Fyziologie zivocichu a Cloveka

Fyziologie travici soustavy (GlS)
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GIS — obecna struktura a funkce
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Funkce travici soustavy a obecna stavba
travici trubice

Lumen of gastrointestinal tract

" Endocrine cells _'

Sren 1) Traveni — mechanické a
chemické zpracovani
Mucosa |  L@mina propria — prijimané potravy
Muscularis —_ 2) Vstrebavani (resorbce) —
= Mejor blood and S L jednoduché latky jsou aktivné
Submucosa | 'YMPhatic vessels prevadéné z lumen travici
| Submucosal —| trubice do vnitfniho prostredi
Circular organismu
Muscularis :uwe | 3) Odstrafiovani nestravitelnych
plexts odpadovych latek z organismu
Longitudinal
Serosa E muscle : - =

Abdominal cavity

Ducts from external exocrine glands
(liver, gallbladder, and pancreas; also
From the autonomic

salivary glands in mouth)
nervous system



Voda v GIS

1200 mL water/day; 500-800 g solids/day ingested

1500 mL salivary secretions

@:I 2000 mL gastric secretions

—r?
£ 500 mL bile
6700 mL
absorbed
into blood
(small intestine) 1500 mL pancreatic secretions
1500 mL intestinal secretions
(primarily small intestine)
1400 mL absorbed

into blood @ 1500 m
(large intestine)

Feces 100 mL water; 50-100 g solids excreted

* H,0:

* Prijato v potravée: 1-2 |

* Sekrece v GIS: ca. 7 |

* \Vlylouceno stolici: 100-200 ml

* VétsSina H,0 absorbovana v GIS,
kolem 8 litru



/aludek — funkce a stavba, tubuldrni
azy
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Hepatic sinusoid

Central vein Bile canaliculi

Hepatic

Hepatocytes
P v lobule

Hepatic
Cer;terﬁ: sinusoid
Hepatocyte
Bile
canaliculi Portal triad

Branch of

(a) Hepatic lobules bile duct

Branch of
hepatic portal
vein

Branch of
hepatic
artery

(b) Hepatocytes and sinusoids

w Figure 15.31 Microscopic appearance of the liver. (a) Hepatic lobules are the functional units of the liver. (b) A small section of the liver
showing the location of bile canaliculi and ducts with respect to blood and liver cells (hepatocytes). The hepatic portal veins communicate with the
hepatic sinusoids and bring absorbed substances to the liver from the small intestines. Hepatocytes take up and process nutrients and other factors from
the hepatic sinusoids. Bile (green) is formed by uptake by hepatocytes of bile salts and secretion into bile canaliculi. Finally, central veins, located at
the center of each lobule. drain blood from the lobules into the systemic venous circulation.



Kolobéeh zlucovych soli (a cholesterolu)
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Vratnicova zila a funkcni

Heart
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)

Hepatic veins 4 1 ) 4 1
cava |, - Hep (portalni) obéh jater
500 mismin AL LT 1300 mUmin
S Liver \
L 700 mL/min /&7 \4\
slinglaliee - Sbira krev z neparovych organu
peen VeV 7 . \"4 7 7 7
K § brisni dutiny — funkcni zasobeni
\4 Stomach © .
E jater
///,f’#ﬂr—_ Pancreas
g 700 mUmin /7 — systém:
5 —> oM
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Superior :: ; g ~ 7 rgl
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*Branches of the hepatic artery also supply the stomach,
pancreas and small intestine.



