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SUMMARY: Undernutrition in early life is associated with a number of acute and chronic sequelae, and recovering is a controversial
issue. Even if undernutrition in Brazil is declining, studies have shown that about 31% of brazilian children still present severe or
moderate malnutrition. The present study goal was to induce early malnutrition in rats and observe short- (undernourished) and long-term
(after recovered) effects on defense cells involved in wound healing. Undernutrition was produced by separating the pups from the
mother for 10 hours/day during the suckling period (21 days after birth). As controls were used rats at same age not submitted to suckling
restriction. Undernutrition and recovering states were assessed by body weight. Skin wounds were made on the shaved backs of all,
undernourished, recovered and their controls, under tribromoethanol anesthesia. Aninals were sacrificed 1, 3, 7 and 14 days after surgery
and the tissues were properly prepared and observed under light microscopy. Our results showed that: 1) neutrophils, lymphocytes and
macrophages couting in healing area were lower in undernourished and in recovered animals as compared with their controls; 2) there
were a basal deficiency in lymphocytes and macrophages numbers in recovered animals but not in those acutelly undernourished. These
results allow us to conclude that post-nattally undernourished animals submitted to a nutritional rescue time showed a complete recovery
in physical weight, but in spite of the physical recovery, the wound healing showed less defense cell density in healing areas suggesting
long-term sequelae of early undernutrition.
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INTRODUCTION

Healing is associated with a considerable increase of
protein synthesis rate. Clinical reports have found poor
wound healing in malnourished patients, and experimental
studies indicated that wound healing is impaired after
prolonged dietary restriction. Clinical studies consider a
weight loss of 10% as a significant evidence of undernutrition
(Emery & Sanderson, 1995; Ayello et al., 1999).

Malnutrition is still a problem in the Brazil, and
studies have pointed out that 31% of younger children (up
to 5 year old) may present moderate or severe undernutrition
(Reichenhein & Hasselmann, 1977). Early malnourished
children presented anatomical, neurological, neurochemical
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and hehavioral alterations, some of them persisting even after
recovery from undernutrition. Malnourished children also
presented lymphoid tissues atrophy and their cell-mediated
immunity is significantly altered (Chandra, 1991; Keller et
al., 1992; Manjarrez et al., 1996)
The wound healing process is divided into three
phases: i) an initial inflammatory phase; ii) a proliferative
phase; and iii) a remodeling phase. The inflammatory phase
is characterized by infiltration of neutrophils, which are
rapidly replaced by mononuclear cells. The proliferative
phase is characterized by the presence of mononuclear
inflammatory cells, followed by the formation of granulation
tissue, and the proliferation of fibroblasts and keratinocytes.
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The final remodeling phase is that of maturation of the
neoformed tissue (Moore et al., 1997).
Malnutrition, caused by a low protein-calorie diet may
significantly alter the processes of tissue regeneration,
inflammatory reaction, and immune functions, and studies
have demonstrated that deffects during the inflammatory
phase of wound healing may impair subsequent fibroblast
growth and collagen synthesis (Goodson III & Hunt, 1979).
Considering these facts, the present research was designed
to observe the effects of undernutrition on inflammatory
cells during wound healing, particularly after recovering from
the undernutritional state.

MATERIAL AND METHOD

Two main groups (n=30) of Wistar rats were prepared
as follows: Group I–undernourished animals; Group II–
undernourished/recovered. Post-natal undernutritrition of the
experimental animals was promoted by separating the pups
from their mothers daily for 10 hours, along the whole
suckling period (21 days after birth). After 21 days, half of
the undernourished animals were then normally fed until
recovery (Group II). Control groups (n=30) were of the same
age as experimental animals, but they were not submitted to
suckling restriction. Undernourished and recovered states
were assessed by body weight measurements, following the
procedure of Barret & Frank (1987). Recovered animals
were considered those achieving at least 90% of the mean
control body weight.
After the period of undernutrition (21 days), and
recovery (3 months), all the animals were submitted to the
following surgical procedures. Under tribromoethanol
(Aldrich, 25mg/100g body weight) the back of all the rats
(control and undernourished groups) were shaved and skin
wounds (4mm diameter), each side of the median line, were
prepared, separated around 2cm from each other (Fig. 1) as a modification of Mustoe et al. (1987); Whitby and
Ferguson (1991); and Most et al. (1996). Povidone-iodine
was used as antiseptic, and all the animals received an
association of penicilin (12.000 U/Kg of body weight) +
streptomycin (5mg/Kg) in one dose of Pentabiotico Veterinario (Fort Dodge â) just after surgery. (Fig. 1).
Five animals were sacrificed after1 hour, 6 hours,
1day, and 3 days after surgery (for neutrophils evaluation)
and 1, 3, 7, and 14 days after surgery (for lymphocytes and
macrophages evaluation). The specimens were submenrsed
in 10% formalin solution for 24 hours or in Carnoy for 4
hours, and then embedded in paraffin. 6mm thickness
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sections stained in hematoxilin and eosin (HE), or Giemsa
were examined under a light microscope. Wound healing
area was observed in details.
For cell counting, neutrophils and lymphocytes were
observed in HE stainned tissues, and macrophages in Giemsa
stained tissues (Gaffney, 1983). An immage analyser program
(KS-300, version 2.0) for cell counting and comparison
among groups were utilized. 10 randomly selected wound
healing areas (182618µm2) were evaluated for each animal.
By selecting a specific pattern of counting the KS-300
program determines the number of cells existing in a specific
selected area. The total number of each selected cell type
present in the healing area was counted. A Mann-Whitney’s
U-test was used for the statistical analysis. P[U] values ≤
0.05 were considered as statistically significant.

