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Influence of immunonutritional
supplementation on skin wound
healing in rats

Influéncia de dieta imunomoduladora na cicatrizacdo cutinea em ratos
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improve the wound healing process and patients’ clinical conditions. The

influence of an immunomodulating diet Impact®) on different variables of

the skin healing process was evaluated. Method: Healthy adult rats were

randomly divided into four groups of diet supplementation or control. Two

groups received their diets only pre-operatively while the other two groups

received theirs perioperatively. Rats were subjected to three types of skin

lesions. We evaluated the following aspects: changes in weight, development

of raw areas, tensiometry of incisional wounds, re-epithelialization rates,

and histological parameters. Results: There was no difference in weight

changes. There was better closing rates of excisional wounds in groups

supplemented with Impact® beginning on the fifth day after surgery

(p = 0.02). The groups receiving the dietary supplements obtained the

best results in tensiometry (p = 0.03), re-epithelialization rates (p = 0.04),

differential cell counts (p < 0.001), and total amount of collagen (p < 0.001).
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= RESUMO

Introducao: O processo de cicatrizagio é imediato e dindmico, com o objetivo
de restaurar a continuidade anatémica e funcional, e devem existir condi¢oes
para esse processo, o que inclui um estado nutricional adequado. Dentre
as férmulas de suplementacio existentes, as imunomoduladoras tém sido
implicadas na melhora do processo cicatricial e das condicées clinicas dos
pacientes tratados. Foi avaliada a influéncia da dieta imunomoduladora
(Impact®) sobre diferentes variaveis do processo de cicatrizagdo cutinea.
Método: Ratos adultos e nutridos foram divididos aleatoriamente em quatro
grupos, a serem suplementados com a dieta em estudo e com a dieta controle.
Dois grupos receberam as respectivas dietas apenas pré-operatoriamente
e os outros dois grupos as receberam no perioperatoério. Os ratos foram
submetidos a trés tipos de lesoes cutaneas. Foram avaliados os seguintes
aspectos: evolugao dos pesos, evolugio das areas cruentas, tensiometria
das feridas incisionais, taxas de reepitelizagio e parametros histolégicos.
Resultados: Nao houve diferenca na evolugiao dos pesos. Houve melhores
indices de fechamento de feridas excisionais nos grupos suplementados
com Impact®, a partir do quinto dia de p6s-operatério (p=0,02). Os grupos
suplementados com a dieta em estudo obtiveram melhores resultados em
tensiometria (p = 0,03), taxas de reepitelizacao (0,04), contagem diferencial
de células (p<0,001) e quantidade de colageno total (p<0,001). Conclusées: A
dieta em estudo (Impact®) promove melhores taxas de fechamento de feridas
cruentas, reepitelizacdo mais rapida, cicatrizes com maior resisténcia ténsil e
maiores quantidades de colageno total nas feridas. Nao houve diferenga em
nenhum dos parametros analisados em comparacio dos grupos suplementados
com Impact® pré e perioperatoriamente.

Descritores: Imunomodulacao; Imunonutricio; Cicatrizagéao de feridas;
Dieta imunomoduladora.

INTRODUCTION

Skin wound healing is a dynamic process that
involves a complex network of extracellular interactions,
chemical mediators, and local inflammatory cells. The
main objectives of this process are the restoration of
tissue integrity and the maintenance of homeostasis’.

The wound healing process involves three
sequential phases that are inter-related and occur
in a dynamic and overlapping way: inflammatory,
proliferative, and remodeling?.

For proper healing to occur, a number of conditions
must be in place, including good tissue perfusion,
the absence of debris, an efficient and fibroblast-rich
immune system, and, in surgical patients, correct
surgical technique®. Furthermore, adequate nutritional
status is an important factor in achieving optimal
wound healing process since tissue requires dynamic
energy and plastic substrates provided by proteins
and micronutrients?. Protein deficiency, potentially
present in trauma conditions such as burns and
major surgery, affect the healing process, favoring
a higher risk of infection'*¢, Physiologically, protein
depletion in the wound healing process prolongs
the inflammatory phase and impairs fibroplasia.
Fibroblast proliferation, angiogenesis, and collagen

production are decreased, and less tissue wound
repair occurs as a result’.