Slinivka brisni — pankreas

Exokrinni funkce:

produkce HCO, a enzym
Stépicich cukry (a-amylaza),
tuky (pankreaticka lipaza) a
bilkoviny (trypsin,
chymotrypsin, proelastaza,
karboxypeptidaza)

Endokrinni funkce:

Langerhansovy ostravky
produkujici inzulin a glukagon,
asi 1,5% hmotnosti slinivky

obr. 89. PANCREAS; naznacen priibéh duodena: pohled zpredu

C
I caput pancreatis
2 collum pancreatis
proc. uncinatus

e L

incisura pancreatis

5 tuber omentale
6 corpus pancreatis
7 cauda pancreatis



Strevo - vystelka

Simple columnar
. epithelium with microvilli
(absorbs nutrients)

Circular folds

Capillary network
Goblet cell
Muscularis externa .
Inner circular layer I \ Lacteal ’
Outer longitudinal kayer w by Enteroendocrine cells

(secrete hormones)
Serosa

(a) Cutaway of small intestine

Intestinal vill

Intestinal lumen

{c) Intestinal villus

== . Inner circular layer ;
— - s ' - il Muscularis
i — — . Quter longitudinal layer

(b) Section of small intestine



— A.Hormony traviciho systému

ke

roztazeni peptidy, H nervové glukoza mastné kyseliny
aminokyseliny

>< | Kontrola funkci travici
| — soustavy

gastrin sekretin Gl CcK

e * Nervové (vegetativni nerv. systém) a
g hormonalné

el Gastrin — tvoren v Zaludku, zvySuje
produkci HCI

Sekretin — v duodenu, stimulem je

kysely chymus. Tlumi produkci HCI, a
zvysuje funkci pankreasu

stimuluje

A

e
tlumni

Cholecystokinin — v celém int. tenue,
stimul jsou mastné kyseliny a
aminokyseliny, podporuje sekreci

vyprazdnéni i ‘. S

s o 591 BE i EEEG Zluci a pankreat. Stav
T = - F " 5 . : R GIP (glucose-dependent insulinotropic
t 3 8 3 "3 E 3 £ peptide) — duodenum a jejunum,
£ - 3 z bilkoviny, cukry, tuky, stimuluje
£ = uvolnovani inzulinu, tlumi sekreci HCI
. Motilin — v tenkém streve, uvoliovan
s | neuronalné, fidi motilitu stfeva

i ¥ (z¢asti podle L. R. Johnsona)
2 dalezité utinky gatrointestindlnich hormonu (zéasti podle L. R. Johnsona
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Fyziologie vyzivy cloveka
* \/lyziva jako zdroj energie

* VyZiva jako zdroj zivin a dalSich biologicky dulezitych latek



Requirement*

— A. Energy content of foodstuffs and energy requirement

Physiological

Energy content

% of energy

* Recommended values for an adult male weighing 70 kg, during light physical activity

W

(g/day) fuel value (k)/g) (k]/day) requirement

38.9

Fats 65 \
\y

11@ 25%

Proteins 70 ' @ — > 12%
63 %

"¢
Carbo-
hydrates 20

(e.q., amylose)

— B. Chemical structure of fats, proteins and carhohydrates

EHI ‘ii"i _E_H_CH Fatty amdsf{

Fats
(e.qg., triacyl-
glyceral)
Glycerol
Amino acids
S~ R S~ . R ~ R
1 0O 3 f
| i | |
. C C etc. C
Proteins ./ x /C\N/ ~cah - - RO
H I N ]
0 H o}
Amino Peptide bonds Carboxyl terminus
terminus
Monosaccharides
(e.g., glucose)
Carbohydrates

. . \ 250x}




Energetické hospodareni organismu

* Prijem kalorii v potravé = ztrata tepla + + stradana
energie

nebo lépe

* Prijem kalorii v potravé = bazalni metabolismus + specificko-
dynamicky efekt potravin + + stradana energie




Energetické hospodareni organismu

Faktor aktivity
*Klid, spanek =1,1

* Potreba energie = bazalni  spane =L
. *Klid na lazku, sedici = 1,2
meta bOllsmUS X + *Chodici pacient = 1,3
dietou indikovana termogeneze  ‘eféprice=15

*Stredne tézka = 1,6

(pocita se cca 6 %, vétsSinou se 3K fyaicks . = 17+
73 ned bava') Faktor onemocnéni
*Malnutrice = 0,8
* = bazalni metabolismus x "Uméls ventilace = 0,9
v ’ *Kbma=1
X fa ktor onemaocnent X *Selektivni operace, trauma = 1-1,2

faktor telesné teploty +Peritonitis = 1,2-1,5

*Mnohocetné zlomeniny = 1,2-1,35

*Tézka poranéni hlavy = 1,3-1,5

*Sepse, trauma CNS =1,5

*Polytrauma = 1,5-2

*Popdleniny (20—-40%) = 1,5-1,85

Faktor TT — 1 + 0,13 na kazdy zvySeny stupen nad 37



Kolik energie potrebuje Clovek?

