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| Glucose—E€_J

Extracellular : O ' Insulin binds
fluid Glucose —_) ) | toreceptor

Insulin receptor

- Glucose
enters cell

Adipose or Secretory
muscle cell vasicle

‘ GLUT4

FIGURE 5. Glucose uptake to muscles and adipose tissue with GLUT4. Without insulin, glucose
cannot enter to the cells (left picture) and msulin activates GLUT4 which allows glucose to enter the

cell (right picture). (Silverthorn et al. 2010. 740.)



o
=1
=
=

w
2




TGF-B/Smad Signaling

TGF- Ligands:

TGF-s,. Activins, Nodals ™Sa BMP Ligands:

4 BMP-2 -4, -7. MIS
Type | Receptor; ‘ﬁ‘-’ _
| " Type 1l Receptor

— RIEOO0 AN |
N i —_
- - - AN O SN e
— ) “\ i ™
: ’ ; @

o

Actin Polymenzaton
Swess Fibers




Protoasomal g -~
Degracation




Growth Factors:
-3 BMP, EGF, HGH.

Insulin, NGF, TGF-a

HOsL HOWw

¢

Sarvival, Proifferatton, Infiammation, immone Regulation Lymphogeneasis, B Call Maturation




ol Sl y Pl

NS 0 W Jobw cadlad 40 1y o 0lisS Ol guiki ¥ goo 1 63 (a9

45 WS oo g 1y Jolw T 93 Ol a1 Jokw Taw S 0w 5" 51 (s (i S -
g (o0 Do Wl (sloly 5590 g Jokw Plod 4 oo yof (99!

g b job 4 & Wi Jo b JUU Johw Tdaw b 0w g 1 (5500 &9 -
) WBd (0 98 I 0g S (19 4 g Wgw (o b WIS Jlail 4 Gl g0 g ooy
39039 39 &) g Wgw (o ool WIS @ Aty 18 a9 48 (g S JUB b o o5

5 15 Cuno (g (5l Joho



o0 0355552 30 53 19 o .5 1ol by LS
Q“w ﬁ.}

o —Y

o ply Johw tawgd olwy Pl Js g0 o by —Y -

S Jobw 4 ply ot JESI Y

Sgi (50 S ploid Lo Ol gudd 49 20 4T 0339 (g 23 0N 5 41 595 Pl Jlaait —F
o JUd 0w o (3T tawgd (F ok J19 ply JES oo (i U S s3It ol y —0 -
oadad o (31 59 0gMe (JolSS g by b o g3l (Johw Cudlnd 43 0339 Sl ki —F -
339 o

o g 03T o Jlad g —Y -

0 I 1y FAI 590 (Fokw Gl Sy b g3 i1 &5 Gl ply JoIg0 B> —A -
N2



Increased Insulin Secretion
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FIGURE 4. The influence of insulin to different tissues. (McArdle et al. 2010. 422)
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vy Food Intake

f Sympathetic Tone

Muscle

\ @ *Thermogenesis
LEPTIN
Brown Adipose Tissue
v Cortisol / \
-

Secretion
Adrenal Cortex

4 FA Oxidation
? Insulin Action

? Insulin
Action

* Insulin Secretion

4 FA Oxidation

Pancreas Insulin acti
Adisacyte ¥ Insulin action

FIGURE 6. Leptin’s influence on other organs. Modified from Houseknecht and Portocarrero
(1998.)
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FIGURE 23-7 The major endocrine glands. The glands are shaded
dark pink.



[ Q90 I9®

309w (0 ol Awd g3 A 2 (g0 590 T yob &

Sl Jg S s T (oot LSl I W o (50 Lo J g yialS 31 4 (G g gl — )
WS (o0 905 1 Johu (slid 31 (o) 4 g g (o S (02 590 SO (men

WS (0 39 Jobw (LS 3 i (D15 4 g Wigh (0 O (392 90 ST g gl gué —Y
W gad (0 ol Al 93 43 993 Sl g gl g Lgi g0 5B

W gad (50 G (33 39 305 Aol Sl 31 yhudet &5 o T S (90590 1

e dol (St 3 (DL S 0 gase ) A5 (G § (g 3 S g0 g9d 2



[ Wgu (0 T § 33 ) S Jawgi (G g il S (g0 590

095w 9 Jg 308595 w3 JU 50T 5 3d i
Q9.5 3939 9 (359wl T 3 2 (ylonoss
99 o gl T 33 31 A

Q99w 59 9 (939wl o>



[ Sowig pu! g S (590 590

SN g (50 ol 59 09 5 90 A

S b (g 29 S (90590 —)