Fig. 1. Example of the surgery procedure in the rat.

RESULTS

Nutritional state evaluation. In all the animals body weight
was evaluated every 2 days during the undernutrition period,
and every 7 days during the recovery period (Table I). The
results indicate that undernourished animals had body
weights significantly reduced (61-75% of the control group)
and were recovered after 3 months in normal food.
Considering our initial hypothesis, we utilize the
undernourishment classification created by Barret & Frank
for a known population. This classification defines in normal
untritional state those with at least 90% of the expected body
weight; under light undernutition those with 76% - 89%;
with moderate undernutrition those between 61% to 75%;
and under severe undernutrition the animals with ≤ 60% of
the expected body weight. According to this, the
undernourished animals that had 72% of the expected body
weight after 21 days of suckling restriction, were considered
to be under a moderate undernutritional state. After 3 months
of recovery, the undernourished animals showed a mean body
weight of at least 90% of the control animals (Table I).
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Wound healing velocity: The wound healing
velocity was measured by the epithelial
neoformation, counting the percent of points
on the new epithelium on the healing area. The
results of this evaluation is present on Table
II.
Cell counting: In all the animals
(undernourished (UND) and their controls (C),
and undernourished/recovered (U/R) and their
controls (C/R), neutrophils, lymphocytes and
macrophages were counted. Figs. 2 and 3
shows examples of the used images.

Fig. 2. Healing
area. HE stained
for neutrophils
and lymphocytes
counting. 225x.

Fig. 3. Healing
area. Giemsa
stained
for
Macrophages
counting. 225x.

27

MACARI, M. Z.; CAVENAGHI, F. M.; KOMESU, M. C.; LUNARDI, L. O.; SALA, M. A.; NOVAES JÚNIOR, A. B.; GRISI, M. F. M.; TABA JÚNIOR, M. & SOUZA, S. L. S.

Figs. 4 to 6 show the results of cells counting in all
the studied animals. Tables 3 to 5 summarizes the results of

cells counting on the healing areas, at different times after
skin surgery.

Fig. 4. Neutrophils counting in the studied animals. Data in numbers are presented on Table II.

Fig. 5. Lymphocytes counting in the treated animals (Und, U/R) and their controls (C, C/R), respectively.

Fig. 6. Macrophages counting in the in the treated animals (Und, U/R) and their controls (C, C/R), respectively.
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Table III. Counting of neutrophils in healing areas of rat skin at 1 hour, 6 hours, 1 day and 3 days after surgery. Treatments were: C:
Control for undernourished; Und: Undernourished; C/R: Control for undernourished/recovered, and U/R: Undernourished/Recovered
animals. The results of the Mann Whitney’s U-Test for mean comparison are presented below (P[U]≤ 0.500 indicate significant values).

Table IV.Counting of lymphocytes in healing areas of rat skin at 1, 3, 7 and 14 days after surgery. Treatments were C: Control for
undernourished; Und: Undernourished; C/R:Control for Undernourished/Recovered, and U/R: Undernourished/Recovered animals. The
results of the Mann Whitney’s U-Test for mean comparison are presented below (P[U]≤ 0.500 indicate significant values).

Table V. Counting of macrophages in healing areas of rat skin at 1, 3, 7 and 14 days after surgery. Treatments were C: Control for
undernourished; Und: Undernourished; C/R: Control for Undernourished/Recovered, and U/R: Undernourished/Recovered animals. The
results of the Mann Whitney’s U-Test for mean comparison are presented below (P[U]≤ 0.500 indicate significant values).
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The obtained data showed that: Neutrophils counting
indicated a significant reduction of cell number during the
initial inflammatory stage of wound healing, for all the
undernourished animals. This reduction became even larger
in recovered animals.
As expected, undernourished animals showed a small
density of lymphocytes 7 days after surgery. However,
lymphocytes counting also revealed a basal deficiency in
lymphocytes from the very first day after surgery in recovered
animals.
Counting of activated macrophages also showed a basal
deficiency of these cells in healing wounded skin areas of
recovered animals.

order to observe the long-term effect of this very common
type of undernutrition.
There are several methods for causing experimental
undernutrition (Shakir, 1979). Our results allowed us to identify
a moderate state of undernutrition in an animal population.
After achieving post-natal undernutrition, the malnourished
animals were submitted to nutritional rescue, showing recovery
of physical growth (at least 90% of the body weight of controls)
after a 3-month recovery.
It is generally accepted that individuals have variable
cellular predisposition to respond to injury. While the reasons
for this variability are not completely understood, it can be
partially explained by the “background” or the “gene
expressions”. Nevertheless, the mechanisms of failure of the
wound healing process are still unknown.

