RACIONALNI VYZIVA

*Kvantitativni hledisko
«Kvalitativni hledisko
*Nadstavba

*Esteticke hledisko

*Soclo-ekonomické hledisko



VYZIVA

Vyvazena strava ¢lovéka musi obsahovat:
— cukry (50 -55 %)
— tuky (30 %)
— bilkoviny (15 —20 %)
— vitaminy, ruzn¢ anorganicke latky
—Vvodu - denni potifeba odpovida 2,4 1
— Z tohoto objemu pr1jima dospély Clovek

* vodu v objemu kolem 1200 ml,

* 900 ml je pfijato ve strave
* 300 ml vody je vytvoreno béhem metabolické premény

Denni potifeba energie je:

—u dospélého muze ~12600 kJ

—u dospélé Zzeny ~9200 kJ

— skute¢na potreba vSak zavisi na:
* télesné hmotnosti

* rozsahu télesné aktivity
» dalSich fyziologickych a patofyziologickych faktorech



VODA, VITAMINY, MINERALY VE
VYZIVE

VOD A +50-70% télesné hmotnosti, novorozenci
»2/3 intracelularné, 1/3 extracelularné
*Metabolismus
*kompartmentalizace

fylogeneticke hledisko



Voda a jeji funkce v lidskem téle

» Transportni prostredi, rozpoustédlo,
zvlhCovani a ochrana sliznic

* V¢k, pohlavi, hmotnost

— B.Obsah vody v téle
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Voda je polarni rozpoustédlo

Dobfte se rozpoustéji iontove slouceniny
a slouCeniny s polarni

vazbou a polarnimi skupinami v molekule
(cukry, ethanol apod.)



WATER BALANCE IN THE BODY

Water gain

0.3 L/day

2.5 L/day

| Water loss

THE KIDNEYS CONSERVE VOLUME

Kidneys cannot restore lost volume. They only conserve fluid.

Volume loss can be Volume
replaced only by volume . ™,
input from outside gain

the body. 7

I . Insensible
/ water loss
0.9 L/day
£

/11 1.5 L/day

|
0.1 L/day

|

|
Totals | 2.5 L/day

Output -0
2.5 L/day

GFR can
be adjusted.

Kidneys
recycle
fluid.

If volume falls
too low,
GFR stops.

Kidneys
conserve
volume.

Y

Volume
loss in
the urine

Regulated H,O
reabsorption




Renal Proximal Loop of Henle Distal

Collecting
Corpuscle Convoluted Descending Ascendin Convoluted Duct
P Tubule mb —Limb LG
Reabsorption, ; Reabsorption,
Filtration Secretion Solution Secretion
(Vital) Concentration ("Optional”)

Lactates,
Ketones

Urea

Sartans

ANP
UroD

Organic
Compounds

Nephron -

Legend Dopamine
Aa. - Amino acids

ADH - Antidiuretic hormone

Ald. - Aldosterone

ANP . Atrial natriuretic
peptide

AT Il - Angiotensin ||

UroD - Urodilatin

Permeability to o >
water: High > None Variable




% VODY

KREV

83%

SVALY

76%

KUZE

2%

KOSTI

22%

TUKY

10%

ZUBNI SKLOVINA

2%




VODA

4 Y

INTRACELULARNI EXTRACELULARNI
TEKUTINA TEKUTINA
40% télesné hmotnosti 20% télesné hmotnosti
60% télesné vody 40% telesné vody
30 | 15 |




EXTRACELULARNI
TEKUTINA

|l !

INTRAVAZALNI INTERSTICIALNI
TEKUTINA TEKUTINA

KREVNI PLAZMA TKANOVY MOK

LYMFA

TRANSCELULARNI
TEKUTINA

MOZKOMISNI MOK PERIKARDIALNI TEKUTINA

NITROOCNI TEKUTINA NITROKLOUBNI TEKUTINA

PLEURALNI TEKUTINA SEKRETY TRAVICICH ZLAZ

PERITONEALNI TEKUTINA

Klinicka vySetreni: hodnoceni elektrolytu extracelularné



celkova télesna voda i
42 litrd

60 % télesné hmotnosti :

§

A

cuting
AN .Al. '-\_'.‘ |

né hmotnosti J

voda v intersticiu
10,5 litru

15 % télesné
hmotnosti




Extracellular fluid Intracellular fluid
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Plasma .
Interstitial fluid Misc.
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FIGURE 1-1 Organization of body fluids and electrolytes into compartments. A) Body fluids are divided into Intracellular and extracel-
lular fluid compartments (ICF and ECF, respectively). Their contribution to percentage body weight (based on a healthy young adult male; slight
variations exist with age and gender) emphasizes the dominance of fluid makeup of the body. Transcellular fluids, which constitute a very small
percentage of total body fluids, are not shown. Arrows represent fluid movement between compartments. B) Electrolytes and proteins are un-
equally distributed among the body fluids. This uneven distribution is crucial to physiology. Prot ™, protein, which tends to have a negative charge

at physiologic pH.

