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RESUMO

Introducédo: Estudos epidemiologicos sugerem que a méa-nutricdo materna prejudica
o desenvolvimento fetal, bem como predispbe a prole a uma maior incidéncia de
doencas. Objetivo: Investigar os impactos da ma-nutricdo precoce na severidade da
artrite induzida por adjuvante de Freund e suas implicacbes sobre o efeito da
indometacina em ratos Wistar. Material e Métodos: A partir do 1° dia de gestacéo,
ratas Wistar foram divididas em dois grupos: 1) Normonutridos, que continuaram a
receber dieta padrdo de biotério e 2) mal nutridos, que passaram a receber dieta
multicarencial (Dieta Basica Regional — DBR). A manipulacdo dietética foi realizada
durante todo o periodo de gestacdo, associada ou ndo a lactacdo. Imediatamente
apo0s a gestacao, ou lactacdo, todas as maes e suas respectivas proles passaram a
receber a dieta padrdo do biotério. No sexagésimo dia de vida, as proles (ratos
machos) provenientes de maes normonutridas e mas nutridas foram divididas em 06
grupos (n=05 animais/grupo): 1) Mal nutrido durante a vida intra-uterina (MIST); 2) Mal
nutrido durante a gestacdo e tratado com indometacina (2 mg/Kg; v.o.) (MITI), 3)
Normonutrido durante a vida intra-uterina (NIST), 4) Normonutrido durante a gestacao
e lactacdo tratado com indometacina (2 mg/Kg; v.0.) (NITI), 5) Mal nutrido durante a
gestacdo e lactacdo (MILST); 6) Mal nutrido durante a gestacdo e lactacao tratado
com indometacina (2 mg/Kg; v.0.) (MILTI). Todos os animais dos grupos receberam
injecao intraplantar de adjuvante completo de Freud (0,2 mL) na pata traseira direita.
Os grupos MITI, NITI MILTI receberam indometacina (2 mg/Kg; v.o0) durante 28 dias.
No final do experimento amostras de sangue foram retirados para avaliacdo das
variaveis hematolégicas e bioquimicas. Resultados: A ma-nutricdo intra-uterina
promoveu retardo do crescimento fetal, refletido no baixo peso ao nascimento (4,15 +
0,15), bem como reducédo da prole (8,8 + 0,83) quando comparados ao grupo
normonutrido (6,23 + 0,27 e 11,2 £ 0,83, respectivamente). A intensidade da resposta
inflamatéria, expressa pelo aumento do volume das patas, nos primeiros 14 dias apos
a inducéo da artrite experimental, foi em torno de 1,35 vezes menor no grupo MIST e
cerca de 1,49 vezes menor no grupo MILSTI, ambas (p< 0,05) em relacdo a prole
NIST. Entretanto, a partir do 21° dia ndo foi exibida nenhuma diferenca
estatisticamente significante entre os grupos MIST e NIST, enquanto que no grupo
MILSTI foi verificado, ainda, reducdo da resposta inflamatéria de cerca de 1,1 vezes
menor que aquela observada no NIST. As concentracBes séricas de albumina (3,54 +
0,27 para o grupo MIST e 3,4 + 0,23 no grupo MILSTI) e proteina C reativa (PCR)
(11,04 £ 0,22 para o grupo MIST e 10,78 = 0,32 no grupo MILSTI) foram
estatisticamente diferentes daquelas verificadas no grupo normonutrido (4,3 £ 0,17 e
11,78 £ 0,35, respectivamente). A contagem de leucécitos (totais e diferenciados) foi
semelhante nos grupos estudados. Observou-se que os efeitos da indometacina
foram mais pronunciados no grupo NITI quando comparado com 0s demais grupos
mal nutridos. Conclusdo: A mé-nutricdo durante a vida intra-uterina ou durante a
gestacdo e lactacdo promoveram reducdo da prole e baixo peso ao nascimento e
reducdo das concentracdes séricas de albumina e PCR. A dieta multicarencial
empregada interferiu na intensidade da resposta inflamatéria sistémica e o efeito
antiinflamatorio da indometacina em ratos Wistar.

PALAVRAS-CHAVE: Ma-nutricdo precoce; Inflamacao cronica; Indometacina.



ABSTRACT

Introduction: Epidemiological studies suggest that poor maternal nutrition, affect fetal
development and predispose the offspring to a higher incidence of diseases.
Objective: To investigate the impact of early malnutrition on the severity of arthritis
induced by Freund's adjuvant and its implications on the effect of indomethacin in
Wistar rats. Materials and Methods: From the 1 st day of pregnancy, Wistar rats were
divided into two groups: 1) Nourished, which continued to receive Labina diet and 2)
Undernourished, who also received diet multi deficiency (Regional Basic Diet - RBD).
The dietary manipulation was performed during the entire period of gestation or
without the period of lactation. Immediately after pregnancy or lactation all mothers
and their offspring began to receive the Labina. The sixtieth day of life, the offspring
(male rats) from nourished mothers and undernourished were divided into 06 groups
(n = 05 animals / group): 1) Undernourished during intrauterine life (MIST), 2)
Undernourished during pregnancy treated with indomethacin (2 mg / kg) (MITI), 3)
Nourished during intrauterine life (NIST), 4) Nourished during pregnancy and lactation
treated with indomethacin (2mg/Kg) (NITI), 5) Undernourished during pregnancy and
lactation treated with indomethacin (2mg/Kg) (MILT). All groups received intraplantar
injection of complete Freund’s adjuvant (0,2mL) in the right hind leg. The group MITI,
NITI, MILT and given indomethacin (2 mg / kg)for 28 days. At the end of the
experiment blood samples were taken for evaluation of hematologic and biochemical
variables. Results: The malnutrition promoted intra-uterine fetal growth retardation,
reflected in low birth weight (4.15 + 0.15) and as reduction in the number of offsprings
(8.8 £ 0.83) when compared with nourished group (6,23 + 0,27 and 11.2 + 0.83,
respectively). The intensity of the inflammatory response, expressed by increase in the
volume of the feet in first 14 days after induction of experimental arthritis, was about
1.35 times lower in MIST and groups 1.49 times lower in the MILSTI, group both in
relation to NIST. However, after 21 days was not shown any statistically significant
difference between the MIST and NIST, while the MILSTI it was verified, a reduction of
the inflammatory response of about 1.1 times lower than that observed in NIST group.
Serum albumin concentration (3.54 + 0.27 for the MIST group and 3.4 + 0.23 for the
MILSTI) and C-reactive protein (CRP) (11.04 = 0.22 for the MIST group and 10.78 *
0.32 for the MILSTI) were statistically different from those found in the nourished group
(4.3 £ 0.17 and 11.78 * 0.35, respectively), while the leukocyte count (total and
differentiated) was similar in both groups. The effects of indomethacin were more
pronounced in the offspring than in other NITI malnourished groups verified by a larger
percentage of inhibition of edema throughout the experimental course Conclusion:
Malnutrition during intrauterine life or during pregnancy and lactation promotes:
reduction of offspring and low birth weight, reduction of serum albumin and CRP, also
influence the intensity of the inflammatory response and anti-inflammatory effects of
the indomethacin in Wistar rats.

Keywords: Early malnutrition; Chronic inflammation, Indomethacin.



SUMARIO

1 APRESENTACAO
2 REVISAO DA LITERATURA
2.1 Artigo de reviséao
3 MATERIAL E METODOS
3.1 Animais
3.2 Manipulagéo nutricional
3.3 Delineamento experimental
3.4 Analise estatistica
3.5 Consideracgbes bioéticas
4 RESULTADOS
4.1 Artigo Original 1
5 CONSIDERACOES FINAIS
6 REFERENCIAS

ANEXOS

11

14

14

29

29

29

30

32

32

34

34

62

64

71



APRESENTACAO



1 APRESENTACAO

O crescente numero de individuos com deficiéncia nutricional € um problema
mundial emergente que implica em importantes conseqiéncias econbmicas e de
saude publica. Nos ultimos anos, estudos epidemioldgicos sugerem que a ma-
nutricdo materna prejudica o desenvolvimento fetal, bem como predispde a prole a
uma maior incidéncia de doencas tais como: doencas metabdlicas e obesidade;
diabetes tipo 2; doenca cardiaca coronariana; hipertensdo arterial; alteracdes no ciclo
circadiano. Estas podem desenvolver-se ao longo de toda a vida pds-natal (BARKER
et al., 1993; ERIKSSON et al., 2000; JONES, 2002; KENNAWAY, 2002).

O grau de comprometimento que a ma-nutricdo intra-uterina pode trazer para o
feto depende da fase de desenvolvimento que este se encontra bem como o 6rgao
afetado, sendo os efeitos tanto mais intensos e permanentes quanto mais
precocemente ocorrer a ma-nutricdo e mais tarde for iniciada a recuperacéo
nutricional (GURMINI et al., 2005).

No tocante ao processo inflamatorio, estudos como o de Deitch (1990)
realizados com animais experimentais na fase adulta tém demonstrado que a
deficiéncia nutricional predispbe a um baixo grau de resposta inflamatéria local e
sistémica, que podem prejudicar a resposta do hospedeiro aos estimulos
inflamatorios, tornando-o assim mais suscetivel a infeccbes e danos teciduais. O
orgdo afetado pelo processo inflamatério pode sofrer lesdo funcional grave. A
terapéutica antiinflamatdria, nestes casos, apresenta-se como uma forma de controle
da intensidade da resposta inflamatéria. Nesse aspecto, os antiinflamatérios néo
esterdides (AINEs) se apresentam como 0s medicamentos mais amplamente
prescritos no mundo, embora estejam associados a uma elevada taxa de complicagéo

incluindo danos gastrintestinais (ROCHA et al., 2007). A Indometacina € um derivado



metilado do &cido indolacético pertencente a classe dos AINEs comumente utilizada
para reduzir dor, rigidez articular e edema, circulando no organismo preferencialmente
através de fracas ligacbes com proteinas plasmaticas, sobretudo a albumina, e
eliminado principalmente pelas vias urinaria (60%) e biliar (33%). Atua inibindo a
enzima ciclo-oxigenase (COX) que converte o acido araquidonico em prostaglandinas
gue sao importantes mediadoras da inflamacdo como também estéo relacionadas a
homeostase do organismo.

Poucos estudos tem investigado uma relacdo entre a ma-nutricdo intrauterina e
suas repercussdes nas respostas inflamatérias local e sistémica e suas relacdes com
efeitos de antiinflamatoérios nao esteroéides, sobretudo a utilizacdo da indometacina.
Nesse contexto, 0s objetivos desta pesquisa foram o de revisar na literatura os efeitos
da ma-nutricdo intra-uterina na resposta inflamatéria local e sistémica em ratos
Wistar; Estudar o impacto da ma-nutricdo intra-uterina na resposta inflamatoria
cronica e suas implicacbes sobre o efeito da indometacina em ratos Wistar. O
presente estudo foi realizado no Laboratério de Farmacologia da Universidade
Federal de Pernambuco, tendo como orientadora a Profa. Dra. Maria Bernadete de
Sousa Maia e como co-orientadora a Profa. Dra. Silvia Regina Arruda de Moraes.
Este trabalho originou dois artigos cientificos: O primeiro intitulado: Effects of
malnutrition intrauterine on the inflammatory response in Wistar rats adults: A
systematic review, e 0 segundo artigo: Impact of early malnutrition in chronic
inflammatory response and its implications on the effect of indomethacin on

Wistar rats. Ambos foram submetidos ao periodico Advanced Anatomic in Pathology.
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ABSTRACT

Purpose: To review the literature on the effects of fetal programming in the
inflammatory response in Wistar rats. Methods: We performed a search in the
following databases: PubMed, SciELO, MEDLINE, PUBMED, SCIENCE DIRECT,
SCOPUS, LILACS, SpringerLink. The main search terms were malnutrition and
inflammation in Portuguese and English. We included original articles involving albino
rats. We excluded review articles as well as those involving humans and animals other
than rats as well as articles that were related to malnutrition were not the intrauterine.
Those items that were presented in more than a database operated, were counted
only once. Results: There were 16 in PUBMED, 16 in SCOPUS, 4 in MEDLINE, 341
in SCIENCE DIRECT, 8 SciELO, 1 in LILACS and 77 in SPRINGERLINK, totaling 463
articles. Of these, after application of the criteria for inclusion and exclusion, 4 were
selected for analysis. Conclusion: The malnutrition intrauterine seems to interfere
with the inflammatory response in the adult offspring of Wistar rats, but its

mechanisms remain uncertain.

