NUTRIENTES E PRODUCAO DE
ENERGIA

Prof. Dr.. Alexandre Sérgio Silva
www.alexandresergiosilva.com.br



FONTE DE ENERGIA PARA A VIDA
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NUTRIENTES

Macronutrientes

Carboidratos =
Ces H12 Os

Gorduras =
Ci12 H32 02 =

Proteinas =
C72 H12 N2 023

Micronutrientes

Vitaminas
Lipossoluveis.
HidrossolUveis

Minerais

22 elementos, componentes de
enzimas, hormonios e
vitaminas.

Principais e oligoelementos
Agua

Mais ergogénica das

substancias
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DIFERENCAS CBO SIMPLES X COMPLEXOS




DIFERENCAS CBO SIMPLES X COMPLEXOS

500 Kcal - Padrao integral 500 Kcal - Pao branco
(20g manteiga) (20g manteiga)
80 kcal (digestao) 20 Kcal
Saldo: 420 Kcal Saldo: 480 Kcal
Fibras: retem 60/80 Absorve 80 Kcal das
Kcal das gorduras gurduras
Saldo: 360 Kcal 480 Kcal
Abosorcao lenta Absorcao rapida
Menor producao de Aumento da glicemia
insulina Grande producao de
Esvaziamento gastrico insulina

mais lento Sensacao precoce de fome



2. Transferéncia
arterial

3. Ligaciao e
retencao

a. Efluxo

1. Secrecao da lipoproteina
e lipolise

s. Ligacao

7. Expressaio de moléculas
de adesiao

<—

Hipercolesterolemia
Diabetes
Resisténcia a insulina
Obesidade

@ Leucocito/Mondécito

9. ExXtravasamento

6. Quimiotaxia

s. Acumulo

11. Captacao do LDL
modificado

\@@

@ 10. Diferenciacao

@E’@

12. Formacao de
células espon|osas

@

13. Prollferacao das
células do musculo liso

\-@
\——g_bs




ENERGIA POTENCIAL DOS
NUTRIENTES

« 1 cal = Energia necessaria para elevar 1
Kg de agua de 13,5 a 14,5 graus.

— Carboidrato: 4,10 4,02 ( 2%)

— Gordura: 9,45 8,98 (5%)

— Proteina: 5,65 4,20 (8%)
(17% na urina)

— Alcool: 7,1 7,00

(peguena perda na urina e ar exalado)
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MEGADOSE DE VITAMINAS

MEGADOSES
o Muito praticada atualmente, especialmente na musculacao;
Vit. C |Doenca renal, diarréia Vit. B6  |Doenca hepatica, da
no neural
Vit. B2 Afeta viséo Acido Afeta captacdo de i

nicotinico | Graxos

Vit. E | Cefaléia, fadiga, visao, prob. Gastrointesting Vit. A Afeta sistema nervoso
hipoglicemia
Vit. D | Afeta rins




FUNCAO DOS MINERAIS

Calcio

O mais abundante. Junto com o fosforo, perfaz 75% dos minerias €
rigidez a 0ssos e dentes.Atua na contracdo e conducao do impul
nervoso,transporte celular, ativa varias enzimas. Previne osteoporo:
800 a 1000 — 1500mg/dia).

Fdsforo

Parte essencial dos compostos geradores de energia ( ATP e CP), |
membrana celular, e da enzima fosfatase; tamponamento. ( 1200 mg)

Magnesio

Presente em 300 enzimas de controle metabolico; importante

formacdo de glicogénio muscular e hepatico, gorduras e proteing
participa na conducdo neural e contracdo muscular.; co- fator

clivagem dos nutrientes para producao de energia;

Ferro

80% nas hemacias, componente estrutural da mioglobina; parte d
citocromos; possuli reservas; melhor suplementar com tipo heme ( carng
e vit. C melhora absorcédo do ndo-heme;pode se perdido no suor
mecanicamente( anemia de exercicio); excesso pode catalisar LDL (1(
15 mg)

Sadio
potassio e

Regulam troca nutrientes/metabdlitos; mantem gradiente elétrico, Fal
na aldosterona causa hipertensao. ( 1.300 — 3300mg) ( 2000mg) (700 mg|
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UTILIZACAO DE ENERGIA NO
CORPO

. Através do ATP, que é continuamente
ressintetizado através dos nutrientes pelos
processos ja descritos.

e Liberadade forma gradativa

. ATP é considerada moeda energética do
organismo( adenina + ribose ( adenosina) mais
grupo fosfato

e 380 al00g

e ATP + H,O ----ATPase ( trifosfato de adenosina)---
--ADP + Pi + H+ - 7,3 Kcal/mol

e Podechegar a AMP
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PRODUCAO AEROBIA / ANAEROBIA
DE ENERGIA

Aula 04
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PRODUCAO DE ENERGIA

Anaerobia
Alatica
Fosfocreatina
7 seg (maximo 15 seg)

Latica
Glicogénio muscular + glicose sanguinea

SO depleta depois de 1 hora de exercicio

Se o exercicio for intenso, gera fadiga muscular
30 a 40 segundos

Aerobia
Continuacao da glicolise
Gorduras (acidos graxos)
Proteinas
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VEL (Km/h ATP’s/min

REP
6
3
10
12
14
14

VO2max=2,5|/min
MIT 02 (l/min)

100
500
700
900
1100
1300
1300

98
400
580
760
940
1120
940

0,3
1,0
1,5
2,0
2,5
3,0
2,5

GLIC

2
100
120
140
160
180
360

Limiar anaerodbio
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Sensacao de queimacao

Inibicao da fosfofrutoquinase

Incapacidade de manter a intensidade do
exercicio

Inibicao da ATPase
Sensacao de petrificacao muscular



ACUMULO DO ACIDO LATICO?

« H que se acumulam Gheore & phosphate
no citosol se ligam _I
ao piruvato, bty 3 e 1<

formando lactato

 Lactato val ao ciclo
de Coril l




O ciclo de Corl

glycolysis in muscle

HC=O0O
H#—OH
HO—CH
Hé—OH
Hé—OH
éHZOH
glucose

2 ATP
2 ADP A,
2 NAD*
1 2 NADH
4 ADP
4 ATP ‘”y
CH

I
C=0

NADH

NAD*
3

I CHs
COOH I
CHOH
2 pyruvate |
per glucose COOH

lactate dehydrOge”ase|aCtate

glucose

- — — =

lactate

gluconeogenesis in liver
HC=O0O
Hé—OH
Ho—éH
- - - - [

HG—OH
HC—OH

CH,OH

glucose

|

2 NAD*
2 NADH

4 ADP 2 GDP

4 ATP 2GTP

CHs3
NADH I

=0
COOH

pyruvate

NAD
CH3
(:ZHOH
COOH
lactate

lactate
dehydrogenase




METABOLISMO ANAEROBIO

Metodo mais rapido  « ATP —-CP

para ressintese da — 3,6 mol/ min

ATP — Total:0,7 moles

CP + ADP ---ATP + e Glicolise

C — 1,6 moles / min

= En_zima creatina — Total:1,2 moles
quinase » Oxidativo (glicose)

Duracao limitada _ 1.0 mol / min

— 6 seq. — 90 moles

— Ressintese na rec.

