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Background: Penile prostheses are the third option in the treatment of erectile dysfunction, however, 
despite their proven effectiveness, the occurrence of infections, advanced age of patients and comorbidities 
are the main limiting factors for this treatment modality. In the continuous search for biointegrated, clinically 
durable and minimally invasive treatment options, a possible model of penile prosthesis was sought through 
the use of intracavernous bacterial cellulose (BC) gel, in an experimental model of orchiectomized rabbits. 
Methods: Thirty adult New Zealand rabbits were equally distributed into three groups: BC; vehicle 
and control. Each group was then subdivided according to the follow-up time of 3 and 6 months. 
Bilateral orchiectomy was performed 3 weeks before injection in the BC and vehicle groups. Pachymetry 
measurements of the penile axis, diameter and length were performed in situ. Histomorphometry analyzes of 
the corpora cavernosa (CC), thickness of the tunica albuginea, cell density, collagen and elastic fibers post-
injection were also performed, in addition to immunohistochemistry for newly formed vessels. 
Results: The implant of BC increased both the length and thickness of the penis three and six months 
after the last injection, with a consequent increase in the diameter of the CC. On the other hand, the filling 
effect was not observed in the control and vehicle groups, confirming the degradation of this tissue after 
orchiectomy and the effectiveness of BC as a filling agent. Histomorphometry analyzes corroborate the mass 
effect of BC integrated into the tissue, permeated by predominantly lymphomononuclear inflammatory 
infiltrate, multinucleated giant foreign body cells, fibroblasts, elastic fibers and newly formed vessels, without 
degradation or loss of volume, even after six months of implantation. 
Conclusions: Biocompatibility and biointegration to the host tissue make BC a prosperous penile filling 
material, with local application and minimally invasive.
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Introduction

The penile prosthesis implant is the third line of treatment 
for erectile dysfunction and is indicated for patients who 
do not improve with pharmacotherapy, especially with oral 
phosphodiesterase-5 (PDE-5) inhibitors, or who prefer 
a permanent treatment modality. The available classes of 
penile implants include inflatable and malleable (2- and 
3-piece) or semi-rigid prostheses (1,2).

Although they have a high rate of satisfaction (92–100% 
of patients, 91–95% of partners), as it is an invasive 
procedure, it has some disadvantages, such as irreversible 
change in penile body tissue after implantation with the 
destruction of cavernous tissue, moderate pain between 1 
and 2 weeks after surgery, sexual intercourse after 6–8 weeks  
and complication rate of 2% to 10%, mainly due to 
infection, extrusion of the prosthesis or failure of the 
erectile device of inflatable penile prostheses (2-6).

 Filling agents are currently applied in different sub-
areas of Medicine such as aesthetics, ophthalmology, 
plastic surgery, urology, proctology, among others. 
The use of bacterial cellulose (BC) gel using sugarcane 
molasses as substrate is based on numerous preclinical 
studies demonstrating that it is a stable polymer and is 
not absorbed by the surrounding tissues (7). It has low 
genotoxicity and cytotoxicity in vitro studies (8), high 
biocompatibility and integration in an in vivo model of 
gutted eyes (9); treatments for vesicoureteral reflux (10) 
and fecal incontinence (11). When comparing the BC gel 
implant to Deflux® by endoscopy directly below the bladder 
neck, there was no inflammatory reaction and in the long-
term better tissue integration (10). Much of the therapeutic 
knowledge acquired in the area of biomaterials is related 
to morphological and pharmacological studies conducted 
in experimental models using rodents and rabbits, the 
latter being the most common non-rodent model in 
research for the treatment of erectile dysfunction (12)  
or for tissue engineering approaches, including phallic 
reconstruction (13,14). Due to the scarcity of autologous 
tissues and the unique anatomical architecture of the 
corpora cavernosa (CC), these surgical procedures often use 
non-genital tissues as a graft source. Therefore, the creation 
of alternative materials that assist in the reconstruction 
of the CC becomes a great challenge for the Urologist, 
because in addition to the treatment for erectile dysfunction 
these filling agents can also be used in cases of congenital 
malformation, malignancy or trauma. Given the above, 
the main goal of this research was to translate basic science 

discoveries more quickly and efficiently into practice by 
intra-cavernous injection of BC gel using the rabbit as an 
experimental model to improve penile erections. We present 
the following article in accordance with the ARRIVE 
reporting checklist (available at http://dx.doi.org/10.21037/
tau-20-1128).