Keywords: Fetal Programming; Inflammatory response; Malnutrition; Rats Wistar.



INTRODUCTION

The malnutrition is provoked by a quantitative and qualitative unbalance of
nutrients in the organism. Those unbalances are sustained mainly by the lack of
proteins, fats and carbohydrats that weaken the physiologic processes of the organism
[1]. The protein-energy malnutrition is the most frequent reaching about 800 million
people in the world [2].

Countless epidemic studies suggest that the intra-uterine atmosphere is
extremely important in the determination of the future of the individual health [3]. The
concept of "fetal programming" suggests that the fetus can be programmed during the
intra-uterine development to develop diseases in the adult age [4]. In agreement with
that theory, alterations in the maternal nutritional state, contemplated in the weight
when being born, they determine the development of diseases in the adult phase [5,6].
The effects of the intra-uterine malnutrition depends on the development phase in that
it is the fetus or the organ, being the effects so much more intense and permanent the
more earlier to happen the malnutrition and later it is initiate the nutritional recovery
[1,6]. Although in adult or smaller degree for the descendants, the intra-uterine
malnutrition, even in phases different from the gestation, it can affect the product
pregnancy harming the growth and the development of the several organs and
apparel. Studies with animals have been trying to correlate the state nutritional in the
beginning of the life and the susceptibility for diseases in the adult phase including
diabetes mellitus, cardiovascular diseases, changes in renal function, arterial
hypertension and alterations in the cycle circadian [7,8].

The process of inflammatory response is important to guarantee the integrity of

the organism. It is the capacity of the organism in answering to noxious incentives



guaranteeing like this the balance between the systems and homeostasis. Though, the
beneficial effects are influenced by factors as malnutrition, genotype, pré-existent
inflammation and chronic intoxication [9]. The maternal malnutrition during the
gestation and nursing can result in endocrine immune dysfunction in the axis
hypothalamus-pituitary-adrenal altering the concentration permanently of hormones
adrenocorticotropic and glucocorticoids that promote changes in the levels of leptina
front the sharp and chronic inflammations contributing to affect the endocrine and
immunological systems [10]. Studies have shown that the intrauterine malnutrition
affects the vascular endothelium compromising the efficacy of macrophage endothelial
transmigration [11]. The local inflammatory response was quite influenced by the
malnutrition, there was a delay in the repairing tissue in mice, because the exsudate of
the animals with regular nutrition presented fibroblasts with deposition of collagen and
the undernourished ones no [9]. In that context, the objective of this study is it of
revising in the literature the effects malnutrition intrauterine in the inflammatory

response in rats Wistar.

METHODOLOGY

To conduct this study were asked the following databases: SciELO (Scientific
Electronic Library Online), MEDLINE (U.S. National Library of Medicine), PUBMED
(National Library of Medicine and The National Institute of Health); SCIENCE DIRECT,
SCOPUS, LILACS (Latin American and Caribbean Health Sciences) and
SPRINGERLINK. The search strategy involved the following databases with their
respective search terms: In SciELO as "Malnutrition and inflammation”. MEDLINE as

"malnutrition” [Subject descriptor] and "inflammation” [Subject descriptor] and "rats



Wistar" [Subject descriptor]. PUBMED as "early malnutrition and chronic inflammatory
response” and “Early malnutrition and inflammatory response and rats" for a second
search. In SCIENCE DIRECT as "intrauterine malnutrition and inflammation and rats”.
In SCOPUS as "early malnutrition and inflammation AND rats" and "fetal programming
and inflammation and rats" for a second search. In LILACS as "malnutrition” [Subject
descriptor] and "inflammation” [Subject descriptor]. In SPRINGERLINK as “malnutrition
intrauterine and inflammation and rats”.

Were included original articles involving albino rats. Were excluded review
articles as well as those involving humans and animals other than rats as well as
articles that were related to malnutrition were not the uterus and not involve the
concept of fetal programming. Those items that were presented in more than a
database explored, were counted only once.

At the base of SciELO, PubMed and LILACS were not established limits, while
in MEDLINE, SCOPUS, Science Direct, SPRINGERLINK were explored and published
articles in the following periods, 1966-2009, 2004-2009, 1996-2009, 1996-2009
respectively. Found 16 items in PUBMED, 16 in SCOPUS, 4 in MEDLINE, 341 in
SCIENCE DIRECT, 8 in SciELO, 1 in LILACS and 77 in SpringerLink, totaling 463
articles. Of these, after application of the criteria for inclusion and exclusion, four were
selected for analysis.

Selected articles were critically analyzed through an interpretation guide used to
avaliate their individual merits, based on study [12] and adapted from [13]. Items for

assessing quality of the articles are expressed in the form of scores in Table 1.



Table 1. Quality of studies on intrauterine malnutrition and inflammation
Items of evaluation criteria*

Total
Studies 1 2 3 4 5 6 7 8 9 10 11 12 (%)
Maristella et al
2008® 2 2 2 2 2 1 2 1 2 1 1 1 791
Torrens et al
200914 2 2 2 2 2 2 2 2 1 1 1 2 875
Maristella et al
2007 2 2 2 2 2 1 2 2 0 1 1 2 791

Maristella et al

200519 2 2 2 2 2 1 2 2 2 1 1 1 833
* Evaluation criteria: 1. Detailed bibliographic review of relevant funds. 2. Exclusion criteria. 3. Specific
assumptions. 4. Appropriate scope of malnutrition in relation to inflammation. 5. Sample size. 6. Follow-up. 7.
Authors referenced, performance methodology. 8. Standardization of measurement techniques. 9. Data
presented for each hypothesis. 10. Adequate statistics. 11. Appropriate estimate of statistical error. 12. Valid
conclusions and clinical recommendations.

RESULTS
Table 2 shows the search results after application of the criteria for inclusion
and exclusion.

Table 2 — Studies evaluating the effects of intrauterine malnutrition on the inflammatory
response in Wistar rats.

Study Sample Experimental model Main results
characteristics

Maristella et al  Wistar rats Induction of inflammation in Low birth  weight of offspring
2008 undernourished the lungs malnourished P <0.001). The
during pregnancy intrauterine  malnutrition reduces the
pulmonary allergic inflammatory
response.
Torrens et al Wistar rats Effects of inflammation in the  The intrauterine malnutrition leads to
2009™ undernourished endothelium vascular endothelial ~ dysfunction  with  the
during pregnancy predisposition of inflammation..
Maritella etal ~ Wistar rats Induction of the inflammatory ~ Marrow hypocellularity, decreased the
20071 undernourished response to factor necrosis level
during pregnancy  tumor in the scrotum of LTB4 and L-selectin, change the

composition of the basement membrane
with  a reduction of collagen 1V,
reduction of leukocyte migration.

Maritella etal ~ Wistar rats Induction paw edema by
2005!¢! undernourished Zimozan® Leukopenia, a reduction of ICAM-1,
during pregnancy Selectin-P and L-Selective in rats

undernourished  during  pregnancy.




Reduction of leukocyte migration

DISCUSSION

A nutritional imbalance during the intrauterine development has predisposed to
offspring disease in adult life. It has been a low birth weight of those offspring
[17,18,19] when the maternal diet is restricted, the availability of nutrients for the
transport of placenta is decreased, reducing the supply of nutrients and limiting the
growth of the fetus [20]. Diseases such as hypertension, type 2 diabetes, and
disorders in renal hemodynamics has been well studied [21].

Few studies have shown the effects of intrauterine malnutrition on the
inflammatory response, especially in relation to inflammatory cells, however, has been
reported that red bone marrow may suffer reduced efficacy of cell morphogenesis
mainly white cell defense [15].

The inflammatory response is a defense mechanism the body's beneficial and
non-specific reaction, it means that, any factor from the activation of factors such as an
activated globulin (Hageman factor) as the actual tissue injury of any kind can evoke
signals that trigger the inflammatory response. The degree effectiveness of
inflammation requires a good margination of leukocytes into the vascular endothelium,
good aggregation in the endothelium as well as an effective targeting of leukocytes to
inflammatory foci [15,16].

The leukocyte migration into the inflammatory focus involves several steps that
require a reduction in the rate of local blood flow, favoring the process of adhesion to
endothelium [22]. The increased permeability and vascular dilation associated with an
increase in platelet aggregation and hemoconcentration corroborate a slowdown of the

circulation in the affected area. In such circumstances, the figurative elements that



would normally pass through the center of the bloodstream are distributed throughout
the liquid column and the endothelium, facilitating leukocyte adhesion (Accession and
surface) in the endothelium with subsequent migration to the interstitial region
(Leukocyte extravasation) and direction to the inflammatory focus (chemotaxis). The
paving process is related to the ionic charge of the endothelium and the presence of
proteins (adhesins): Selectins, integrins and immunoglobulins that can be produced by
leukocytes as well endothelial cells. The mobilization of polymorphonuclear cells to the
inflammatory focus was deficient in malnourished individuals creating a deficit in the
inflammatory process [23]. The malnutrition in early lactation in Wistar rats produces
permanent changes programming secretion of insulin and glucocorticoids [10]. Other
studies have shown that changes in the development of inflammatory response
occurring in insulin-deficient state [24]. These amendments also limited the production
of a good acute inflammatory response in adulthood. These responses appear to be
due to deficiencies in relation leukocyte-endothelium, especially in the paving process,
as the malnourished animals had a lower expression of immunoglobulin ICAM-1 (inter-
cellular-adhesion-molecules). In studies of to intrauterine malnutrition [16], promoted in
the adult offspring of rats reduced significant expressions of ICAM-1, P-Selectin, L-
Selectin, leukopenia, which reduces leukocyte migration to the inflammatory focus
malnutrition predisposes offspring to infections. ICAM-1 is an immunoglobulin that
plays an important role in the process of leukocyte adhesion and surface and
subsequent transendothelial migration during inflammation under the regulation of
various chemical mediators and cytokines that modulate the intensity of its expression.
This reduced expression may decrease the ability of leukocytes, particularly
neutrophils, to adhere to the endothelium, reducing the effectiveness of the

inflammatory response [25]. In studies of [26] the insulin reduced the expression of



ICAM-1 by increasing the expression of nitric oxide. Since L-selectin plays an
important role in regulating the speed of rolling leukocytes, faced with a reduction in its
expression can slow the migration process [27].

Intrauterine malnutrition significantly reduced the production of antigen specific
immunoglobulin E (IgE), production and infiltration of inflammatory cells in the airways,
mucus secretion, production of leukotriene B4 (LTB4), in addition to increased levels
of corticosterone in the offspring adult [6]. Decreased production of LTB4 affects the
functions of adhesion, decreasing inflammatory mechanism. It is well established that
malnutrition affects the axis hypothalamic-pituitary-adrenal increasing activities
culminating with adrenal hypertrophy followed by overproduction of corticosteroids,
other studies with rats, these changes also affect the metabolic homeostasis
compromised the innate defense mechanism [28]. High levels of glucocorticoids inhibit
the action of several inflammatory mediators, reduce the synthesis of chemokines and
cytokines, and disrupt the activation of leukocytes, attenuating the inflammatory
process [10].