Chemicky gradient Malé polarni a nepolarni molekuly
Elektricky gradient  Velké polarni molekuly, ionty



- C. lontové slozeni télesnych tekutin
intersticium cytosol

kationty anionty katio anionty
cr
anorganicky
. HCO;3 k fosfat
. K Na* HCO;
Ca®" Mg®* proteiny, fosfaty a " Mg? S 0;

ajiné ca’
¥ mval/l (mmol/l)

*) celkové Ca v plazmé 2,5 mmol/l; **) celkové Mg v plazmé 0,9 mmol/l




intracelularni tekutina tkafnovy mok plazma

osmoticky
tlak

Obr. 8.41 Sily zodpovédné za pohyb materialu pres bariéry oddélujici hlavni kom-
partmenty telesnych tekutin

- prostup iontil pies ob¢ bari€ry neni stejny

- pohyb vody
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Akvaporiny

AQP 3
AQP 7

= = Gas channel

Figg. 1. Aquaporin expression in humans, The figure shows the wide distribution of AQP water channels throughout the human body, Organs are highlighted, starting at top right; within
each organ, the major AQPs involved in transceliular water flow are denoted; 3) Retina — AQP4, b) Olfactory epithefium — AQP4, ) The inner ear — AQP4 and AQP1, d) Brain — AQP4 in
astrocytes and AQP1 in choroid plexus, e) Spinal cord — AQPP1, AQP4 and AQP'S; Nudleus pulposus cefls of the intervertebral disc — AQP1 and AQP3; Osteoclasts — AQP9, 1) Blood vessels —
AQP1 in endothelial cells, &) Heart — AQP4, h) Kidney (showing the nephron in detail) — AQP1, AQP2, AQP3, AQP4 and AQP7, i) Salivary glands — AQPS, j) Gastrointestinal tract — AQP3,
AQP4, AQPS and AQP9, k) Liver — AQP'1, AQPS and AQF9, 1) Pancreas — AQP"! and AQPS, m) Lungs — AQP3, AQP4, AQP'5, n) Fat (adipocytes) — AQP7; Skin — AQP1, AQP3, AQPS and AQP10,
0) Female reproductive tract — AQP7, AQPS and AQP9 in ovaries, and p) Male reproductive system — AQP3 and AQP7 in sperm cells,

membrane



System AQP protein localisation Role of aquaporins in transcellular water flow References
Nervous Retina — AQP4 Suggested role in Muller cell water balance. [64]
Olfactory epithelium — AQP4 Membrane permeability - link to olfaction. [65]
Inner ear — AQP4 (hensons, claudius and Inner Succlus cells), AQP1 (fibrocytes) AQP4 mediated transcellular water flow in to Henson cells exiting via AQP4 on basal membrane of Claudius cells [66]
Brain — AQP4 astrocytes, AQP1 (choroid plexus) AQP4 at astrocyte end feet for BBE water permeability. AQP1 secretion of CSF, AQP4 absorption of CSF [62,47]
Spinal cord — AQP1, AQP4, AQP8 Localisation of AQPs suggests transcellular water flow from perivascular space to interstitium, into central canal  [54]
Renal (kidney) Proximal tubule — AQP1 (apical and basolateral), Water reabsorption, importance of AQP7 unknown [9,69]
AQP7 (apical of convoluted and straight)
Renal collecting duct cells — AQP2 (apical, sub apical vesicles), Urine concentration by AQP2 AVP mediated water absorption - AQP3 and 4 exit pathways into blood 63,68]
AQP3 and AQP4 (basolateral)
Descending thin limb of henle — AQP1 Water reabsorption 9]
Descending vasa recta — AQP1 Water reabsorption 191
Connecting tubule — AQP3 Water homeostasis 9]
Integumentary ~ Skin — AQP1 (endothelia of dermis), AQP3 + 10 (keratinocytes of epidermis), Homeostasis, glycerol or water transport for skin hydration, sweat excretion [96-98]
AQP5 (sweat glands)
Fat — AQP7 (adipocytes) Glycerol transport [102]
Cardiovascular ~ Blood vessels — AQP1 strongly expressed in endothelia outside of brain i.e. Airspace-Capillary osmotic water permeability and heart vasculature [112]
Cardiomyocytes — AQP4 Absorption of excess water from interstitial space into to capillaries [113]
Respiratory Lung alveolar epithelium — AQPS (apical membrane) Transcellular water flow route for water absorption and secretion in airway, Role in airway hydration [117]
Airway epithelial lining — AQP3 and AQP4 Possibly provide route for water into capillaries of airway 87]
Airway sub-mucosal glands — AQP5 (apical membrane) Fluid secretions into lumen of submusosal glands for mucous production and hydration [119]
Reproductive Ovarian granulosa cells — AQP7, AQP8, AQP9 Transcellular water flow in folliculogenesis 121
Epididymis Transepithelial water transport and sperm concentration [129,135,137,138]
Sperm — AQP3, AQP7 CVR to prevent swelling and to aid mobility [41]
Digestive Salivary Glands — AQP5 (acinar cells, intercalated duct cells), Transcellular water transfer in process of primary saliva secretion [87,147]
AQF8 (myoepithelial cells)
Oesophagus — AQP3 (stratified epithelia) Intracellular osmolarity and CVR to water deprived cells [143]
Stomach — AQP3 (stratified epithelia), AQP4 (BLM parietal cells), Provide water to cells facing harsh conditions, AQP4 - gastric acid secretion, [141,143,144]
AQP5 (pyloric gland) AQP5 transcellular water secretion for mucous production
Small intestine — AQP4, AQP9 (goblet cells) Transcellular colonic fluid transport, AQP9 aids in mucous secretion [149]
Colon — AQP3 (simple + stratified epithelia of distal colon), Water absorption from intestine and colonic fluid transport [144,149]
AQP4 (surface epithelia)
Liver — AQP1 (cholangiocytes), AQPS (hepatocytes), AQP8 — osmotic driven water transfer and homeostasis, AQP9 — glycerol uptake from blood released by AQP7 [82,152]
AQP9 (sinusoidol membrane of hepatocyte)
Pancreas — AQP1 (inter/intralobular ducts), AQP8 (acinar cells) AQP1 — Transcellular water transfer and pancreatic juice secretion, AQP8 — Pancreatic juice secretion [146]
Musculoskeletal Muscle fibres — AQP4 Contraction-induced muscle swelling
Articular cartilage — AQP1, AQP3 Involved in cell swelling during mechanistic load [160]
Intervertebral disc — AQP1, AQP3 (nucleus pulposus cells) AQP1 and 3 involved in NP cell swelling during mechanistic load [159]