Nao gera

metabolitos



FASE AEROBIA

« Extraem o0s demais 95% da energia
proveniente da glicose.

1 eCiclo de krebs, transporte de eléetrons e
fosforilacao oxidativa.

1 elnicia-se  quando 0 piruvato é
transformado em Acetil CoA (um acido de
2 C ), eeaporcao acetil se combina com
0 oxaloacetato ( 4 C) para formar citrato(
acido citrico da laranja, limao...).



Funcao Basica: Extrair H

Ami

~ Citrato sintase .

NADH —(\ L,.M__H Ao Cikakal

|
= Malato Aoonltax
NAD* - / desidrcgenasa

[Maiato—| ~ NAD"
\)lwdtmm \*- NADH

— 3 CO,

|
Fumarase dealdfooonase*

ra—ceﬁoglular
;

Succinalo u-Cetogutarato
FADH 45 desidrogenasa dasidroganase / \ >
FAD 1 Ot

Sucdnaio } . \Suoclm-cm
| Succinl-CoA ™

sntetase
Procugao: NADH = 3 £ hp
o0 FADH = 1 GTP  GDP'

AD/I: }TP -

CTE
Ha

O,

H,0
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METABOLISMO DAS

GORDURAS
 Energila armazenada para 90.000 -

110.000 Kcal, em contraste com 2000
Kcal dos carboidratos.

1o Origem:
*Trigliceridios da célula muscular
*Trigliceridios circulantes nos

complexos lipoproteico

* AGL provenientes dos trigliceridios do
tecido adiposo
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fed state
triacylglycerol in chylomicrons
and very low density lipoprotein

lipoprotein lipase

fasting state
adipose tissue

free fatty aclds
bound to albumin

— ketone bodies >
liver in fasting state




METABOLISMO DAS
PROTEINAS

POUCO, MAS INDESEJAVEL NO
FITNESS OU NA
PERFORMANCE
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METABOLISMO DAS PROTEINAS

Inicla com a desaminacao: 5,7 x 4,1
Kcal

— Amino — amoénia — uréia
* Rins e suor

Participam no exercicio intenso e
prolongado

Alanina se transforma em glicose

Os demais em intermediarios aerobios
— BCAA's glutamina e aspartato



RECUPERACAO
POS-EXERCICIO

Aula 06
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ATP - CP

Diminui a 20% no
exercicio intenso e
curto.
Recuperacao
Imediatamente pos-
exercicio

— Fase rapida
* 50% do repouso:
21 - 22
seg.
* 70% do repouso
30 seq.

» Recuperacao completa:
Entre 3 e 5 min.

Exercicio
exaustivo

20

— —
no N

Concentragao de PC
oo

(mmol/’kg de musculo)

N

8 M Circulagéo ocluida
0 | EARa Bl e ot nl s )

—
0 2 4 8 20

Repouso <« Tempo de recuperagdo (min) — >




GLICOGENIO

Leva dias

Depende de:
Tipo de exercicio
Consumo de carboidratos



Exerciclio continuo

Peguena
ressintese
Imediata

46 horas com
Ingesta de
carboidratos

Peguena
ressintese em 5
dias sem dieta
com carboidratos.

Muito rapido diante
de dieta de CHO (
60% em 10 horas)

O—zZmMOOoOO0—ro |

| OwcZ

=l NN
g K [l B [

H

Sem alimento

Dieta ricaem CBO

Apenas gord. e prot.

| 51115] |25] |35] 45]

Tempo de recuperacéo




EXERCICIO INTERMITENTE

Boa ressintese
em 30’

— 40% em duas
horas

— 53% em cinco
horas

Nao requer

Ingesta adicional

24 horas diante
de dieta normal
de CHO.

Lactato, piruvato,
glicose taxa de
reducao explicam
diferencas.

Contetdo em glicogénio muscular
(g/kg de musculo)

20

16

12

0

=

— Pedalagem intermitente

Dieta mista normal

o4 o ST L Ve AT o8 (% A0 KA R |
0oy 0 4 8 12 16 220 «
Repouso  Sem Horas de recuperacao

alimento



REDUCAO DO LACTATO

« Acumulo depende
da intensidade,
duracao e
Intervalo.

 Remocao
— 50% em 25’

— 95% em cerca de
1h

* Recuperacao ativa

— Intensidade varia
de atletas p/
sedentarios

— Especificidade é
Importante

N
N

Concentragcao muscular de acido
Iatico (mmol/kg de musculo)

< Acido l4tico muscular 1

SR, D V' PSR R Y N P VR T P B

0 10 20 30 40 50 60

Tempo de recuperagdo (min)

- nNo
= =
Concentracao sanguinea de
acido latico (mgos)

=

Oon
| —



EXERCICIO x REMOCAO DE
LACTATO

"
18 °? 510 15 20 25 30 % 4 &
) Tempo de recuperagio (min)

Velocidade de remocéao do acido latico
do sangue (% por minuto)

-



OS LIPIDIOS

AGLs seéricos dobram apos exercicio
Depende da intensidade e duracao
Fica elevado por até 12 horas.

Sua energia sera usada na restauracao
das outras fontes.

— Explica o emagrecimento pds - exercicio
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Ajustes metabdlicos / hormonais
agudos e cronicos ao exercicio

Prof. Dr. Alexandre Seérgio Silva

Universidade Federal da Paraiba

Laboratorio de Estudos do Treinamento Fisico Aplicado ao Desempenho
e Saude

www.alexandresergiosilva.com.br



PRINCIPIOS HORMONAIS BASICOS

Tipos de hormonios
Esterdides
Peptidicos (ou protéicos)

Sistema porta - hipotalamo
Interacao sanguinea e neural entre®rebro e
hipofise

Acao do hormonio depende da presenca do

Seu receptor no orgao

Dessensibilizacao do receptor
Retroalimentacao
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ADAPTACOES AO EXERCICIO

« Adaptacoes agudas
— Metabolismo energético
— Mobilizacao de substratos
— Balanco fluido
— Sintese de proteinas
« Adaptacoes cronicas
— Alterando a estimulacao
— Alterando a resposta celular
— Alterando a capacidade de liberacao



ADAPTACOES AGUDAS

Metabolismo energético e mobilizacao de substrato
EXERCICIO PROGRESSIVO

> ——-H>rm:=m AzZm0Ooz=z00

Oy ORa

25

50

75

100

VO2max

Catecholamines (ng/ml)

2™

2 -

1.7

] =
05-‘
0

% YO2max




ADAPTACOES AGUDAS

Metabolismo energético e mobilizacao de substrato

EXERCICIO SUBMAXIMO

T N T i RN,

O Z 0 O

Respostas hormonais ao exercicio prolongado

Adrenalina
Noradrenalina
GH

Cortisol

Glucagon

Insulina

10 20 30 40

'empo

50




O sistema endocrino responde, agudamente,
ao exercico com aumento da producao de
GH, cortisol, catecolaminas e glucagon.