Other substances have been studied as mediators of inflammatory response,
the leptin is a protein produced mainly by adipose tissue with pleiotropic functions,
regulating metabolism, endocrine and immune. Its receptors are homologous to GP-
130, factor signal transduction subunit of the interleukin 6. This similarity has led to
studies suggesting that it could be classified as a cytokine. Leptin levels decrease
during acute inflammation may be a component of defense in the host organism, on
the other hand, a deficiency of leptin has increased the susceptibility of organisms to
infection and inflammation. It is known that leptin deficiency can disrupt the process of
hematopoiesis in addition to lymphocyte functions and may interfere in the chronic

inflammatory response [29].



CONCLUSION

The malnutrition intrauterine seems to interfere with the inflammatory response
in the adult offspring of Wistar rats, but its mechanisms remain uncertain. This
suggests that further studies aimed at understanding the factors that trigger this

process.
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3 MATERIAL E METODOS

3.1 Animais

Foram utilizadas ratas albinas primiparas da linhagem Wistar (250-3009g) e
suas descendéncias, compostas por 30 ratos machos, provenientes da coldnia de
criacdo do Departamento de Nutricdo da Universidade Federal de Pernambuco. Os
animais foram acasalados na proporcao de trés fémeas para um macho em gaiolas
de polipropileno com dimenséo de 430x430x200 mm num ambiente com temperatura
de 23 + 1°C com livre acesso a agua filtrada. O estado de prenhez foi determinado

através da observacdo da presenca de espermatozoides na secrecao vaginal.

3.2 Manipulac¢ao nutricional

A partir do 1° dia de gestacdo, as ratas foram divididas em dois grupos: 1)
Normonutridas, alimentados ad libitum com a dieta padrdo de biotério (Labina ®
Purina do Brasil), composta de 23% de proteina, 74,4% de carboidratos e 2,5% de
gorduras e 2) Mal nutridas, alimentadas ad libitum com a dieta multicarencial (Dieta
Basica Regional — DBR) com baixo teor de proteinas (10,4%), gorduras (1,86%) e
carbohidratos (82,3%) e deficiente em vitaminas e sais minerais [11].

Segundo a manipulagéo nutricional a prole foi dividida em trés grupos, cada um
com 10 animais: 1) Normonutridos durante a vida intra-uterina e sem tratamento
(NIST), constituido pela prole das nutrizes que receberam a dieta padréo de biotério
durante a gestacédo e 2) Mal nutridos durante a vida intra-uterina e sem tratamento
(DIST), composto por filhotes provenientes das nutrizes que receberam a DBR
durante a gestacédo e 3) Mal nutridos durante a vida intra-uterina e lactagcdo e sem
tratamento (DILST), composto por filhotes provenientes das nutrizes que receberam a

DBR durante a gestacdo e lactacdo. Os pesos das proles foram mensurados



utilizando-se uma balanca (ACCULAB® VI-400) previamente calibrada, ao
nascimento e nos 21° (Desmame), 60° e 88° (fim dos experimentos) dias de vida.
ApoOs o parto, as ratas dos grupos NIST e DIST receberam dieta padrdao de
biotério para a recuperacdo nutricional, enquanto que as ratas do grupo DILST
continuaram sendo alimentadas pela DBR. No 21° dia de vida, as proles NIST, DIST e
DILST foram desmamadas e a prole DILST passou a ser alimentada pela dieta
padrdo de biotério para sua recuperacao nutricional. No sexagésimo dia de vida os

animais foram entdo submetidos aos diferentes ensaios bioldgicos.

3.3 Delineamento experimental

Para avaliacdo do impacto da ma-nutricdo intra-uterina na intensidade da
resposta inflamatdria crénica e suas implicacfes sobre o efeito antiinflamatorio da
indometacina, os animais foram divididos em seis grupos (n=5 animais/grupo) e dois
experimentos foram realizados:

Experimento A - Para avaliacdo do impacto da ma-nutricdo intra-uterina na
intensidade da resposta inflamatoéria crbénica, os animais NIST, bem como da prole
DIST e DILST receberam na regido subplantar da pata traseira direita uma injecédo de
0.2 mL de Adjuvante Completo de Freund (ACF) (SIGMA, USA) para inducdo da
artrite experimental [12].

Experimento B - Outros grupos (n=5/grupo) da prole normonutrida, mal nutrida
durante a gestacao e mal nutrida durante a gestacéo e lactagéo, foram submetidos ao
mesmo procedimento acima descrito, e subdivisbes em grupos que foram tratados
diariamente com indometacina (PRODOMI; 2 mg/kg; v.0), originando os grupos NITI
(Normonutridos tratados com indometacina), DITI (Mal nutridos durante a vida intra-

uterina tratados com indometacina) e DILTI (Mal nutrido na vida intra-uterina e



lactacdo tratados com indometacina). O tratamento foi realizado com uma dose diaria,
durante 28 dias consecutivos. Os volumes das patas de todos os grupos foram
mensurados pletismograficamente (pletismémetro Ugo Basile, Italy) imediatamente
antes da injecdo do ACF e no 7°, 14°, 21° e 28° dias subseqiientes a administracao
do ACF.

O percentual de aumento no volume das patas (para avaliar a intensidade da
resposta inflamatoria) nos grupos DIST e DILST comparando-se com 0S grupos nao
tratados, enquanto que o efeito antiinflamatério da indometacina foi determinado
através da comparacao dos volumes das patas entre os grupos NITI e NIST; DITI e
DIST e DILTI e DILST de acordo com a formula abaixo:

Percentagem de inibicdo (%l) = 1- Vt/Vc X 100, onde Vt e Vc
correspondem a média das diferencas resultantes das medidas das patas nos grupos

tratados com indometacina e controle (ndo tratados), respectivamente.

Determinacao de parametros bioquimicos e hematoldgicos

No final dos experimentos, foram obtidas amostra de sangue de todos os
animais através do plexo orbital para determinacdo das variaveis bioquimicas
(albumina sérica e proteina C reativa (PCR); e hematoldgicas: leucdcito total e
contagem diferencial. A contagem do numero total de leucécitos foi realizado em
analisador de células hematoldgicas Coulter TKS®. Esfregacos sanguineos, corados
pelo método de May-Grunwald-Giemsa, foram usados para as contagens diferenciais
dos leucadcitos (segmentados, eosinofilos, linfécitos e mondcitos). As analises foram
realizadas no Laboratério Central do Hospital das Clinicas da Universidade Federal de

Pernambuco. Em seguida todos os animais foram eutanasiados em camara de CO2.



3.4 Andlise estatistica

Os dados foram armazenados em bancos de dados nos softwares Excel
(Microsoft Office® 2007) e Bioestat® (v. 5.0). A normalidade dos dados foi verificada
através do teste de Shapiro-wilk, as variaveis quantitativas foram analisadas segundo
a estatistica descritiva para determinacédo das médias e respectivos desvios-padrdes.
Quando necessario, foi empregado o teste t de Student para amostras independentes
para comparacédo entre as médias dos grupos controle e experimental estabelecendo

p<0,05 para significancia dos dados.

3.5 Consideracdes bioéticas

Os procedimentos adotados no manejo dos animais seguiram as
recomendacdes do Colégio Brasileiro de Experimentacdo Animal — COBEA (BRASIL,
1979).

O projeto foi enviado e aprovado junto ao Comité de Etica em Experimentacéo
Animal da Universidade Federal de Pernambuco (UFPE) (Processo No:

230760070027/2008-19).
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ABSTRACT

Introduction: Epidemiological studies suggest that maternal malnourishment impairs
fetal development, also predisposing the adult offspring to a higher disease incidence.
Objective: to investigate the impacts of early malnourishment on the severity of
arthritis induced by Freund’s Adjuvant and its implications in the effect of indomethacin
in Wistar rats. Methods: From the 1st day of pregnancy, female Wistar rats were
divided into two groups: 1) Nourished, which continued to receive the laboratory
standard diet and 2) malnourished, that started to receive a devoid diet (Regional
Basic Diet — RBD). The diet manipulation was done during the whole gestational
period associated or not to the lactation period. Immediately after the gestation or the
lactation all the mothers and their respective offsprings begun to receive the laboratory
standard diet. On the sixtieth day of life the litters male rats from both nourished and
malnourished mothers were divided into 06 groups (n=05 animals per group): 1)
Malnourished during intra-uterine life (MIST); 2) Malnourished during pregnancy and
treated with indomethacin (2 mg/Kg; orally) (MITI); 3) Nourished during intra-uterine
life (NIST); 4) Nourished during gestation and lactation and treated with indomethacin
(2 mg/Kg; orally) (NITI). 5) Malnourished during gestation and lactation (MILST); 6)
Malnourished during gestation and lactation and treated with indomethacin (2 mg/Kg;
orally) (MILTI). All the groups received intraplantar injection of complete Freund’s
adjuvant (0,2 mL) on the right hind paw during 28 days. By the end of the experiment
blood samples were extracted for evaluation of hematologic and biochemical
variables. Results: Intra-uterine malnourishment retarded the fetal growth, seen by
the low birth weight (4,15 + 0,15), as well as by the litter reduction (8,8 + 0,83) when
compared to the nourished group (6,23 = 0,27 e 11,2 + 0,83, respectively). The
intensity of inflammatory response, expressed as a percentage of paw volume
increase, during the first 14 days after the experimental arthritis induction, was around
1,35 times lower on the MIST group and about 1,49 times lower on the MILSTI group,
both in comparison to the NIST group. From the 21st day, however, no significant
statistical difference was observed between the MIST and NIST litters, whereas a
reduction in the inflammatory response around 1,1 times lower than observed on the
NIST group was yet seen on the MILSTI group. The serum albumin (3,54 + 0,27 to the
MIST e 3,4 + 0,23 MILSTI groups) and C-reactive protein (PCR) (11,04 + 0,22 to the
MIST e 10,78 = 0,32 to the MILSTI groups) concentrations were statistically different
from the ones verified on the nourished (4,3 + 0,17 e 11,78 + 0,35, respectively) group,
while the leukocyte (total and undifferentiated) count was similar on the studied
groups. The effects of indomethacin were more pronounced in the offspring than in
other NITI malnourished offspring verified by a larger percentage of inhibition of
edema throughout the experimental course. Concluséo: Malnourishment during intra-
uterine life or during both the gestation and the lactation causes: reduction in litter size
and low birth weight; decrease in the proteins of the acute phase of inflammation
(albumin and PCR), influences in the intensity of systemic inflammatory response and
the anti-inflammatory power of indomethacin in Wistar rats.

Keywords: Early malnourishment; Chronic inflammation; indomethacin.



INTRODUCTION

The growing number of individuals with nutritional deficiency is a problem
emerging worldwide that implies important economical and public health
consequences [1]. On the last years epidemiological studies suggest that maternal
malnourishment impairs fetal development, also predisposing the litter to a higher
disease incidence during adult life — being the compromising degree as intense and
permanent as precocious is the malnourishment and as late begins the nutritional
recovery [1,2,3].

About the inflammatory process, researches done with animals during adult
phase have shown that the nutritional deficiency predisposes to a low degree of local
[2,3] and systemic [4] inflammatory responses, which can weaken the host’s response
to stimuli, making it more susceptible to infections and tissue damage [5]. Both the
humoral and cellular immunities find themselves compromised in the presence of
protein-energetic malnutrition, consequently contributing to inflammatory response
abnormalities [6].