In clinical practice, nutrients can be supplied via
the oral, enteral, and parenteral routes. In recent
years, there has been significant development of
specialized nutritional formulas designed to meet
the particular needs of organs and systems available
in the form of oral supplements or formulas using
enteral tubes®!!. Among these are immunomodulatory
formulas that contain high levels of protein, are
enriched with arginine and antioxidant nutrients
such as zinc, selenium, or vitamins C and E, or are
designed to meet the needs arising from the healing
process and optimize its progress.

The use of immunonutrients in enteral formulas
has been the subject of clinical and experimental
studies. Nutritional therapy currently aims to
provide energy and nutritional substrates and
pharmacologically influence organic functions
impaired by the patient’s pathological state, particularly
when immunosuppression and/or an exacerbated
inflammatory state are present. Under these
conditions, enteral or parenteral nutrient supplies
with immunomodulatory functions are associated
with benefits such as increased cellularity and the
promotion of immune function™?!*, Improving the
immune system using nutrients such as n-3 fatty
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acids, arginine, and nucleotides has been linked
to a reduced incidence of infectious complications,
especially in patients undergoing surgery in the
digestive tract for cancer and or those recovering
from trauma%1516,

Considering that malnutrition may interfere
with the healing process and that nutrients such
as arginine and certain minerals and vitamins with
known antioxidant effects can promote it, assessing
the real impact of such nutrients on healing given
different nutritional conditions is of particular
interest, as is understanding certain cellular and
molecular mechanisms involved in nutrition and
wound healing. Provided that ethical concerns
are addressed, experimental models are useful for
wound healing research since they allow us to create
conditions in a research laboratory that resemble
those found in clinical practice.

The field of nutrition has changed profoundly
since its inception. The original principle was to
provide essential energy, protein, and micronutrients
to compensate for a loss of muscle mass and prevent
starvation-induced immune depletion. More recently,
various dietary components have been used in an
attempt to improve immune function, including
specific amino acids such as arginine and glutamine,
fatty acids (w-3), and nucleic acids®. Among these
substances, arginine supplementation is the most
commonly researched compound and was identified as
amodulator of wound healing in several experimental
studies!'’. However, there is controversy in the literature
and conflicting results. Furthermore, most studies
examined the effects of immunonutrition only within
the gastrointestinal tract'.

OBJECTIVE

The objective of this study was to study the
effect of immunonutritional supplementation on
different aspects of skin wound healing in rats. This
study evaluates the influence of immunomodulating
diet in its commercial form (Impact®) on different
variables of the skin healing process, including the
closure of excisional wounds, strength of scarring
of incisional wounds, re-epithelialization of raw
wounds and cell differentiation on scar tissue, and
newly formed collagen matrix.

METHOD

This project was conducted in accordance with
the ethical regulatory guidelines established by the
Brazilian College of Animal Experimentation and
approved by the Research Ethics Committee in the
Health Science Center at the Federal University
of Parand, Curitiba, Brazil. The experiments were
performed at the Laboratory of the Graduate Program
in Surgery at the Federal University of Parana under

controlled temperature (22 + 1°C) and 12-h dark/light
cycle conditions.

A total of 52 adult male Wistar rats (Rattus norvegicus
albinus) (body weight, 230.08 = 5.76 g) were allotted
to four dietary supplementation groups: PI, ; PC,
; PPIL, ; PPC, (n = 13 each). The rats were housed
in groups of four to five animals. All groups were
given ad libitum access to tap water and standard rat
chow for 7 days prior to the start of the experiment
and during the study regardless of whether oral
supplementation with any immunonutritional formula
(PI and PPI groups) or isocaloric and isoproteic
control (PC and PPP groups) diet was given, both
administered through an orogastric tube.

The rats were randomized to receive two
different enteral formulas daily (Table 1). In the
pre-operative groups (PI and PC), the rats received
supplementation for only 7 days before surgery,
whereas in the pre- and post-operative (PPI and
PPC) groups, the rats received supplementation
during the perioperative period (Figure 1) for a
total of 14 days.

After 7 days of the pre-operative diet with
supplementation, the rats were anesthetized and

Table 1. Description of Enteral Formulas.

