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ABSTRACT
Purpose: To evaluate the deposition of collagen fibers at pig’s vocal folds after topical use of mitomycin or 5-fluorouracil, when partial
exeresis of mucosa layer had been promoted by CO2 laser. Methods: There were used 18 Larger white pigs which were anesthetized and
submitted to mucosa fragment’s exeresis, bilaterally, at its free border. The animals were divided into 3 groups, each one with 6 animals:
control group, without topical drug application; mitomycin group; and 5-fluorouracil group. After 30 days, the animals were subjected
to euthanasia, and samples of the vocal folds were collected and stained by picrosirius red technique with polarization for quantification
of total collagen deposition. Results: In control group, the mean rate of right vocal fold’s collagen deposition at submucosa consisted in
a 3428.66 micrometers area. There was found an area whose size had, in average, 2196.36 micrometers, in mitomycin group, and
2269.19 micrometers, in 5-fluorouracil group. Conclusion: Mitomycin and 5-fluorouracil had promoted beneficial change in vocal
fold’s cicatrization with less collagen deposition, but there was no significant statistically difference when they were compared
between themselves.
Key words: Mitomycin. Fluorouracil. Wound Healing. Vocal Cords. Laser Therapy. Swine.

RESUMO
Objetivo: Avaliar a deposição das fibras de colágeno total em pregas vocais suínas após o uso tópico de mitomicina ou 5-fluorouracil nas
exéreses parciais de mucosa com laser de CO2. Métodos: Foram utilizados 18 porcos da raça Larger white anestesiados e submetidos à
exérese de fragmento de mucosa de borda livre da prega vocal direita e prega vocal esquerda. Os animais foram divididos em 3 grupos
com 6 animais cada: grupo controle, sem aplicação de medicação tópica; grupo mitomicina, com uso tópico dessa substância; grupo
5-fluorouracil, uso tópico. Após 30 dias do experimento os animais foram submetidos à eutanásia, coletadas amostras das pregas vocais
e coradas pela técnica do picrosirius red com polarização para a quantificação computadorizada da deposição do colágeno total.
Resultados: No grupo controle, a média da área do colágeno depositado na submucosa da prega vocal direita foi de 3428,66 micrômetros.
No grupo mitomicina a média foi de 2196,36 micrômetros. No grupo 5-fluorouracil, a média foi de 2269,19 micrômetros.
Conclusão: A mitomicina e o 5-fluorouracil promoveram mudança benéfica na cicatrização da prega vocal, com menor deposição de
colágeno, porém, quando comparados entre si, eles não apresentaram diferença estatisticamente significante.
Descritores: Mitomicina. Fluoruracila. Cicatrização de Feridas. Cordas Vocais. Terapia a Laser. Suínos.

Introduction

Endolaringeous surgery has concentrated efforts in
removing benign diseases with highest preservation of normal
tissue around the injury, in order to improve phonactory function
by preserving the mucosa wave1. This wave is generated by the

sliding of the vocal cord mucosa over ligaments and muscles, which
provide perfect glottic vibration2.

The lamina propria mucosa has a key role in the viscosity,
contractility and formation of the vocal cord mucosa wave. Its
proper functioning is essential to initiate and to maintain the
vibration sustained by Bernoulli’s phenomenon.

1Research performed at Research Medical Institute, University Evangelic Hospital/ Evangelic Paraná Faculty, Curitiba, Brazil.
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Since many years, enlightening
new knowledge concerning the
physiopathology of vocal cord benign
lesions, laryngologists developed more
conservative surgical techniques to
optimize their results in surgery3.

Techniques using mucosal
retail were developed, allowing
dissection and excision of cysts,

Groups  Topical aplication Vocal fold and Procedure 

Mitomycin  

(n = 6) 
Mitomycin on vocal fold 

Left vocal fold: exeresis and no topical application

Right vocal fold: exeresis and topical application 

5-fluorouracil 

(n = 6) 
5-fluorouracil on vocal fold

Left vocal fold: exeresis and no topical application

Right vocal fold: exeresis and topical application 

Control 

(n = 6) 
No topical aplication  

Left vocal fold: exeresis of fragment 

Right vocal fold: exeresis of fragment 

 

      TABLE 1 – Experiment’s design and sample

Stalls with 1.2 m x 1.8 m, were used, were floors were
composed of woods strips for waste collection. The feed trough
was always filled up, before and after procedure, same as the water
recipient.

