). (a) Representative images of ICP under cavernous nerve 
stimulation. (b) Representative images of arterial pressure under cavernous nerve stimulation. (c) Statistical analysis of ICP (P = 0.4512). (d) Statistical 
analysis of mean arterial pressure (MAP; P = 0.1017). (e) Statistical analysis of ICP/MAP ratio (P = 0.4297). Anti-LOX: intragastric administration of 
β-aminopropionitrile (BAPN) with a dose of 100 mg kg−1 day−1; VD: vacuum device aspiration with negative pressure of -300 mmHg. LOX: lysyl oxidase; 
ICP: intracavernous pressure.
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Figure 4: Biomarker analysis for corpus cavernosum. (a) anti-LOX and 
anti-LOX + VD groups exhibited significantly lower lysyl oxidase (LOX) activity 
than control and VD groups, respectively (P = 0.0149). (b) No significant 
difference was found on HYP (P = 0.5440) level. (c) No significant difference 
was found on total elastin content (P = 0.2228). (d) Anti-LOX group showed 
significantly lower PYD concentration than the control group (P = 0.0449), 
while anti-LOX + VD revealed significant lower level than the control 
(P = 0.0015) and −300 mmHg (P = 0.0015) groups. (e) No significant 
difference was found on DES concentration (P = 0.8226). n = 6 per group. 
Anti-LOX: intragastric administration of β-aminopropionitrile (BAPN) with a 
dose of 100 mg kg−1 day−1. VD: vacuum device aspiration with negative pressure 
of -300 mmHg. *P < 0.05, ***P < 0.0001. RFUs: relative fluorescent units; 
LOX: lysyl oxidase; HYP: hydroxyproline; PYD: pyridinoline; DES: desmosines.
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Significantly longer penes were still present in the anti-LOX + VD 
group than in other groups, showing that penises had not retracted 
to previous sizes. However, a longer washout period is needed to 
determine the long-term effects. Compared with the conventional 
method of stretched penile measurement, the measurement of 
penile length with a syringe is simple, less prone to interindividual 
variation and more reproducible.31 As accurate penile measurement 
is paramount, we also recorded exposed penile length as a second 
method, verified the lengthening effect and eliminated the potential 
impact of a stretched prepuce. In the current study, anti-LOX and 
anti-LOX + VD significantly increased penile length by 10.7% and 
14.4%, respectively, compared with controls. In addition, anti-LOX 
with or without VD aspiration had no effects on penile dorsal–ventral 
and lateral–lateral diameters, but they slightly increased excised penile 
weight, although without significant difference.

BAPN is a lathyrogen that forms a covalent adduct with LOX and 
directly inhibits the LOX enzyme. Our study suggested that BAPN 
(anti-LOX) directly inhibited LOX activity, which was consistent with 
previous studies.19,20 Previous studies found that anti-LOX inhibited 
the crosslinking of collagen and elastin proteins,18,20,44,47 but had 
no effect on total collagen (determined by HYP) or elastin protein 

concentrations.19,48 The inhibition efficiency of anti-LOX has been 
estimated using PYD and DES levels, the mature crosslinking forms 
of collagen and elastin, respectively.19,20

In the present study, anti-LOX significantly reduced PYD 
concentrations. We also observed microstructural remodeling of the 
tunica albuginea using TEM. Examination of longitudinal sections 
showed that anti-LOX + VD induced loosely arranged collagen fibers, 
whereas cross sections exhibited more obvious remodeling, with 
collagen fibrils arranged in irregular shapes and less ground substance 
between the fibrils. We propose that the delayed collagen crosslinking 
resulted in albuginea remodeling, which decreased its tensile strength 
and its ability to withstand extra drag force,17,19,47 ultimately leading to 
lengthening of the penis.

In addition, anti-LOX had no impact on DES levels. Hart’s elastin 
staining revealed elastic fibers with regular shapes that were tightly 
intertwined with collagen bundles along the tunica albuginea. To 
eliminate the influence of abundant elastic fibers between the Buck’s 
fascia and tunica albuginea (the irregular shape of the tunica albuginea 
made it difficult to analyze the cumulative area of elastic fibers), we 
further analyzed the cumulative area of elastic fibers in the corpus 
spongiosum, which had a relatively fixed geometry and substantially 
more fibers. No significant difference was observed for the cumulative 
areas among the groups. This might result from the fact that newly 
crosslinked DES was too small to detect any difference,19 or that BAPN 
could not completely inhibit LOX activity.18,19

People who pursued an enlarged penis must pay close attention to 
erectile function. In this study, increased penile length was achieved 
with no differences in ICP and the ICP/MAP ratio, which suggested 
that erectile function was not impacted. In addition, SMCs exhibited 
a normal microstructure by TEM, suggesting that anti-LOX with 
or without VD had no harmful effects on normal erectile function. 
The intragastric administration of BAPN had no impact on MAP, 
supporting previous findings.49,50

In general, no serious side effects were observed, while minor cases 
such as edema, petechial, and ecchymosis were common.30 Prepuce 
bleeding was found when VD was combined with anti-LOX; however, 
bleeding could stop spontaneously. However, suspension of the aspiration 
procedure for 1 or 2 days was needed for some cases. Our results 
demonstrated that anti-LOX combined with a VD could significantly 
increase penile length without impairing normal erectile function.

