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The obesogenic environment associated with increased ingestion of caloric food
and reduced physical activity has contributed to obesity pandemic. Many
strategies has been wused in treatment of obesity as dietary therapy,
pharmacotherapy, bariatric surgery and autonomic nervous system modulation.
However, the effect of parasympathetic nervous system on obesity development
and liver steatosis has not been explored. In this sense, CS7BL6 mice were exposed
to control or high fat diet for 8 weeks. After, mice were submitted to total
subdiaphragmatic or selective vagotomy, and metabolic and body parameters
analyzed 8-9 after surgery. Total subdiaphragmatic vagotomy in high fat diet mice
reduces body weight, improved glucose and insulin tolerance test, as well as
cholesterol and triglyceride levels and liver steatosis. Selective vagotomy partially
alter these parameters, with no effect on body weigh or glucose and insulin
tolerance with a reduced effect on liver steatosis. In this sense, seems that
modulation of parasympathetic nervous system could improve lipid and glucose
metabolism in obese mice.



Introduction

Obesity reaches pandemic levels due to an obesogenic environment with the
ingestion of high calories food and reduced physical activity!. In 2030, it is estimated
that 57.8% of global population will be obese or overweight’. The increased lipid
accumulation induces a chronic inflammation and is a major risk factor for metabolic
diseases development as type 2 diabetes (T2D), steatosis, atherosclerosis, and ischemic
cardiovascular disease®. Moreover, obesity is associated with non-alcoholic fatty liver
disease (NAFLD) and increased liver triglyceride levels*.

The liver is a critical organ that regulates lipid, glucose, and energetic
metabolism, also acting on immunological, vascular, metabolic, secretory, and excretory
function. After a meal, fats enter in the liver and the triglycerides can be hydrolyzed to
glycerol and free fatty acids to produce energy or released as lipoprotein. Furthermore,
liver also produces phospholipids and cholesterol for bile and steroid hormone synthesis
or membrane composition’. During overnutrition, the mainly liver alteration is the
NAFLD which, at least in part, can be explained by the multiple-hit hypothesis where
the environmental factor associated with diet, obesity, and insulin resistance (IR)
increases free fatty acid to the liver®.

Many strategies can be used in the treatment of obesity and its comorbidities as
dietary therapy, pharmacotherapy and bariatric surgery®. The bariatric surgery emerged
as a potent tool, reducing body weight and fat pads, improving glucose homeostasis and
dyslipidemia, also reducing food intake!® !> 12, The mechanism by which bariatric
surgery improves metabolism is unknow, but recently studies show that this procedure
modulates vagal activity once the surgical procedure alters vagus innervation'3. Recent

findings suggests that bariatric surgery alterations on body composition and glucose



homeostasis have an important association with parasympathetic nervous system,
mainly by vagus nerve branches'>.

Vagus nerve plays an important role in in metabolism regulation by innervating
organs as pancreas, stomach, and liver, fundamental in the communication of brain and
gut'*, However, conditions of elevated calorie intake reduce sensibility of vagus afferent
neurons to signals from peripheral tissues, inducing hyperphagia and obesity, and the
modulation of vagus can be used as a treatment for obesity and its comorbidities as
NAFLD?Y. In a cafeteria obesity model, subdiaphragmatic vagotomy reduces obesity,
perigonadal fat pads and improve glucose homeostasis in rats by, at least in part,
modulating insulin homeostasis!®.

Complete disruption of subdiaphragmatic vagal signaling resulted in improved
VLDL-triglyceride levels and a significant raise in glucagon-like peptide-1 (GLP-1)
levels in mice. This elevation may prevent VLDL overproduction and improve hepatic
and peripheral insulin resistance induced by high-fat diet '8. There are few studies about
the celiac vagotomy influence in body weight, liver, and fat pads. It was found that
celiac vagotomy suppressed hypothalamic production of the inflammatory
cytokines //6 and TNFa, in one-day HFD-induced obese mice, suggesting an important
role for these vagal branches in HFD-induced obesity!°.

Studies of the role of parasympathetic anti- inflammatory pathway in NAFLD
showed increasing amount of evidence that the innervation of the liver plays a key role
in regulating liver metabolism. Despite little information about the liver
parasympathetic innervation, it is assumed that vagus nerve may indirectly controls
functions of the liver, through the celiac ganglion, as well as sensors for circulating

cytokines, glucose, IL-1, amino acids, and lipids 2°.