All animals were anesthetized by the same veterinarian
who was specialized in anesthesia for medium and large animals.
Before anesthetic induction, they received intra-muscular
midazolam (Dormonid ® 1 mg/mL) at dose of 0.1 mg/kg,
intra-muscular acepromazine 1% (Acepran ® 1%) at dose of
0.1 mg/kg, intra-muscular ketamine (Ketalar ® 50 mg/mL) at a
dose of 10 mg/kg and intra-muscular atropine 0.5 mg/mL at dose
of 0.06 mg/kg. These procedures were followed by venous
accession in femoral veins. After pre-anesthetic medication,
anesthesia with Propofol ® at dose of 6 mg/kg was performed
and maintained with 0.4 mg/kg. Pigs were monitored through
cardioscope.

Once anesthetized, animals were placed by dorsal
position, at a particular table. For adjustment of the larynx, it
was placed a pad (Figures 1 and 2).

nodules and polyps at the lamina proprias´ surface layer, whereas
normal adjacent mucosa and subjacent vocal ligament are preserved3,4,5.
This technique aims to minimize scar formation and subsequent
mucosal hardening and synechia, which commonly results in injury
on vocal cord vibration. However, vocal cord mucosa excision leads
to scar formation2 at its lamina propria, resulting abnormalities of
body and coverage relationship and decreasing the mucosa wave.
If the scar worsens, it may increase segment without mucosa wave
and also the dysphonia, present in 35% of the cases6.

Adjuvant therapies have been investigated to help
modulation of the healing process at the vocal cord after its
mucosa excision. Systemic or topic corticosteroid7, prior cooling
before surgical procedure, fibrin glue, among other methods have
been used to improve mucosas´ cicatrisation after the procedures2.

Mitomycin is a antimetabolic agent, isolated from
Streptomyces caespitosus. It is able to inhibit tumor growth by
acting directly on cellular DNA synthesis, besides its inhibitory
effects on fibroblasts proliferation8. In one experiment where this
drug was topically applied in canine model of mucosal retail, it
resulted in decreased collagen deposition at vocal fold’s wound,
but there was functional deficit observed by
videolaryngostroboscopy2. It was successful when experimentally
used for subglottic stenosis and posterior glottic stenosis treatment.
In these studies, abnormal cicatrisation and stenosis were
modulated and replaced by new mucosa coating9.

In ophthalmological surgeries, 5-fluorouracil is commonly
used, mainly in trabeculectomies. In these operations, using
antimitotics, as well as mitomycin prevents fibrosis and increased
intraocular pressure10.

CO2 laser utilization, associated with other topical
medications, inhibits the proliferation of cells involved in
laryngeal vocal cord cicatrisation, decreasing collagen formation
and contributing to postoperative vocal quality11.

The purpose of this study was to microscopically analyze
the healing of pigs vocal cords after partial exeresis with CO2
Laser, evaluating total collage quantification at the injury and
its deposition on this area, with and without the use of topical
mitomycin or 5-fluorouracil.

Methods

Eighteen Larger white pigs (13 males and 5 females) were
utilized, weighting an average of 10.1 kg (8.7 kg to 11.5 kg), and
aged 27 to 31 days. All pigs were medically evaluated by
veterinarians and were considered healthy, presenting normal
weight for age distribution, using Embrapa’s model.

The animals were numbered using 1 to 6 cuts at ears’ tips:
right ear for the experimental group and left for the control group.
They were housed in groups of 6 animals, randomly divided into 3
groups (Table 1).

FIGURE 1 – Animal’s surgical position when anesthetized on operative
table
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FIGURE 2 – Laringoscopy arrangement and suspension for larynx
exposure and microscope introduction

A D. F. Vasconcelos 6700 microscope, with attached
camera system, was used for glottis visualization and surgical
procedure (Figure 2). All surgical procedures were recorded on
VHS tape.

The procedure started with the seizure of vocal cord
freeboard, at its anterior part, with a Bouchayer. Then CO2 laser
was used, in microspot way, carrying up a fragment’s excision of
about 2 mm.

After excision, in mitomycin group, a 5 mm cotton was
used, soaked in mitomycin 0.04%, and let in contact with the
surgical wound for exactly 3 minutes. After this period, the cotton
was removed and excess mitomycin was cleaned. The same
occurred in the 5-fluorouracil group, using this substance at 1%
dilution.

Euthanasia was held 30 days after the surgical procedure,
through electrocution, with the same anesthetic procedure. It was
removed the entire larynx, making a longitudinal incision and
exposing the vocal folds’ region (Figure 3). It was also held an
incision nearby thyroid cartilage for vocal fold’s withdrawal and
preservation of the mucosa coverage.

FIGURE 3 – Specimen exposure for surgical removal of vocal
fold’s mucous fragment

 

Histological material was set with pins on a paper’s
rectangle in order to keep it well stretched. After sample’s
identification in group, number and vocal side, it was sent to a
randomized, double-blind, microscopic analysis. Later, it was fixed
at 10% formalin for 24 hours, and the 2 rectangular samples were
removed for histology and stained in picrosirius red.