The systemic inflammatory response represents an important group of
coordinated physiological actions that serves to combat infections and other kinds of
injuries to which the organism is exposed. The systemic inflammatory response,
together with its chemical mediators, performs an essential role on the
physiopathology of various chronic diseases, amongst them being the rheumatoid
arthritis [7]. Several studies have reproduced with success chronic arthritis in animals
through the arthritis model induced by Freud’'s complete adjuvant, which contains a
fragment of a Mycobacterium that causes in the host an inflammatory response similar
to rheumatoid arthritis [8]. On the majority of circumstances, an intact inflammatory

response increases the probability of success after acute lesion or infection. On a



healthy individual, the inflammatory response to tissue lesion or infection is fast and
efficient, with specific resolution occurring even before the immune system
involvement. However, when the inflammatory stimulus is intense or the individual is
malnourished or has a chronic disease, a series of inter-related events occur, among
them the interaction of immune cells, phagocytes, and the release of cytokines that
affect the usage of nutritional substances in the body [6].

The anti-inflammatory therapy, in these cases, is essential. In this aspect, the
non-steroid anti-inflammatories (AINE’s) are the most prescribed medicaments in the
world [9]. Indomethacin is a methyl-derived indoleacetic acid pertaining to the AINE’s
class, commonly used to reduce pain, joint stiffness and edema. Its pharmacokinetic
characteristics point out Pka variation from 4,1 to 4,9 with preferential absorption in the
gastrointestinal tract, especially in sites with low pH, flowing by the organism mainly
through weak plasmatic protein bonds, mainly albumin, being eliminated via urine
(60%) and bile (33%). It inhibits the cyclooxigenase (COX) enzyme, which converts
the arachidonic acid into prostaglandins, which are important inflammation mediators —
also being related to the organism homeostasis [10].

It is evident that the understanding of inflammatory response in individuals with
intra-uterine nutritional deficiencies — considering the numerous factors involved in the
inflammatory responses like Interleukins (IL), Tumoral Necrosis Factor (TNF), albumin,
C-reactive protein (PCR), leukocytes and others — may favor the development of new
strategies to predict the susceptibility to diseases, accompany therapies and even
develop new approaches to the prevention and treatment of diseases in which the
inflammatory responses have physiopathologic implications (rheumatoid arthritis,

arteriosclerosis, intestinal inflammatory diseases...).



The objective of this study is, therefore, to evaluate the impacts of early
malnutrition on the chronic inflammatory response and its implications on the anti-

inflammatory effect of indomethacin on the adult offspring of Wistar rats.



MATERIAL AND METHODS

Experimental animals

Primiparous albino Wistar rats (250-300g) and their litters, consisting of 30 male
rats, from the breeding colony of the Departamento de NutricAo da Universidade
Federal de Pernambuco were used. The animals mated in the proportion of three
female to one male in polypropylene cages with dimensions of 430x430x200 mm in an
environment with temperature of 23 + 1°C and free access to filtered water. The
pregnancy state was verified by the observation of the presence of spermatozoids in

the vaginal secretion.

Nutritional manipulation

From the 1st day of gestation the female rats were divided into two groups: 1)
Nourished, fed ad libitum with the laboratory standard diet (Labina [J Purina do Brasil),
composed of 23% protein, 74,4% carbohydrates and 2,5% fat and 2) Malnourished,
fed ad libitum with the devoid diet (Regional Basic Diet — RBD) with low protein
(10,4%), fat (1,86%) and carbohydrate (82,3%) levels and devoid of vitamins and
mineral salts [11].

The litters were divided into three groups according to nutritional manipulation,
each having 10 animals: 1) Nourished during intra-uterine life and without treatment
(NIST), consisting of the offspring of the mothers that received the standard laboratory
diet during gestation and 2) Malnourished during intra-uterine life and without
treatment (MIST), consisting of cubs from the mothers that received the RBD during
gestation and 3) Malnourished during intra-uterine life and lactation and without

treatment (MILST), consisting of cubs from the mothers that received the RBD during



gestation and lactation. The weights of the litters were measured by using a
previously-calibrated scale (ACCULAB® VI-400) on birth, weaning, 60th and 80th days
of life.

After the delivery, the female rats of the NIST and MIST groups received the
laboratory standard diet for nutritional recovery, whereas the female rats of the MILST
group continued to be fed with the RBD. On the 21st day of life, the litters from the
NIST, MIST and MILST groups were weaned and the MILST litter was fed with the
laboratory standard diet, from this day on, for nutritional recovery. On the sixtieth day

of life the animals underwent the different biological studies.

Experimental protocol

To evaluate the impact of intra-uterine malnutrition on the intensity of chronic
inflammatory response and its implications on the anti-inflammatory effect of
indomethacin, the animals were divided into six groups (n=5 animals/group) and two
experiments were done:
Experiment A — to evaluate the impact of intra-uterine malnutrition on the intensity of
chronic inflammatory response, the NIST animals, as well as the MIST and MILST
litters received on the subplantar region of the right hind paw an injection (0.2 mL) of
Freud’s complete adjuvant (ACF; SIGMA, USA) to induce the experimental arthritis
[12]..
Experiment B — Other groups (n=5/group) — the nourished, malnourished during
gestation and malnourished during gestation and lactation litters underwent the same
procedure previously described being, moreover, treated daily with indomethacin
(PRODOMI; 2 mg/kg; orally), creating the NITI (Nourished, treated with indomethacin),

MITI (Malnourished during intra-uterine life, treated with indomethacin) and MILTI



(Malnourished during intra-uterine life and lactation, treated with indomethacin)
groups, being the treatment done in one dose per day, during 28 consecutive days to
evaluate the implications of malnutrition on the anti-inflammatory effect of
indomethacin. The volume of the paws of all groups was measured through
plethysmography (plethysmograph Ugo Basile, Italy) immediately before the injection
of ACF and on the 7th, 14th, 21st, and 28th days subsequent to the administration of
ACF.
The paws volume increase percentage (inflammatory response intensity) on the
MIST and MILST groups was compared to that of the NIST group, whereas the anti-
inflammatory effect of indomethacin was determined through the comparison of the
paws volumes between the NITI and NIST groups; the MITI and MIST groups and the
MILTI and MILST groups, according to the following formula:
Inhibition percentage (%Il) = 1- Vt/Vc X 100, where Vt and Vc correspond
to the mean values of the resultant measurement differences of the paws in the groups

treated with indomethacin and control (non-treated), respectively.

Determination of biochemical and hematologic parameters

By the end of the experiments, blood samples from every animal were obtained
through the orbital plexus for the determination of the biochemical (serum albumin, C-
reactive protein) and hematologic (total and differential leukocytes) variables. The total
leukocyte number was counted by the Coulter TKS® hematologic cells analyzer. Blood
smears, stained by the May-Grunwald-Giemsa method, were used for the leukocytes
differential counting (segmented, eosinophil, lymphocyte and monocyte). The analyses
were done in the Laboratorio Central of the Hospital das Clinicas da Universidade

Federal de Pernambuco. After that all the animals were euthanized in CO2 chamber.



Statistical analysis

The data were stored in data banks in the Excel (Microsoft Office® 2007) e
Bioestat® (v. 5.0) softwares. The normality of the data was verified through the
Shapiro-wilk test. The quantitative variables were analyzed according to descriptive
statistics in order to determine the means and respective standard deviations. When
necessary, the Student’s t test was used for independent samples in order to do the
comparison between the mean values of the control and experimental groups,

establishing p<0,05 for data significance.

Bioethical considerations

The procedures for animal management followed the recommendations from
the Colégio Brasileiro de Experimentacdo Animal — COBEA (BRASIL, 1979).

The project was sent to and approved by the Comité de Etica em
Experimentacdo Animal da Universidade Federal de Pernambuco (UFPE) (Process

No: 230760070027/2008-19).



RESULTS

Characteristics of the malnourished and nourished litters

Maternal malnutrition caused fetal growth retardation, verified by the low body

weight on birth, as well as a numerical reduction in the malnourished litters when

compared to the nourished one. On weaning, statistically significant differences were

verified on the MIST group weight in relation to the NIST group (p< 0,05) and on the

MILST group, when compared to the NIST group (p<0,05), being the latter difference

is still observed on the 60th day of life, fact that is not verified on the MIST and NIST

groups comparison (Table 1).

Table 1. Parameters (Mean (X) + standard deviation (SD) of the malnourished Wistar rats
litters when compared to the nourished litter.

NIST MIST MILSTI
GROUPS
n X+ SD n X+ SD n X+ SD

Number of cubs 11,2+ 0,83 8,8 £0,83* 8,8 +0,83*
per litter
Litter weight (Q)

At birth 10 6,23 + 0,27 10 4,15 + 0,15* 10 4,5+ 0,15*

On weaning 10 50,43 +£1,48 10 43,42 + 3,29 10 255+ 7,7*

On the 60" day 10 240 + 36,9 10 238,1+21,06 10 186,8 + 24*

End of the 10 293,4 + 38 10 282,2 + 30,9 10 263 + 40,5

experiments

*The Student’s t test was applied: *p< 0,05, when compared to the NIST control group.

Determination of biochemical and hematological parameters (Total and

differential)

The concentrations of alboumin and PCR were significantly reduced on the MIST

(3,54 + 0,27 g/dL e 11,04 £ 0,22 mg/dL, respectively) and MILST (3,4 £ 0,23 g/dL e



10,78 £ 0,32 mg/dL, respectively) groups in comparison to the NIST (4,3 £ 0,17 g/dL e
11,78 £ 0,35 mg/dL, respectively) group. About the number of total and differential
leukocytes, however, no statistical differences were found between the malnourished

and nourished groups (Table 2).

Table 2. Biochemical and hematological parameters on the adult Wistar
rats MIST and MILST groups offspring when compared to the NIST group.

NIST MIST MILST
(n=5) (n=5) (n=5)
Albumin (g/dL) 4,3+0,17 3,54 +0,27* 3,4 +0,23*
PCR (mg/dL) 11,78 +0,35 11,04 + 0,22* 10,78 + 0,32*
Leukocytes
(/mm3)
Total 16740 + 3566,9 17625 + 377,4 17360 + 901,6
Differential
Neutrophil 3051,4 + 1274,8 2258 + 1013,8 1929 + 1103
Eosinophil 251 +178,6 141+£39,4 128 + 33,8
Basophil 870,4 + 1592,9 872 + 628,6 821 + 603,9
Lymphocyte 12520,8 + 3099 14262,7 + 1333,4 14284 + 952,8
Monocyte 44,2 + 60,6 88,2 + 90 97,3+82,9

* p< 0,05 when compared to the control (NIST) group by the Student’s t test.

Influence of early malnourishment on the inflammatory response intensity

As can be seen on table 3, the inflammatory response intensity, expressed by
the percentage of increase in the paws volume, was about 1,35 times lower on the
MIST litter and 1,49 times lower on the MILST litter, when compared to the NIST litter.
From the 21st day after the induction of experimental arthritis, no difference was

verified between the inflammatory response shown by the MIST animals, whereas the



MILSTI group still exhibited an inflammatory response about 1,1 times lower in

comparison to the NIST group.

Table 3. Wistar rats mean paw volume on the NIST, MIST and MILST
groups that had arthritis induced by Freund’s complete adjuvant.

7" Day 14" Day 21% Day 28™M Day
Animals
NIST 4,10+0,12 4,51+ 0,36 339+0,12  3,60+0,20
(315%) (416%) (261%) (277%)
MIST 2,91 +£0,57* 3,16 = 0,54* 3,30+ 0,35 3,39 £ 0,46
(233%) (253%) (264%) (271%)
MILST 2,68 +0,17* 2,88 +0,16* 2,97 +0,20  3,01+0,17*
(198%) (213%) (220%) (222%)

(%) percentage of increase in paws volumes (Intensity of inflammatory response). *p <0.05
by the Student’s t test when the MILSTI and MIST groups are compared to the control group
NIST.