- A magnitude deste aumento &
diretamente proporcional a intensidade e a
duracéo do exercicio.

- Alinsulina sofre uma leve reducao, tb
dependente da intensidade e duracao do
exercicio.



ADAPTACOES AGUDAS

Balanco fluido
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ADAPTACOES AGUDAS
Sintese de proteinas

Testosterona diminul com exercicio

Recentes pesquisas Iindicam amento nha
testosterona em exercicios curtos

No exercicio prolongado, cortisol inibe
producao da testosterona.

Insulina como fator de crescimento ( IGF-1 ou
somotomadina C)- maior parte da sintese do
GH depende do IGF

IGF é Inibida no exercicio e aumenta no
repouso.



ADAPTAGCOES CRONICAS

EPINEFRINA
0.5 - Pre training
2 2 — — — — Post training
£
2
£
&
S

I
20 40 &0 80 100

Time (min)



ADAPTACOES CRONICAS

JIORMONIO DO CRESCIMENTO
25

N
o
1 1

—
On
"

Growth hormone (ng/ml)
o

On
Il

A

o

1
20 40 =10 80 100

Time (min)



ADAPTACOES CRONICAS
CORTISOL

Time (min)



Porcentagem de alteracao

ADAPTACOES CRONICAS

1008—

Glucagon plasmatico

75
50
25 — ’
.//
/,,

0 i/ - — L

-25 | | l
0 20 40 60

Minutos



Concantragao plasmatica de testosterona total e cortisal aferdas
N e pauss @ no momanto pos-axerciclo, no Nl @ ac final

de olto samanas da treinamento de forca (metodo MS)

Testosterona mmol.L") Inicial &° sam,
Repousa 103 £ 0,17 088 £0,11
Fes-exaroicio 080+ 0,22 081 £0,12
Cortisol (mal L) Inicial &° sam,
Repousa 2180+ 45 4 158,0 + 26,8
Pes-exprdclo 2012 £ b7 .2 2281+ 781
Razdo Inicial B° sam.
Repouso 46107 +£0,4.70 3,104+ 0,3.10

Pes-exgrdcio 45107+ 05170 16107 05705




Efeito do treinamento na
resposta hormonal a

Resposta endocrina na . A
alimentacao (Crampes et al,

eletroestimulacao (pi Loreto, 2004)

contracting muscles. Since hormonal responses,
with the exception of norepinephrine, are not
affected by acute vibration exposure, this type
of exercise is not expected to reduce fat mass in
obese subjects.

oxidacao de lipidios
NO exercicio
« Menor pos

s 2003)
; —e— Glicose . | _ |
~— —e —=—Norepinefrina || ¢ ApOS allmentaQaO
4 |
| o 3
3 nsulnd e _ Menor concentragéo
Glucagon : d |
y) —— Cortisol : € g ICOSE
1 -+ ——Epinefina || ¢ — Malor aumento de
0 . —cH . epinefrina.
——IGF-1 o
1 2 ° °
Testosterona || @ 264 x 195 pg/mL.
These results demonstrate that vibration : — Glicerol sem
exercise transiently reduces plasma glucose, o mudancas
possibly by increasing glucose utilization by b — Aumento na
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DIFERENCAS CBO SIMPLES X COMPLEXOS
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MAIS PROBLEMAS DOS ALIMENTOS
PROCESSADOS

[t | e e

AGRP T/NPY T (GHS-receptor) H s
( GHRH T (GHS-receptor) ypothal
UT Hunger
uT F:of‘i:ntakc T4 Fart oxidation
UT Body weight
\ / Pituitary
Fat tissue
& \_: > )
¢ e At T GH
'\Md_{j—” 3

: Ghrelin (human) produced
in the stomach

T Gastric emptying

Fig. 2. Action of ghralin on adipose tissue and the brain.
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EFEITO ANOREXIGENO DO EXERCICIO

Sports Med. 2012 Jul 1;42(7):607-13. doi: 10.2165/11632460-000000000-00000.
Acute exercise and subsequent nutritional adaptations: what about obese
youths?

The imbalance between energy expenditure and energy intake is the main factor
accounting for the progression of obesity. For many years,physical activity has been
part of weight-loss programmes to increase energy expenditure. It is now recognized
that exercise can also affect appetite and energy consumption. In the context of
seeking new obesity treatments, it is of major interest to clarify the impact of physical
exercise on energy intake. Many reviews on this topic have been published regarding
both lean and overweight adults, and this review focuses on the relationships between
acute exercise and the short-term regulation of energy intake in lean and overweight or
obese youths. The current literature provides very few data regarding the impact
of exercise on subsequent energy intake and perceived and measured appetite in
children and adolescents, mainly because of methodological difficulties in the
assessment of both energy intake and expenditure. It has been long suggested that
energy intake was regulated after exercise in order to compensate for the exercise-
induced energy expenditure and then preserve energy balance. This overview
underlines that the energy expended during exercise is not the main parameter that
influences subsequent energy intake in both lean and overweight/obese children and
adolescents, and that factors such as the duration or intensity of exercise may have
larger impact. The effects of acute exercise on the following nutritional adaptations
(energy intake and appetite feelings) remain inconclusive in lean youths, mainly due to
the lack of data and the disparity of the methodologies used. Studies in overweight or
obese children and adolescents are confronted with the same difficulties, and the few
available data suggest that intensive exercise (>70% maximal oxygen consumption)
can induce a reduction in daily energy balance, as a result of its anorexigenic effect in
obese adolescents. However, further studies are needed to clarify the impact of
acute exercise on subsequent nutritional adaptations and appetite-related hormones in
children and adolescents, and to investigate the effect of chronic exercise programmes.



EFEITO ANOREXIGENO DO EXERCICIO

Biochem Biophys Res Commun. 2008 Aug 8;372(4):741-5. Epub 2008 Jun 2.

Treadmill exercise reduces obestatin concentrations in rat fundus and small
intestine.