* Bazalni metabolismus 70kcal/hodinu

* Navyseni o (kcal/h): 40 pfri psani/praci na pocitaci, 40 Siti, 70 myti
nadobi, 100 uklid, prani pradla 170, prace krejciho 80, truhlare 150,
stavebniho délnika 200, kovare 300, dfevorubce/hornika 400.

Denni kaloricka potreba pro déti a adolescenty

vek 1-3 4-6 7-9  10-12 13-15 16-19

kcal 1300 1700 2100 2500 3 3100 3600
Q 2600 2400



Cukry

* Cca 4 kcal/g

e Jednoduché cukry by méli kryt do 15 % energetické potreby (nyni >20 %),
polysacharidy 40 % (nyni <20 %)

* Rlzné dlouhé retézce hexoz a pentoz — rlizna stravitelnost — jednoduché
cukry = lehce stravitelné; polysacharidy = tézce nebo viubec nestravitelné)

* Monosacharidy - P privod energie, vyCerpani inzulinového aparatu, vznik
zavislosti

* Polysacharidy — idealni zdroj energie (Skrob), dllezita funkce nestravitelné
vlakniny na sliznici streva



Glykemicky index

* Rychlost vyuziti glukozy z potravy v téle

 Zavisi na slozeni cukrd v potravé (mono, di, poly-sacharidy), mnozstvi
vldkniny, typ pripravy, doba varu (rozstépeni slozitéjsich cukrli, GI V)

» Cista glukdza GI=100
e Jidla s nizkym GI (<55) (zelenina, Cerny chléb)

* Jidla se strednim Gl (<70) (sladké ovoce, bilé pecivo)

e Jidla s vysokym GI (>70) (med, sladkosti, pivo, varené brambory)




Tuky

* Cca 9 kcal/g

* Mély by hradit do 30 % energetické potreby (1:1:1 nasycené, mono-
,poly-nenasycené)

* Energeticky bohaté, stavebni latky bunécné stény, zaklad pro steroidni
hormony

* Traveni lipidQ — dllezita zluc a lipazy slinivky/tenkého stfeva

* Transport krvi ve vazbé na proteiny — lipoproteiny (VLDL, LDL, HDL,
chylomikrony)
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— B. Sources and fate of cholesterol

— -

Synthesis

>
HDL Hepato Endocytosis l T
el | oot
i LDL |—P LDL j—b Cholestey
pr—— . LDLK J
Extrahepatic :
HDL J cells Receptor
LDL receptor CHO-
esters
LCAT (Store) ACAT
E Memhranes,_
= HDL steroid synthesis
L)
% Synthesis
l T Liver
iDL > ca. 0.5 g/day
A Cholestero »  Bile salts  4——
F —_—
‘ |"C|'I)f|C|'IT'l.'|
\ residue;
Gut s
[ =
o
=
CHO-esters Diet: 2=
ca. 0.5 g/day ol
Cholesteral By
LPL CHO-esters ﬁm.
Bile — £0
LPL . o
Unspecific 5
carboxyl S
P Mucosa esterase
vioL € | | Cell 2
- d replacement 2
/’ ca. 1 g/day ACAT / g
Chylo-__L =7 J =
microns + g
Intestinal Is: I
Blood lymph Synthesis gamg:; g/day each $