Influence of malnourishment during gestation and lactation on the indomethacin

anti-inflammatory effects

The indomethacin anti-inflammatory effects were studied in terms of edema
inhibition percentage. Table 4 shows the difference of paws volume in relation to the
initial volume (before the induction of experimental arthritis) in different time intervals.
Statistically significant differences were verified during the 28 days of treatment in the
NITI group (p<0,05). On the MITI group, however, statistically significant differences
were observed from the 14th day of treatment while on the MILTI group this difference

was observed from the 21st day of treatment on (Table 4).



Table 4. Effect of

indomethacin (2mg/kg;

orally) on the arthritis

experimentally by ACF in Wistar malnourished and nourished rats.

induced

Paws volume

Day 0 7" Day 14" Day 21% Day 28" Day
Groups

NIST 1,30 £ 0,15 280+£0,19  3,20+0,40 210+£025  2,30+0,25
NITI 1,28 +0,17  2,28+0,28* 2,16+0,19* 1,46%0,15* 1,64%0,21*
(%l) - 18,57 32,50 30,47 28,69
MIST 1,25 0,15 1,66 £0,48  1,91+0,44 2,05+025  2,10+0,39
MITI 1,28 + 0,05 1,51+0,12 1,35+0,19* 1,56+0,19* 1,59+ 0,32*
(%l) - 9 29,31 23,90 24,28
MILSTI 1,35+0,1 1,33+£0,18  1,53+0,18 1,64 £ 0,23 1,66 £ 0,19
MILTI 1,34 + 0,05 1,19+0,23  1,33+0,24  1,30+0,13* 1,27 +0,19*
(%0l) - 10 13 20,7 23

(%) Edema inhibition percentage.
Statistically significant differences for the Student’s t test between the NITI, MITI and MILTI groups
treated with indomethacin (2 mg / kg orally) in comparison to their respective non-treated controls NIST,
MIST and MILSTI: *p<0,05.



DISCUSSION

It is well-established in literature that a serious maternal protein restriction
predisposes the offspring to diseases on its adult life, including renal [13] and cardiac
[14] diseases, arterial hypertension [15], diabetes [16], hypothalamic-pituitary-adrenal
axis function alterations [17] and leukocyte reduction for the inflammatory site [18]. In
our study, we tried to understand the differences between the malnourished (during
gestation and lactation) and nourished litters about an experimental model of chronic
arthritis induced by the Freud’s complete adjuvant, as well as the implications of the
anti-inflammatory aspects of the indomethacin. Our early malnourishment protocol
resulted in a low birth weight as described in previous studies [1, 13, 17, 19], as well
as significant litter size reduction [1, 17]. It is known that mothers’ nutritional state is a
determinant factor for the nutritional reserves offered to the litter and for the production
and maintenance of lactation [20]; the lack of protein reduces the amino acids
mobilization to the litter during the gestation, limiting its organs and body growth [21],
which justifies the low birth weight. Our data reveal that the litter that was
malnourished during gestation and lactation showed an even stronger limitation to its
growth, reflected on the low weight at birth and after weaning. For Pine and Jessop
[20], diets with low protein level given to the mothers during the gestation and lactation
periods jeopardize the volume and composition of the milk in female rats, reflecting
negatively on the cub’s growth process.

We also observed that a deficient nutritional state during intra-uterine life did not
result, on the adult life, in statistically significant differences about the number of
systemic total and differential leukocytes. Differently from other studies [22], in which a
significant reduction in the number of these cells, supposedly to the detriment of a

reduction in adhesion proteins like selectins — and, above all, the L-selectin, which is



believed, besides other functions, to participate in the release of progenitor cells from
the hematopoietic areas to the blood.

Albumin is the most abundant protein in the blood plasma, which transports
several substances like a great number of drugs [9,22,23]. The nutritional state has
been associated to the hypo-albuminemia, more precisely to a protein-calorie
malnourishment [24]. The measurement of serum albumin levels has been frequently
used as a malnourishment index [25,26]. Our data reveal that the albumin levels were
statistically reduced on the MIST and MILSTI groups in comparison to the NIST group
by the end of the experiments (p<0,05). This fact, however did not represent a
malnourishment index because, on the 88th day of life, when blood samples were
collected in order to determine the serum albumin levels, the MIST offspring had
already recovered weight, verified through the comparison with the NIST control
group.

It is known that the serum albumin is also greatly influenced by other factors
apart from malnourishment. The presence of inflammatory cytokines inhibits its
synthesis [25]. In our experimental model, besides the malnourishment protocol, we
induced chronic arthritis by using Freud’s complete adjuvant — a disease model
mediated by T cells and caused by the fragment of Mycobacterium, which is very
similar to the rheumatoid arthritis [10], resulting in signs and symptoms characteristics
of the disease, including the histopathologic alterations, leukocyte migration,
hypersensibility and local edema [27,28]. The chronic inflammation induced by the
adjuvant associated with the malnourishment increase the risk of diseases, as well as
the cytokine levels, resulting in albumin synthesis inhibition [29].

The PCR is an acute [30] and chronic inflammatory response marker that

participates in the systemic inflammatory response with inflammatory and anti-



inflammatory pleiotropic functions. Depending on the circumstance, it may strengthen
or weaken the inflammatory response [31]. By the end of our experiments we verified
that the PCR levels were significantly influenced by the intra-uterine malnourishment,
being lower on the MIST (p< 0,05) and MILSTI (p< 0,05) groups in relation to the NIST
group, contributing to a decrease in the inflammatory response identified in the
malnourished litters. However, our data do not allow us to state the mechanism to
explain such phenomenon, since it is known that PCR is synthesized from the
stimulation of IL-6 is secreted during the inflammatory events mainly by monocytes
and macrophages, whose differential counted, this study does not show significant
differences. Perhaps a dose systemic IL-6 would help to clarify this mechanism.

It is well-established in literature that inflammatory response is an unspecific
reaction defense mechanism of the body which may be activated by any factors that
predict tissue damage, occurring in three MISTinct phases: (1) transitory acute phase,
characterized by local vessel dilatation and capillary permeability increase, which
results in the formation of a local inflammatory exsudate; (2) late sub-acute phase,
characterized by the infiltration of white and phagocytary cells and (3) chronic phase,
in which fibrosis and tissue degeneration occurs. In the present study, the
inflammatory response intensity was significantly impaired on the malnourished groups
MIST (p< 0,05) and MILSTI (p< 0,05) when compared to the nourished group NIST
during the first 14 days after the arthritis induction by the adjuvant. In the studies of
Barja-Fidalgo [32], animals that underwent malnutrition showed lower inflammatory
response intensity when induced by carrageenin, supposedly as a consequence of
reduced leukocyte adhesion to the vascular endothelium with consequent perivascular
migration and lower edema formation. Landgraf et al. [22,33] reported that a litter that

undergoes intra-uterine malnourishment has, during adult life, important reduction in



the lipoxygenase pathway of the arachidonic acid metabolism which results mainly in
significant decrease in leukotriene B4 production. The capability of developing the
initial stages of inflammatory response is reduced this way, compromising effective
vessel permeability with consequent reduction in the edema formation, as well as
reducing the leukocyte chemotaxis and impairing the sub-acute stage of inflammation.

It is also known that the effectiveness degree of the inflammatory response
requires an effective leukocyte margination, effective endothelium aggregation,
endothelial transmigration, as well as effective leukocyte aiming to the inflammatory
site [33]. The leukocyte migration depends on the circulating leukocytes availability,
and our data reveal that there were no statistically significant differences in the number
of total nor differential leukocytes, thus the number of leukocytes was not affected by
the intra-uterine-only or intra-uterine and lactation malnourishment. Experimental
models of chronic arthritis induced by Freud’s adjuvant [34] have shown facilitation in
this migration due to the induction of the production of adhesion molecules like
Vascular Cell Adhesion Molecule-1 (V-CAM-1) and higher circulating leukocytes
availability as a reaction to the presence of this substance. Intra-uterine
malnourishment caused reduction in leukotriene B4 production causing, as well,
functional deficits in both adhesion and chemotaxis [22]. Alterations of the basal
membrane with type-IV collagen were identified in the malnourished litter during the
gestation in the Mahomoodian studies [35], which interfered in the adhesion and
endothelial transmigration processes. Activation, circulation and mononuclear cell
migration to inflammatory sites are regulated by adhesion molecules like Inter-Cellular-
Adhesion-Molecules (ICAM-1), VCAM-1, E-selectin [23,26] and L-selectin [37]. In the

Landgraf et al. [37] works, intra-uterine malnourishment caused, on the adult rats



offspring, significant reduction in the ICAM, P-selectin, L-selectin expressions, as well
as leucopenia, decreasing the leukocyte migration to the inflammatory site.

About the indomethacin anti-inflammatory effects, our data revealed that the
MITI and MILTI groups, when compared respectively to their MIST and MILSTI
controls, showed a lower capability of inhibiting the edema in relation to the NITI
animals, compared to their NIST control group during the whole experimental course.
Statistically significant differences on the MITI litter in relation to its control group MIST
was only verified from the 14th treatment day on, whereas the MILTI, in comparison to
its control group MILSTI, statistically significant differences were only verified from the
21st treatment day. Our data shows that the malnutrition factor seems to interfere in
the anti-inflammatory effects of indomethacin, revealing yet that the longer it takes to
begin the nutritional recovery, the lower is the individual’'s capacity of responding with
efficiency to the indomethacin pharmacological therapy when facing a chronic
inflammatory process during adult life. For Lavy et al. [38] the efficiency of edema
(induced by Freud’s adjuvant) reduction in rats is associated with significant reduction
in the total leukocyte number caused by the indomethacin action. This drug binds itself
mainly to albumin through weak bonds that work as a kind of storage from which it is
gradually released. Only the indomethacin that is free in the blood plasma is capable
of going through the endothelial membranes of the circulatory system, diffusing to the
tissues [38,39]. In the present study, we have shown that albumin was significantly
reduced on the malnourished litters — what does not explain the lower expression of
indomethacin anti-inflammatory activities in this group. Other pharmacokinetic factors
like the absorption of this drug by the gastrointestinal tract could be possible factors to
justify this phenomenon. The indomethacin behaves like an weak acid (Pka = 4,1 to

4,9), being better absorbed in low pH sites [39] like the stomach. For Weaver [40],



however, isolated pre-natal protein malnourishment does not cause long-lasting
negative effects on the growth and gastrointestinal tract function, being these repaired
before adult age. In relation to the intestinal tract, studies have shown that the number
and height of intestinal villi as well as the number of enterocytes are significantly
reduced in the malnourished-during-gestation-rats’ offspring on the first 15 days of life,
not being extended to adult life, except for the number of enterocytes, which remain
reduced. These alterations make possible intestinal absorption deficits, which is
dependent on the number of enterocytes and their absorption capability [1]. Several
pharmacodynamic factors could be involved in the mechanism of reducing the effects
of indomethacin in early malnourished offspring, however, our data do not support any
such considerations. Posterior studies may help further clarify how early
malnourishment influences AINE’s pharmacokinetic and pharmacodynamic, mainly the

indomethacin, and how that interferes in its anti-inflammatory effects.