Figure 5: Transmission electron microscopy in tunica albuginea of corpus 
cavernosum (n = 2 per group). (a) In longitudinal section, anti-LOX + VD 
group showed loosely arranged collagen fibers (scale bars = 1 μm). (b) In 
cross section, remodeled appearances of collagen bundlea were more obvious 
in anti-LOX, VD, and anti-LOX + VD groups, they also showed irregular 
arranged collagen bundles and  less ground substance, compared with the 
control group (scale bars = 2 μm). Anti-LOX: intragastric administration of 
β-aminopropionitrile (BAPN) with a dose of 100 mg kg−1 day−1. VD: vacuum 
device aspiration with negative pressure of -300 mmHg. LOX: lysyl oxidase.

b

a

Figure 6: Hart’s elastin staining in rat models (n = 6 per group). (a) Tunica albuginea showed blue-black to blue elastic fibers, which was abundant 
between Buck’s fascia and tunica (at ×50 magnification, scale bars = 200 μm), representative elastic fibers on the upper left box (at ×400 magnification, 
scale bars = 50 μm); elastic fibers with regular shapes were tightly intertwined with collagen bundles along tunica albuginea. (b) Representative elastic 
fibers of corpus spongiosum at ×100 magnification (scale bars = 100 μm). Corpus spongiosum revealed substantially abundant elastic fibers with a tortuous 
appearance. (c) Elastic fibers of corpus spongiosum at 0 o’clock (at ×200 magnification, scale bars = 100 μm). (d) Cumulative area of elastic fibers in 
corpus spongiosum (0, 3, 6, and 9 o’clock at ×200 magnification), with insignificant difference found (P = 0.1865). Anti-LOX: intragastric administration 
of β-aminopropionitrile (BAPN) with a dose of 100 mg kg−1 day−1; VD: vacuum device aspiration with negative pressure of -300 mmHg. LOX: lysyl oxidase.
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However, this study has several limitations. First, we showed 
that anti-LOX combined with a VD lengthened the penis by 
remodeling the tunica albuginea in healthy adult rats. However, 
penile lengthening therapy was only recommended for abnormal 
penis sizes, so results from such an animal model may be more 
convincing. Second, the penile growth spurt occurs during puberty, 
and whether the anti-LOX-induced lengthening effect would be 
more efficient during this period requires further investigation. 
Third, no significant differences were found in penile dorsal–ventral 
and lateral–lateral diameters of the exposed stretched penile status, 
and a more accurate method was needed to investigate the influence 
on penile circumference. Most importantly, anti-LOX with BAPN 
has been employed to induce thoracic aortic dissection in rodent 
models, and systemic effects after intragastric administration of 
BAPN could not be ruled out in the current study. Therefore, other 
methods to inhibit LOX activity or more targeted modes of drug 
administration (such as topical testosterone/dihydrotestosterone gel) 
will be necessary to overcome systemic responses. Meanwhile, we 
just described (though not clarified with statistics) the side effects 
in the penis; therefore, we think that it is necessary to analyze the 
systematic responses and pay more attention to these complications. 
However, this was just an animal research, whether anti-LOX 
accompanied with a VD can be applied to lengthen human penis 
remained to be supported by further strong ethical, basic, and 
clinical evidence.

CONCLUSIONS
Anti-LOX significantly increased the penile length. This effect was 
more prominent when combined with a VD. We propose that anti-LOX 
inhibited LOX activity to reduce pyridinoline levels, which suppressed 
collagen crosslinking and induced penile tunica albuginea remodeling. 
In addition, anti-LOX had no effect on normal erectile function, even 
combined with a VD.
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Supplementary Table  1: Data collection

Control Anti‑LOX VD Anti‑LOX + VD P

Primary penile length (mm) 31.17±0.11 31.08±0.15 31.25±0.11 31.08±0.33 0.9186

Penile length (mm) 34.58±0.54 38.33±0.36*** 37.42±0.33*** 40.58±0.40*** <0.0001

Penile length a week later (mm) 34.83±0.59 38.50±0.32*** 37.33±0.48*** 41.00±0.37*** <0.0001