Metabolismus tukt/

cholesterolu

— A. Lipoproteins

Triacvlalveerols Chylomicrons VLDL LDL HDL
= ylgly 0.08
Cholesteraol |—
'\H esters
| 0.30
T Cholesterol 0.42 0.47
! Phospholipids 0.22 |_
v | 0.04
—E proteins 0.06 0.15
0.04
Diameter 80 - 500 nm ca. 50 nm ca. 20 nm ca. 10 nm
Apolipoproteins Al, Bys, ClI+11I, E Bygo, CIL+1II, E Bioo, CHILE  |ALII+IV,CIILD




Proteiny

* Cca 1 kcal/g

* Mély by hradit kolem 15 % energetické hodnoty

* Potreba aminokyselin pro stavbu vlastnich bilkovin (9-10 esencialnich)
* Malo energeticky bohaté, nevyhodna glukoneogeneze

* Dulezita bohatost smési z hlediska zastoupeni AMK, zde kvalita >>
kvantita

* Rostlinna potrava neobsahuje kompletni vycet AMK, nutno
kombinovat a doplrovat (mlécné vyrobky, zivoCisné bilkoviny, soja)



TABLE 2.6

Proteiny - funkce

Category

Proteins that
regulate gene
expression

Transporter
proteins

Enzymes

Cell signaling
proteins

Motor proteins

Structural
proteins

Defense
proteins

Major Categories and Functions of Proteins

Functions

Make RNA from DNA; synthesize polypeptides from RNA

Mediate the movement of solutes such as ions and organic
molecules across plasma membranes

Accelerate the rate of specific chemical reactions, such as
those required for cellular metabolism

Enable cells to communicate with each other, themselves,
and with the external environment

Initiate movement

Support, connect, and strengthen cells, tissues, and organs

Protect against infection and disease due to pathogens

Examples

Transcription factors activate genes; RNA polymerase
transcribes genes; ribosomal proteins are required for
translation of mRNA into protein.

Ton channels in plasma membranes allow movement across
the membrane of ions such as Na" and K.

Pancreatic lipase, amylase, and proteases released into the
small intestine break down macromolecules into smaller
molecules that can be absorbed by the intestinal cells;
protein kinases modify other proteins by the addition of
phosphate groups. which changes the function of the protein.

Plasma membrane receptors bind to hormones or
neurotransmitters in extracellular fluid.

Myosin, found in muscle cells, provides the contractile force
that shortens a muscle.

Collagen and elastin provide support for ligaments, tendons,
and certain large blood vessels: actin makes up much of the
cytoskeleton of cells.

Cytokines and antibodies attack foreign cells and proteins,
such as those from bacteria and viruses.



v s / / / .
Doporucné denni davky bilkovin
1-3 2,4 29 9,0
4-6 2,0 36 8,5
7-9 1,8 42 8,0
Zeny
13-15 1,0 48 7,5
16-19 0,8 44 7,25
20+ 0,75 41 7,0
Gravidita +8
Kojeni + 20
Muzi
13-15 1,3 58 7,5
16-19 1,0 65 7,25

20+ 0,85 55 7,0



TABLE 26-4 Vitamins essential or probably essential to human nutrition.?