Immunomodulatory Control Diet

Diet
Energy/Calories 1 keal 1 keal
Protein 55 g/LL 55 g/LL
Immunonutrients
Arginine 12.5 g/LL 0
Unsaturated Fatty 2 g/L 0
Acids
Nucleic Acid 1.3 g/LL 0
Selenium 1 g/l 0
Zinc 1.5 ug/L 0
PI Group PC Group PPI Group PPC Group
:fr.rzxpne;t:::;latory Pre-operative Control f;:;ssz:ggfxlmory Peri-operative Control
Formula L Formula La

Figure 1. Description of Groups.

subjected to three dorsal wound excisions on
full-thickness skin — one measuring 2 X 2 c¢m for
evaluation of wound contraction and the other
two measuring 6 mm in diameter for the study of
re-epithelialization — and a ventral wound incision
measuring 5 cm (Figure 2). The dorsal wounds were
left open to heal spontaneously. The ventral wound
was closed with simple mono nylon 5-0 stitches. On
the eighth day after surgery, all rats were sacrificed
and the dorsal lesions were excised and stored in
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Figure 2. Model of Incisional and Excisional Wounds.

saline solution and 10% formalin for histological
analysis and tensile strength on hematoxylin-eosin
staining and densitometry analysis of collagen.

Dorsal excisional wounds 2 X 2 cm were documented
daily with standardized digital photography for further
analysis of wound contraction rates with specific
software (Figure 3). The excisional wound areas
were calculated using ImagedJ software (National
Institutes of Health).

The collagen densitometry method was used to
identify and quantify mature (type 1) and immature
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Figure 3. Changes in the Contraction Rates of Excisional Dorsal
Wounds.

(type 3) collagen using the placement of Picrosirius
Red on optical microscopy under polarized light and
by performing image analysis in software (Image
Pro-Plus 4.5; Midia Cibernetica). The percentages
of collagen components shown in red and orange
(type 1 collagen) and green (collagen type 3) were
then calculated.

Both ends of the abdominal wound specimens
were connected to a tensiometer (DL-500 MF; Emic)
and distended at a constant speed (50 mm/min; load
of 10 kg, 0.5% error) according to the technique
proposed by Knolmayer et al*®. Changes in tensile

strength were continuously recorded on a computer
and analyzed by software (Instron IX 7.26.00).
Stretching was maintained until the specimen was
completely broken as reflected by a sharp drop in
the zero voltage curve (interruption). The maximum
amount represented the total rupture strength. Thus,
two voltage-related variables that reflect the strength
of the anastomosis were obtained for each mouse.
Data were expressed as mean and standard deviation.
Student’s t-test and analysis of variance were used
for group comparisons. Statistical significance was
defined as the probability of an error of type <5%.

RESULTS
Body weight did not change significantly in any
of the groups throughout the study (Figure 4). The
excisional wound areas were assessed at different
post-operative times. The area of the wound created

by the initial procedure was similar in the control
and study groups (PI = 4.52 cm?; PC = 4.30 cm?; PPI

270
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190 o
Figure 4. Changes in Weight during the Experiment (in Grams).
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= 4.50 cm?; PPC = 4.25 cm?; p = 0.21). Evaluations of
wound contraction rates showed a faster contraction in
the groups receiving the immunomodulatory formula
after the third post-operative day (Figure 5). The
comparison between the two groups that received
supplementation with the immunomodulatory
formula showed no significant difference (p > 0.05).

Wound
area (cm?)
5.00

400 \

3.00
2.00
1.00

000
Days

p=021 p=065 p=089 p=052 p=016 p=002 p=0005 p<000 p<000]

POI PO 2P0 3P0 4PO 5PO 6PO 7P0 8PO
— Pl — PC — PPI PPC

Figure 5. Wound Contraction Rate.
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The tensile strength was examined and the
groups receiving the immunomodulatory formula
showed an increase of maximum tensile strength
compared with the controls. Both groups showed a
similar tensile strength (p > 0.05) (Figure 6).

Analysis revealed that re-epithelialization rates in
the supplemented groups showed complete restoration
of the epithelial layer on the seventh post-operative

3,1+0,19

00,25

3,500 -~

2,610,226

p=003
m P mPC mPPl o PPC

Figure 6. Tensile Strength Rates in the Tissues.

day in a larger number of cases (p = 0.04) compared
with control group rats (Figure 7).

