RACIONALNI VYZIVA

Kvantitativni hledisko
eKwvalitativni hledisko
Nadstavba

*Estetické hledisko

*Socio-eckonomickeé hledisko



VYZIVA
Vyvazena strava ¢lovéka musi obsahovat:
— cukry (50 =55 %)
— tuky (30 %)
— bilkoviny (15 —20 %)
— vitaminy, ruzn¢ anorganicke latky
— vodu - denni potieba odpovida 2,4 1
— 7 tohoto objemu pr1jima dospé€ly Clovek
* vodu v objemu kolem 1200 ml,

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

Denni potieba energie je:

—u dospélého muze ~12600 kJ

—u dospélé zeny ~9200 kJ

— skuteCna potreba vSak zavisi na:
e télesné hmotnosti

* rozsahu télesné¢ aktivity
 dalSich fyziologickych a patofyziologickych faktorech



VODA, VITAMINY, MINERALY VE
VYZIVE

VODA  +50-70% télesné hmotnosti, novorozenci
2/3 intracelularngé, 1/3 extracelularné
*Metabolismus
skompartmentalizace

fylogeneticke hledisko



Voda a jeji funkce v hidskem téle

* Transportni prostiedi, rozpoustédlo,
zvlhCovani a ochrana sliznic

* V¢k, pohlavi, hmotnost

— B.Obsah vody v téle
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Voda je polarni rozpoustédlo

Dobfe se rozpoustéji iontove slouceniny
a slouCeniny s polarni

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



WATER BALANCE IN THE BODY

0.3 L/day

2.5 L/day

Water loss

Insensible
water loss
0.9 L/day

- 15 L/day

. 0.1 L/day

THE KIDNEYS CONSERVE VOLUME

Kidneys cannot restore lost volume. They only conserve fluid.

2.5 L/day

Volume loss can be Vekitia
replaced only by volume ; ™,
input from outside gain
the body. 57
GFR can
be adjusted.
Can be
If volume falls offset by
too low,
GFR stops.
COnserve
volume. Y
Volume
loss in
Reguised e | o UIne

reabsorption
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Renal Proximal Loop of Henle Distal Collecting

Corpuscle  Convoluted ey vewmmy Convoluted Duct
Tubule

Limb Limb Tubule

Reabsorption, Solution Reabsorption,
Filtration Secretion . Secretion
(Vital) Concentration ("Optional™)
Sarinne Urea Lactates,

Ketones

ANP
UroD

Organic
Compounds

©Q ©
Ne hron ADH Thiazide
Legen% c O Ald. Ald.

Aa. - Amino acids

ADH - Antidiuretic hormaone

Ald. - Aldosterone

ANP . Atrial natriuretic
peptide

AT Il - Angiotensin ||

UreD - Urodilatin

Permeability to <
water: High

Dopamine AT

Variable



% VODY

KREV 83%
SVALY 76%
KUZE 72%
KOSTI 22%
TUKY 10%

ZUBNI SKLOVINA

2%




VODA

7

Y

INTRACELULARNI EXTRACELULARNI
TEKUTINA TEKUTINA
40% télesné hmotnosti 20% télesné hmotnosti

60% telesné vody

40% télesné vody

30 |

151




EXTRACELULARNI
TEKUTINA

I

INTRAVAZALNI
TEKUTINA

KREVNI PLAZMA

il

INTERSTICIALNI
TEKUTINA

TKANOVY MOK

LYMFA

TRANSCELULARNI
TEKUTINA

MOZKOMISNI MOK

PERIKARDIALNI TEKUTINA

NITROOCNI TEKUTINA

NITROKLOUBNI TEKUTINA

PLEURALN| TEKUTINA

SEKRETY TRAVICICH ZLAZ

PERITONEALNI TEKUTINA

Klinicka vysetfeni: hodnoceni elektrolytu extracelularné




celkova télesna voda ir
42 litri %
60 % télesné hmotnosti :.

celul
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voda v intersticiu
10,5 litru