Exposed penile length (mm) 31.92±0.33 35.33±0.31*** 34.17±0.38*** 36.50±0.26*** <0.0001

Rats’ final weight (g) 440.83±14.76 430.83±12.58 420.50±11.21 424.17±8.11 0.6467

Excised penile weight (mg) 290.17±4.05 295.15±3.92 293.03±4.49 297.73±3.39 0.5924

Dorsal‑ventral length (mm) 3.48±0.06 3.56±0.11 3.59±0.10 3.59±0.05 0.7520

Lateral‑lateral length (mm) 3.37±0.03 3.35±0.11 3.43±0.07 3.42±0.04 0.8263

Basic ICP (mmHg) 6.69±0.67 6.66±0.31 6.81±0.23 6.95±0.15 0.9511

ICP (mmHg) 67.06±5.13 67.48±4.60 72.55±2.76 74.44±1.97 0.4512

MAP (mmHg) 109.07±5.77 118.02±5.12 128.73±6.79 120.74±2.36 0.1017

ICP/MAP ratio 0.62±0.04 0.57±0.03 0.57±0.02 0.62±0.02 0.4297

P values were calculated by ANOVA analysis for the difference among the four groups. ***P<0.0001, difference compared with control group. ICP: intracavernous pressure; MAP: mean 
arterial pressure; LOX: lysyl oxidase; VD: vacuum device aspiration with negative pressure of -300 mmHg

Supplementary Table  2: Penile length comparison in relative and 
percentage value ([longer−shorter]/shorter)

Control Anti‑LOX VD Anti‑LOX 
+ VD

Anti‑LOX (mm, %) 3.75 (10.8) 0 0.91 (2.4) 2.25 (5.9)

VD (mm, %) 2.48 (8.2) 0.91 0 3.16 (8.4)

Anti‑LOX + VD (mm, %) 6.00 (17.4) 2.25 (5.9) 3.16 (8.4) 0

LOX: lysyl oxidase; VD: vacuum device

Supplementary Table  3: Penile length a week later comparison in 
relative and percentage value  ([longer−shorter]/shorter)

Control Anti‑LOX VD Anti‑LOX + VD

Anti‑LOX (mm, %) 3.67 (10.5) 0 1.17 (3.1) 2.5 (6.5)

VD (mm, %) 2.50 (7.2) 1.17 (3.1) 0 3.67 (9.8)

Anti‑LOX + VD (mm, %) 6.17 (17.7) 2.50 (6.5) 3.67 (9.8) 0

Supplementary Table  4: Exposed penile length comparison in relative 
and percentage value  ([longer−shorter]/shorter)

Control Anti‑LOX VD Anti‑LOX + VD

Anti‑LOX (mm, %) 3.41 (10.7) 0 1.16 (3.0%) 1.17 (3.3%)

VD (mm, %) 2.25 (7.1) 1.16 (3.0%) 0 2.33 (6.8%)

Anti‑LOX + VD (mm, %) 4.58 (14.4) 1.17 (3.3%) 2.33 (6.8%) 0



Supplementary Figure 1: Western Blot bands in supplemental data. Different 
bands from gel (a), (b), and (c). LOX: lysyl oxidase.
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Supplementary Figure 2: Analysis for rats in different groups. (a) No significant difference was found on rat’s final weight (P = 0.6467). (b) Control groups 
revealed insignificantly lower excised penile weight than other three groups (P = 0.9206, n = 6 per group). (c) No significant difference was found on 
rat’s dorsal–ventral (P = 0.7520). (d) No significant difference was found on rat’s lateral–lateral (P = 0.8263) diameters. Anti-lysyl oxidase: intragastric 
administration of β-aminopropionitrile with a dose of 100 mg kg−1 day−1. VD: aspiration with negative pressure of −300 mmHg.
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Supplementary Figure 3: Transmission electron microscopy in tunica albuginea of corpus cavernosum (n = 2 per group). (a) Fibroblasts with spindle cell nuclei 
were found among collagen fibers in all groups. Rough endoplasmic reticulum was dilated and mitochondria was swelled in VD and anti-LOX + VD groups 
(scale bars = 1 μm). (b) Smooth muscle cell which exhibited spindle cell nuclei and homogeneous distributed chromatin, with myofibrils formed dense 
bodies and well-structured mitochondria rough endoplasmic reticulum found in cytoplasm (scale bars = 1 μm). Anti-lysyl oxidase: intragastric administration 
of β-aminopropionitrile with a dose of 100 mg kg−1 day−1. VD: aspiration with negative pressure of −300 mmHg. ▲: mitochondrial structures, : rough 
endoplasmic reticulum, ♦: macular densa beneath cell membrane, ■: myofibrils formed dense bodies.
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