Methods

Animals

Experimental, prospective study using 30 rabbits adult 
males (Oryctolagus cuniculus), New Zealand lineage, 
weighing an average of 2.0 kg. The animals were kept in 
individual’s plastic cages and an appropriate environment 
with temperature and humidity control, day-night cycle 
artificially established for periods of 12 hours with access to 
water and food ad libitum. The calculation for determining 
the number of animals was based on Cochran’s formula 
[1965], according to the confidence interval, standard 
deviation (SD) and the precision level of 0.05 (P value). The 
animals (n=30) were randomly divided into three groups, 
with 10 animals per group, and named as follows: Bacterial 
cellulose gel group - BC; Vehicle Group - saline; Group 
control. Each group was then equally divided into two, 
according to the evaluation time of three and six months. 
Experiments were performed under a project license (No.: 
23076.022494/2015-90) granted by Ethics Committee 
on the Use of Animals (CEUA) of the Federal University 
of Pernambuco (UFPE), in compliance with Ethics 
Committee national or institutional guidelines for the care 
and use of animals. 

Anesthesia and surgery

The animals in the treated groups and vehicles were 
anesthetized by a veterinary in the morning, with Xylazine 
(5 mg/kg IM) and Ketamine (20 mg/kg IM). Ten minutes 
before the start of anesthesia, atropine sulfate was applied 
intramuscularly (0.44 mg/kg). The animals were kept 
with an oxygen mask (0.5 mL/min) throughout the 
procedure. The animal was considered anesthetized with 
regular breathing and absence of reflexes after interdigital 
stimulus. The rabbits were placed in the supine position 
on the operating table (Figure 1), performing asepsis and 
antisepsis of the surgical field and positioning sterile fields. 
Orchiectomy was performed bilaterally in the treated and 
vehicle group, through a single supra-pubic incision of 
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about 1 cm, isolating the spermatic cord and pulling the 
testicles externally. Cord ligation was performed with 3-0 
cotton thread. The body of the penis was released from its 
natural fold after local anesthesia with 2% lidocaine without 
adrenaline to its base, suturing the edges with 4-0 chrome 
catgut thread. The control group was not castrated, only 
the penis was detached from its natural fold, as mentioned 
above.

Three weeks after the orchiectomy, the animals in the 
experimental group received 1mL of BC in each CC with a 
26G needle, while the animals in the vehicle group received 
the same volume of saline. This procedure was performed 4 
times with an interval of 1 week. The length and diameter 
of the penis of each animal were measured before and after 
each injection using a digital caliper (Figure 2).

Sacrifice and sample collection

At the end of three and six months, the animals were 
euthanized through intravenous administration of a lethal 
dose of sodium thiopental (150 mg/kg). The penis was then 
removed in its entirety by dissection, separating it from its 
point of attachment in the ischial tuberosity. The penis was 

weighed dry on an analytical balance and subsequently fixed 
by immersion in 10% formalin in 75 nM phosphate buffer. 
Twenty four hours after fixation, the penis was cut into 
transverse fragments approximately 3–5 mm thick and post-
fixed in the same solution.

Histological analysis

All samples were processed routinely following the 
technique of dehydration in alcohol, diaphanization in 
xylene and inclusion in histological paraffin. 4 µm thick 
slices were obtained, mounted on slides and later stained 
according to the study objective. The slides stained with 
Masson’s trichrome were used to measure the thickness of 
the albugineous tunic and those stained with hematoxylin 
and eosin for the thickness of the CC and analysis of 
foreign body reaction and cell density. Finally, the Weigert’s 
Resorcin Fuchsin technique was used to visualize the fibers 
of the elastic system. All photomicrographs were obtained 
using the AXIO microscope (Imager.M2m/Zeiss) attached 
to a camera (AXIOCam HRc/Zeiss) connected to the 
capture software ZEN 2 PRO (blue edition), ZEISS in 10, 
20 and 40× objectives. 

Figure 1 Surgical technique of orchiectomy (A,B) followed by release of the animal penile frenulum (C,D).
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Immunohistochemistry 

To identify the presence and specific location of newly 
formed blood vessels within the gel injected into the CC 
in BC groups three and six months, enzymatic antigenic 
recovery, elimination of endogenous peroxidase, blocking 
nonspecific antigens and immunohistochemical marking 
were conducted, using anti-CD31 antibody (Ab24590 
monoclonal mouse Abcam; Lot 8065433; dilutions 1: 100). 
For antigenic recovery, trypsin solution (0.01 g trypsin 
+ 0.01 g calcium chloride + 10 mL distilled water) was 
used in a humid chamber, at 37 ℃ for 30 minutes, and 
washed in three baths of PBS for 2 min. The elimination of 
endogenous peroxidase was done in an alcoholic solution 
of hydrogen peroxide (180 mL of methanol +20 mL of 
20% hydrogen peroxide) for 20 min, at room temperature, 
protected from light, followed by washing in three baths 