Ghrelin and obestatin both are orexigenic/anorexigenic peptides which are secreted
from gastrointestinal tracts (fundus submucosa cells). Obestatin is a 23 amino acid
peptide recently isolated from rat stomach, is encoded by the same gene that encodes
ghrelin. It has been suggested that ghrelin/obestatin stimulate growth hormone release
and have opposite actions on food intake. Distribution and biological activity of
obestatin and its role in energy balance were studied in rodents. The purpose of the
present study was to investigate fundus and intestine obestatin concentrations and
selected hormonal responses to a treadmill exercise running program. Fourteen adult
Wistar male rats (12-14 weeks old, 235-250 g) were used for this study. Animals were
divided into control (n=7) and training (n=7) groups. Training group was
given exercise on a motor-driven treadmill at 25 m/min (0% grade) for 60 min/day, 5
days/week for 6 weeks. Rats were sacrificed 48 h after the last session
of exercise fundus, small intestine, and liver were excised, immediately washed in ice-
cold saline, and frozen in liquid nitrogen for determination of obestatin and ATP
concentrations and liver glycogen content. Plasma was collected for glucose, growth
hormone (GH), insulin, and cortisol measurements. Total obestatin concentrations
were significantly (P<0.045, P<0.032, respectively) low in trained rat fundus and
intestine at rest. Fundus and intestine ATP content remained unchanged. Liver
glycogen content was significantly (P<0.039) higher in trained rats. Changes in plasma
total obestatin, glucose, insulin, cortisol levels were not significant. Plasma GH
concentrations was significantly (P<0.001) higher in trained animals when compared
with control rats. The data indicate that moderate treadmill exercise was able to reduce
fundus and small intestine total obestatin concentrations and this reduction was
accompanied with a higher plasma GH and liver glycogen content in trained
rats. Exercise training might modulate fundus and intestine total obestatin levels via an
improvement of energy source and a negative feedback action of GH on this peptide.
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Tecido adiposo branco e marrom

Mesenchymal ) @ Myfs
precursor mesenchymal
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White adipocyte Beige adipocyte Brown adipocyte
== = -
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Figure 2. White and brown adipocytes are derived from distinct precursor cells and have distinct morphological
characteristics. White adipocytes can be derived from mesenchymal precursor cells. Brown adipocytes are derived
from Myf5-expressing precursor cells. Mature brown adipocytes contain multilocular lipid droplets and are mito-
chondria rich. PRDM16 is present in both brown and white adipocytes and is an important factor in transforming

white adipocytes to beige adipocytes.

Exercicio e
gordura marrom Cite this article as Cold Spring Harb Perspect Biol 2012;4:a008417
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MECANISMOS HORMONAIS DO
EMAGRECIMENTO
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Dieta € mais eficaz para emagrecer do que o
exercicio. No entanto, a possibilidade de reganho
de peso ¢ alta.
*TMB cal a niveis da ingestao restrita.
O exercicio € importante:
*Minimiza perda de massa muscular
*Minimizando reducao da TMB
*Gasto caldrico do exercicio compensa a
reducao da TMB, mantendo altos niveis de
TMD.
O exercicio potencializa a perda de peso da
dieta, aumento o nUmero de semanas em gue
se continua emagrecendo e mantém 0 peso
perdido.



Mecanismo do emagrecimento
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SUPLEMENTOS,MEDICAMENTOS E EMAGRECIMENTO
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POSSIBILIDADES E LIMITACOES DO EXERCICIO
PARA PROMOVER EMAGRECIMENTO:
PARTICIPACAO HORMONAL



60.000 anos

Nomade

Pouca disponibilidade de alimentos
Alto gasto calorico e pouca oferta de nutrientes

Processo evolutivo para muita facilidade em acumular
gordura e mecanismos potentes para dificultar o
emagrecimento



Descoberta da ferramenta
Descoberta do cultivo

Deixou de ser nOomade
Importante reducao do gasto calorico diario

Revolucao industrial

Substituicao do trabalho muscular pelas maquinas
Nova reducao do gasto caldrico diario



1900
Média de 4000 Kcal / dia

Alimento ja bem mais
disponivel mas ainda nao
para todos

Alimentos nao processados

Século XX

Tremendo avanco
tecnologico

Profissoes tornaram-se
sedentarias

Desenvolvimento das
tecnologias de alimentos

Gasto calorico reduzido para
2000 Kcal/dia

Alimentos com sabor apelativo ...




ETIOLOGIA DA OBESIDADE

The human genotype is believed to hawve ewvolved from
600000 BC to 25000 BL, when humans were hunter-
gatherers.! During this period, major energy oscillations
appear to have selected penes that regulate metabolism for
efficient nutnent usage and increased fat storage, which rep-
resents an evolutionary benefit consistent with the thrfty
genotype theory proposed by James V. Neel.? While the envi-
ronment changed drastically with urbanization and easy
awvailability of food, the genotype remains largely unaltered.
This imbalance has resulted in an epidemic of conditions
characterized by metabolic disturbances, such as ocbesity,
metabolic syndrome (MS), and diabetes mellitus type 2
I:-D,HE:I_].EI.I'.



POPULARIZACAO DO CONHECIMENTO
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Apply filters Current obesity prevention strategies recommend increasing daily physical activity, assuming that increased activity will lead
to corresponding increases in total energy expenditure and prevent or reverse energy imbalance and weight gain [1-3]. Such
Additive tatal energy expenditure models are supported by exercise intervention and accelerometry studies reporting positive
correlations between physical activity and total energy expenditure [4] but are challenged by ecological studies in humans
and other species showing that more active populations do nat have higher total energy expenditure [5-8]. Here we tested a
Constrained total energy expenditure model, in which tatal energy expenditure increases with physical activity at low activity
levels but plateaus at higher activity levels as the body adapts to maintain total energy expenditure within a narrow range.
We compared total energy expenditure, measured using doubly labeled water, against physical activity, measured using
accelerometry, for a large (n = 332) sample of adults living in five populations [9]. After adjusting for body size and g
composition, total energy expenditure was positively correlated with physical activity, but the relationship was markedly £ 2 N
stronger over the lower range of physical activity. For subjects in the upper range of physical activity, total energy *
expenditure plateaued, supporting a Constrained total energy expenditure model. Body fat percentage and activity intensity
appear to modulate the metabolic response to physical activity. Models of energy balance employed in public health [1-3]
should be revised to better reflect the constrained nature of total energy expenditure and the complex effects of physical
activity on metabolic physiology.

Pontzer et al. examine total energy expenditure and physical activity in a large adult human sample. Rather than increasing
linearly with physical activity, total energy expenditure plateaus above moderate activity lavels, suggesting that the body adapts
to higher activity levels to keep tofal energy expenditure within a relatively narrow range.
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POTENCIAL DO EXERCICIO PARA EMAGRECER

Obes Rev. 2009 Nov;10(6):671-80. Epub 2009 Jun 15.

Factors that may Iimpede the weight loss response to exercise-based
interventions.

