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ABSTRACT

Objective: To analyze wound contraction and histomorphometric pattern of lesions
in Wistar rats undergoing doxorubicin extravasation. Method: Sixty adult female
rats were used, divided into four groups of fifteen animals: Group 1 (Control,
without antidote); Group 2 (Hyaluronidase); Group 3 (Photobiomodulation), and
Group 4 (Hyaluronidase + Photobiomodulation). Doxorubicin 1mg (0.5 ml) was
applied subcutaneously on the animals’ back, inducing the wound. Macroscopic
and morphometric evaluation of the lesions was performed every two days for
28 days. On the 30th day, euthanasia was performed and the material was collected
for histological evaluation. Results: The animals in the photobiomodulation and
photobiomodulation + Hyaluronidase ~groups presented regeneration tissue with
neovascularization and acute inflammation, with improvement in wound healing, which
did not occur in the other groups. The contraction rates were better in those treated with
photobiomodulation and photobiomodulation + Hyaluronidase, with healing percentages
of 76.6% and 72.1%, respectively. Conclusion: The combination of photobiomodulation
(660 nm~1 J) with topical hyaluronidase (65 UTR) proved to be effective in the process
of wound healing due to extravasation of doxorubicin, and can be incorporated into the
practice of clinical oncology.

DESCRIPTORS

Low-Level Light Therapy; Extravasation of Diagnostic and Therapeutic Materials;
Antineoplastic Agents; Rats, Wistar.
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INTRODUCTION
Anti-cancer chemotherapy (ACT) is considered the

most used and promising therapy in the treatment of cancer,
being a systemic treatment modality in which antineoplastic
agents can be toxic. It is classified, according to its potential
for skin injury, as irritant, vesicant, and non-vesicant, and
may cause different reactions when extravasated into the
skin tissue). In this regard, protocols shall be studied and
implemented to avoid complications from the extravasation
of these drugs. Extravasation is characterized as the escape of
vesicant chemotherapy drug outside the blood vessel, resul-
ting in great damage to the underlying tissue, causing pain
and rapidly leading to necrosis, with an incidence of 0.1 to
7% in peripheral infusion®.

The anthracyclines doxorubicin (DOX), idarubicin, dau-
norubicin and epirubicin are classified as DNA-binding
vesicant chemotherapeutics, being frequently used in the
treatment of hematological neoplasms and solid tumors®.

DOX extravasation is one of the most feared and serious
complications, directly affecting the patient’s prognosis, as
well as their quality of life. After extravasation, DOX can
remain in the tissue for up to 28 days and increase the lesion
by 5 centimeters from the incident site. In this respect, it leads
to chronic, progressive and increased necrosis, causing the
lesion to become deeper, more extensive, and more painful®>*).

However, tissue damage caused by extravasation of DOX
or any other chemotherapy drug can be avoided with the use
of the appropriate antidote®. Antidotes are chemical agents
that neutralize or lessen the effects of a poison or medication.
Although several medications have been indicated to treat
extravasation, there are still many controversies regarding
their safety and efficacy, as most antidotes are recommended
based on empirical information®.

Hyaluronidase is a widely used antidote for extrava-
sation of chemotherapy drug; however, it is specific for
non-DNA-binding vesicants, although it is a potential
antidote for anthracyclines®.

Currently, photobiomodulation (PBM), also called
low-intensity laser therapy, is widely used to accelerate the
healing process and in several medical applications, provi-
ding improvements in the quality of life of patients and acce-
lerating treatments. It is considered an important alternative
in the treatment of healing processes, as it has anti-inflam-
matory, analgesic, and healing actions®. In addition, it does
not cause side effects such as those induced by some drugs
(for example, corticoids), thus evidencing a faster improve-
ment in the patient’s prognosis”. Another important factor
that deserves to be mentioned is that PBM does not cause
harmful effects to tissues and the immune system, being
characterized as a therapeutic resource often of first choice .

For the application of PBM, some parameters shall be
considered, such as wavelength, fluence, energy density, pulse
structure, and illumination time applied. The selection of
which parameter to use will depend on the specificity of
each treatment®.

Extravasation can cause acute injury that, if not treated
early, will harm patients, thus warranting the use of PBM.