with PBS, for 2 min each. To block nonspecific antigens 
from the tissue, a solution of skimmed milk diluted in 
10% PBS for 30 min at room temperature was used. In the 
marking phase of the vessels, positive control (connective 
tissue of the animal), test and negative control (without 
primary antibody) were used. After washing in PBS, all 
slides (controls and test) were incubated with the secondary 
antibody in a humid chamber, for 20 min at 36 ℃, following 
washes in PBS and incubation with reagent “C” for 15 min,  
at 36 ℃ ,  and washes in PBS. The development of 
the antigen-antibody complex was performed with 
a diaminobenzidine solution (DAB, Histostar plus®, 
Invitrogen®), for 2 min. For nuclear contrast staining, 
Harris hematoxylin (diluted to 50% in distilled water) was 
used for 4 min. Then the preparations followed the routine 
technique mentioned above to then be photographed.

A B
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Figure 2 Pachymetry before injection of BC/saline, Penile length (A) and Penile diameter (B); injection of BC and saline (C/D) and 
pachymetry after injection of BC/saline, Penile length (E) and Penile diameter (F).



845Translational Andrology and Urology, Vol 10, No 2 February 2021

  Transl Androl Urol 2021;10(2):841-850 | http://dx.doi.org/10.21037/tau-20-1128© Translational Andrology and Urology. All rights reserved.

Histomorphometry 

The diameter of the CC and the thickness of the tunica 
albuginea were obtained by averaging twenty measurements 
per corpus cavernosa, totaling 40 per animal. For this 
analysis, the Image J software was used, with the aid of the 
“straight line” tool, launched perpendicular to the direction 
of the fibers. Inflammatory tissue integration with foreign 
body reaction, cell density and vascular proliferation within 
the implanted material were quantified using the Image J 
software grid system. A mesh of 42 points was cast in each 
image obtained inside the cavernous bodies (15 per animal), 
totaling 630 points. Blood vessels, fibroblasts, foreign body-
type multinucleated giant cells (FBGC), macrophages, 
mononuclear and polymorphonuclear inflammatory cells 
and the presence of BC were quantified. At the end, the 
averages were obtained for each cell type or structure 
reached by the points, in addition to the SD.

Statistical analysis 

Biometric and histomorphometry records were used to 
calculate the mean and SD values in each group. The 
Kolmogorov-Smirnov test was chosen to assess normal 
distribution. Analysis of variance was used to assess the 
effects of time and experimental conditions. To analyze the 
differences between the groups, the one-way ANOVA was 
performed followed by the Tukey post-hoc test. For analysis 
of parameter differences between 3 and 6 months post-
injection, the variables of the normal curve were compared 
using the t-test, followed by the calculation of P values, 
considering values statistically significant ≤0.05). For all 
analyzes, the SigmaStat 3.5 software was used.

Results

Clinical aspects

There were no complications in the intracavernous 
injection procedure in any of the groups. However, it was 
observed that in 3 animals of BC group the injected gel did 
not fill the corpora cavernousa in its entirety, and the penis 
showed a discontinuous filling of the material. The average 
surgical time for BC or saline injection was five minutes per 
animal. In general, animals showed an immediate erection 
response induced by BC, with exposure of the glans after 
intracavernous injection (Figure 3). It was observed that 
after three months the animals were completely healed and 
after six months the penile rigidity was still palpable. 

Penile length and thickness “in situ”

After intracavernous injection of the BC, there was 
an increase in both penile length and diameter from 
41.04±1.61 to 49.96±0.68 and from 13.95±0.38 to 
23.19±1.35, respectively, after the six-month period (Table 1). 
This increase was maintained over the experimental time, 
without loss of volume when comparing the times of three 
and six months (Table 1). Rabbits that received BC showed 
a recovery in erectile function when compared to those that 
received saline injections.

Bulking effect 

Histological analysis revealed the filling of the CC by BC 
with preservation of tissue constituents. Figure 4 shows 
the integrity of the spongy body and the preservation of 
the urothelium. The BC remains at the implantation site, 
after three and six months, causing a mass effect and being 
incorporated into the host tissue.

Morphometry of the CC

After the orchiectomy, significant differences were observed 
in the diameter of the CC of the penis, whether or not 
followed by filling with the BC. As expected, there was a 
decrease in the diameter of the CC in the vehicle group, 
confirming the effects of the absence of androgens in the 
tissue, as well as an increase in the diameter after filling with 
the cellulose gel. The bulking effect again remained in the 
tissue, without resorption, even after six months of injection 
(Figure 5).