T ol 31 Gido G (g0 352 — Y

G35 0 i (930398 99 9 (T3 (pwig i 9 (557 9 T4 (oS g 39) g i OE (H90 59 99
N gl (0 G (5939 g Ao T St 31 (03338 (31399 9 (99 38 () JU 58T

9 O g Adlo W Gt b (i 93 S (390 39B S g il i S (90 59 s

A pdomd Jond b 5 Sleign y92



ol Sl y Pl

Sl 55 o (U1 (s S (90390 3 (B9 g b (Y gSSU -
oo 4 9 Wb (o Al LIS gS 4 i b AT 18 1) Luwe oligs b
Jolw Jolw ploi b (Jokw panili pdid o SV g polie b Zwly
319 One SV eb 0,90 ol p glwy ply b JeIg90 o200 30 WL b

o“ﬁ/.



]

Sensory input from environment

Central nervous system

FIGURE 23-8 The major endocrine systems and their target
tissues. Signals originating in the central nervous system (top)
pass via a series of relays to the ultimate target tissues (bottom).

Neuroendocrine In addition to the systems shown, the thymus, pineal gland,
origins of and groups of cells in the gastrointestinal tract also secrete
signals Hyput]:alamus_ ) hormones, Dashed lines represent neuronal connections.
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4.1.1 High-intensity interval training and glucose

In the study by Peake et al. (2014). they studied the effect of high-intensity exercise (HIIT)
versus moderate intensity exercise (MOD) on glucose. They had ten well-trained men as
subjects. After VOomax test and familiarization exercise, participants completed HIIT and
MOD exercise in randomized order with at least 7 days rest between the exercises. The
HIIT exercise was 10 times 4 minute intervals at 80 % VO, and MOD eXercise was done
at 65 % VOymax. They calculated the total work in HIIT exercise and matched it with MOD
so that the work was same in both exercises but time and intensity were different. Blood
samples were collected before, 5 minutes, 1 and 2 hours after the exercises. From the sam-

ples. glucose concentration was analyzed.



Plasma glucose concentration increased significantly after both HIIT and MOD trials.

When they compared differences between groups. they showed that glucose concentration

was significantly higher after the HIIT than MOD (see figure 8).
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Fg 0 &g o0
HIT MOD

FIGURE 8. The acute effect of HIIT exercise (left) and moderate-intensity exercise (right) on
glucose before, right after, 1 and 2 hours after the exercise. * = difference compared to pre value,

when p<0.05. (Peake et al. 2014.)



In one other study there were 16 young men and they participated in a 2 week study where

they did maximal HIIT training. The protocol was 6 training sessions in two weeks and they
did four to six times 30 second sprints on a cycle. Plasma glucose and insulin were meas-
ured before and after the intervention. The researchers didn’t see any changes in glucose or
fasting insulin after two weeks. The authors didn’t comment the reasons for this at all.

(Babraj et al. 2009.)

So. high-intensity interval training has a potential to increase glucose concentration acutely

after one training session but long-term effects are not clear yet.
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MITOCHONDRIAL BIOGENESIS

Chronic stimulation of skeletal muscle result in structural and

Mitochondrial

functional adaptations of mitochondrial

biogenesis
| | 1 I
Endurance Electrical Creatine Hyper ML?scr}?ailtgrrlal
training stimuLation deplation throidism b y

deficiency

Mitochondrial biogenesis is a complex process covering various
steps such as signaling events leading to transcription of nuclear
and mitochondrial genes, protein and lipid synthesis, protein import
Into mitochondrial and their assembly in to the enzyme complexes




!Hanges N ml!ocl!on!rla‘ !logene&s pro!uce! Ey exercise

are a result of multiple molecular events. These pathways
primarily include

1) the activation of signaling kinases to initiate biogenesis.

2) the induction of coactivator proteins such as PGC-1a and
NRF transcription factor proteins, and their transactivation
of target genes

3) the import of these precursor proteins into mitochondria,
and

4) the coordinated incorporation of both mitochondrial and
nuclear gene products

Into an expanding organelle reticulum
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— A. Regulation of carbohydrate metabolism
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Abstract

Renal vascular sclerosis caused by aging plays an important role in the occurrence and development of chronic kidney
disease. Clinical studies have confirmed that endurance exercise is able to delay the aging of skeletal muscle and brain
tissue. However, to date, few studies have assessed whether endurance exercise is able to improve the occurrence of renal
vascular sclerosis caused by natural aging and its related mechanisms. In this study, we investigated the protective effect of
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