‘Therefore, the aim of this study was to investigate whether
there is a difference in wound contraction and in the histo-
logical analysis of the lesions among the groups of Wistar
rats that were subjected to extravasation of doxorubicin, and

treated with PBM, PBM + H, compared to the control group.

METHOD

TYPE OF STUDY

This is an experimental study carried out in 60 adult
female rats of the Wistar albino strain of the Rartus
Norvegicus species, aged between 3 and 4 months.

PoruLATION

The animals came from the Breeding Facility located
at the Institute of Biotechnology of Universidade Estadual
Paulista “Julio de Mesquita Filho” IBTEC). Soon after, they
were kept in the Experimentation Breeding Facility, for an
adaptation period of 15 days, and only then subjected to the
experiment. Female rats were selected due to their behavioral
and aggressiveness differences compared to males, making
manipulation easier. The experiment was carried out at the
Experimental Laboratory for the Diagnosis of Zoonoses, of
the Department of Veterinary Hygiene and Public Health,
of the Veterinary Medicine and Animal Science School,
UNESP, campus of Botucatu/SP. During the entire period,
temperature and ammonia levels were controlled, there was
bedding change, as well as ad /ibitum supply of water and
feed. They were clinically examined by a veterinarian at
admission to the laboratory and throughout the experiment.
After the adaptation period, they were randomly divided
into four groups called a) control group (without antidote),
b) hyaluronidase group (H), ¢) low-intensity laser group (L),
and d) low-intensity laser group + hyaluronidase (L+H). Each
group consisted of 15 animals that were kept in rectangular,
polypropylene cages placed in ventilated ALESCO® shelves,
with 5 animals each, which were kept at room temperature,
with free movement. Importantly, after DOX inoculation, the
animals were separated and kept in individual cages.

SAMPLE DEFINITION

Considering that there is an occurrence of 50% of
cases of necrosis (control) and assuming that the treatment
application reduces this percentage to zero (no necrosis),
the minimum size for carrying out the experiment with a
margin of error of 5%, 95% compatibility and 90% power
will be 15 animals per group (60 animals for the 4 groups).

DAtA COLLECTION

Following general inhalation anesthesia with isoflurane
gas and trichotomy of the dorsal region with an electric
trichotomizer, 1.0 mg of DOX (0.5 ml) was administered
in the subcutaneous tissue located between the scapulae and
the end of the ribs, using a 1-ml graduated syringe with 13
G x 4.5 mm hypodermic needle.

The veterinarian evaluation found that the animals did
not show clinical changes consistent with symptoms of pain,
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with no need for analgesia, nor for inhalation anesthesia
during animal handling in the following days.

Measures were taken to ensure environmental enrich-
ment, with the placement of paper rolls in the cages, in an
attempt to reduce the stress caused by handling.

'This was followed by the application of antidotes according
to the groups: control group (with no antidote): no antidote
was applied; hyaluronidase group (H): topical hyaluronidase
antidote (65 UTR) was applied 15 minutes after inoculation
and daily in the form of an ointment on the entire back of the
animal, even in the presence of a lesion. PBM Group: PBM
was applied 100 mW, red 1 joule, 660-nm wavelength at the
point of inoculation, 10 minutes after doxorubicin adminis-
tration. On subsequent days, in animals that did not present
lesions, PBM was still performed at the point of inoculation.
When lesions appeared, in wounds up to 1 cm in area, the
center of the lesion was irradiated; wounds up to 2 cm in area,
radiated north, south, east and west; and those with more than
2 cm in area, more points were covered. Topical dressings with
primary coverage were not performed, with the area of the
lesion being left exposed.

In the PBM + hyaluronidase (PBM+H) group, PBM was
performed, as reported in the PBM group, and immediately
after the laser, the hyaluronidase antidote was applied, as
described in the H group.

Wound formation process monitoring was carried out
every 48 hours by the researcher who evaluated the ani-
mals, for twenty-eight days, with the area corresponding to
the lesion being measured with the aid of a digital caliper.
Measurements were performed in two directions of the
wound, on the longest (c=craniocaudal) stretch and on the
widest (L =laterolateral) stretch, expressed in millimeters
and later converted into centimeters.