Deficiency
Vitamin Action Symptoms Sources Chemistry
AfALA) Constituents of MNight blindness, Yellow HsC.__ _CHa {l;H]
visual pigments dryskin vegetablas S N 1 _
(see Chapter and fruit Ho G=(CH=CH—C=CH),—CH;0H
12: Vision); H.C C—CH
necessary for fetal g ? N ,
development I-!I Vitamin A, aleohol (retinol)
and for cell E
development
thraughout life
B complex
Thiamin Cofactor in Beriberi, neuritis Liver, NH. s
[vitarmin B.) decarboxylations unrefined i
cereal NF CH.—"N
grains cH J\ | R
=,
N CH; CHyCH;OH
Riboflavin Constituent of Glossitis, Liver, milk H CHZ(CHOH);—CH-0H
[witamnin B.) flavoproteins cheilosis é N N
HC—C7 xﬁ/ m‘I:-;’r \\T:D
H,C—C c c N—H
*‘%?/ N \(l.]:/
H o
Miacin Constituent of Pellagra Yeast, lean o
NAD" and NADP* meat, liver il Can be synthesized in
S body from tryptophan
N
Pyridoxine Forms prosthetic Convulsions, Yeast, CH.OH
[vitamin B,) group of certain hyperirritability wheat,
decarboxylases corn, liver HO T CHOH
and transaminases.
Converted in body HC N/
into pyridoxal
phosphate and
pyridoxamine
phosphate
Pantothenic acid Constituent of CoA Dermatitis, Eags, liver, Iil l.‘i:H3 I—Ii Ll‘lJ
Enes, bl HO—C—C——C—C—N—CH,CH,COOH
alopecia, 1 1 |
adrenal H CHy OH H
insufficiency
Biotin Catalyzes CO, Dermatitis, Egg yolk, o]
“fixation”(in fatty enteritis liver, 'l__.!
acid synthesis, etc) tomatoes H=N""" N—H
H —(|: —C—H
H;,C‘_\S __CH—(CH_),CO0H
Folates {folic Coenzymes Sprue, anemia. Leafy green COOH N N
acid) and related for“1-carbon” Neural tube vegetables -CI}H o H% TSENH,
compounds transfer; involved defectsin ie |
in methylating children born to CH;—L?HNH—C NH—CH = =N
reactions folate-deficient COOH N
women Folic acid OH

Deficiency
Vitamin Action Symptoms Sources Chemistry
Cyanccobalamin Coenzyme in Pernicious Liver, meat, Complex of four substituted pyrrole rings around a cobalt
(vitamin B, ) amino acid anemia (see eggs, milk atom (see Chapter 25: Overview of Gastrointestinal Function
metabolism, Chapter 25: & Regulation)
Stimulates Owerview of
erythropoiesis Gastrointestinal
Function &
Regulation)
C Maintains Seurvy Citrus ?HzOH
prosthetic metal fruits, leafy L
ions in their green o LI—: i o Ascorbic acid (synthesized in most
reduced form; vegetables C(:! w mammals except guinea pigs and
scavenges free rli ?:? primates, including humans)
radicals OH OH
D group Increase intestinal Rickets Fish liver Family of sterols (see Chapter 21: Hormaenal Control of Calcium
absorption of & Phosphate Metabolism & the Physiology of Bone)
calcium and
phosphate
{see Chapter
21: Hormonal
Control of Calcium
& Phosphate
Metabolism & the
Physiology of Bane)
E group Antioxidants; Ataxia and Milk, eqgs, CH; H.
cofactors in other symptoms meat, leafy
electron transport and signs of vegetables HO H; g|3|-|3 .:i:H:1 CH,
in cytochrome spinocerebellar s
chain? dysfunction HyC 9:HQJG_CH_(GHQS_CH_‘CHM_G\H
CH, CH;
CH o-Tocopherol; - and -tocopherol also active
K group Catalyze y Hemarrhagic Leafy green o
carboxylation phenomena vegetables
of glutamic acid CH,
residues on various o .
i e ety
SN EREREEEDE, o biological activity

‘Choline is synthesized in the body in small amounts, but it has recently been added to the list of essential nutrients,



Baz3

¢

* 655 + 9,6 x hmotnost (kg) + 1,8 x vyska (cm) — 4,8 x vek (roky) [kcal]

J

* 66,5+ 13,8 x hmotnost (kg) + 5 x vyska (cm) — 6,8 x vék (roky) [kcal]

ni metabolismus - vypocet



— C. Regulation of appetite and energy balance NV /e
Environment and lifestyle | < e g L ‘ a C e p r IJ | I | u
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— B. Regulation of body weight by leptin, a-MSH and NPY
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Food intake 4 Food intake }
Energy consumption 1 Energy consumption t
Energy metabolism ———>  Heat production ¢ Parasympathetic activity ‘l‘ Sympathetic activity "‘

. ) -

(after H. Zheng and H.-R. Berthoud)