The analysis of collagen deposition in excisional
wounds on the eighth day after surgery showed
similar maturation rates (proportion of mature and

Figure 7. (A) Examples of Complete Histological Re-epithelialization
and (B) Incomplete Epithelialization.

immature collagen; p = 0.38). However, the groups
supplemented with immunomodulatory formula
had a greater total collagen deposition (p = 0.001).

DISCUSSION

Wound healing depends on a complex series of
reactions and interactions of inflammatory mediators.
Many intrinsic and extrinsic factors affect wound
healing and some commercial options have been
designed to neutralize negative interference in the
healing process?1%%. The interrelationship between
nutrition and the process of wound healing, together

with the immune system, has been the focus of
increasing attention, and increasing numbers of
amino acids and minerals have been identified as
having immunomodulatory functions?.

The immune system can be subdivided into three
sites of action that are potential targets for specific
nutritional substrates: the function of the mucosal
barrier, cellular defense functions, and local or
systemic inflammation. The mucosal barrier was the
first defense site considered for immunomodulatory
therapy!'. The second line of defense consists of cellular
defense (macrophages, granulocytes, lymphocytes)
and can be modulated by nutritional substrates
to influence signal transduction. The essential
component of the inflammatory immune response
is represented by activation of the cascade systems
(such as coagulant and complementary systems).
Cytokines, eicosanoids, and platelet activating factors
and nitric oxide (NO), as well as vasoactive amines,
are some of the mediators involved?.

The inflammatory immune response can be
regulated by nutritional substrates and their precursors,
which are available in the oral supplementations. The
immunomodulatory formulas use these different target
sites of the immune system to control inflammation
and enhance wound healing?. Glutamine, arginine,
nucleotides, and polyunsaturated fatty acids (PUFAs)
are considered of fundamental importance among all
pharmacologically effective agents included as well
as micronutrients such as zinc and various vitamins
(A, C, E, and K).

Arginine is responsible for the modulation of various
biological, immune, and metabolic functions. After
trauma, for example, metabolism of essential amino
acids increases’. In terms of bioavailability, catabolism
does not provide sufficient amounts of arginine and
NO, characteristic of severe trauma patients, which
is the main reason for arginine supplementation in
such situations?. Experimental studies suggest NO
participation in the wound remodeling process®.
Arginine acts as a substrate for protein synthesis,
cell proliferation, neurotransmission, vasodilation,
immunity, and wound healing. It is also a precursor
of NO, urea, ornithine, proline, and other molecules
and plays an important role in collagen synthesis®.
Under stress, the metabolic demand for arginine
increases, and supplementation is considered an
adjunct support for wound healing®.

PUFAs changed the production of pro-inflammatory
cytokines. N-3 fatty acids influence a number
of inflammatory signal transduction processes
for the expression of eicosapentaenoic acid and
docosahexaenoic acid and compete with four series
of leukotrienes for receptor occupancy®. Numerous
studies have shown a correlation between increased
levels of polyunsaturated w-3 fatty acids and decreased
production of proinflammatory cytokines in the
plasma, but some studies have shown an increased
production in some pro-inflammatory cytokines in
cells such as peritoneal macrophages and fibroblasts
treated with PUFA and »-3.
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The immunomodulatory formulas were identified
as beneficial in wound healing in clinical studies>!%16.8,
However, the mechanisms responsible for this
effect in tissue repair are not completely known.
This study showed better wound contraction rates
and collagen deposition in the groups receiving the
immunomodulatory formula from the second day
of supplementation onward, probably because of
increased fibroblast function. Although the results
of this study demonstrated several positive effects
of nutritional immunomodulation, most cellular
mechanisms remain unclear and require clarification
to aid in our understanding of the influence of
immunomodulatory formulas in the wound healing
process.

CONCLUSION

The use of immunomodulatory formulas accelerates
the wound healing process with increased collagen
deposition and tissue tensile strength. The nutritional
immunomodulation proved beneficial in several
clinical trials in advance. However, the cellular
mechanisms for improving wound healing processes
remain unclear, so other experimental studies with
immunomodulatory formulas are needed.
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