Euthanasia was performed on the 30th day with removal
of the total wound area, including 2 mm beyond the interface
between healthy tissue and the edge of the wound or scar.
Samples from animals that did not show lesions were taken
from the DOX inoculation site. After collecting the samples,
they were fixed in 10% buffered formalin for 72 hours, then
washed in running water, subjected to 70% alcohol, and the
conventional processing of Hematoxylin & Eosin performed.

'The device used to perform the PBM was the model of
the company DMC Ltda-Sio Carlos SP,THERAPY EC.
Power was 1] at each point (10 seconds each point), fluence
of 24 J/cm? in continuous mode. The spacer and transparent
film were used on the device for protection.

DATA ANALYSIS AND TREATMENT

'The area of the lesion was calculated at each assessment
(A =L x W).The area of wound contraction was calculated
by subtracting the initial area (A ) from the final area (Af)
(A, — Af).The Wound Contraction Percentage (WCP) was
calculated by subtracting the initial area (A ) determined
on the day the lesion appeared from the wound contraction
measurement (Ac), so that WCP=A0 - AC /A0 x 100,

To check possible differences among the means of the
area of contraction of skin lesions in the different treat-
ments, one-way analysis of variance (ANOVA) was used.

In this analysis, each contraction value corresponded to the
dependent variable and the treatments corresponded to
the independent variable. The ANOVA assumptions were
examined by the Shapiro-Wilk (normality) and Levine
(homogeneity) tests and were met. In cases of significant
differences among the means, the Tukey test was applied to
identify which treatments differed from each other. These
analyses were computed using the software Statistica 7.0

(STATSOFT; 2007).

ETHICAL ASPECTS

The research was approved on 02/11/2019 by the
Animals Research Ethics Committee (CEUA) of the
Veterinary Medicine and Animal Science School of

Botucatu — UNESP, under protocol 0026/2019.

RESULTS

Of the 60 animals, there was a loss of 23, with the total
sample of 37 animals.

MoRrPHOMETRIC ANALYSIS — WOUND CONTRACTION

Skin changes and the beginning of the wound process
started on D4, being more evident in group C (7/15:46%).
Maximum wound development occurred on D8; however,
some animals in the PBM group (4/15:26%) did not develop
lesions by the end of the study.

It was observed that after 28 days of evaluation, 2 ani-
mals in the PBM and PBM+H group presented complete
wound healing.

Of the total of animals that completed treatments, 56.0%
had wound contraction. One-factor Anova indicated sig-
nificant differences among treatments for this attribute
(F=33.08; p<0.001) (Figure 1). Tukey’s test revealed that
Control (p=0.047539) and laser (p=0.033896) differed
significantly from laser + hyaluronidase by the lowest mean
values recorded in the area of skin lesion contraction. There
was total wound contraction in animals treated with PBM
(2 rats) and PBM + hyaluronidase (2 rats).

2.0
F=33.08; p<0.001 -
g 1.6
2
=]
2 3
B 1142~
®
5=
g
o (.8 E il
=]
£
]
=M +
0.0 ~—— T T T
Control ~ Hyaluronidase PBM PBM +H
Treatments

Figure 1 — Mean values of wound contraction area (cm?). Means
are represented by circles and standard error in bars. C=Control,
H=Hyaluronidase, PBM =Photobiomodulation; PBM+H =Photo-
biomodulation + Hyaluronidase.
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Considering WCP, it is observed that there was a gradual
increase in the healing process among treatments. The highest
mean values of the contraction rate of skin lesions were recor-
ded for animals treated with PBM and PBM + hyaluronidase,
representing a healing percentage of 76.6% and 72.1% in
relation to the initial area, respectively (Figure 2).

The more healed the wounds the more positive the mean
values of the contraction rates.

HistoLoGICAL ANALYSIS

'The parameters evaluated histologically — epithelium,
necrosis, crust, abscess, regeneration, inflammation (acute
or chronic) and inflammation intensity (mild, moderate,
intense) — did not show statistically significant differences
in the test used among the groups evaluated. However, data
considered important in this study were listed.

The presence of crust was more observed in the PBM+H
group (3/7;42%) when compared to group C (4/13;30%)
and the PBM group (3/11;37.7%). There was no evidence
of crusted epithelium in the samples from group H.

In general, the most predominant inflammatory intensity
was moderate, presented in 40% (15/37) of the animals. No
differences were observed among the experimental groups
(p=0.6563).