Osteoclasts — AQP9

AQP9 osteoclast differentiation and cell fusion — increase in cell volume

[154,156]
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Obr.8.42 Piipiijmu ické rekutiny se tekuti -prostie mezi i

a kuldrni &ast extracelularniho kompari do i kularniho kom- Obr. 8.43 Pii prif oo ml SR o o S b g
) ? A 4 A s prijmu cisté vody se voda rozprostie do viech kompartmenti, aby Obr. 8.44 Pri prijmu hypertonické tekutiny prechazi voda do extracelularniho

partmentu tekutina neprechdzi, protoe bariéra je pro ionty nepropustud. a voda vyrovnala jejich osmolaritu prostoru z prostoru intraceluldrniho, aby vyrovnala osmolaritu obou kompartmentit

nepiechazi, protole obé strany bariéry jsou izotonické



e R e B Body Water and Body Fluid Compartments

Markers Used to

Body Fluid Compartment Fraction of TBW* Measure Volume Major Cations Major Anions
TBW 1.0 Tritiated H,0
D,0
Antipyrene
ECF 1/3 Sulfate Na* Cl-
Inulin HCO,~
Mannitol
Plasma 1/12 (1/4 of ECF) RISA Na* ClI-
Evans blue HCO,~
Plasma protein
Interstitial 1/4 (3/4 of ECF) ECF-plasma Na* Cl-
volume (indirect) HCO,~
ICF 2/3 TBW-ECF (indirect) K* Organic phosphates
Protein

*Total body water (TBW) is approximately 60% of total body weight, or 42 L in a 70-kg man. ECF = extracellular fluid; ICF = intracellular fluid; RISA =
radioiodinated serum albumin.



HOMEOSTAZA

lzoionie — koncentrace iontd

|zotonie — osmoticka koncentrace

lzohydrie — pomér kyselin a zasad

*Izovolémie — objem ECT (volumoreceptory nebo baroreceptory,

RAS, ADH)



e Izovolémie Pri¢ina — nasledek

* Hypovolémie (dehydratace) Komplexni poruchy!

 Hypervolémie (hyperhydratace)

VYSETRENI PRI PORUCHACH HYDRATACE

1. Anamnéza — nemoci ledvin, GIT, DM, DI, 1éky, prijem a
vydej, zmény hmotnosti, atd.

2. Laboratorni vySetieni: elektrolyty, osmolalita Kkrve,
cerveny obraz krevni, celkova bilkovina v séru; Astrup (=
vySetreni krevnich plynt a acidobazickeé rovnovahy)



s W o=

OBJEKTIVNI VYSETRENI
Zmény na kuzi
Zmény hmotnosti
Zmény diurézy (oligurie, anurie, polyurie)
Poruchy dychani (respira¢ni acidoza, alkaldza,
sekundarni zmény — Kussmaulovo dychani)
Poruchy CNS (zmény reflexi, svalového tonu,
parestézie, poruchy védomi, koma)
Zmeny centralniho zilniho tlaku (népli krénich zil)

Zmény cirkulace: dehydratace — tachykardie, hypotonie



PRICINY PORUCH HYDRATACE

. NaruSeni normalniho pfijmu vody a iont

. Poruchy normalni cirkulace vody a iontii mezi ECT a GIT
Poruchy buné¢ného metabolismu

Poruchy vylucovani vody a ionta

. Nadmérné ztraty vody (1 1ontu) kuzi



DEHYDRATACE

= sniZeni objemu télesnych tekutin doprovazené nedostatkem sodiku.

HYPERTONICKA DEHYDRATACE = ztrata &isté vody

V¢tsi nedostatek vody nez sodiku. Poruchy piijmu a velké ztraty.

Bunééna dehydratace. Zizen. Poklesly kozni turgor. P¥iznaky od
CNS.
Zavodnéni.

IZOTONICKA DEHYDRATACE = izonatremicka

PriCiny — krvaceni, 1éc¢ba diuretiky, ,,slepé€ prostory*
Hypovolemicky syndrom: pokles diurézy, znamky dehydratace.

HYPOTONICKA DEHYDRATACE

Vzdy vétsi deficit sodiku nez vody.
Bunécna hyperhydratace.

Ztraty GIT, ledvinami.

Hypovolemicky syndrom, pfiznaky z CNS.