Slides were read through Pro-image-plus 4.5 program
for Windows ® in a computer attached to a microscope and video
camera. Tissues stained with picrosirius red were read, first
examining epithelium and submucosa microscopic characteristics,
then, with image polarization, reading the collagen deposition based
on tissues’ colors. The results were transferred to the Windows®
Excel program.

Fibroplasia, which is collagen deposition at mucosal
surface in squared micrometers, occurring during the healing
process, was measured. Two measures in each field were analyzed.

After performing the image’s polarization, the collagen
tissue, object of the search, could be differentiated from the
non-collagen tissue, noting its bi-refringent character, orange and
red colored, when compared with non-collagen substance, dark
colored (Figures 4, 5 and 6).

FIGURE 4 – Sample slide stained by picrosirius red demonstrating
amorphous substance, respiratory epithelium and submucosa

FIGURE 5 – Sample slide stained by picrosirius red demonstrating
lamina proprias´ connective tissue before polarization
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FIGURE 6 – Sample slide stained by picrosirius red demonstrating lamina proprias´
connective tissue after polarization

For comparisons between vocal cords within each group, the
non-parametric Wilcoxon test was used. For comparison of groups,
the variable on collagens´ percentage was used in the right fold
related to collagen in the left fold. Groups’ differences were evaluated
considering the non-parametric test Kruskal-Wallis. For comparison
in pairs, the non-parametric Mann-Whitney test was used. Values of
P < 0.05 indicated statistical significance.

Results

All eighteen pigs survived the 30 days experiment, with
appropriate weights for age. After subjective evaluation by an
experienced veterinarian, they were considered healthy. The larynx
macroscopic analysis had not shown any change when compared
with a normal adult pig. No synechia or adhesions were present and
histological materials´ dimension was fit for analysis.

Group Side Mean rate Median Minimum Maximum RMS P* 

Mitomycin 
Left 2782.05 2791.54 2288.06 3202.07 353.75 

0.028 
Right 2196.36 2145.04 1988.07 2508.00 185.73 

5-fluorouracil 
Left 2484.37 2295.04 1702.03 3416.06 687.36 

0.028 
Right 2269.19 2020.02 1603.04 3388.05 659.96 

Control 
Left 3188.14 3237.51 2158.35 3987.02 609.25 

0.028 
Right 3428.66 3412.56 2404.14 3992.00 580.57 

Group Mean rate Median Minimum Maximum RMS 

Mitomycin 79.86 78.08 63.80 92.05 10.57 

5-fluorouracil 91.43 90.60 84.30 99.18 6.29 

Control 108.03 109.44 100.12 113.00 175.37 

Evaluation of drug’s effect within each group

For each group, a null hypothesis was tested.
The amount of collagen in the right fold is equal to
the amount of collagen in the left fold. Table 2
presents the values of mean rate, median, minimum
value, maximum value and root-mean-square (RMS)
of collagen’s amount. The values of P statistical tests
are also presented.

TABLE 2 – Collagen in each vocal fold

For 5-fluorouracil and mitomycin’s groups,
the amount of collagen in the left side was
significantly different from its quantity at the right
side. In Table 2, for the 2 treated groups, medians
were higher on the left side (without using
medication) than on the opposite side. However,
the control group had another result: collagen amount
was higher at the right side.

Comparison between groups

This assessment was achieved by variable ratio
between the amount of collagen in the right fold and the amount
of collagen in left fold, multiplied by 100. Thus, the null
hypothesis  was tested, being that an equal collagen percentage
reasons at the 3 groups versus an alternative hypothesis with a
different percentage reason at least in 1 group. Table 3
presents the mean rate, median, minimum value, maximum
value and RMS of collagen.

TABLE 3 – Collagen’s behavior in groups (%)

Comparisons were made between: mitomycin x
5-fluorouracil (P = 0.065); mitomycin x control group
(P = 0.002), and 5-fluorouracil x control group (P = 0.002);
it was used the non-parametric test of Mann-Whitney. As
seen, the control group was significantly different when
compared to the others groups. Five-fluorouracil and
mitomycin’s groups had no significantly difference between
themselves.

(*) Non-parametric test – Wilcoxon.
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Discussion

Only one research, comparing animal models for
endolaryngeal surgery was found in literature. Garrett et al.2,
compared dog, pig and monkey’s vocal folds, noting the
deposition of collagen, elastin fibers and amorphous tissue, and
concluded that pig and dog’s vocal fold show a great concentration
of elastic fibers and collagen, in lamina propria deep layers,
resembling the histologic characteristics of man’s vocal fold more
than monkey’s. Pig and dog’s vocal folds show a dissection plan
for mucosa retail that most resembles humans’.