DISCUSSION

Tissue repair process occurs in an ordered sequence of
events, beginning with an inflammatory response of the
wounded area (that lasts about 3 days), followed by the
formation of granulation tissue (3 to 7 days after lesion); then
the accumulation of new connective tissue (7 to 14 days after
lesion) and finally the remodeling phase (which may take some
months to be completed). The inflammatory response and the
formation of new connective and epithelial tissue could be
observed in the studied animals.
Some interesting studies (Tarlton et al., 1997; Loots et
al., 1998; Salmon-Ehr et al., 2000) concluded that the
inflammatory response is a necessary and important stage of
wound healing, and it is also assumed that an abnormal
inflammatory response may have profound effects on the
resolution of the repair process. Iinhibition of the repair process
might also promote wound infection.
Some studies about the influence of undernutrition on
wound healing may show different results, probably due to
the use of different grades or types. In most of the experimental studies, stronger influences of undernourishment on wound
healing are expected, because of the severe nutrient depletion
involved in it. However, epidemiological studies have revealed
that protein-calorie malnutrition is a widespread problem
among infants and young children of developing countries,
and in poverty areas of the industrialized nations. Severe forms
of malnutrition can be easily detected, but milder degrees of
malnutrition can be misinterpreted. However, a moderate
degree of undernutrition is more common among children,
generally associated with negligence and carelessness from
the parents (Reichnhein & Hasselmann). In this study we
applied a moderate degree of undernutrition as the pattern, in
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Wound healing is a complex process involving multiple
cellular and extracellular components, all of them necessarily
present in a normal healing process.
Inflammatory cells, fibroblasts and keratinocytes are
very important types of cells that during the healing process
modulate the reconstruction of the injured area. Inhibition of
inflammatory cell infiltration and activation might also reduce the expression of growth factors in the wounded area, as
demonstrated in experimental studies with glucocorticoids
(Punch & Ivinski, 1977). There are also indications that
undernutrition at early life stages produces lymphoid tissue
atrophy (Frank et al., 1996). Therefore, the results obtained in
this study provide further support for the hypothesis that
cellular deficiencies are associated with impaired wound
healing. This subject deserves further research.
In spite of the general agreement existing about the
complicated approach of extrapolating animal results to
humans, our results for acutely undernourished animals were
in concordance with those cited in the literature, either for
humans or animals, and do not contest the already available
knowledge about undernutrition. Consequently, our results also
support the hypothesis that early malnutrition has late effects
on the wound healing process, even after physical recovery.
The results obtained here provide support for the hypothesis
that early moderate malnutrition can be associated with
deficiencies in the defense cells involved in wound healing,
which may be associated with some wound healing deficiencies
during the adult life, even after recovering from undernutrition.
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RESUMEN: La desnutrición postnatal está asociada a un conjunto de secuelas agudas y crónicas, y su recuperación es aún asunto
controvertido. En Brasil, a pesar de estar disminuyendo la desnutrición, algunos estudios han demostrado que alrededor del 31% de los niños
presentan malnutrición moderada o severa. El objetivo del presente estudio fue inducir una desnutrición precoz en ratas y observar los
efectos inmediatos (desnutrición) y permanentes (depués de la recuperación) sobre las células de defensa involucradas en la cicatrización.
La desnutrición fue provocada separando las crías de sus madres, por 10 horas diarias, durante el periodo de lactancia (21 días de nacidos).
Como contoles fueron usadas ratas de la misma edad no sometidas a restrición láctea. Los estados de desnutrición y de recuperación fueron
evaluados por el peso corporal. Las heridas fueron realizadas en la piel rasurada del dorso de los animales desnutridos, recuperados y
controles, bajo anestesia con tribromoetanol. Los animales fueron sacrificados 1, 3, 7 y 14 días después de la cirugía y los tejidos de la región
cicatricial fueron procesados histológicamente y examinados al microscopio óptico. Los resultados mostraron que: 1) el número de neutrófilos,
linfocitos y macrófagos en la área de cicatrización, fue menor en los animales desnutridos y en recuperación que en los controles; 2) en los
animales recuperados hubo una deficiencia basal en el número de linfocitos y macrófagos, lo que no ocurrió en los animales con desnutrición
aguda. Estos resultados permitieron concluir que los animales sometidos a desnutrición postnatal mostraron una recuperación completa en
el peso físico después del periodo de recuperación nutricional, pero que la región de cicatrización mostró menor densidad de células de
defensa, sugiriendo secuelas permanentes de la desnutrición postnatal.
PALABRAS CLAVE: Desnutrición; Cicatrización; Células de defensa.
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