The results of exercise programmes designed to reduce body fat are disappointing.
However, the reporting of weight loss as mean values disguises those individuals who
do lose significant amounts of fat. Why some participants produce
significant exercise-induced fat loss whereas others lose little or increase fat
stores is likely to be an outcome of a range of behavioural (e.g. sleep deprivation,
caloric intake), inherited (e.g. muscle fibre type, gender) and physiological (e.g.
hyperinsulinaemia, hypothyroidism) factors. The following review highlights possible
factors involved in weight loss and discusses how individual differences may determine
the extent of weight loss after an exerciseintervention. Finally, implications for the
treatment and prevention of obesity are discussed.
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Figure 1 Individual 16-month weight change in exaercisa groups by
gender: a, women; b, men [adapted from Donnally of al {14]).

Weight loss and exercise 5. H. Boulcher & S. L. Dunn
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TECIDO ADIPOSO ENQUANTO ORGAO
ENDOCRINO



Adipose Tissue as an Endocrine Organ
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LEPTINA

¢ZHANG et al., 1994
¢Leptos (GREGO) = MAGRO



Neuropeptide Y
Metabolic effects

4 NPY secretion

4 Food intake

4 Body weight

T Sympathetic tone

T Energy expenditure
Normalization of glucose
and insulin

Pancreas

Insulin secretion

Leptin synthesis
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Endocrine effects
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Glucose uptake and metabolism

Fig. 1. Action of leptin on the hypothalamus and peripheral organs (pancreas, liver. and skeletal muscle).
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MUSCULO COMO ORGAO ENDOCRINO

Peroxisome proliferator-activated
receptor y coactivator 1o (PGC-
1x)

Coativador transcripcional

Metabolismo da glicose,
gurdura e TMB

Falha nas desordens da
obesidade.

Fibronectin type Il domain
containing 5 (FNDCD5)

Clivado, gera irisina
Aumenta UCP-1 : -

Bostrom P, Wu J, Jedrychowski MP, et al. A PGC1-a-dependent myokine that drives
brown-fat-like development of white fat and thermogenesis.Nature 2012;481:463-468
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Tecido adiposo como glandula

* Leptina x exercicio (estudo no futebol)
(Unal et al, 2005)

— Menor em futebolistas que em congéneres
saudaveis.

— Aumentos diretamente proporcionais com IMC e
nivel de gordura corporal.

— Exercicio reduz gordura corporal e,
consequentemente, niveis deleptina.



Tecido adiposo
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Emagrecimento

Questao da zona lipolitica
Seria por volta de 60% doVO2 max.
Maior participacao das gorduras € apenas relativa

60% VO2 max 80% VO2 max
400 Kcal 600 Kcal

Gorduras Carboidratos Gorduras Carboidratos
(70%) (30%) (50%) (50%)

280 Kcal 120 Kcal 300 Kcal 300Kcal
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Fig. 1. Whole-body lipolytic rate [Ra glycarol) at rest and during 30 min of axarcisa
at 26%, 65% and 85% V0., Values represented as mean = £, Data from [2,4].



Exercicio x dieta x perca de peso

n | Peso %G PG MCM
Dieta 10 |-3.65 -2.41 -3.44 -0.21
Dieta + Forca 11 |-3.49 -3.64 -4.19 +0.70
Dieta + Aer. 8§ |-4.46 -4.07 -4.71 +0.25
DietatForca + Aer. |9 |-5.39 -4.67 -5.69 +0.30

Rippie & Hess, 1999



Emagrecimento com exercicios aerobio x
anaerobio

TABELA 2
Massa de gordura corporal total (MGet) @ massa de gordura
de membros inferiores (Mgmmii) expressas em quilogramas,
nos periodos inicial e final, e o delta percentual (A%)

MGt MGcet A% MGet  MGmmii MGmmii  A%MGmmii
inicial final inicial final

Grupol 37,7+ 92 337+ 92% 113 +65% 146 £471 128 £41% 133 2 6.6%
Grupo Il 367 75 328+ BE* -104:64 146 35 133 235% 05+

5.1
Grupo Il 393106 378%106 392572 156 45 150447 454/

I+ I+ 1

Legenda: Grupo |2 treinamento anaerobio; grupo | treinamento asrobio; grupo |11 controle
* diferenca entre as avaliagoas final @ inicial, #diferenca em relacao ao grupe [l p < GL0OS

Fernandes et al. Rev Bras Med Esporte, 2004.



Exercicio 1
Exercicio 2
Exercicio 3
Exercicio 4
Exercicio 5
Exercicio 6
Exercicio 7
Exercicio 8
Exercicio 9
Exercicio 10
TOTAL

30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg

30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg

30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg
30 seg

1:30
1:30
1:30
1:30
1:30
1:30
1:30
1:30
1:30
1:30

15 min



Gasto energético na musculacao

TABELA 1
Gasto energético (GE) liquido para execucao de uma sessao de exercicios contra-resisténcia

Autores Sujeitos Idade Protocolo de exercicios IGE
{anos) {(kcal.rmin-1)
Wilmore ef a3 20HT 17-36 22.5mim, circuito, 10 exerc., 3 sories, H: 5.8
208 T 17-26 15-18 reps a 409 TRM,. 15s ink. M- 4,2
Ballor er af. 12 40 A 3z + 2 42min, 8 exerc., 2 séries (T0RM + 3.3
obhesas NT 1 série reps max)
Ballor et af (26] 20HT 25+ 4 3Tmin, circuito, 9 exerc., 3 séric 206 Kcal Lenta: H: 7,9; h: 5, 2%
15 A T 23 x4 30 a 449 max, int. 1:1. Imnterme: H: 7,6; M: 5,1%
Velocidades lenta, intermeadiania e rapida Rapida: H: B.0O; M: 5.0%
(NS entre as condigoes)
Pichon af ai. @ 8 H e h £3-34 4 gxerc., 2 serias Circuito: 4,9%
Circuito: 12min, 20 reps a 47% 1RM, 30s int., Séries multiplas: 4,5%
Sdries multiplas: 15min, 10 reps a 69% (S entre as condigaes])
1RM, D0s int.
Burleson et a/.153) 15 HT 20-26 2Tmin,. B exerc., 2 séries, 172 Kcal G, o
10 reps a 60% 1RM, Tmin int. ca
D Groot of Sl (38) OHMNT 54-75 Circuito, & exerc., 3 séries, 30s por estacio (1) 3.8 (2) 3.9
com Dac (1) 18rmin, B0 TRM, 30s int, (3} 3.8: (4) 3.0
(2) 27min, 60%: 1TRM, &0s int. (P < 0.05 entra a
(32) 18rmin, 40% TRM, 30 int. condi¢caoc 4 &
(4) 2Femin, 409 TRM, 605 int. as dermais)
Haltorm et a2 THT 27 £ 1 Circuito, 8 exerc., 2 series, 20 reps a 75% 110 Kcal 20s: B.5
20RM. Dois interwvalos: 402 K I BOs: 6.7
205 (13min de duracaoc) & ca < 005 enure
Gls (23min de duracao) as corvdicdes)
Beckam & Earmaest@7 12 HT 18-41 T4mim, § exerc.. usando halteres. H: Lewe: 5.0
18MT 18-45 Lewve: 1.4kg para ambos o5 SEXNOS: moderada: 6,2
Moderada: homens: 10.5kg: mulheres: 5.9kg P Lewe: 3.6

rmoderada: 4,1
{p < 0,07 enbre
as condigdeas)