In this study, the experimental model called a midsize
animal with histological featuring vocal folds, without needing
observation of the function by videostroboscopy. For experiment’s
results being useful in larynx’ surgical practice, it was opted
for pig’s achievement, with standardization of weight and age,
accommodations and diet.

In recent decades, technological innovations have led to
substantial gains in laryngeal surgery of the vocal fold. These
innovations increased the understanding of physiological principles
that concern laryngeal sound’s production and the strobe’s use
for analysis of the vocal fold’s fluctuations in laser operations.

Santos et al.12, compared incisions in canine’s vocal cords
performed by instruments with that performed by CO2 laser
evaluating, through histological sections, the fibroplasia amount.
Results showed that the collagen’s amount was higher when treated
instrumentally than in time used of CO2 laser. Therefore, CO2
laser method is safer in collagen’s deposition as compared to
instruments, when following up the fundamental principles of
phonomicrosurgery.

Picrosirius red is the standard staining for studying and
quantifying collagen deposition12,13. It is preferred because, besides
being specific, it can differentiate between maturation stages of
collagen fibers after polarization, coloring green and yellow-green
the youngest fibers (thinner) and orange and red the oldest ones
(thicker)14,15,16,17,18.

The computer morphometric quantification, by adding the
stained area after polarization, is a method that is well established
in the literature for evaluation of the collagen’s deposition amount
in studies that aims evaluating the wound healing12,13.

Mitomycin is a chemotherapy drug used systemically in
conjunction with other anti-neoplasic drugs for the treatment of
various malignancies. In the 80’s, it was discovered that
mitomycin in low doses inhibits healing. After several animals’
studies, it started to be used in eye operations subjected to a failure
risk of secondary healing (trabeculectomy and pterygium surgery)
with good results19.

Since 1997, the otolaryngologists were interested in
using mitomycin in situations that required scars’ treatment on
structural tubes as larynx, trachea and nose, reporting success in
these applications20,21,9,22.

In this study, when using mitomycin compared with the
control group, there was a significant difference with lower
collagen’s deposition in the medicated vocal fold, what
corroborates with the mentioned studies.

Camargo et al.11, when studying a pigs’ group with laser
exeresis and later application of mitomycin, had a mean area of
2648.03 µm2 concerning to the vocal fold’s total collagen in the
control group, while the experimental group’s total collagen was
2200.30 µm2 (P = 0.0043), demonstrating a significant difference
when using mitomycin.

In this study, the control group showed an average of
3428.66 µm2, while the total collagen mean rate in the mitomycin
group was 2196.36 µm2 (P = 0.002). This result agrees with the
other studies findings11, showing lower collagen’s deposition when
using mitomycin.

Five-fluorouracil is widely used in treatment for many
carcinomas. Its use in primary head and neck tumors is done through
intravenous infusion associated with others chemotherapy drugs.
This using allows that, even in some cases of larynx tumors,
occurs an almost total remission of the disease, not being
necessary a surgical procedure. When accomplished local use of
the substance, in tumors, for a long time, it ends up appearing
an inflammatory reaction (mucosite), and because of this, its
use is recommended intravenously in a dose of 600 mg per period,
maximum of 5 days23.

Topical use of 5-fluorouracil had not relevant side
effects in this study. Animals tolerability was good, without
any absorption in other regions, and there were no cases of
diarrhea or weight loss by some type of mucosa inflammatory
reaction.

In ophthalmology, 5-fluorouracil is used in the treatment
of glaucoma, beholding trabeculectomy. This drug is able to
inhibit the proliferation of fibroblasts in vitro and in vivo,
reducing the synthesis of collagen and the scar formation. In
this operation, its utilization is accomplished on topic conjunctival
or injections in the subconjunctival space at the postoperative
period, leading to a well induced conjunctival layer without
closing the drainage hole10.

This research tried to measure mitomycin against
5-fluorouracil related to the collagen’s deposition in vocal folds.
It was found better response on using mitomycin, similar to the
trabeculectomy’s study. There was, nevertheless, no statistical
significance comparing 5-fluorouracil and mitomycin.

Statistical difference was found, in this study, after 30 days,
when comparing the instillation of 5-fluorouracil to the group that
received no medication. However, no differences were found
between the groups medicated.

It was not found research comparing topical use of
5-fluorouracil and mitomycin in vocal cords, in literature.

Conclusion

When vocal cords are submitted to partial exeresis with
CO2 laser, making use of topical mitomycin or 5-fluorouracil,
there can be a significant decrease of total collagen deposition.
The comparison between 5-fluorouracil and mitomycin is not
significantly different on the vocal cord cicatrisation.
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