HOMEOSTATIC COMPENSATION FOR SEVERE DEHYDRATION

DEHYDRATION

!

¥ Blood volume/
+ Blood pressure

accompanied by ———————————» (4 Osmolarity = - -~
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HYPERHYDRATACE

= zvySeni objemu mimobunécné tekutiny

HYPOTONICKA HYPERHYDRATACE — intoxikace vodou

Bunécna hyperhydratace. Pokles osmolality:.
Nadmérny prijem tekutin (dialyzovany pacient, pac.s poruchou
ledvin), nadprodukce ADH

1ZOTONICKA HYPERHYDRATACE

Zvétseny objem ECT. Osmolalita zachovana.
SrdeCni nedostateCnost, nefroticky syndrom, jaterni cirhoza.
Otoky a zadrZzovani vody v ser6znich dutinach.

HYPERTONICKA HYPERHYDRATACE = hypernatremicka

Vzacna. Piti moiské vody. ZvétSeni ECT pii nadbytku sodiku.
Stoupa osmolalita.
Primarni hyperaldosteronismus.



Regulace objemu ECT
Zmeéna kapacity krevniho feciste

Zména naplné¢ 1eciSt¢ — presuny Vvody,
snizeni/zvySeni diurézy

Sympatikus

RAS/aldosteron (mineralokortikoidy)
ANP

Dopamin (inhibice resorpce Na+ v proximélnim tubulu)

Urodilatin; guanylin, uroguanylin stevni epitel -

stimulace exkrece sodnych a draselnych iontil)



Hormones acting on kidney

Secreted in response toTatrial pressure. Causes T GFR
and T Na* filtration with no compensatory Na* reabsorption
in distal nephron. Net effect: Na* loss and volume loss.

Glomerulus
Proximal
Afferent convoluted
tubule

Efferent
Sugars
Amino acids
Na

Angiotensin ||

Synthesized in response to 1 BP. Causes efferent arteriole
constriction— T GFRand T FF but with compensatory Na*
reabsorption in proximal and distal nephron. Net effect:

preservation of renal function (T FF)in low-volume state — — & - — — — . _

with simultaneous Na* reabsorption (both proximal
and distal) to maintain circulating volume.

Parathyroid hormone

Secreted in response to

l plasma [Ca®], T plasma [PO4*],
ord plasma 1,25-(OH), Ds.

Causes T [Ca?] reabsorption (DCT),

4 PO reabsorption (PCT), and

T 1,25-(0H), Dz production

(T Cca* and PO4*~ absorption from gut
via vitamin D).

Loop of Henle

Hormones and Autacoids That Influence Glomerular
Filtration Rate (GFR)

Ascending limb, il
loop of Henle receptors on principal cells,

{permeable to salts) causing T number of

Distal
convoluted
tubule

Hormone or Autacoid Effect on GFR
Norepinephrine l
Epinephrine l
Endothelin l
Angiotensin 11 «— (prevents 1)
Endothelial-derived nitric oxide
Prostaglandins T
CaZt

t

Mgb
K+
»\ Secreted in response to
{ blood volume (via AT II) and
T plasma [K); causes TNa*
- Nat reabsorption, TK* secretion,
Cortex 4 T H secretion.

Medulla

Secreted in response to
T plasma osmolarity and
1 blood volume. Binds to

aguaporins and T H,0
reabsorption.

Collecting
duct
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VITAMINY

= vSechny organicke slozky potravy, které jsou nezbytné pro zivot,
zdravi a rust; nejsou zdrojem energie.

HYPOVITAMINOZA (AVITAMINOZA)

HYPERVITAMINOZA
1. SniZeny obsah v potravé 1. Nadmérny piisun v
2. Porucha pfijmu potravy potraveé — vétSinou
3. Porucha vstifebavani iatrogenni
4, ZvysSena spotieba
5. Onemocnéni zasobniho organu

ve vode: difuze, facilitovana difuize, sek. aktivni
transport;
ROZPUSTNE vit.B,, - |

N

v tucich: vstfebavani ohrozeno pi1 poruchach
resorpce lipidu (chybi pankreat.enzymy ¢i zIuc)



HYPOVITAMINOZY

Kys.listova — poruchy vyvoje embrya (rozstépy)
B, — pernicidézni anémie

C — skorbut (kurdéje)

D — ki1vice

E — poruchy plodnosti

K - hemoragie

HYPERVITAMINOZY

A — teratogenni

D — selhani ledvin

K —anémie, poruchy GIT

B, — periferni polyneuropatie

Ruzna zasoba vitamini v téle — A (5 — 10 mésict), D (2 — 4 mésice),
B12 (nékolik let), C (tydny?)



Vitamin

Zivo&isny

Misto resorpce

Transport mech.