Once obesity induces NAFLD and modulates liver function, and due to evidence
from vagal activity on obesity physiopathology, this study aims to compare the hepatic
and metabolic effects of total subdiaphragmatic vagotomy and celiac vagotomy in a

model of obesity induced by high fat diet.

2) MATERIALS AND METHODS

Animals.

Male 21-days old C57Bl/6 mice were obtained from the breeding colony at UNIOESTE
and maintained at 22 + 1 °C, on a 12-h light—dark cycle. The animals were divided into
two groups: control mice (CTL) n=8 with standard chow (carbohydrate, 70%, protein
20%, fat 10% and 3,8 Kcal/g, Supralab, Brazil) and High-fat diet mice n=30 whose diet
consists in 50% of triturated standard chow (Supralab, Brazil) added with 14,8% of
casein protein, 4% soy oil and 31,2% of pork fat (6,23 Kcal/g: 37% carbohydrate, 25%
protein, 38% fat) with each of the diets containing sufficient minerals and vitamins.
They have received the diet for 8 weeks and after the diet period, the HFD animals were
divided into three groups: HFD-SHAM (mice anesthetized, laparotomized and
manipulated the subdiaphragmatic branches of the vagus nerve), HFD-VAG (mice
submitted to total subdiaphragmatic vagotomy) and HFD-VAGS (mice submitted to a
selective celiac vagotomy). All animals were maintained for 8-9 weeks after the surgery
and HFD-SHAM, HFD-VAG and HFD-VAGS continued to receive high-fat diet as
previously described. The experiments involving animals were approved by the Animal
Care Committee at UNIOESTE (protocol number: 22-20) and were conducted in
accordance to the National Institutes of Health (NIH) guide for the care and use of

laboratory animal.



Intraperitoneal Glucose (ipGTT) and insulin (ITT) tolerance tests.

The ipGTT and ITT were performed 1 week before HFD-SHAM, HFD-VAG or HFD-
VAGS operations and 1 week before euthanasia. Mice were subjected to 12-h fasting to
perform the intraperitoneal glucose tolerance test (ipGTT). The fasting blood glucose
level were measured (time 0) by a glucometer (Accu-Chek® Active, Roche, Germany)
with blood collection from the tip of the tail. After, the mice received an i.p. glucose
load of 2 g/kg BW and the glycemia was measured at 15, 30, 60, 120 and 180 minutes
after the glucose load. For the ITT, the mice were subjected to a 2-h fasting and the
glycemia was measured before (time 0) and 3, 6, 9, 12, 15, 18 and minutes after the i.p.

administration of 0.75 U/kg insulin load.

Surgical Procedure for Total Subdiaphragmatic Vagotomy and Selective Celiac
Vagotomy

After 8 weeks of diet for induction of obesity, the animals were anesthetized and kept
under anesthesia with isoflurane between 1% and 3% liters/min of inhaled oxygen. A
dose of 50 mg/kg of sodium dipyrone was administered subcutaneously for analgesia,
the mice fixed in the supine position and an incision made inferior to the sternum in the
abdomen. In total subdiaphragmatic vagotomy the two trunks of the vagus nerve and
their respective branches were dissected (anterior vagus, which divides into the hepatic
and anterior gastric branches; posterior vagus, which divides above the esophageal
hiatus into the celiac and posterior gastric branches). The vagus nerve and its branches
were ligated with cotton thread and sectioned. The left gastric artery and vein were
ligated and sectioned along with the nerve (SNOWDON; EPSTEIN, 1970). In selective
celiac vagotomy, animals were anesthetized as previously described and both anterior

and posterior celiac branches were shut off once the common celiac branch was ligated



with cotton thread and sectioned. Sham Operated Animals (SHAM) were anesthetized,
laparotomized and the subdiaphragmatic branches of the vagus nerve were manipulated
and then sutured. At the end of the surgical procedures, the muscular and epidermal
walls were sutured. In all procedures, a dose of 50 mg/kg of sodium dipyrone was
administered subcutaneously on the first and second postoperative days. After 8-9

weeks of the surgeries, the animals were euthanized for samples and tissues collection.