— A. Relative contribution of organs to body weight and heat production
1 2 :
Percentage of body weight Percentage of 16%
(=100%) heat production
2%  Brain (=100 %) 18%
\V4 . .
[eplota tela — princi
@ 8% Other ’ At res:
3% Thoracic and 1% ,/
abdominal \ 1% , 8%
— C. Environmental temperature and —— 56 % organs
Radiation temperature control PN
- At rest
Convection .
Environmental m Thermo- During 0%
Warm air temperature 600| regulation physical exercise
rising
4000 — B. Mechanisms of heat loss
hunar 1 Radiation 2 Conduction and convection 3 Evaporation
=i 200 = Skin \\ Loss of heat
Convection A\ Y
/\/ﬁf Behavioral , R0\ evaporation
adaptation \ - _
80| only = Diffusion »\ v >
Heat \ N |
60 conduction |
= — o] ~ N
fropicsh—> | e g T /_f':‘t}c}
P \ — Cﬂ—t temp- | o NP
erature
[ 20 Thermaoneutral | h ;
4 1 ~— I',/ ‘( \Iks i 198 \\“,:-
AN, / 0 Shivering, etc. N / ﬂ gﬁﬂs y
— Arctic/Antarctic WWI :
CODI. s region \_) T ; — C. Heat production at different environmental temperatures (unclothed, at rest) —
coming in to =~ 100 Behavioral Room temperature —& ]
replace warm - N —> | — adapta;ﬁ; . Total heat loss ~ M
air that has night| | —200] Vi 5 7 5 /
risen w4 ~63)- m7. s =100% ~.38)- m™- 57 =100 % ‘\\43 |- m™- s =100%
r - /_) 273 | I|I By way of: 1 | Distribution: | Distribution:
e T Absolute \ | 13% v I'.\% 27% |'\' T oSg» 100%
L . ]I. 1\ Evaporation g | .\] \\
; zero || \ A )
|| b 26% ﬁ | Y 27% ﬂ | o%
{ Conduction | [
!I. | and convection II‘ || II‘ ||
|| 6% || e | o
() Radiation HE {1
(After Hardy) AN /\5 / \\\J




Termoregulace

< Skin temperature >

Peripheral

[ thermoreceptors

— D. Neural factors affecting thermoregulation

= (botha Ia)f
T~

Sympathetic nervous system

Peripheral

Central
thermosensors

thermosensors

cholinergic ay-adrenergic Bi-adrenergic

Blood
vessels

Non-shivering
thermogenesis
(in infants)
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TABLE 3.8 Essential Nutrients TABLE 2.1 Essential Chemical Elements in the Body

(Neo-Latin Terms in Italics)

Water
Mineral Elements

7 major mineral elements (see Table 2.1)

Element

Symbol
Major Elements: 99.3% of Total Atoms in the Body

13 trace elements (see Table 2.1) Hydrogen H (63%)
Essential Amino Acids Oxygen 0 (26%)
Histidine Carbon C (9%)
Isoleucine N]l.[‘()gen N (l%:’
Leucine
S ‘ v / \"4 ‘ Mineral Elements: 0.7% of Total Atoms in the Body
ozenl tela
Methionine Calcium Ca
Phenylalanine Phosphorus P
Threonine Potassium K (kaliwm)
Tryptophan
y.p P Sulfur S
Valine
V4 Sodium Na (natrium)
Essential Fatty Acids Other Essential Nutrients .
V ) ] . Chlorine Cl
’ Linoleic acid Inositol
Linolenic acid Choline Magnesium Mg
Carnitine Trace Elements: Less than 0.01% of Total Atoms in the Body
Vitamins Iron Fe (ferrum)
Water-soluble vitamins lodine I
B,: thiamine Copper Cu (cuprum)
B,: riboflavin PP v
Bg: pyridoxine Zinc Zn
B,.: cobalamine
Niacin i Vitamin B complex Rileres LoD
Pantothenic acid Cobalt Co
Folic acid
EFe Chromium Cr
Lipoic acid Selenium Se
Vitamin C Molybdenum Mo
Fat-soluble vitamins .
Fluorine F
Vitamin A
Vitamin D Tin Sn (stannunt)
Vitamin E Silicon Si
Vitamin K Vanadium \Y