Max.res. kapacita u

Denni davka

druh ¢lovéka / den
C Clovek, lleum Aktivni >5000mg <50mg
morce
Biotin Kiecek Tenké stievo Aktivni ? ?
Cholin Morce, Tenké stievo Facilitovana difuze ? ?
kiecek
Kys.listova (pteroylglutamat) | Potkan Jejunum Facilitovana difuze >1000ug 100-200ug
(davka)
Kys.listova (5- Potkan Jejunum Diftze >1000ug 100-200ug
metyltetrahydrofolat) (davka)
Kys.nikotinova Potkan Jejunum Facilitovana d. ? 10-20mg
Kys.pantotenova Tenké stievo ? ? (?)10mg
B (pyridoxin) Potkan, Tenké stievo Diftze > 50mg (davka) 1-2mg
kiecek
B, (riboflavin) Clovek, Jejunum Facilitovana d. 10-12mg (davka) 1-2mg
potkan
B, (thiamin) Potkan Jejunum Aktivni 8-14mg cca 1mg
B, Clovék, Distalni ileum AKktivni 6-9ug 3-7ug
potkan,

krecek




I VITAMIN DIGESTION AND AB3ORPTION
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Biotin/
Brush  Ascorbicacid Panlothanic Cobalamin Folale — Niacin Pvridoxine Riboflavin Thiamine
border acid

membrane

Intrinsic
factor-

Basolateral
membrane

Obr. 1: Transportni systémy pro hydrofilni, ve vodé rozpustné vitaminy, v tenkém stfevé. Jednotlivé
transportéry jsou oznacéeny pouZivanymi zkratkami. V pfipadé otazniku nebyl doposud transportni
systém identifikovan. Pfevzato -  hitps://www.researchgate.net/publication/327659030

Gastrointestinal Handling of Water-Soluble Vitamins - Said, H., Nex@, E.: (2018). Gastrointestinal
Handling of Water-Soluble Vitamins. Comprehensive Physiology 8(4):1291-1311.

Blotin/
Pantothanic Cobalamin Folate  Niacin Pyridoxine Riboflavin Thiamine

Apical
membrang

Basolateral
membrane

Obr. 2: Transportni systémy pro hydrofilni, ve vodé& rozpustné vitaminy, v tlustém stfevé. Jednotlivé
transportéry jsou oznaceny pouZivanymi zkratkami. V pfipadé otazniku nebyl doposud transportni
systém identifikovan. Za povSimnuti stoji absence transportnich systémd na bazolaterdlni membrané,
co? indikuje nemozZnost jejich transportu dale. Vyjimku tvoif folat, riboflavin a thiamin, nicméné kapacita
téchto transportnich systému je velmi omezena. Prevzato -
https://www.researchgate.net/publication/327659030_  Gastrointestinal_Handling_of Water-Soluble_
Vitamins - Said, H., Nexs, E.: (2018). Gastrointestinal Handling of Water-Soluble Vitamins.
Comprehensive Physiology 8(4):1291-1311.



Vitamin Name Active Form Biochemical Function Physiological/cellular

(co-factor) Role
B Pantothenic Acid Coenzyme A Acyl Transfer e Energy production from
foodstuff
e Fatty acid synthesis
Be Pyridoxine Pyridoxal Phosphate = e Transamination e Amino acid breakdown
(PLP) e Racemization e Glycogen breakdown

Decarboxylation
B/y-Elimination

B, Biotin Biotin Carboxylation e Glucose & fatty acid
synthesis
e Leucine synthesis
B Folic Acid Tetrahydrofolate (THF) One-Carbon Group Amino Acid & nucleotide
Transfer synthesis
By, Cobalamin Coenzyme B, e Intramolecular ¢ Nucleotide synthesis
Rearrangements e Amino acid metabolism
e Methyl transfer e Fatty acids breakdown
¢ Folic acid regeneration
o Ascorbic Acid Ascorbic Acid Proline Hydroxylation  Collagen synthesis
Reduction Antioxidation

D Calciferol Calcitriol Gene expression Bone growth



Intestinal Lumen

Ascorbic acid oxidation

W
4.0
Ho, A

Enterocyte

Ascorbic acid

womd o

o,

-0

Ascorbic acid

Blood
Current Opinion in Food Science

Transport pathway for vitamin C in the intestinal epithelial cell (enterocyte). Cellular ascorbic acid uptake is mediated by SLC23A1 and SLC23A2.
GLUT transporters mediate dehydroascorbic acid uptake as a minor pathway in conditions of oxidation.

VITAMIN C

Vitamin C
ingestion

Intestine
*  Concentration
‘- dependent Lung
Brain . Concentration ¥ absorption s
B h dependent
2-10 mM

retainment

Heart
0.2-0.4 mM

Muscle
0.2-0.4 mM

%
~"'/Concemration

dependent
reabsorption

Kidney
0.3-0.5 mM
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(Fe?*) Prolylhydroxylase (active)
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¥

Ascorbic acid

(Fe?*) Prolylhydroxylase (inactive)
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20 — 30 tydnt
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Scorbutic Gums

Daéle:

- Poruchy ristu dlouhych kosti — poruchy osifikace — poruchy hojeni
fraktur

- Fragilita cévnich kapilar

- Velmi zavazné pripady — horecCka, smrt



VITAMIN B,,

*Denni potieba blizka resorpCni kapacité

*Syntetizovan stirevnimi bakteriemi v kolon — ALE zde neni
resorpCni mechanismus

»Zasobarna v jatrech (2-5 mg)

*Ve zluci 0,5-5 pg / den, reabsorbovan

*Denni ztrata — 0,1% zasob == zasoby vydrzi na 3-6 let

RESORPCE

1. Gastricka faze: B, je vazan na proteiny, nizke pH a pepsin
ho uvolni; vazba na glykoproteiny — R-proteiny (sliny,
zalud.stava), pH témei nezavislé; vnitini faktor (1F) —
parietalni bb. zaludecni sliznice; vétSina vit. vazana na R-p.