15 % télesné
hmotnosti
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FIGURE 1-1 o0Organization of body fluids and electrolytes into compartments. A) Body fluids are divided into Intracellular and extracel-
lular fiuid 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

kationty anionty

ar

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




intracelularni tekutina tkarovy mok

osmoticky
tlak

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

- prostup 1ontu pres ob¢€ bariéry neni stejny
- pohyb vody
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AQP 7

Fig. 1. Aquaporin expression n hemans, The figuse showes the wide disribstion of AQP water channels ihrosghout (e haman body, Organs are ighlighted, sirting af lop right; within
each argan, (he major AQPs imvabved in transcelhular water flow are denoted; ) Retina — AQP4, b) Olfactory epithelium — AQP4, c) The inner ear — AQP4 and AP, d) Brain — AQP4 in
astrocyles and AQIM inchoroid plexus, €} Spinal cord — AGIFL, AQP4 and AQP'S; Nucdens pubpasus cells of the interveriebral disc — AQP and AQP3; Osteoclasts — AP, 1) Blood vessels —
AQPT in endotelial cells, g) Heart — AQP4, b Kidney (showing the nephron in detail) — AQP, AGPZ, AQP3, AQP4 and ADP7, i) Salivary glands — AQPS, j) Gastroinbestinal trac — AQP3,
MOPA, NGRS and AQPS, k) Liver — AQP1, AJPH and AQPS, 1} Pancreas — AQP1 and AGPE, m) Lungs — AQP3, AQPA, AQPS, n) Fat (adipocytes) — AQFT; Skin — AQP1, ACHS, AQPS and AQP1L,
o) Female reproductive iract — AQF7, AQPE and ADPY in ovares, and p) Male reproductive sysiem — AQP3 and AQP7 in sperm oells,

AKkvaporiny

i

»y

-

= = (3as channel

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 BBB water permeability. AQP1 secretion of CSF, AQP4 absorption of CSF [62,47]
Spinal cord — AQP1, AQP4, AQPS 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 191
Integumentary  Skin — AQP1 (endothelia of dermis), AQP3 + 10 (keratinocytes of epidermis), Homeostasis, glycerol or water transport for skin hydration, sweat excretion [96-98]
AQP5 (sweal 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 — AQP5 (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 187]
Airway sub-mucosal glands — AQPS (apical membrane) Fluid secretions into lumen of submusosal glands for mucous production and hydration [119]
Reproductive Owvarian 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]
AQPB (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), AQP8 (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 Pri pFijmu izotonické tekutiny se tekutina rozprostie mezi intravaskularni
a extravaskularni Cast extraceluldrniho kompartmentu, do intravaskularniho kom-
partmentu tekutina neprechazi, protoie bariéra je pro ionty nepropustna, a voda
nepiechazi, protole obé strany bariéry jsou izotonické



Obr. 8.43 Pri prijmu cisté vody se voda rozprostie do viech kompartmentii, aby
vyrovnala jejich osmolaritu



tkarovy mok
(intersticium)

tkarnovy mok
(intersticium)

Obr. 8.44 PFi prijmu hypertonické tekutiny prechazi voda do extracelularniho
prostoru z prostoru intracelularniho, aby vyrovnala osmolaritu obou kompartmentu



o R S 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* €
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* Ci-
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

Izoionie — koncentrace iontil

Izotonie — osmoticka koncentrace

*Izohydrie — pom¢r kyselin a zasad

Izovolémie — objem ECT (volumoreceptory nebo baroreceptory,

RAS, ADH)



e [zovolémie Pri¢ina — nasledek

* Hypovolémie (dehydratace) Komplexni poruchy!