Biometric and serum biochemical parameters

Body weight was registered weekly to determine weight gain and variation of gain or
loss before and after surgical procedures. For euthanasia all groups were food deprived
for 12-h. Glycemia was measured by a glucometer (Accu-Chek® Active, Roche,
Germany) with blood collection from the tip of the tail. Afterwards, the BW and
nasoanal length were measures and recorded to calculate the Lee Index
[BW(g)!*/nasoanal length (cm) x 1000] and mice were anesthetized with xylazine
(Anasedan®, Vetbrands, Brazil) and ketamine (Dopalen®, Vetbrands, Brazil) at 9
mg/kg and 90 mg/kg, respectively. Once sedation was verified, through the absence of
cutaneous reflex, total exsanguination was performed by cardiac puncture and blood and
serum was used for Triglycerides and cholesterol levels measurement according to
manufacturer's instructions (Bioclin, Quibasa, Brazil). After the death of the animals,
verified through apnea, pale mucous membranes and loss of the corneal reflex, the
animal was laparotomized for tissue extraction. The liver, stomach, retroperitoneal and
perigonadal fat pads were removed and weighted to evaluate liver index, interest protein
expression, steatosis and histoarchitecture, stomach distension and abdominal fat

accumulation.



Liver histology, triglyceride and cholesterol content, steatosis and NAFLD
characterization

After euthanasia, liver was weighted and a fragment extracted, taken from the left lobe
transversely to the organ. The material was fixed in 10% neutral buffered formalin
(Merck, Buenos Aires, Argentina) for 24 hours, dehydrated in ascending concentrations
of alcohol and after diaphanized in xylene soaked in Paraplast® (Sigma-Aldrich
Chemicals, St Louis, MO, USA). 3-5 um slices were stained in Hematoxylin and Eosin
to verify the histological morphology of the liver. To steatosis and NAFLD evaluation a
scale for hepatic steatosis based on Brunt's classification, (Brunt, 2001) with
modifications for rodents was used. Thus, hepatic steatosis was graded from 0-3, with:
0) less than 5% of hepatocytes affected; 1) from 5% to 30% affected; 2) from 30% to
60% and 3) greater than 60% as proposed by (Liang W, Menke AL, Driessen A, Koek
GH, Lindeman JH, et al., 2014). Liver TG and cholesterol were extracted from 100 mg
of liver tissue in a chloroform / methanol (2:1 by vol) mixture using the Folch method
as previously described (21). Afterwards, samples stand overnight at room temperature
for lipid extraction and the extract was filtered with filter paper and maintained for 3-5
days in room temperature to evaporation. After this evaporation period, 250 pL of
isopropyl alcohol were added to dilute and solubilize the lipid content. TG and
cholesterol content in the extracts were determined using commercial kits (Bioclin,

Quibasa, Brazil).

Western blot analysis
Liver samples were collected, homogenized with lysis buffer (10 mM EDTA, 100 mM
Tris base, 100 mM sodium pyrophosphate, 100 mM sodium fluoride, 10 mM sodium

orthovanadate, 2 mM phenylmethylsulfonyl fluoride, 1% triton X-100, and 1 pg/ml



aprotinin) and protein concentration measured using Bradford reagents (SIGMA,
B6916). For SDS (sodium dodecyl sulfate) polyacrylamide gel electrophoresis, all
samples were treated with a Laemmli buffer. After heating to 95°C for 5 min, 30 ug
proteins were separated by a 10% polyacrylamide gel. The transfer to nitrocellulose
membranes was performed in a Trans Blot transfer for 2-h in 100V, with Tris/Glycine
buffer. The membranes were blocked with 5% bovine-serum albumin (BSA) (5%
BSA, 10 mM TRIS, 150 mM NaCl and Tween 20 0.02%) during 1-h, and then,
incubated with a polyclonal antibody against a-Tubulin (T5168, SIGMA, USA),
Stearoyl-CoA desaturase-1 (SCD-1) (sc-515844, Santa Cruz), Microsomal triglyceride
transfer protein (MTTP) (sc-515742, Santa Cruz), Visualization of specific protein
bands was performed by incubating the membranes with appropriate secondary
antibodies. Protein bands were visualized using the Chemi L-Pix Express
photodocumentation system (Loccus Biotecnologia®, SP, BRA which detects the
chemiluminescence. The band densitometry was measures using LabImage analysis 1D

software (Loccus Biotecnologia®, SP, BRA).