2. Intestinalni faze: pankreaticke proteazy, rozstépeni R-B,,,
vazba na IF (rezistentni vuci pankr. proteazam).



Cc COBALAMIN HANDLING BY THE STOMACH AND PROXIMAL SMALL INTESTINE
_-Food

SRl The acid pH and
pepsin release

cobalamin from
dietary protein.

D COBALAMIN ABSORPTION BY ILEAL ENTEROCYTE

i\ teal anorocyto
lumen

Gastric glands secrete
haptocorrin, which then
binds to cobalamin. \

Interstitial space

Deglycosyla
and degradation of IF
The pancr!as secretes K ? \
: | proteases and HCOy \ 4
CBL is released after the (alkaline secretion). Degraded :%}h '
1 proteolytic degradation receptor? -
& / o|‘ haptocorrin,
- 1
The IF-CBL complex forms. \
' C

lleal enterocyte absorbs
/ IF-CBL complex.




Pozn. Hypovitamino6za — demyelinizace miSnich nervi, ztrata
periferni citlivosti, paralyza



Folat — kyselina listova

To hepatic vein Hepatic

sinusoid

Liver

HEPATOCYTE

OATP1B3
OATP1B1
PCFT

VIRP2

BCRP

o

From
hepatic
artery

Bile canaliculus

From From
bile'duct portal vein

ENTEROCYTE

</

5.8-6.0
g
o
o

Gallbladder

-
o
T

Bile duct

L "

Small

. . OATP2B1
intestine

BCRP

Annu. Rev. Physiol. 2014.76:251-274. Downloaded from www.annualreviews.org
by Temple University Libraries on 09/30/14. For personal use only

MUCOSAL SURFACE pH

MRP2




p-aminobenzoic acid + Pteridine

Sulfonamides Pteridine
v g ° ® |4 a4 /4 14 ® o
Dihydropteroic acid Hypovitamindza — snizena syntéza purinu
Dikydrofolate a thyminu, makrocytarni anémie
v synthetase

Dihydrofolic acid

Dihvdrofolate
Trimethoprim S
reaquctase

Tetrahydrofolic acid

Thymidine m Methionine

Fuxines MTX is an antifolate belonging to the antimetabolite class of antineoplastic agents.

MTX is a cell cycle specific chemotherapeutic agents that acts on S-phase &
thus inhibit DNA synthesis

- Dihydrofolate reductase
Folic acid - >
N N NHa
<|3H:
m)(j g H
|
HOOC. N NHz HOOC. N
\/\CZOHO \/\l/
methotrexate folic acid

THF included at two stages in the biosynthesis of purines (adenine and
guanine) and at one stage in the synthesis of pyrimidines (thymine, cytosine,
and uracil)



Thiamin

BERI-BERI

"The first clinical descriptions of beriberi were

by Dutch physicians, Bontius (1642) and {ICOLAT TVL pn' g,

Nicolaas Tulp (1652). Tulp treated a young Anazsrammnncy I

ATIONE S/

Dutchman who was brought back to Holland Biﬁ“ﬂ ICA. 7. 2

from the East Indies suffering from what the { \  Editio nos nﬁj guarts ‘*‘
ans trar [jlar tm (

natives of the Indies called beriberi or "the RO i io.is imendatior.
lameness.” Tulp's description of beriberi was a k /(e 8f
detailed one, but he had no clues that it was a
deitary deficiency disease. This discovery came
more than two hundred years later. Nicholaas
Tulp (1593-1674) is best remembered as the _
central figure in Rembrandt's famous painting, e D el

"The Anatomy Lesson" (1632). apvil OF ORGIUM WISHORE .
Thiamin = koenzym karboxylaz (,,kokarboxylaza*) dtlezitych pro
metabolismus glukoézy a energetické zasobeni nervovych a

svalovych bun¢k

!




Suché beri beri = bilateralni
polyneuritida (degenerace myelinovych
pochev, extrémni Iritabilita, poklesla
zapésti a chodidla), ztrata Slacho-
okosticovych reflexu, parestézie koncetin,
svalova slabost

Vlhké beri beri = otoky (obliceje, dolnich
koncetin, ascites), poruchy srde¢niho rytmu = &=
a kardiomyopatie. Nemocni umiraji na 0
srdecni a plicni selhdni (periferni
vazodilatace, zvysSeny zilni navrat, srdecni
selhani, spole¢n¢ s otoky).

| NN

Pozn. Alkoholici, karcinom zaludku
Pozn. ,,bila ryze*

Pozn. Pokles utilizace Glu (0 50 — 60 %), vzestup utilizace ketolatek
v CNS



Niacin

hepatocytes J, LPA gene
+ "";‘;t'c""c endothelial cell
i
¢DG+AT2 e ' \L Lp(a) Ej)k / %
{ VCAM-1, MCP-1
J TAG synthesis e e
\Lproduction of VLDL ‘1' apoA-l/HDLrec enterocyte
methylfumarale p—hydroxybutyrate CD36
sLHDL catabolism G- proteln 'T‘ FATP2, FATP4
H C A2 signalling
pathway