Cell density and foreign body reaction

The integration and biocompatibility of the BC after 
implantation were evaluated according to cellularity and 
neovascularization. The inflammatory response mediated by 
FBGC, lymphocytes, plasmocytes and polymorphonuclear 
cells remained unchanged over the experimental period, 
with a greater number of multinucleated giant cells of the 
foreign body type, blood vessels and fibroblasts after three 
months and a greater number of macrophages after six 
months (Table 2).

Albugineous tunic, elastic fibers and newly formed vessels.

The thickness of the albugineous tunic remained unchanged 
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in the vehicle group and was less thick in the BC group 
(Figure 6A). The colonization of BC in corpora cavernousa 
shows multinucleated giant cells of the foreign body type 
(Figure 6B) and fibroblasts. The deposition of elastic 
fibers increased over the experimental time, but without 
statistical differences regarding their deposition (Figure 6C).  
Vascularization of the implant was observed in both 
experimental times, with newly formed vessels located 
peripherally to the implant (Figure 6D).

Discussion 

In recent years, there has been significant progress 

in understanding the multifactorial mechanisms that 
modulate and predispose to erectile dysfunction (15-19), 
leading to a greater demand for alternative treatment 
options especially through pre-clinical experimental 
models (20,21). The results of the present study, although 
preliminary and preclinical, can be used in the future as a 
new idea for the treatment of erectile dysfunction. Because 
it is biocompatible, generating new blood vessels and 
remaining in the injected site, BC and any other substance 
provided have had tested can be used as a filling similar 
agent. Thus, patients who do not have sufficient hardness 
or stiffness for penetration or even patients who do not 
achieve the expected results using oral pharmacotherapy 

Figure 3 Gradual erection of the rabbit‘s penis after intracavernous BC injection (A,B,C) showing palpable penile rigidity in (D).

Table 1 Penile length and thickness after BC injection

Groups
Penile length (mm) Penile diameter (mm)

T0 T3m T6m T0 T3m T6m

Control 31.90±1.30 36.56±4.21 41.04±1.61
a

11.03±1.31 14.15±0.60 13.95±0.38
a

Vehicle 35.41±0.83 35.56±1.14 39.53±1.95
 a

14.59±0.68 13.14±0.79 14.93±0.79
a

BC 35.55±0.86 36.04±0.87 49.96±0.68
b

11.03±1.31 17.15±0.44 23.19±1.35
b

Values presented as mean ± standard error of the mean. Vehicle, saline; BC, bacterial cellulose gel. T0, T3m and T6m (experimental times 
before injections, after 3 and 6 months, respectively. Different letters in the same column = P<0.05 after One-way ANOVA test.

A B

C D
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[e.g., men with diabetes mellitus (DM) or with erectile 
dysfunction after radical prostatectomy] may use it in the 
future the BC gel in combination with another treatment. 
The idea is that depending on the intracavernous volume 
injected from the BC, the penis may become more rigid 
or less rigid and this in association with oral drugs in the 
form of phosphodiesterase type 5 (PDE5i) inhibitors or 
intracavernous injection with vasodilating agents may 
enhance the erection for successful penetration. 

Penile prostheses, although having a high satisfaction 
rate, have as possible complications the irreversible change 

of the penile structure, pain, infections, extrusions or 
failures in the device (4). In tissue engineering, including 
phallic reconstruction (13,14) due to the scarcity of 
autologous tissues and the unique anatomical architecture 
of the CC, these surgical procedures often use non-genital 
tissues as a graft source. The use of BC gel was then used 
as a filling agent for the CC, obtained from the molasses 
of sugar cane, a sterile, stable, non-toxic and biointegrated 
polymer (7,8,11). The clinical and morphological findings 
of anatomical filling of the cavernous body (bulking effect) 
and permanence of the material in situ were considered 
promising. No complications were observed, such as 
hypersensitivity or extrusion, there was a significant increase 
in penile volume, in length and thickness, in addition 
to palpable stiffness, essential characteristics of a good 
prosthesis (22). Using the same animal model, other studies 
have not observed signs of infection or extrusion of the 
prosthesis (9), in addition to a better inflammatory response 
and preservation of the injected material when compared 
to another biodegradable gel commonly used in urology 
to treat vesicoureteral reflux10. However, we observed a 
discontinuous filling of the material what could be avoided 
by recalculating the ideal volume to be injected into the 
animal’s penis.