CONCLUSIONS

Our results let us conclude that:

- Early malnourishment reduces the systemic inflammatory response in Wistar
rats done by the experimental model of arthritis induced by Freud’s complete adjuvant;

- Serum concentrations of albumin and PCR are reduced in the adult animals
that underwent intra-uterine malnourishment and lactation;

- The leukocyte population (total or differentiated) was not altered on the
animals that underwent intra-uterine malnourishment nor on the animals that
underwent gestation and lactation malnourishment;

- The anti-inflammatory effects of indomethacin were less pronounced on the
malnourished offspring during the gestation as well the malnourished during gestation

and lactation litter.
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5 CONSIDERACOES FINAIS

De acordo com os resultados obtidos concluimos que:

e Segundo a literatura a ma-utricdo intra-uterina parece interferir na
resposta inflamatoéria na prole adulta de ratos Wistar, no entanto seus mecanismos
ainda permanecem incertos. Sugerem-se mais estudos voltados para a compreensao
dos fatores que desencadeiam tal processo.

e A ma-nutricdo intra-uterina e a ma-nutricdo durante a gestacdo e
lactacdo reduz a capacidade de resposta inflamatoria sistémica de ratos Wistar frente
ao modelo experimental de artrite induzida por Adjuvante Completo de Freund;

e As concentracgdes séricas de albumina e PCR estado reduzidas na prole
adulta dos animais submetidos a ma-nutricdo intra-uterina e mal nutridos durante a
gestacéo e lactacao;

e A populacao de leucdcitos (totais ou diferenciais) ndo foram alteradas
nos animais submetidos ma-nutricao intra-uterina nem nos animais submetidos a ma-
nutricdo durante a gestacao e lactacdo em relagdo aos normonutridos;

e Os efeitos anti-inflamatérios da indometacina foram menos
pronunciados na prole mal nutrida durante a gestacdo bem como na prole mal nutrida

durante a gestacéo e lactacao.



REFERENCIAS



6 REFERENCIAS

ALJADA, A.; SAADEH, R.; ASSIAN, E.; GHANIN, H.; DANDONA, P. Insulin inhibits
the expression of Intercellular Adhesion Molecule-1 by human aortic endothelial cells
through stimulation of nitric oxide. J Clin Endocr Metab v. 85, 2000. p. 2572-2575.

BARJA-FIDALGO, S.G.; SILVA, S.V.; RODRIGUES, A.L, et al. Impairment of
inflammatory response in adult rats submitted to maternal undernutrition during early
lactation: Role of insulin and glucocorticoid. Inflamm. res.v. 52, 2003. p. 470-476.

BARKER, D.J. In utero programming of cardiovascular disease. Theriogenology. v. 43,
2000. p. 555-574.

BARTON, A.E.; BAYLEY, D.L.; MIKAMI, M, et al. Phenotypic change of neutrophils
related to anti-inflammatory therapy. Biochimica et Biophysica acta. v. 1500, 2000. p.
108-118.

BARTON, N.J.; STEVENS, D.A.; HUGHUES, J.P.; ROSSI, A.G.; CHESSELL, I.P.;
REEVE, A.J.; MCQUEEN, D.S. Demonstration of a novel technique to quantitatively
asses inflammatory mediators and cells in rat knee joint. Journal of Inflammation. v. 4,
2007.

BECHARD, D.; SCHERPEREEL, A.; HAMMAD, H.; GENTINA, T.; TSICOPOULOS, A.
AUMERCIER, M.; PESTEL, J.; DESSAINT, J.P.; TONNEL, A.B.; LASSALE, P. Human
endothelial-cell specific molecule-1 binds directly to the integrin CD11a/CD18 (LFA-1)
and blocks binding to intercellular adhesion molecule-1. J. Immunol. v. 167, 2001. p.
3099-3106.

BOGDAN, M.; PIRNAU, A.; FLOARE, C. et al.. Binding interaction of indomethacin
with human serum albumin. Journal of Pharmaceutical and Biomedical Analysis. V. 47,
2008. p. 981-984.

BOMFIM, A.S.; LACERDA, C.A. Prenatal programming of adult arterial hypertension.
Rev SOCERJ v. 18, 2005. p. 510-515.

CABRAL, V.L.; CARVALHO, L.; MISZPUTEN, S.J. Importancia da albumina sérica na
avaliacdo nutricional e de atividade inflamatdria em pacientes com doenga de Crohn.
Arg. Gastroentero. v. 38, 2001. Disponivel em:
<http://www.scielo.br/scielo.php?script=sci_arttext&pid=S000428032001000200005&I
ng=pt&nrm=iso>. Acesso em 19 Abril 2008.



CHANDRA, R.K.; CHANDRA, S.; GHAI, P. Chemotaxis, random mobility, and
mobilization of polymorphonuclear leucocytes in malnutrition'2. J. clin. Path. v. 29,
1976. p. 224-227.

DAWIDOWICZ, A.L.; KOBIELSKI, M.; PIENIADZ, J. Anomalous relationship between
free drug fraction and its total concentration in drug-protein systems Il. Binding of
different ligands to plasma proteins. Eur J Pharm Sci. v. 2, 2008. p. 136-141.

DEITCH, E.A.; BERG, R.D.; SPECIAN, R.D. Protein malnutrition predisposes to
inflammatory-induced gut-origin septic states. Shreveport. Annals of surgery. V. 211,
1990. P. 560-567. Disponivel em:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1358224. Acesso em 02
Janeiro 2008.

DODIC, M.; MORTIZ, K.; KOUKOULAS, I.; WINTOUR, E.M. Programmed
hypertension: kidney, brain or both Trends in Endocrinology and Metabolism v. 13,
2002. p. 403-408.

ERIKSSON, J.; FORSEN, T.; TUOMILEHTO, J; OSMOND, C.; BARKER, D.J.P.; Fetal
and childhood growth and hypertension in adult life. Finland. Hypertension. v. 36, n. 5,
p.790-794, 2000. Disponivel em: http://www.ncbi.nim.nih.gov/pubmed/110

82144. Acesso em: 02 jun 2008.

FAGGIONI, R.; FEINGOLD, K.; GRUNFELD, C. Leptin regulation of the immune
response and the immunodeficiency of malnutrition. The FASEB Journal.v. 15, 2001.
p. 2565-2571.

FALKNER, B. Birth weight as a predictor of future hypertension. Am. J. Hypertens v.
15, 2002. p. 43-45.

FOCK, R.A.; RAMIREZ, M.A.; ROCHA, V.M.; ROCHA, L.C.; BORELLI, P. Protein-
energy malnutrition decreases the expression of TLR-4/MD-2 and CD14 receptors in
peritoneal macrophages and reduces the synthesis of TNF-a in response to
lipopolysaccharide (LPS) in mice. Cytokine. v. 40, 2007. p. 105-114.

FRANCO, M.C.; AKAMINE, E.H.; REBOUCAS, N.; CARVALHO, M.H.; TOSTES, R.C;;
NIGRO, D.; FORTES, Z.B. Long-term effects of intrauterine malnutrition on vascular
function in female offspring: Implications of oxidative stress. Life Sciences. v. 80, 2007.
p. 709-715.


http://www.ncbi.nlm.nih.gov/pubmed/18644440?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2
http://www.ncbi.nlm.nih.gov/pubmed/18644440?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2
http://www.ncbi.nlm.nih.gov/pubmed/18644440?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Deitch%20EA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Berg%20RD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Specian%20RD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=journals&Cmd=ShowDetailView&TermToSearch=646

FRANCO, M.C.; PONZIO, B.F.; GOMES, G.N. et al. Micronutrient prenatal
supplementation prevents the development of hypertension and vascular endothelial
damage induced by intrauterine malnutrition. Life Sci. v. 12, 2009. p. 327-333.

FORLOW, S.B.; WHITE, E.J.; BARLOW, S.C.; FELDMAN, S.H.; BAGBY, G.J.;
BEAUDET, A.L.; BULLARD, D.C.; LEY, K. Severe inflammatory defect and reduced
viability in CD18 and E-selectin double-mutant mice. J. Clin. Investig. v. 106, 2000. p.
1457-1466.

GREENHALGH, T. Assessing the methodological quality of published papers. BMJ v.
315, 1997. p. 305-308.

GURMINI, J.; CECILIO, W.A.; SCHULER, S.L.; OLANDOSKI, M.; NORONHA, L. In-
uterus malnutrition and its changes in the small bowel of Wistar rats at birth and after
lactation. J. Bras. Patol. Med. Lab. V. 41, 2005. p. 271-78.

HOLEMANS, K.; AERTS, L.; VAN ASSCHE, F.A. Fetal growth restriction and
consequences for the offspring in animal models. J. Soc. Gynecol. Investig. v. 10,
2003. p. 392-399.

JONES, C.; Foetal programming and coronary heart disease in later life. Liverpool.
The British Journal of Nutrition. v.11, n.12, p. 822-826, 2002. Disponivel em:
http://www.ncbi.nlm.nih.gov/pubmed/12131832. Acesso em: 02 jun 2008.

KAMATA, K.; MIYATA, N.; ABIRU, T.; KASUYA, Y. Functional changes in vascular
smooth muscle and endothelium of arteries during diabetes mellitus. Life Sci v. 50,
1992. p. 1379-1387.

KENNAWAY, D. Programming of the fetal suprachiasmatic nucleus and subsequent
adult rhythmicity. Trends in Endocrinology and Metabolism v. 13, 2002. p. 398-402.

LEME-BRASIL, M.R.; COLLARES, E.F.; VERISSIMO, M.S.; GARCIA-LEME, J. Acute
inflammatory responses in rats with protein-calorie malnutrition. Agents Actions. v. 10,
n. 5, 1980. p. 445-50.

LANDGRAF, M.; RITA, C.A.; PRIMAVERA, B. et al. Mechanisms involved in the
reduced leukocyte migration in intrauterine undernourishment. Nutrition. v. 23, 2007. p.
145-156.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Franco%20Mdo%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ponzio%20BF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gomes%20GN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Life%20Sci.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Leme-Brasil%20MR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Collares%20EF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Verissimo%20De%20Mello%20SB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Garcia-Leme%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Agents%20Actions.');

LANDGRAF, M.; RICHARDT, G.; SONIA, J, et al. Influence of age on the
development of immunological lung response in intrauterine undernourishment.
Nutrition. v. 24, 2008. p. 262—269.

LESAGE, J.; HANN, D.; LEONHARDT, M. et al. Maternal undernutrition during late
gestation-induced intrauterine growth restriction in the rat is associated with impaired
placental GLUT3 expression, but does not correlate with endogenous corticosterone
levels. Journal of Endocrinology. v. 174, 2002. p. 37-43.

LEVY, A.; OSWALD, S.; JANET, S.; MICHAEL, G. 6-Shogaol reduced chronic
inflammatory response in the knees of rats treated with complete Freund's adjuvant.
BMC Pharmacology. v. 6, n. 2, 2006. p. 1-8.

MACDERMID, J.C.; WALTON, D.M.; AVERY, S.; BLANCHARD, A.; ETRUW, E.;
MCALPINE, C.; GOLDSMITH, C.H. Measurement Properties of the Neck Disability
Index: A Systematic Review. Journal of orthopaedic & sports physical therapy. v. 39,
2009. p. 400-430.

MAHMOODIAN, F.; PETERKOFSKY, B. Vitamin C deficiency in guinea pigs
differentially affects the expression of the type IV collagen, laminin and elastin in blood
vessels. J Nutr. v. 129, 1999. p. 83-91.

MARK, B.P.; GIDEON, M.H. C-reactive protein: a critical update. J. Clin. Invest. v. 111,
2003. p. 1805-1812.

MELLO, M.A.; CURY, L.; VALLE, L.B.; OLIVERIA FILHO, L.M. Pregnancy Young rats:
effects of malnutrition. Nut rep int. v. 36, 1987. p. 527-535.

MIGGIANO, A.D.; GIGLIARD, L. Diet nutrition and rheumatoid arthritis. Clinica
Terapeutica. V. 156, 2005. P. 115-123.

OHTA, Y.; CHIBA, S.; TADA, M. et al. Development of oxidative stress and cell
damage in the liver of rats with water-immersion restraint stress. Japan. Redox Report.
V. 12, 2007. P. 139-147. Disponivel em:
http://www.ncbi.nlm.nih.gov/pubmed/17623521. Acesso em 02 Junho 2008.