Tfatty acid uptake

B-arrestin signalling
pathway
G-protein

signalling macrophage
pathway

keratinocyte

4.(\\_. monocyte (Ly6)

dendritic cell adibocyie 4 coss ‘

(Langerhans) pancreatic A b
& islet cell 2
= M PPARy v
'T‘PGEz. PGD, ‘l’ cAMP Tadiponecﬁn + T neuroprotection

TcAMP glucose stimulated + 'T‘ABCAL ABCG1 +
_____ -\-~. Vinsulin secretion \ lipolysis + D PPARy
| T capillary \ + + Pcholesterol efflux
vasodilatation | . :
blood fiow | Tglycemna \L production of NEFA
‘ regional .
\ skln flushing 2

——————— —— -

HCAZ2 = hydroxycarboxylic acid receptor 2. Pozn. NAD/NADP



PELAGRA Demencia
(nemoc 3 D nebo nemoc 4 D)

Naruseni oxidativniho
metabolismu = ,,ztrata K
. W
cnrgie e
Dermatiiis

Snizeni svalového tonu,

snizena sekrece zlaz, slizni¢ni i
a kozni 1éze a zanéty Diarrea
/> y sintomas
Y gastrointestinales

Pozn. kukufice ve vyzive (Trp)

/ \






Riboflavin

7 o\
A | ) Dietary or | m CHEﬁ“ﬁNH
'j <+«— therapeutic .._,, . ot . xN,LQD
_ intake OH
heart '
" AOH
liver | Flavoproteins Riboflavin oH //

spleen Riboflavin

Il \ant\ / kl/ FK A

U /\ | NI\ f Riboflavin 7T. FMN |

e ATP ADP ATP
N FADS

11\ - s Kmp

o) / %FAD

A ,I - Rlbnﬂawn

| N\
| \ | o FAD
/ | | l [_ FMN st &(

| \_ ¥
) | ( { \’1/ ,\_5 / " FAD )
— U\ 1 riboflavin_/

Circulation
50% Ribofavin
40% FAD

10% FMN

Hypovitamin6za — jen mirn¢ projevy (poruchy traveni, kozni 1éze,
,.koutky“, bolest hlavy, nervove projevy)



Metabolismus
aminokyselin a
proteinu
(transaminace)

Hypovitaminoza —
jen mirn¢ projevy
(dermatitida, GIT
potize — nevolnost,
zvraceni)

Pyridoxin

LH

H
Cr-*" OH

S

H,C~ TN

Pyndoxine

MH

HO
= OH

e,

H,C M

Pynidoxamine

O
HO
- | OH
e
H.'I-': N
Pyridoxal
Cﬁh‘ o
il
HO P
~ 0”1~ 0OH
| HO
e
H,C M

Pyridoxal 5°-phosphate (PLP)



Vitamin D

vA s .
- . - 80 % of vitamin D source 20 % of vitamin D source
Py " PTH{ +—— Serum Ca?* % Gut
\J UV-B )::‘lj In Parathyroid gland > Kidney <+—
- (290-320 nm) DIET INTAKE Feedback | FGF-23 } «— Serum PO } Bone
Regulation
\W% Vitamin Dz (Plant sources) 9 In Osteoblasts/cytes |
Epidermis ~ Pro-Vit D — Pre-Vit D; — Vitamin D; ——» (OH)D, Vitamin D3 (Animal sources)
7-dehydro-cholesterol Heat : CYP11A1 & others 4 e / In all target tissues
= i Calcitriol § Negative feedback
Dermi - - \
ormis ‘IWU CYP27B1{ —
Vitamin D vDBP in Kidney
-.".‘Calcwli,' Transporting in blood Growth factor ‘
v
Major circulating form =
** Calcidiol, 25(OH)D -%
CYP2R1 I qg;
o KIDNEY CYP27A1 Target cells o
X
CYP27B1 Active form 5
Calcitriol, 1a,25(0H),D voBP T : o
4 'l' > Q inn Nf?ngenom/c g
Ircuiation effect ‘!i' ()
FGF-23/ 1a,25D-MARRS R .
Hormonal e i——— (ENPI4NY
. Calcitriol RXR
Regulation '|' . P62 l _______ -
PTH v e ="
4 Inactive form Genomic Q %.I T
Calcitroic acid effect O SRC-1
D
2+
Serum Ca?* | / Transcription

Targets

)

Billiary CYP24A1 | I

excretion Cytosol

Calcitroic acid

Nl

i Nucleus
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Vitamin A

retinyl esters
'

retinol

|
RBP4-retinol

B-carotene retinyl esters retinol

11-cis-retinal versus All-trans-retinova kyselina



A retina simplified visual (retinoid) cycle
rod RPE cell rod outer segment
L 3 ] P | rhodopsin (11-cis-RAL) |
cone v 11-cis-RE’s | 11-cis-RAL | N 5
! @ s ‘Lﬁhv
. LRAT | Ll.l.'.‘,’ft!‘.?!‘_.J ' "0[ o]
s [11cmons] || oorsn €==== |metarhodopsin
NAD | PE e
, : n
outer | CRALBP Lin(mdm:alal tmm-RAl. N -ret,if:
segment S Ak \
[}
~¢~'T ps ABCA4 |
RPE cell L L@‘ cytoplasmic ‘
all-trans-RAL <— I cytoplasmic N-ret- PEJ
Bruch's e
membrane l I ] / NADPH ’ Jéalwmns-m\l
LRAT all-trans-ROL : ABH’
drusen _— M\ all-trans-ROH's | A2pe
X ¥ X
choroidal s A2E ~
microvessel DAMAGE €= accumulation <= A2E|| <€ / | " ‘
of byproducts Mo to A 3
choroid {lipofuscin) A fysojpme : ow