Binzan er o0 =51 12M T 24-34 45min, 10 exarc., 3 sarias, 2.3

10 reps a 70% 1RPM, Trmin int.
Thoaormbor e 14 AT 27T £ 5 Q exerc., 2 séries, Tmin int. Duas —_ Lewe: 2.8
Potteigeri®2) intensidades: Lewe: 26min, 15 reps a 45% - Intenso: 2,8

a1 -1 T [ I Y . (1. [ HE o o e e em ERE LS TR IFYR A FE E L e R . MR N ]



e Excess post-exercise consumption

- Componente rapido
* Ressintese de ATP
e Redistribuicao dos ions
e Remocao do lactato

e Reparo do dano muscular (6 ATP por mol de
peptideo)

e Restauracao da FC e temperatura.
— Componente prolongado

e Maior utilizacao de acidos graxos no ciclo de Krebs

e Atividade do cortisol, insulina GH, ACTH,
catecolaminas

e Ressintese de glicogénio, hemoglobina e mioglobina.



e 1 kg de massa muscular = 15 Kcal
- 4 Kg = 60 Kcal
- 100 dias = 6000 Kcal
- 01 ano = 21.900 Kcal (aprox. 3 Kg)

e Hormonios tireoideanos



Musculacao x aerobio

Exercicio regular na redugio ponderal |
_ Efeitos agudos I Efeitos cronicos |
# do GE diario total
4 do GE durante # da taxa metabolica
O exercicio de repouso
s Efeito térmico da . P damassa livre
refeicio de gordura
#4 do GE durante I ~  deapetite |
a recuperagio
L 4 da taxa de mobilizagiio I
e oxidacao de gondura

Figura 1- A funcao do exercicio regular na manutencao e redugao ponde-
ral



Effects of Aerobic Versus Resistance Exercise Without
Caloric Restriction on Abdominal Fat, Intrahepatic
Lipid, and Insulin Sensitivity in Obese Adolescent Boys

A Randomized, Controlled Trial &

SoJung Lme,1 Fida Bacha,2’3 Tamara Ha.tmnn,l’4 Jennifer L. Kuk,” Chris Boesch,ﬁ
and Silva Arslanian'*

TABLE 2
Absolute changes in total and regional body composition and fitness after 3 months
Aerobic exercise Resistance exercise
Control (n = 11, ITT = 13) (n = 15, ITT = 16) (n = 16, ITT = 16)
Value Value P value Value P value
[TT analysis (n = 45)
Body weight (kg) 26 = 10 —-0.04 % 0.8 0.039 -06 =08 0.009
BMI (l-:gfmﬂ} 0.3 £ 0.3 -03 0.3 0.191 =06 03 0.047
WC (em) 1.1 £ 1.0 -20 0.9 0.027 -32 09 0.001
Fat free mass (kg, DXA) 1.38 = 0.39 1.23 + 0.34 0,774 211 =033 0.152
Total adiposity (%) 0.02 = 0.6 -26 = 0.6 0.002 25+ 06 0.004
Total AT (kg) 1.2 =09 -3.0 =08 0.001 -25 %+ 08 0.002
skeletal muscle (kg) 0.5 %03 1.0 =03 0.155 14 +03 0.01
Visceral AT (kg) 0.2£0.1 -0.1 £ 0.04 <(,0001 -0.2 = 0.04 <0.0001

Abdominal subcutaneous AT (kg) 0.2+02 =05 0.1 0.004 =04 = 0.1 0.005



Aerobic and Strength Training Reduces Adiposity in Overweight

Latina Adolescents

JAIMIE N. DAVIS! AMY TUNG', SALVA S. CHAK! EMILY E. VENTURA1, COURTNEY E.
BYRD-WILLIAMS !, KATHARINE E. ALEXANDER1, CHRISTIANNE J. LANE'! MARC J.
WEIGENSBERGZ. DONNA SPRUIJT-METZ!. and MICHAEL I. GORAN1:3

Changes 1n anthropometric and body composition (DEXA): across-group effects for ¢

Outcomes? Cn=7 N(n=10) N+ST(n=9) N+CAST(n=15) P yalueh
Weight (kg) —0.3(1.5) 0.3 (1.6) 24 (1.8)F —).8 [3_|}'|.‘-’l1r 0.004
BMI (kg'm™2) —0.5(0.5¢  03(1.2) 1.1 (0.6 ~0.5 (0.9)¢ 0.001
BMI z-score 0.00 (0.08)  0.02 (0.09) 0.08 (0.08)¢ —0.05 [[j_[jg}‘-’fr 0.003
BMI percentile —0.2(02) —0.1(L.1) 0.8 (1.2)8 —0.5( |_:i'.)'|.1'rF 0.094
DEXA total fat mass (kg) 0.4 (1.3) —0.1(2.1) 0.6 (2.5)° -14 [|_3}f' 0.045

DEXA total lean mass (kg)  0.2(1.3) 0.1(1.5) 1.4 (1.9) 0.8 (1.7) (.353




@ International Journal of Obesity (2008) 32, 684-691
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The effects of high-intensity intermittent exercise
training on fat loss and fasting insulin levels of young
women

. HIIE
N SSE
2 1 B CONT

Change in Fat Mass (kg)

4

Figure 1 Total fat change for the high-intensity intermittent exercise (HIIE),
steady-state exercise (SEE) and no exercise control groups. *Significantly
different from control and S5E groups (P< 0.05).



ADAPTACAO COMPENSATORIA PARA EXERCICIO

Explica dificuldade de algumas pessoas de
perder peso com exercicio

E algo individual
Mecanismos

Comportamental * Automatico (TMB)
Metabalico * Volicional (Ingestao)

Exercicio sera idealmente prescrito em fungao
da variabilidade compensatoria individual.

Como?

Obesity (Silver Spring). 2007 Jun;15(6):1373-83. Metabolic and behavioral
compensatory responses to exercise interventions: barriers to weight loss.