Groups PBM and PBM+H did not present samples with
necrosis, which was more evident in groups H (2/6;33%)
and C (3/13;23%).

As for epithelium regeneration, it was observed that
it was more present in the groups with the hyaluronidase
antidote, with PBM+H (4/7;57%) (Figure 3), H (3/6;50%),
demonstrating a more pronounced regeneration than in the
groups PBM (5/11;45%) and group C (4/13;30%), despite
the borderline significance (p=0.6803).

It was evident that samples from two animals in the
PBM group (2/11;18%) did not show any histological alte-
rations, remaining with intact epithelium.

Table 1 shows the main data found in the samples.

100
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C H PBM PBM +H
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Figure 2 - Wound Contraction Percentage recorded for the
different skin lesion treatments. C=Control, H=Hyaluronidase,
PBM =Photobiomodulation; PBM+H=Photobiomodulation +
Hyaluronidase.

Figure 3 — PBM+H group, treated with photobiomodulation +
hyaluronidase. At the end of the experiment on the 30th day, it
was observed: (a) regenerated epithelial layer (arrow), (b) super-
ficial and deep dermis, observe an expressive amount of young
fibroblasts, neovascularization (c) and mononuclear inflamma-
tory infiltrate (d). HE.

Table 1 - Microscopic description of the groups of samples
collected on the 30th day. C=Control, H=Hyaluronidase,
PBM =Photobiomodulation; PBM +H=Photobiomodulation+
Hyaluronidase — Botucatu, SP, Brazil, 2020.

. . - Groups
Microscopic description
C H PBM PBM+H

Ulcerated epithelium, superficial to
deep dermis with chronic foreign 1 0 0 0
body-like inflammation, with giant
cell formation
Epithelium with abscess that extends

] 1 0 0 0
to the deep dermis
Epithelium with coagulation
necrosis and acute inflammation to 2 0 0 0

deep dermis

Epithelium with coagulation
necrosis and chronic inflammation 1 0 0 0
with giant cells

Epithelium with crust from
superficial to deep dermis, acute

; ) 2 0 0 0
inflammation and presence of
neovascularization
Regeneration w1th 5 0 5 4
neovascularization
Crusted epithelium and abscess with

. - 2 0 1 2
acute inflammation
Regeneration epithelium with 1 3 0 0

neovascularization

Regeneration epithelium
with acute inflammation and 1 0 0 0
neovascularization

Epithelium with coagulation

necrosis and acute inflammation to 0 2 0 0
muscularis
Epithelium with abscess, chronic
. . R 0 1 1 0
inflammation with giant cells
Normal epithelium, no lesion 0 0 2 0
Epithelium with abscess with

L . . 0 0 1 0
chronic inflammation and giant cells
Epithelium with crust and
abscess and dermis with chronic
: . . 0 0 1 0
inflammation with the presence of
giant cells
Crusted epithelium and dermis with

) X 0 0 0 1
acute inflammation
Total 13 6 11 7

Source: Research data, 2020.
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DISCUSSION

We suggest that the loss of animals may be related to
several factors, such as toxicities generated by anthracycline,
hyaluronidase, and factors related to animal behavior.

The groups that lost the most animals were those using
hyaluronidase. Although the groups were evaluated every 2
days, hyaluronidase was administered daily, and this proce-
dure can be considered stressful due to the intense animal
handling, despite the paper rolls in the cage to distract the
animal. It was observed that hyaluronidase, even being admi-
nistered in small amounts on the animal’s back, lowed to
places where licking was easier, such as the laterality of the
back, favoring ingestion by the animal.

It should be noted that during DOX extravasation, the
DOX - DNA complex is formed, which accounts for cell
death, being released and reaching neighboring cells, trigge-
ring an uncontrolled process, where cell toxicity is high due
to the release of free radicals, causing oxidative stress, increa-
sing the inflammatory process and causing tissue necrosis”.

'The oxidative stress generated by the lesion is directly
related to the migration, activation, and accumulation of
inflammatory cells (neutrophils and macrophages), causing
lipid and cell membrane oxidation, and DNA fragmentation,
promoting an imbalance. PBM acts directly on oxidative
stress. Red and infrared light is absorbed by cytochrome
C oxidase (present in mitochondria), causing an increase
in the production of reactive oxygen species, leading to a
restoration of cell balance through the production of antio-
xidant enzymes?.