I Genomicke ucinky vitaminu A - rust a proliferace ruznych typu

epitelidlnich bunck

TRH-TSH-T3/T4 — regulace exprese transportnich systémi

CRH-ACTH-nadledviny

GnRH-LH/FSH-gonady — steroidogeneze (exprese 17ahydroxylazy)




Vitamin E

Tocopherol Tocotrienol
Chromanol ring Phytyl chain Chromanol ring Isoprenoid chain
r CHy Y A\ ( CH; Y \
HO H H . HO
a-Tocopherol 2CHs Mg oCHs CHs a-Tocotrienol R I
H,C 0% CHj HsC A CHj
CH3 CH3 CH3 CH3
CHs CHs
HO HO
B-Tocopherol p-Tocotrienol
O”2Phytyl chain 0”2 Isoprenoid chain
CHz CHs CH; CHs
HO HOI;(]
-Tocopherol -Tocotrienol
! b H3C ; 07&™Phytyl chain y HE 0 &N Isoprenoid chain
CH;  CHj CH; CHs
HO RO
9-Tocopherol mPhytyl chain 8-llopatEnol mlsoprenoid chain
CH; CHs CH; CHs

Hypovitamin6za — muzska sterilita?



Vitamin K

NAD(P)H-dependent
quinone reductase

|

' Vitamin K 1 : @ Active _

: quinone reductase Y Inactive

I / - Vitamin K4 Coagulation factors |1, VII, 1X, X
l 7/ (Quinol) Proteins S, C, Z

Parent compound

Vitamin K4
@ (Quinone) Carboxylase
epoxidase

Vitamin K, @ Inactive
2, 3- epomde reductase

Vitamin K, Active
2, 3- id I
// epoxiae Coagulation factors Il, VII, IX, X

Proteins S, C Z

(3)

y-Carboxylation of
glutamic acid residues

Hypovitamin6za — je mozna?



Mineral Denni potreba
Na 3,09
K 1,09
Cl 350
Ca 1,2 ¢
P 1,29
Fe 18,0 mg
J 150,0 ug
Mg 0,4¢
Co ?

Cu ?
Mn ?
Zn 15 mg

Koenzym reakci metabolismu sacharida; deficit — zvySena
iritabilita CNS, perif. vazodilatace, arytmie; nadbytek —
potlacuje el. aktivitu CNS 1 kosterniho svalu.

Soucast enzymt (karboanhydraza v ery, laktatdehydrogendaza,
peptidazy)



STOPOVE PRVKY

Arsen

C h fom- experimentalni deficit, glukozovy oralni test ma diabeticky charakter

KO balt — soucast enzymi, vit.B;,; otrava kobaltem (pivo), kobaltova kardiomyopatie

v 19
Med — postiZzeni cytochromoxidazy (experiment), melanom — zvySeni radiosensitivity pti depleci médi;poruseni cévni stény

Jod
Zelezo

M an gan — katalyzuje podobné reakce jako Mg, skladovan v mitochondriich, f1-globulintransmanganin

© 0O ~NO U~ WNR

. M 0] bed €N —v xantinoxidaze a flavoproteinech, u lidi deficit???

10. Nikl

11. Selen - atioxidans, v potravé vazan na bilkoviny (alkoholismus, jaterni cirhéza)
12. Kiemik

13. Vanad

14 . ZI ne k — soucast metaloenzymt, proteosyntéza (ribosomy);deficit-Stiedni Vychod (paraziti,fytaty ve strave);atrofie varlat,
poruchy imunity;u DM 50% zé4sob Zn (insulin skladovan v pankreatu spolu se Zn)



Heme Iron Ascrobic Acid Non-Hemae Phytates
(Animal Proteins) Food components Iron (Fe*) Dietary fiber
Duodenal Cytochome b Polyphenols

Phosphates, Phosphoproteins
Calcium, Zinc

Amino Acids Heme Oxidation
v DMT1

Digestion

Hemin Ao * Transports ferrous iron and
other divalent cations
‘ * Expression increased by
iron deficiency
A ' * N -transpo
Hephaeistin eeds to (?o transports
hydrogen ion
* Copper containing Hemin
ferroxidase analogus to !
: Ferroportin
ceruloplasmin

* Converts Fe?* to Fe3* for

: : Heme Oxigenese * The only iron export protein
transferrin loading

identified

* Exports iron in the ferrous
from

* Undergoes internalization
and degradation on binding
hepcidin

* Mutations cause

N ‘/_--——\ .
'/Fe3+\ Fe3*) T hemachromatosis
- -

© 2014 Dr Avinash Deo (avinashdeo@gmail.com)

Ferritin




Iron: Factors Affecting Absorption

Physical State
(bioavailability)

heme > Fe?+ > Fe3+

Inhibitors

phytates, tannins, soil/clay (pica), laundry
starch, iron overload, antacids

Competitors

lead, cobalt, strontium, manganese, zinc

Facilitators

ascorbate, citrate, amino acids, iron
deficiency, stomach acid, high altitude,
exercise, pregnancy