Statistical analysis

Data are presented as mean + (SEM). Homoscedasticity and normality of the data were
verified, normality was measured through the Shapiro-Wilk test with significance level
of 5% adopted. The homoscedasticity was evaluated using Fisher's test of variance
comparison, also with a significance level of 5% (p<0.05). Once normality as well as
that of homoscedasticity, a One-Factor ANOVA or Single Factor test was performed for
independent groups and post Tukey HSD test, to test the hypotheses of influence of
surgical intervention procedures (HFD-SHAM, HFD-VAG and HFD-VAGS) in the

parameters analyzed. For this test, a significance level of 5% (p<0.05) was adopted. For



data groups that did not match the assumptions of normality of data distribution, the
Kruskal-Wallis test (p<0.05) was applied and in cases that met the assumption of
normality and not that of homoscedasticity, the ANOVA test with Welch correction was

applied for analysis. and comparison of data (p<0.05).

3) RESULTS

3.1) High fat diet increases body weight and induce glucose homeostasis

disruption in mice after 8 weeks.
The HFD group presents increased body weight after 8 weeks of high fat diet
consumption (Supplementary figure 1A). The mice were submitted to a glucose and
insulin tolerance test and HFD group showed higher levels on fasted glycemia
(Supplementary figure 1B), glucose intolerance on ipGTT and it’s AUC
(Supplementary figure 1C and D) and insulin resistance (Supplementary figure 1E and

F). confirming the obesity animal model induced by HFD.
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Nome: Antonio Machado Felisberto Junior Matricula: 28989 RA: 184134

07 - Sistema de Avaliagdao e Promogéao

A frequéncia minima exigida nas disciplinas € de 75% (setenta e cinco por cento).

Conceitos:
A - Excelente (90 - 100) - Com direito a créditos
B - Bom (80 - 89) - Com direito a créditos
C - Regular (70 -79) - Com direito a créditos
D - Deficiente (0-69) - Sem direito a créditos
| - Incompleto

08 - Observagoes

Proficiéncia em Lingua

Cascavel, PR, 25 de maio de 2023
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DECLARAGAO

Declaramos que o(a) aluno(a) ANTONIO MACHADO FELISBERTO JUNIOR,
portador(a) do RG N° 7.647.930-5 esta MATRICULADO no Programa de Pés-
Graduagdo em Biociéncias e Saiude - Doutorado - Area de Concentragio:
Biologia, processo saude-doenga e politicas de saude, Linha de Pesquisa:
Fatores que influenciam a morfofisiologia orgénica reconhecido pela Portaria

Ministerial Nao informado.

Cascavel, 22 de maio de 2023.
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Ministério da Educacéo
Universidade Federal da Integracao Latino-Americana
ILACVN — INSTITUTO DE CIENCIAS DA VIDA E DA NATUREZA
Centro Interdisciplinar de Ciéncias da Vida — ILACVN

Processo: 23422.007039/2021-97

Assunto: Relatério semestral de atividades do afastamento docente para doutorado

Interessado: ANTONIO MACHADO FELISBERTO JUNIOR

Relator: WAGNER ANTONIO CHIBA DE CASTRO

1. HISTORICO

- A presente relatoria trata do quarto relatério semestral de atividades, referente ao
afastamento do docente Antonio Machado Felisberto Junior, para doutoramento na
Universidade Estadual do Oeste do Parana, Cascavel, no Programa de Pos-Graduagcdo em
Biociéncias e Saude;

- O primeiro, segundo e terceiro relatorios ja foram aprovados no CONSUNI-ILACVN;
- O quarto relatério foi encaminhado em 26 de maio de 2023 ao CONSUNI-ILACVN. Nesta

mesma data, a chefia do DA-ILACVN encaminhou o relatério para ser avaliado no ambito do
CICV.

2. FUNDAMENTOS DO PEDIDO

Conforme RESOLUCAO N° 35, DE 16 DE NOVEMBRO DE 2021, durante o periodo de
afastamento, o servidor tera suas atividades académicas acompanhadas pela unidade de
lotacdo, devendo seus relatérios serem aparentados em reunido do Conselho do Instituto por
meio de avaliacdo da condenacédo do Centro Interdisciplinar onde o servidor se encontra
alocado, por relator previamente indicado para esse fim, visando assegurar o alinhamento
dessas atividades ao planejado, bem como o recebimento, a aprovacgéo e a disseminacao dos
relatérios semestrais e final, e apos sera submetido @ homologacdo do CONSUNI.