Hyaluronidase is an enzyme and acts on the degradation
of hyaluronic acid that is present in the extracellular matrix,
promoting diffusion of the extravasated drug. It is recom-
mended for extravasation of taxanes, vinca alkaloids, and
etoposide. Commonly, subcutaneous injections of 0.2 ml
are used, with concentrations of 100 to 150 IU. The number
of injections shall be administered according to the size of
the lesion area?.

In a study carried out using 36 Wistar rats, which recei-
ved intradermal injection of vincristine and different anti-
dotes (adrenomedullin, adrenomedullin + hyaluronidase, or
hyaluronidase), it was observed that the animals belonging to
the hyaluronidase group obtained a better preservation of the
skin morphology, causing only small changes, significantly
reducing the size of the ulcer and the histological signs of
tissue damage™.

However, dexrazoxane is the only Food and Drugs
Administration (FDA) and European Commission appro-
ved antidote for DOX extravasation with an efficacy of 98%.
The mechanism of action is the drug binding to the iron
molecule, preventing the formation of free radicals®”. Besides
being unfeasible for the public sector (due to the price), it
can cause side effects such as nausea, vomiting, mild pain at
the infusion site, and reversible increases in liver enzymes®2.

We observed that the groups using PBM had better
rates of contraction and important histological features
such as absence of necrosis, presence of neovascularization,
and acute inflammatory reaction. The association of PBM

with hyaluronidase favored epithelial regeneration compa-
red to other groups. We suggest that this fact is related to
the maintenance of the moist environment, favoring the
healing process.

Although there are no published studies on use of PBM
for DOX extravasation, its efficiency has already been pro-
ven in other types of lesions, and it can be associated with
topical therapies®®.

PBM is widely used in wounds of different etiologies,
especially burns. A study carried out in diabetic patients with
third-degree burns showed that the association of PBM with
autologous fibroblast transplantation achieved satisfactory
results, and was considered an effective method in the tre-
atment of extensive wounds®.

In another study, the use of three protocols in the repair
of excisional wounds in 60 rats was evaluated and it was
observed that PBM provided a significant decrease in the
severity of the inflammatory response, regardless of the
protocol. The 4] protocol had the highest collagen deposi-
tion rates, suggesting that daily application induced a more
intense stimulation effect™®.

Histomorphometric analysis in wound healing using
different wavelengths (658,830, and 904 nm) observed that
the wavelength of 658 nm was more effective in terms of
tissue repair”. In this respect, similar results were found in
our study, demonstrating that the selection of wavelength
was the correct one, as there was a significant improvement
in wound contraction, presence of neovascularization, fibro-
blasts, and in the acute inflammatory process.

We observed that some animals in the PBM group did
not present lesions, demonstrating that PBM is also effec-
tive in keeping skin integrity. The use of PBM in the pre-
vention and treatment of oral mucositis in cancer patients
treated with chemotherapy and/or radiotherapy of the head
and neck, or in a conditioning regimen for hematopoietic
stem cell transplantation, is already well-established, and its
use is recommended by the Mucositis Study Group of the
Multinational Association of Supportive Care in Cancer
(MASCC/ISO0O).

PBM brings a change of paradigm in the treatment of
DOX extravasation, due to its important cost-benefit, ease
of handling, and the change in the quality of life provided.
However, the high mortality related to the ingestion of hya-
luronidase is a questionable aspect for the proposition of new
studies with the same protocol.

The implementation of evidence-based care allows
nurses to apply the best clinical practice, avoiding most
extravasation cases. The nurse is responsible for managing
extravasation and shall have the competence to do so. The
training of the nursing staff and the implementation of pro-
phylactic protocols are critical for the prevention of these
events. Carrying out PBM requires qualified and/or trained
professionals to use it. The Federal Council of Nursing, in
its resolution 567/2018%%), authorizes the application of the
technology by nurses. More in-depth measures of training
and scientific development in PBM shall be carried out to
promote the empowerment of nurses in this area.
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STUDY LIMITATIONS the prevention and treatment of this very important adverse
event.

New technologies shall be incorporated to ensure better
care for cancer patients.