Metabolismo e endocrinologia
na hipertrofia

« Enfase no « Fatores de hipertrofia

treinamento — Dano muscular
: — Mecanotransdugao
— Tensional

_ — Células satélites
— Metabolico — Transcricdo RNA
— Insulina
- GH
- IGF 1
— Testosterona
— Miostatina
— Osmolaridade



Metabolismo e endocrinologia
na hipertrofia

* Treinamento de baixo volume e alta
Intensidade promovem maiores niveis
de GH, IGF-1, insulina e testosterona.



Oxido nitrico x hipertrofia

* Reparo muscular fica lentificado (1 x 10 min),
na auséncia de ON.

* ON Interfere positivamente na atividade das
celulas satelites.

« Estudos mostram ineficacia da
suplementacao de arginina no aumento da
producao de ON.

* No entanto, aumenta a producao de GH e
IGF-1

— Em muleres com pre-eclampsia suplementacao
suplementacao diminuiu pressao arterial.



HIPERTROFIA MUSCULAR

Resultado de estimulacao tensional e metabdlico.
Transcricao RNA
MTOR
Mecanotransduca
Dano muscular
Células satélites
Insulina
GH
IGF 1
Testosterona
Miostatina
Osmolaridade
Polimorfismo

I. VISAO GERAL DOS MECANISMOS QUE INDUZEM A HIPERTROFIA MUSCULAR




INSULINA

E 0 hormonio mais anabdlico.

Age por 6 minutos e é clivado em 15 min
pela enzima insulinase.

Consequéncias:
1: GLUT-4
Até 100%, por 90 horas

Aumenta a eficiéncia da insulina em 200%
3 horas pos treino
Importante: microlesoes antagonizam acao.



INSULINA

2: Lipoproteina lipase (LPL)

Cliva triglicerideos a acidos graxos, que
entam na célula e reconvertem-se em
trglicerideos.

Atividade aumentada em 240% pos exercicio
Intenso.

3: Balanco protéico
IGF-1
Fatores de iniciacao eucarioticos (elFs)

Treinamento nao aumenta sintese, mas
potencializa o efeito anticatabdlico da
INsulina.



GH

Carateriza-se pela pulsatilidade
Variacao de 290 vezes em minutos.
Age por apenas 20 minutos.

Fatores de liberacao

Sono, hipoglicemia, refeicoes ricas em proteinas,
estresse, exercicio (intermitente e intenso),
serotonina, estrogenos, adrenalina, dopamina,
glucagon, beta-bloqueadores, L-arginina.)



GH

Forma de atuacao

Hipotese da Somatomediacao

Causa liberacao de IGF-1 no figado e tecidos
periféricos.

Aumenta em 50 vezes mais que injecao do proprio IGF-
1

Aumenta quantidade de receptores.

Hipotese do duplo efeito

Além do IGF-1, atuaria diretamente na célula,
gerando diferenciacao de células satelites.

Efeitos do treinamento
Aumento do lactato sérico



IGF-1

E uma somatomedina sintetizada no figado
(90%), com meia vida de 20 horas.

Sem ela, o GH nao consegue atuatr.

Pode ser liberado de forma endocrina ou
paracrina, com diferencas entre elas.

Atuacao
Regeneracao muscular (c€lulas satélites).

Regeneracao da cartilagem articular
Génese de neuronios.



IGF-1

Efeitos do treinamento

Aumenta niveis locais (500%) e diminui niveis
SEricos.

Correlacionada com volume muscular, microlesoes e
desenvolvimento de miosina.



TESTOSTERONA

Produzido nas células de Leydig, nos homens
(2,5 - 11 mg/dia) e na supra - renal para as
mulheres (0,5 mg/dia).

Atuacao

Direta
Receptor atua induzindo transcricao

Indireta
Efeito anticatabdlico
Compete com os glicocorticoides

Eixo IGF-1 / testosterona
Estimula producao local de IGF-1.

Células satélites



TESTOSTERONA

Efeito do treinamento
Variacao controversa

Aumento de lactato aumentaria secrecao.
Treino intenso.

Pico dura poucos minutos.

Efeito cronico nao é evidenciado

Mas melhra atividade dos receptores e células
satélites.



ASPECTOS HORMONAIS E METABOLICOS
NO DIABETES



DIABETES MELLITUS

 Diabetes melito insulino dependente:
— Diabetes tipo |
— Diabetes Juvenil
— Diabetes sujeito a cetose

* Diabetes melito nao-insulino-dependente:
— Tipo
— De instalacao na maturidade
— Resistente a cetose

— Diabetes gestacional

 Diabetes associado a outras condicoes:

— Devido a doenca pancreatica, formas mutantes de insulina ou
outras doencas endocrinas.


file:///C:/Users/Alexandre Sérgio/Documents/Curso Fisiologia do Exercício/Animações/Sistema endócrino/Curso diabetes/absorçao e entrada na celula.swf
file:///C:/Users/Alexandre Sérgio/Documents/Curso Fisiologia do Exercício/Animações/Sistema endócrino/Curso diabetes/Abs-insulina-receptor.wmv

Diabetes mellitus — Classificacao OMS

Diabetes tipo 1

Diabetes tipo 2

Idade de inicio

Infancia ou puberdade
(forma abrupta)

Geralmente diagnosticada
acima dos 35 anos

Estado nutricional
inicio da doenca

Freqgientemente
subnutrido (magro)

Geralmente obeso

Prevaléncia 5-10% 90-95 %

Predisposicao Acentuada Moderada

genética

Deficiéncia Destruicdo imulolégica | Producéo insuficiente de

das células B de
individuos
geneticamente
suscetiveis — auto-
imune

Ou idiopatica

insulina; resisténcia a
insulina (acéo da insulina)




Diagnadstico

Categoria Jejum 2 h apos 759
glicose

Glicemia normal < 100 < 140

Tolerancia a >100a< 126 > 140 a < 200

glicose diminuida

Diabetes Mellitus > 126 > 200

HBA1C 8% (28,7 x Hb)-46,7

Am. Diabetes
Association

22



RELACAO HBA1C X GLICEMIA

Acima de 6,5% >140 mg/dI
Entre 5,7 € 6,4% 117 a 137 mg/d
Abaixo de 5,7 <117 mg/dl

Natan et al. Alc-Derived average glucose study group. Translating the Alc assay
into estimated average glucose values. Diabetes Care, 2008



VARIAVEIS EXPERIMENTAIS
Glicose plasmatica
Teste de tolerancia a glicose (oral)
Hemoglobina Glicada
Trés semanas
Frutosamina
Dois meses (glicoproteins, principalmente albumina)

HOMA (Homestatic Model Assessment

Relacao entre glicemia e insulinemia

HOMA= insulina (um/ml) x glicemia (mmol/l) / 22,5
(0,05595)

Mais usado em desfecho (variabilidade e sensibilidade)