The atrophy of the CC was induced in this study 
through surgical castration, due to androgen deficiency (23), 
with a significant decrease in the diameter of this tissue 
below the control values, corroborating with a previous 
study that demonstrated the loss of erectile function and 
penile atrophy, with reduced trabecular smooth muscle and 
increased connective tissue content (24). Histological and 

Figure 4 Sections of the penis after euthanasia of the vehicle (A) and BC (B) animals after 6 months. In (C) there is a photomicrograph 
of the panoramic section of the cavernous bodies stained with HE, completely filled with BC, surrounded by the white tunic and with 
preservation of the spongy body and urothelium. Caption u, urethra; a, tunic albuginea. *, bacterial cellulose.

Figure 5 Diameter of the corpora cavernosa between the control 
groups; vehicle: saline and bacterial cellulose gel after 6 months 
of implantation. Values tested for normality. Different letters = 
statistical differences after One-way ANOVA.
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morphometric analysis revealed the filling of the CC by 
the BC with preservation of tissue constituents, especially 
urothelial cells, with an increase in the thickness of the CC, 
as well as a decrease in the thickness of the albugineous 
tunica. The BC remained “in situ” after six months, with a 
mass effect, being incorporated into the tissue, permeated by 
normal inflammatory infiltrate. The volumetric density of 
the constituents revealed the predominance of macrophages 
and multinucleated giant cells of the foreign body type, 
in addition to fibroblasts and blood vessels, a process 
expected after the injection of any exogenous material in 

the body (25,26). Histochemistry technique, demonstrated 
the presence of elastic fibers, essential for the elasticity 
of erectile tissue (26) and after immunohistochemistry 
the presence of neoformed blood vessels, of small caliber, 
located peripherally to the implant, corroborating the tissue 
biocompatibility observed in previous studies using the 
same cellulose bacteria (9,11). Following blood-material 
interactions, platelets and the clot release chemoattractant 
that can direct macrophages to the wound site (27). Once 
at the implant surface, the macrophages can then adhere 
and engage in the subsequent events of the foreign body 

Table 2 Inflammatory response and neovascularization of the BC implant 

Groups BS (%) Fib (%) MNGC (%) Mac (%) Mono (%) Poli (%) CG (%)

BC-3m 46.50 (2.1) 82.25 (13.0) 126.25 (20.0) 84 (13.3) 19.75 (3.1) 0.75 (0.12) 303.75 (48.2)

BC-6m 20.80 (0.5) 23.4 (3.7) 87.4 (13.8) 185.4 (29.4) 12.4 (1.9) 0.2 (0.03) 318 (50.4)

P-value 0.042 0.001 0.137 0.025 0.132 0.413 0.772

Values presented as average (%) in a total of 630 points counted (100%). P-thanks: test t. BS, blood vessel; Fib, fibroblasts, MNGC, 
multinucleated giant cells; Mac, macrophages; Mono, mononuclear leukocytes; Poli, polymorphonuclear leukocytes; CG, cellulose gel.

Figure 6 Photomicrographs inside the cavernous body filled with BC gel after 6 months of implant showing the integrity of the albuginous 
tunic and urothelium (A), integrated into the tissue with giant multinuclear cells (B), deposition of elastic fibers (C) and vessels neoformed 
blood cells (D). U, urothelium; a, white tunic; BC, bacterial cellulose; GCMN, multinucleated giant cell; arrows, elastic fibers; f, fibroblasts; 
bv, blood vessels.
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reaction. An understanding of this event is important as 
the foreign body reaction may impact the biocompatibility 
of the prosthesis and may significantly impact short- and 
long-term tissue responses for use in tissue engineering and 
translational medicine.

The BC gel implanted “in vivo”, acted as a tissue 
framework of erectile tissue, allowed cell growth, with 
the formation of blood capillaries peripherally in the 
CC and enabled the deposition of extracellular matrix 
constituents such as elastic fibers, without addition of any 
growth factor. BC using sugarcane molasses as a substrate 
resembles biodegradable polymeric structures and can be 
useful for creating autologous penile prostheses. The use 
of injectable BC prostheses may be applied in the future 
to patients undergoing penile surgery for congenital or 
acquired conditions, for cases of penile reconstruction 
or for erectile dysfunction. The present study could be 
strengthened adding BC or other bulking agents as an 
injectable prosthesis in clinical tests. Additional studies must 
be carried out, including the establishment of functional 
and biomechanical parameters of the prosthesis in vivo and 
that are currently underway in our laboratory.

Conclusions

The biocompatibility and biointegration to the host tissue 
make BC a prosperous penile filling material. We include 
recommendations on future biomechanical approaches, and 
novel implant designs using BC that may revolutionize the 
future management of ED.
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