We considered as a limitation in this study the loss of
some animals from the groups that used hyaluronidase,
which may have occurred due to toxicity.

Another limiting factor is the lack of literature on the CONCLUSION

use of photobiomodulation in anthracycline extravasation. Wound contraction and histomorphometric pattern of

lesions in Wistar rats subjected to doxorubicin extravasation
demonstrated that the combination of PBM with topical
'This research can be considered the starting point for hyaluronidase was effective in the wound healing process.
the use of photobiomodulation in the extravasation of  Histological analysis and wound contraction revealed that
anthracycline, ensuring professional autonomy for nursesin  this therapy was able to stimulate the healing process.

ADVANCES IN THE AREA OF NURSING/HEALTH

RESUMO

Objetivo: Analisar a contragio de feridas e padrio histomorfométrico das leses em ratos Wistar submetidos ao extravasamento de
doxorrubicina. Método: Utilizados 60 ratos fémeas adultos, divididos em quatro grupos de quinze animais: Grupo 1 (Controle, sem
antidoto); Grupo 2 (Hialuronidase); Grupo 3 (Fotobiomodulagio) e Grupo 4 (Hialuronidase + Fotobiomodulagio). Aplicado 1 mg
(0,5 ml) de doxorrubicina no subcutineo do dorso dos animais, induzindo a ferida. Realizada avaliagio macroscépica e morfométrica das
lesdes a cada dois dias por 28 dias. No 30° dia foi realizada a eutandsia e coleta do material para avaliagio histoldgica. Resultados: Os
animais dos grupos fotobiomodulagio e fotobiomodulagio+Hialuronidase apresentaram tecido de regenera¢do com neovascularizagio
e inflamagdo aguda, com melhora na cicatrizagio das feridas, o que nio ocorreu nos outros grupos. As taxas de contragio foram
melhores nos tratados com fotobiomodulagio e fotobiomodulagio + Hialuronidase, com percentual de cicatrizagio de 76,6% e 72,1%,
respectivamente. Conclusio: A combinagio da fotobiomodulagio (660 nm—1 J) com hialuronidase tépica (65 UTR) mostrou-se eficaz
no processo de cicatrizagio de feridas por extravasamento de doxorrubicina, podendo ser incorporada a pratica da oncologia clinica.

DESCRITORES

Terapia com Luz de Baixa Intensidade; Extravasamento de Materiais Terapéuticos e Diagnésticos; Antineopldsicos; Ratos Wistar.

RESUMEN

Objetivo: Analizar la contraccién de heridas y patrén histomorfométrico de las lesiones en ratones Wistar sometidos a la extravasacién
de doxorrubicina. Método: Fueron utilizadas 60 ratas adultas, divididas en cuatro grupos de quince animales: Grupo 1 (Control sin
antidoto); Grupo 2 (Hialuronidasa); Grupo 3 (Fotobiomodulacién) y Grupo 4 (Hialuronidasa + Fotobiomodulacién). Se aplicé 1 mg
(0,5 ml) de doxorrubicina en el subcutineo del dorso de los animales, induciendo la herida. Realizada evaluacién macroscépica y
morfométrica de las lesiones cada dos dias por 28 dias. En el 30° dia se realizé la eutanasia y recoleccion del material para evaluacién
histolégica. Resultados: Los animales de los grupos fotobiomodulacién y fotobiomodulacién+ Hialuronidasa presentaron tejido de
regeneracion con neovascularizacion e inflamacién aguda, con mejoria de la cicatrizacién de las heridas, lo que no ocurrié en otros
grupos. Las tasas de contraccién fueron mejores en los tratados con fotobiomodulacién y fotobiomodulacién + Hialuronidasa, con
porcentaje de cicatrizacién de 76,6% y 72,1%, respectivamente. Conclusién: la combinacién de la fotobiomodulacién (660nm—1]) con
hialuronidasa tépica (65 UTR) demostré ser més eficaz en el proceso de cicatrizacion de heridas por extravasacién de doxorrubicina, lo
que posibilité adoptarla en la prictica de la oncologia clinica.

DESCRIPTORES
Terapia por Luz de Baja Intensidad; Extravasaciéon de Materiales Terapéuticos y Diagnésticos; Antineoplasicos; Ratas Wistar.
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