ISI (Insulin Sensitivity Indey:
Produtos finais da glicacao avancada

<AGES vascuD

Gordon et al. Diabetes Research and clinical practice, 2009



file:///C:/Users/Alexandre/Documents/UFPB/Mestrado/diagnosing insulin resistance.pdf
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Int J Endocrinol. 2015;2015:508409. doi: 10.1155/2015/508409. Epub 2015 Jun 2.
Mechanisms Linking Inflammation to Insulin Resistance.
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Inflammasome pathway and macrophages are involved in development
of insulin resistance. The secretion of IL-G8 and IL-18 can be regulated by
inflammasome pathway. Inflammasome consists of a large group of
cytosolic protein complexes including NLRP3 and caspase-1. NLRP3
can be activated by mitochondrial dysfunction through causing ROS


http://www.ncbi.nlm.nih.gov/pubmed/26136779
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Inflammatory pathways linking inflammation to insulin resistance.
Activation of JNK and NF-kB pathways causes serine kinase
phosphorylation of IRS-1 or IRS-2, which may block insulin signaling
and finally lead to the occurrence of IR. In addition, JNK and NF-«B



@l SCOS3 T

CTRSIT) < JAK-STAT

W

( GLUT4 )

Influence of the inflammatory cytokines on the status of insulin resistance.
TNF-a causes insulin resistance by enhancing adipocyte lipolysis
stimulating JNK and IKKB/NF-«kB pathway which may increase
serine/threonine phosphorylation of IRS1. IL-6 induces IR by reducing the
expression of GLUT4 and IRS-1 by activating the JAK-STAT signaling
pathway and increasing SOCS3 expression, and IL-6 can also lead to IR in
skeletal muscle by inducing TLR-4 gene expression through activation of
STATS3; besides, TLR4 is suggested to be major upstream molecules in the
activation of NF-kB. Besides, IL-6 is also found to induce IR by impairing
the synthesis of glycogen through downregulating the expression of miR-
200s and upregulating that of FOG-2.
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http://www.clinsci.org/cs/109/0143/cs1090143f03.htm
Seminários/oxidative stress exercise diabetes.pdf
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Barbosa et al, 2008.



Uncoupling of the eNOS enzyme by increased ADMA mechanisms
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Seminários/Execise ADMA and others.pdf
Seminários/exercise x ADMA.pdf
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RELACAO DIABETES X HIPERTENSAO

INSULIN All

MLC Phosphatase )

/lfo y '*

Chmical Scence (2010) 118, 341349 (Prnted m Great Britan)  doc|0.1042/(520090433



ROS X DIABETES X HIPERTENSAO
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Figure 3 ROS/RNS species formation and antioxidant defences
ROS and NO may be generated by appropnate/inappropnate stmuli. These molecules may become toxic unless rapidly removed by the pathways described. GSSG,
glutathione disulfide; GSHred, glutathione reductase; GSHper, glutathione perowdase; ETC, electron transport chain; HO, haem oxygenase; Vit E, vitamin E.




NO X DIABETES X HIPERTENSAO




ROS X DIABETES X HIPERTENSAO: INFLUENCIA DO
EXERCICIO

Reduz receptores AT1 na aorta (pellegrine, et al.,
2009)

Como consequéncia, reduz NADPH oxidase.

Reduz concentracao sérica de ADMA e aumenta
NO (Gomes et.al., 2008).

Aumenta glutamina e arginina a partir do musculo
esquelético (catabolismo!) (Krause, et. Al., 2008).

Aumenta concentracao plasmatica de varias
citocinas pro-inflamatorias

Varios estudos / varios protocolos de exercicio
IL-1ra; IL-4; IL-10; IL-6 (mais de 100 x).



CREATININA Valor(es) de referéncia

Resultado 0,8 mg/dL Homens: 0.4 & 1.3
,,,,, e e Mulheres: 0,6 a 0,9
odo: AUTOMAGAO (HITACHI 917)
Material: SORC
GLICEMIA Valor (es) de referéncia
Resultado 107 mg/dL 70 & 99
Resultados Antericres: T4/04/12°098) 5w
0: AUTOMACAO (HITACHI 917)
: SORO
GLICEMIA 2h APOS 75g DE GLICOSE Valor(es) de referéncia
Resultado 98 ng/dL < 140 => Normal;
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 140 a 199 => Intolerancia aos
carboidratos;

> 199 => Diabetes mellitus.

Metodo: ENZIMATICO
Material: SORO

UREIA Valor(es) de referéncia
Resultado 41 mg/dL 10 a 50

Metodo: AUTOMACAO (HITACHI 917)
Materiai: SORO

HEMOGLOBINA GLICADA HbAlc Valores de referéncia
Resultado 5,9 % 4,2 a 6,2

Resultado: 123 mg/dL

Interpretacdo ADA e SBD:

Nivel de HhA1~ P B



'LIPIDOGRAMA Valores de referéncia

TRIGLICERIDEOS 50 ng/dL Desejavel: < 150
S mREE el e e e Alto.....: 200 - 499
Limitrofe: 150 - 199
Multe alto:> 500
COLESTEROIL TOTAL 193 mg/dL Acima de 19 anos:
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Desejavel: < 200
Limitrofe: 200 a 239
Aumentado: > 240
De 02 a 19 anos.:

Desejavel: < 170

Limitrcfe: 1370 2199

Aumentado: > 200
COLESTEROL HDL 78 mg/dL Homens: maior que 39
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, : Mulheres: maior que 49
COLESTEROL NAO HDL 115 mg/dL até 30 mg/dL acima do valor do
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, LDL respectivo.
COLESTEROL 1LDL 105 mg/dL Até 160 mg/dL => Quando h& no
____________________________________________________________________________________________________ = méximo 1 fator de risco

Até 130 mg/dL => Quando
presentes 2 ou mais fatores de
risco

Até 100 mg/dL => Presenca de
doenca cardiovascular,
diabetes cu Indice de
Framinghan maior que 20%

COLESTEROL VLDL 10 mg/dL Homens. . »: 2 a 31
___________________________________________________________________________________________________________ Mulheres.: 2 a 23
: ** CALCULO VALIDO APENAS SE
TRIGLICERIDEOS < 400 *x*

Metodo: AUTOMACAO (HITACHI 917)
Material: SORO
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Diabetologia (2006) 49:2983-29492
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ARTICLE

Exercise training increases insulin-stimulated glucose

disposal and GLUT4 (SLC2A4) protein content in patier
with type 2 diabetes
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Fig. 5 Total GLUT4 protein content in obese type 2 diabetic and
obese non-diabetic subjects at baseline () and following 1 day (C)
and 7 days (B of exercise. Data are expressed as mean=SE fold
change from baseline. *p<0.03 for difference from baseline