PHILIPS, D.I.; HIRST, S.; CLARK, PM. et al. Fetal growth and insulin secretion in adult
life. Diabetologia. v. 37, 1994. p. 592-596.



PINE, A.E.; JESSOP, N.S. Maternal protein reserves and their influence on lactational
performance in rats. The effects of dietary protein restriction and stage of lactation on
milk composition. British Journal of Nutrition. v. 72, 1994. p. 815-830.

RAINER, T. L-selectin in health and disease. Resuscitation. v. 52, 2002. p. 127-41.

ROCHA, R.J.; PARRADO, M.J.; ROJAS, I.M. et al. Intestinal damage by non-steroidal
anti-inflammatory drugs. México. Revista de gastroenterologia de México. V. 72, 2007.
P. 43-46. Disponivel em: http://www.ncbi.nlm.nih.gov/pubmed/17685200. Acesso em
02 Junho 2008.

ROSEBOOM, T.J.; VAN DER MEULEN, J.H., OSMOND, C, et al. Coronary heart
disease after prenatal exposure to the Dutch famine. Heart.v. 84, 2000. p. 595-598.

SANTOS, N.S.; DRAIBE, A.S.; KAMIMURA, M.A.; CUPPARI, L. Albumina sérica
como marcador nutricional de pacientes em hemodidlise. Rev. Nutr. v. 17, 2004. p.
339-349.

SCHIFFL, H.; SUSANNE, M.L.; DIANA, S.; RAINALD, F. Effects of ultrapure dialysis
fluid on nutrition status and inflammatory parameters. Nephrol Dial Trasnplant v. 16,
2001. p. 1863-1869.

SELYE, H. Further studies concerning the participation of the adrenal cortex in the
Pathogenesis of arthritis. Br. Med. J. v. 2, 1949. p. 1129-1135. Disponivel em:
http://www.ncbi.nlm.nih.gov/pubmed/15396087. Acesseo em 02 Junho 2008.

STENVINKEL, P.; HEIMBURGER, O.; PAULTRE, F. et al. Strong association between
malnutrition, inflammation, and atherosclerosis in chronic renal failure. Kidney int. v.
55, 1999. p. 1899-1911. Disponivel em:
http://lwww.nature.com/ki/journal/v55/n5/pdf/4490760a.pdf. Acesso em 18 Outubro
2008.

STEVEN, B.; IRVING, K.; DAVID, S. C-reactive Protein. The journal of biological
chemistry. v. 279, 2004. p. 487-490.

SUASSUNA, P.G.; BASTOS, M.G. Doses intermitentes de estatina em pacientes em
hemodialise com LDL-colesterol espontaneamente baixo. Arg. Bras. Cardio. v. 90, n.
28, 2008.

TAYLOR, P.E.; TEJADA, C.; SANCHEZ, M. The effect of malnutrition on the
inflammatory response as exhibited by the granuloma pouch of the rat. PLATES .
1967.


http://www.ncbi.nlm.nih.gov/pubmed/17685200?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

TEODOSIO, N.R.; LAGO, E.S.; ROMANI, S.A. et al. A regional basic diet from
northeast Brazil as a dietary model of experimental malnutrition. Archivos
Latinoamericanos de Nutricion.v. 45, 1990. p. 533-545.

TOKUHIRA, M.; HOSAKA, S.; VOLIN, M.V, et al. Soluble vascular cell adhesion
molecule 1 mediation of monocyte chemotaxis in rheumatoid arthritis. Arthritis Rheum.
v. 43, 2000. p. 1122-1133.

TORRENS, C.; KELSALL, C.J.; HOPKINS, L.A.; ANTHONY, F.W.; CURZEN, N.P;
HANSON, M.A. Atorvastatin Restores Endothelial Function in Offspring of Protein-
Restricted Rats in a Cholesterol-Independent Manner. Hypertension v. 53, 2009. p.
661-667.

VIEAU, D.; SEBAAI, N.; LEONHARDT, M.; et al. HPA axis programming by maternal
undernutrition in the male rat offspring. Psychoneuroendocrinology. v. 32, 2007. p. 16-
20.

VOLIN, M.V.; SZEKANECZ, Z.; HALLORAN, M.M. PECAM-1 and leukosialin (CD43)
expression correlate with heightened inflammation in rat adjuvant-induced arthritis.
Experimental and Molecular pathology. v. 66, 2000. p. 211-219.

WAN, J.M.; HAW, M.P.; BLACKBURN, G.L. Nutrition, immune function, and
inflammation: an overview. Boston. The Proceedings of the Nutrition Society. V. 48,
1989. P. 315-335. Disponivel em: http://www.ncbi.nlm.nih.gov/pubmed/2515541.
Acesso em 02 Junho 2008.

WEAVER, L.T.; DESAI, M.; AUSTIN, S, et al. Effects of Protein Restriction in Early
Life on Growth and Function of the Gastrointestinal Tract of the Rat. v. 27, 1998. p.
553-559.

WELLS, J.C. Flaws in the theory of predictive adaptive response. Trends in
Endocrinology and Metabolism. v. 18, 2007. p. 331-337.

WOODS, L.L.; INGELFINGER, J.R.; NYENGAARD, J.R.; RASCH, R. Maternal protein
restriction suppresses the newborn renin-angiotensin system and programs adult
hypertension in rats. Pediatr. Res v. 49, 2001. p. 460-467.

YANNI, G.; WHELAN, A.; FEIGHERY, C. et al. Contrasting levels of in vitro cytokine
production by rheumatoid synovial tissues demonstrating different patterns of
mononuclear cell infiltration. Clin Exp Immunol. v. 93, 1993. p. 387-395.

ZHANG, L.; MIA, M.Y.; HOSSAIN, M.A. et al. The preventive effects of incomplete
freund's Adjuvant and other vehicles on the development of adjuvant induced arthritis
in lewis rats. Immunology. V. 98, 1999. P. 267-272.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vieau%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sebaai%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22L%C3%A9onhardt%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Psychoneuroendocrinology.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wan%20JM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Haw%20MP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Blackburn%20GL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=journals&Cmd=ShowDetailView&TermToSearch=6656




ANEXOS

NORMAS DE PUBLICACAO

Advances in Anatomic
Pathology

Online Submission and Review

V2 Author Resources
System

Instructions for Authors (this page)
SCOPE Copyright Transfer (PDF)
Reprint Ordering
Permissions Requests

Advances in Anatomic Pathology is a peer
reviewed, multidisciplinary journal directed :

to an audience of pathology physicians. m
The journal published original articles in the Reprints
form of clinical or basic research, scientific

advances, and selected abstracts from

international journals.

Ethical/Legal Considerations

A submitted manuscript must be an original contribution not previously published
(except as an abstract or preliminary report), must not be under consideration for
publication elsewhere, and if accepted, it must not be published elsewhere in similar
form, in any language, without the consent of Lippincott Williams & Wilkins. Each
person listed as an author is expected to have participated in the study to a significant
extent. Although the editors and referees make every effort to ensure the validity of
published manuscripts, the final responsibility rests with the authors, not with the
Journal, its editors, or the publisher. All manuscripts must be submitted on-line
through the journal’s Web site at http://aap.edmgr.com. See submission
instructions on the next page, under “On-line manuscript submission.”

Patient anonymity and informed consent: It is the author's responsibility to ensure
that a patient's anonymity be carefully protected and to verify that any experimental
investigation with human subjects reported in the manuscript was performed with
informed consent and following all the guidelines for experimental investigation with
human subjects required by the institution(s) with which all the authors are affiliated.
Authors should mask patients' eyes and remove patients' names from figures unless
they obtain written consent from the patients and submit written consent with the


javascript:goURL('http://edmgr.ovid.com/aap/accounts/copyrightTransfer.pdf')
javascript:goURL('http://www.lww.com/reprints/')
javascript:goURL('http://www.lww.com/permissions/index.htm')
javascript:goURL('http://edmgr.ovid.com/aap/accounts/ePrints.pdf')
javascript:goURL('http://edmgr.ovid.com/aap/accounts/Reprints.pdf')
http://aap.edmgr.com/

manuscript.

Copyright: All authors must sign a copy of the journal's “Authorship Responsibility,
Financial Disclosure, and Copyright Transfer” form and submit it at the time of
manuscript submission.

Compliance with NIH and Other Research Funding Agency Accessibility
Requirements

A number of research funding agencies now require or request authors to submit the
post-print (the article after peer review and acceptance but not the final published
article) to a repository that is accessible online by all without charge. As a service to
our authors, LWW will identify to the National Library of Medicine (NLM) articles that
require deposit and will transmit the post-print of an article based on research funded
in whole or in part by the National Institutes of Health, Wellcome Trust, Howard
Hughes Medical Institute, or other funding agencies to PubMed Central. The revised
Copyright Transfer Agreement provides the mechanism.

Permissions: Authors must submit written permission from the copyright owner
(usually the publisher) to use direct quotations, tables, or illustrations that have
appeared in copyrighted form elsewhere, along with complete details about the
source. Any permissions fees that might be required by the copyright owner are the
responsibility of the authors requesting use of the borrowed material, not the
responsibility of Lippincott Williams & Wilkins.

Manuscript Submission

On-line manuscript submission: All manuscripts must be submitted on-line through
the new Web site at http://aap.edmgr.com. First-time users: Please click the

Register button from the menu above and enter the requested information. On
successful registration, you will be sent an e-mail indicating your user name and
password. Print a copy of this information for future reference. Note: If you have
received an e-mail from us with an assigned user ID and password, or if you are a
repeat user, do not register again. Just log in. Once you have an assigned ID and
password, you do not have to re-register, even if your status changes (that is, author,
reviewer, or editor). Authors: Please click the log-in button from the menu at the top of
the page and log in to the system as an Author. Submit your manuscript according to
the author instructions. You will be able to track the progress of your manuscript
through the system. If you experience any problems, please contact: Dolores Ramirez,
Managing Editor, (310) 423-6627; ramirezdc@cshs.org.
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Preparation of Manuscript
Manuscripts that do not adhere to the following instructions will be returned to the
corresponding author for technical revision before undergoing peer review.

General format: Submit manuscripts in English in duplicate (one original and one
copy) and printed on standard 8% x 11-inch (21 x 28-cm) paper with at least a 1-inch
(2.5 cm) margin on all sides. Double-space all copy, including legends, footnotes,
tables, and references, and print on one side of the sheet only. If a manuscript is
accepted for publication, the authors must then submit the final, accepted version of
the manuscript on disk.

Title page: Include on the title page (a) complete manuscript title; (b) authors' full
names, highest academic degrees, and affiliations; (c) name and address for
correspondence, including fax number, telephone number, and e-mail address; (d)
address for reprints if different from that of corresponding author; and (e) sources of
support, including pharmaceutical and industry support, that require acknowledgment.

The title page must also include disclosure of funding received for this work from any
of the following organizations: National Institutes of Health (NIH); Wellcome Trust;
Howard Hughes Medical Institute (HHMI); and other(s).

Unstructured abstract and key words: Limit the abstract to 250 words. It must be
factual and comprehensive. Limit the use of abbreviations and acronyms, and avoid
general statements (eg, “the significance of the results is discussed”). List three to five
key words or phrases.

Text: Organize the manuscript into four main headings: Introduction, Materials and
Methods, Results, and Discussion. Define abbreviations at first mention in text and in
each table and figure. If a brand name is cited, supply the manufacturer's name and
address (city and state/country). Acknowledge all forms of support in an
Acknowledgments paragraph.

Abbreviations: For a list of standard abbreviations, consult the Council of Biology
Editors Style Guide (available from the Council of Science Editors, 9650 Rockville
Pike, Bethesda, MD 20814) or other standard sources. Write out the full term for each
abbreviation at its first use unless it is a standard unit of measure.