3. CONSIDERACOES

- No dia 21 de marco de 2023, o docente interessado solicita por e-mail a Dire¢do do ILACVN,
0 encerramento do afastamento. Por meio do Despacho 8/2023, a Direcdo do ILACVN, a
Coordenacao do CICV e um representante da area de Medicina manifestaram sua ciéncia
guanto a solicitacao do servidor.

- No dia 30 de marco de 2023 é publicada a PORTARIA N° 273/2023/PROGEPE referente a
finalizacdo do afastamento do docente interessado, retroativo ao dia 22 de marcgo de 2023.

- No presente relatério semestral, o docente relata as atividades realizadas no primeiro
semestre de 2023, entre 0os meses de janeiro e marco de 20203, e anexa 0os documentos
comprobatorios. O relatério descreve a elaboracdo de dois manuscritos cientificos. O docente
ressalta que as exigéncias para obtencao do titulo de Doutor ja foram atendidas, (créditos




obrigatérios e ndo obrigatdrios, estagios e a Qualificacdo). Dentre a documentagédo anexada
ao relatoério, estd um manuscrito cientifico proveniente dos esfor¢os do doutorado, o Histérico
escolar do interessado no programa de pos e a declaracdo de vinculo do interessado a pos,
na data de 22 de maio de 2023. As atividades descritas estdo de acordo com o cronograma
previamente elaborado. O encerramento da licenca ja foi publicado. Apesar de estar no prazo
regulamentar, ressalta-se a préxima necessidade do Relatério Final do afastamento docente.

4. PARECER CONCLUSIVO
(X) Aprovar
() Aprovar com alteracdo
() Nao aprovar

5. SUGESTOES E OBSERVACOES

| Nenhuma sugestao e observacéo

Foz do Iguacu, 09 de outubro de 2023.

Wagner Antonio Chiba de Castro
Relator



MINISTERIO DA EDUCAGAO i

UNIVERSIDADE FEDERAL DA INTEGRAGAO LATINO-AMERICANA

SISTEMA INTEGRADO DE PATRIMONIO, ADMINISTRAGAO E FOLHA DE ASSINATURAS
CONTRATOS

Emitido em 10/10/2023

RELATORIA N°2/2023 - CICV (10.01.06.03.04.03)

(N° do Protocolo: NAO PROTOCOLADO)

(Assinado digitalmente em 10/10/2023 16:46 )
WAGNER ANTONIO CHIBA DE CASTRO
PROFESSOR DO MAGISTERIO SUPERIOR
ILACVN (10.01.06.03.04)

Matricula: ###875#3

Visualize o documento original em https://sig.unila.edu.br/documentos/ informando seu niimero: 2, ano: 2023, tipo:
RELATORIA, data de emissdo: 10/10/2023 e o cédigo de verificagdo: 25bd595ac8
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MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DA INTEGRACAO LATINO-AMERICANA
CENTRO INTERDISCIPLINAR DE CIENCIAS DA VIDA

DESPACHO N° 3 / 2023 - CICV (10.01.06.03.04.03)

N° do Protocolo: NAO PROTOCOLADO
Foz Do Iguacu-PR, 10 de outubro de 2023.

Ao CONSUNI,
Prezados,

Considerando a insergdo da relatoria (sequéncia n°® 75), a qual foi avaliada e aprovada ad referendum pela
coordenacao do CICV, encaminha-se o presente processo para apreciacao do CONSUNI.

Atenciosamente;

(Assinado digitalmente em 10/10/2023 18:34 )
CARMEN JUSTINA GAMARRA
COORDENADOR
CICV (10.01.06.03.04.03)

Matricula: 2942185

Processo Associado: 23422.007039/2021-25

Visualize o documento original em https://sig.unila.edu.br/public/documentos/index.jsp
informando seu nimero: 3, ano: 2023, tipo: DESPACHO, data de emissdo: 10/10/2023 e o
cddigo de verificacdo: a07aba368b


https://sig.unila.edu.br/public/jsp/autenticidade/form.jsf