References: The authors are responsible for the accuracy of the references. Key the



references (double-spaced) at the end of the manuscript. Cite the references in text in
the order of appearance. Cite unpublished data—such as papers submitted but not yet
accepted for publication or personal communications, including e-mail
communications—in parentheses in the text. If there are more than three authors,
name only the first three authors and then use et al. Refer to the List of Journals
Indexed in Index Medicus for abbreviations of journal names, or access the list at
http://www.nlm.nih.gov/tsd/serials/lji.html. Sample references are given below:

Journal article
1. Vogler C, Petterchak J, Sotelo-Avila C, et al. Placental pathology for the surgical
pathologist. Adv Anat Pathol 2000;7:214 29.

Book chapter

2. Burkhardt A, Meyer-Breiting E. General conditions and risk factors of
carcinogenesis, precancerous lesions. In: Meyer-Breiting E, Burkhardt A, eds.
Tumours of the larynx. Berlin: Springer, 1988:57 77.

Entire book
3. Batsakis JG. Tumors of the head and neck. Clinical and pathological considerations.
Baltimore: Williams & Wilkins, 1979:121 9.

Software
4. Epi Info [computer program]. Version 6. Atlanta: Centers for Disease Control and
Prevention; 1994.

Online journals

5. Friedman SA. Preeclampsia: a review of the role of prostaglandins. Obstet Gynecol
[serial online]. January 1988;71:22-37. Available from: BRS Information Technologies,
McLean, VA. Accessed December 15, 1990.

Database
6. CANCERNET-PDQ [database online]. Bethesda, MD: National Cancer Institute;
1996. Updated March 29, 1996.

World Wide Web
7. Gostin LO. Drug use and HIV/AIDS [JAMA HIV/AIDS web site]. June 1, 1996.
Available at: http://www.ama-assn.org/special/hiv. Accessed June 26, 1997.

Figures & Artwork
For detailed information, including step-by-step instructions on creating new artwork or
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preparing existing artwork for publication, please refer to the 5 Steps to Creating
Digital Artwork page on this site.

e Art should be created/scanned and saved and submitted as either a TIFF, EPS,
or PPT file.

e Line art must have a resolution of at least 1200 dpi, and electronic
photographs—radiographs, CT scans, and so on—and scanned images must
have a resolution of at least 300 dpi.

o |If fonts are used in the artwork, they must be converted to paths or outlines or
they must be embedded in the files.

e Color images must be created/scanned and saved and submitted as CMYK
files. See Color Figures below for more information.

o Artwork generated from office suite programs such as CoreIDRAW and MS
Word and artwork downloaded from the Internet (JPEG or GIF files) CANNOT
be used.

o Cite figures consecutively, and number them in the order in which they are
discussed.

e When submitting single-column width figures, the editor strongly recommends
that these be oriented vertically to allow larger image size. The orientation of
the figures in the electronic submission will be interpreted by the production
staff as the desired orientation in the final publication. Therefore, authors should

submit single-column figures oriented vertically if at all possible.

Figure Legends

Legends must be submitted for all figures. They should be brief and specific, and they
should appear on a separate manuscript page after the references. Use scale markers
in the image for electron micrographs, and indicate the type of stain used.

Color Figures

The Editorial Office of Advances in Anatomic Pathology appreciates each Review
Article author who has been designated the assignment of authorship. There is no limit
to the number of black and white images and we encourage liberal use of black-and-
white images to embellish and enrich the articles. In terms of color, due to the
expense, the amount of figures that can be placed in a Review will be determined by
the cost.
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e Advances in Anatomic Pathology charges for color on a per-figure basis. The
Editor-in-Chief has a limited amount of free color figures available each year
that can be allocated to Review Articles at his discretion. It is the author's
responsibility to pay for any color figures not assigned as gratis from the Editor-
in-Chief. In this case, the first color figure is $500. The charge for each
additional color figure is $150.

o Please communicate with the Editorial Office prior to acceptance to determine if

your color will be gratis.

e Online-Only Color Figures: Authors may choose to have color figures
published online-only and converted to black and white for print publication at
no charge. In this case, figure captions of the black-and-white images in the
print journal will alert readers to the existence of 4-color online.

e In order to maximize the amount of color in your article while minimizing costs,
please submit your work with multiple color figures (as many as 8) presented as
panels in one multi-figure image file (or "plate"). For example, instead of
submitting separate figures 1-4, combine these figures into one figure with 4
panels (a "plate"), named as "Figure 1A-C" or "Plate 1A-C". Be sure to change
the citations as appropriate in text as well. The Editorial Office will provide
assistance in formatting your figures correctly.

o Please be sure that your figures are submitted correctly as per the above. If,
after acceptance, your figures require additional processing prior to print, there
will be a charge to the author at the rate of $30/per hour of work required to
correct the image.

Tables: Create tables using the table creating and editing feature of your word
processing software (eg, Word, Word Perfect). Do not use Excel or comparable
spreadsheet programs. Group all tables in a separate file. Cite tables consecutively in
the text and number them in that order. Each table should appear on a separate page
and should include the table title, appropriate column heads, and explanatory legends
(including definitions of any abbreviations used). Do not embed tables within the body
of the manuscript. They should be self-explanatory and should supplement, rather
than duplicate, the material in the text.

Style: Pattern manuscript style after the American Medical Association Manual of
Style (9th edition). Stedman's Medical Dictionary (27th edition) and Merriam Webster's
Collegiate Dictionary (10th edition) should be used as standard references. Refer to



drugs and therapeutic agents by their accepted generic or chemical names, and do not
abbreviate them. Use code numbers only when a generic name is not yet available. In
that case, supply the chemical name; a figure giving the chemical structure of the drug
is required. Capitalize the trade names of drugs and place them in parentheses after
the generic names. To comply with trademark law, include the name and location (city
and state in USA,; city and country outside USA) of the manufacturer of any drug,
supply, or equipment mentioned in the manuscript. Use the metric system to express
units of measure and degrees Celsius to express temperatures, and use Sl units
rather than conventional units.

Supplemental Digital Content

Supplemental Digital Content (SDC): Authors may submit SDC via Editorial
Manager to LWW journals that enhance their article's text to be considered for online
posting. SDC may include standard media such as text documents, graphs, audio,
video, etc. On the Attach Files page of the submission process, please select
Supplemental Audio, Video, or Data for your uploaded file as the Submission Item. If
an article with SDC is accepted, our production staff will create a URL with the SDC
file. The URL will be placed in the call-out within the article. SDC files are not copy-
edited by LWW staff, they will be presented digitally as submitted. For a list of all
available file types and detailed instructions, please visit http:/links.lww.com/A142.

SDC Call-outs

Supplemental Digital Content must be cited consecutively in the text of the submitted
manuscript. Citations should include the type of material submitted (Audio, Figure,
Table, etc.), be clearly labeled as "Supplemental Digital Content," include the
sequential list number, and provide a description of the supplemental content. All
descriptive text should be included in the call-out as it will not appear elsewhere in the
article.

Example:

We performed many tests on the degrees of flexibility in the elbow (see Video,
Supplemental Digital Content 1, which demonstrates elbow flexibility) and found our
results inconclusive.

List of Supplemental Digital Content

A listing of Supplemental Digital Content must be submitted at the end of the
manuscript file. Include the SDC number and file type of the Supplemental Digital
Content. This text will be removed by our production staff and not be published.
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Example:
Supplemental Digital Content 1. wmv

SDC File Requirements

All acceptable file types are permissible up to 10 MBs. For audio or video files greater
than 10 MBs, authors should first query the journal office for approval. For a list of all
available file types and detailed instructions, please visit http:/links.lww.com/A142.

English Language Assistance for Authors: Appropriate use of the English language
is a requirement for publication in Advances in Anatomic Pathology. Authors who have
difficulty in writing in English may seek assistance with grammar and style to improve
the clarity of their manuscript. Many companies provide substantive editing via the
Web. Website addresses for these companies include:

« www.themedicaleditor.com

¢ Www.biosciencewriters.com

¢ Wwww.bostonbioedit.com

¢ Www.sciencedocs.com

¢ www.prof-editing.com

e WWW.journalexperts.com

Please note that neither Advances in Anatomic Pathology nor Lippincott Williams &
Wilkins takes responsibility for, or endorses, these services. Their use does not
guarantee acceptance of a manuscript for publication.

After Acceptance

Page proofs and corrections: Corresponding authors will receive electronic page
proofs to check the copyedited and typeset article before publication. Portable
document format (PDF) files of the typeset pages and support documents (eg, reprint
order form) will be sent to the corresponding author by e-mail. Complete instructions
will be provided with the e-mail for downloading and printing the files and for faxing the
corrected page proofs to the publisher. Those authors without an e-mail address will
receive traditional page proofs. Changes that have been made to conform to journal
style will stand if they do not alter the authors' meaning. Only the most critical changes
to the accuracy of the content will be made. Changes that are stylistic or are a
reworking of previously accepted material will be disallowed. The publisher reserves
the right to deny any changes that do not affect the accuracy of the content. Authors
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may be charged for alterations to the proofs beyond those required to correct errors or
to answer queries. Proofs must be checked carefully and corrections faxed within 24 to
48 hours of receipt, as requested in the cover letter accompanying the page proofs.

Reprints: Authors will receive a reprint order form and a price list with the page
proofs. Reprint requests should be faxed with the corrected proofs, if possible.
Reprints are normally shipped 6 to 8 weeks after publication of the issue in which the
item appears. Contact the Reprint Department, Lippincott Williams & Wilkins, 351 W.
Camden Street, Baltimore, MD 21201; Fax: 410.528.4434; E-mail:
reprints@wolterskluwer.com with any questions.

Publisher's Contact: Fax corrected page proofs and any other related materials to
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APROVACAO NO COMITE DE BIOETICA

Universidade Federal de Pernambuco
Centro de Ciéncias Biologicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife - PE - Brasil
fones: (55 Bl) 2126 8840 | 2126 8351
fax: (55 81) 2126 8350
www.cch.ufpe.br

Recife, 15 de agosto de 2008
Oficio n® 50/08

Da Comiss&o de Etica em Experimentagéo Animal (CEEA) da UFPE
Para: Profa. Maria Barnadete de Souza Maia

Departamento de Fisiologia e Farmacologia - CCB

Universidade Federal de Pernambuco

Processo n° 23076. 007027/2008 - 19

Os membros da Comisséo de Etica em Experimentagéo Animal do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEEA-UFPE) avaliaram seu projeto de
pesquisa intitulado ” Impacto da desnutri¢cdo na intensidade da resposta inflamatéria e as
implicagGes sobre o efeito de antiinflamatérios ndo esteroides em ratos Wistar”.
Concluimos que os procedimentos descritos para a utilizagdo experimental dos animais
encontram-se. de acordo com as normas sugeridas pelo Colégio Brasileiro para
i Experimentac&o Animal e com as normas internacionais estabelecidas pelo National Institute of
l Health Guide for Care and Use of Laboratory Animals as quais s&o adotadas como critérios de
| avaliagio e julgamento pela CEEA-UFPE.
\ Encontra-se de acordo com as normas vigentes no Brasil, especiaimente a Lei 9.605 —
1 art. 32 e Decreto 3.179-art 17, de 21/09/1999, que trata da questio do uso de animais para fins
i cientificos.
1

Diante do exposto, emitimos parecer favordvel aos protocolos experimentais

realizados.
Atenciosamente, M@Mc” p
W’ WV\"\V
Profa. Maria Terssa Jansem
Observagéo: Pens s
Origem dos animais: Biotério do Departamento de Fisiologia e
Farmacologia

Animais: Ratos; Wistar; machos ; com 60 dias de vida
Numero de animais previsto no protocolo: 80 animais