 Hypervolémie (hyperhydratace)

VYSETRENI PRI PORUCHACH HYDRATACE

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

2. Laboratorni vySetreni: celektrolyty, osmolalita krve,
cerveny obraz krevni, celkova bilkovina v s€ru; Astrup (=
vysetteni krevnich plynt a acidobazické rovnovahy)



= L Db

OBJEKTIVNI VYSETRENI
Zmény na kuzi
Zmeény hmotnosti
Zmeény diurezy (oligurie, anurie, polyurie)
Poruchy dychani (respiraCni aciddza, alkaloza;
sekundarni zmény — Kussmaulovo dychani)
Poruchy CNS (zmény reflexi, svalového tonu,
parestézie, poruchy védomi, koma)
Zmeény centralniho Zilniho tlaku (napln krénich zil)

Zmeény cirkulace: dehydratace — tachykardie, hypotonie



PRICINY PORUCH HYDRATACE

. NaruSeni normalniho ptijmu vody a ionti

Poruchy normalni cirkulace vody a iontti mezi ECT a GIT
Poruchy bunééneho metabolismu

Poruchy vylucovani vody a ionti

. Nadmeérne¢ ztraty vody (1 ionti) kiizi



DEHYDRATACE

= sniZeni objemu télesnych tekutin doprovazené nedostatkem sodiku.

HYPERTONICKA DEHYDRATACE = ztrata &isté vody

V¢étsi nedostatek vody nez sodiku. Poruchy pfijmu a velké ztraty.
Bunééna dehydratace. Zizen. Poklesly kozni turgor. P¥iznaky od

CNS.
Zavodnéni.

IZOTONICKA DEHYDRATACE = izonatremicka

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

HYPOTONICKA DEHYDRATACE

Vzdy vétsi deficit sodiku nez vody.
Bunéc¢na hyperhydratace.

Ztraty GIT, ledvinami.

Hypovolemicky syndrom, pfiznaky z CNS.



1. hypertonickd: ¥ ECT +4 ICT — 14 CTV
etiologie: + piisun H2O. T ztraty hypotonické tekutiny pit horeékach. zvraceni.
prujmech. DM (glykosurie. ketonune). DI tracheostomii, pneumonii.
renalnim selhavani. osmoticka diuretika
laboratomi projevy: + CVP. T osmolalita moéi. TNa a T Cl" v moéi. T urea. Na™. Cl
vséru. T ery. T Hb. T bilkoviny
4 osmolalita moéi u DI

piiznaky: #izeii. ¥ hmotnost. apatie. neklid. halucinace. suchy jazyk. ¥ kozni turgor.
T teplota. oliguric. sok. koma

2. izotonickd: + ECT +norm. ICT — L CTV
etiologie: ztraty z GIT. zvraceni. pistéle. ileus, krvaceni. diuretika. popaleniny.
pancreatitis, peritonitis. rychla exsudace a transudace. 1zostenurie, polyurie.
poceni. m. Addison
laboratomi projevy: + CVP. norm. osmolalita moéi. 4 vylu¢ovani Na a Cl. T urea.
T K. norm. Na,". T ery. T Hb. T bilkoviny

piiznaky: Zizen. Gmava. apatie, prijjmy. zvraceni. meteorismus, oligurie. ¥ turgor.

svalova slabost. + tonus bulbti. ¢ok. koma

3. hypotonicki: ¥+ ECT+ TICT —» CTV (¥, norm.. T
ctiologie: T ztraty solut — chronicka pyelonephritis. chron. rendlni insuficience. osm.
diuréza pi1 DM, msuficience nadledvin. poruchy CNS. tumory rekta.
diuretika, laxativa. ¥ piijem solutii — neslana dieta. piijem vody. hladovéni

laboratomi projevy: + CVP. 4 osmolalita moéi. + Na+ v moéii v sém. T urea. T ery.
T Hb., T bilkoviny
piiznaky: neni zizeft. mékké bulby. ¥ turgor. oligurie. horeéka. kieée. sok




HOMEOQOSTATIC COMPENSATION FOR SEVERE DEHYDRATION

'DEHYDRATION |
+ Biood volume/

'+ Blood pressure.

accompanisd by ———————————» (4 Osmnlaﬂh}_- ==

|

MECHANISMS Hypaothalamic

4 Rate 4 Force

Wasoconstriction

CARDICVASCULAR RENIN-ANGIOTENSIN RENAL HYPOTHALAMIC
MECHANISMS SYSTEM MECHANISMS
¥
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[ S|
_ | . Incl. paraventricularis,|

salivaéni centra ~ neurohypofyza

: zvysené uvolfiovani
ADH ;

snizena produkce slin

ledvinné tubuly

zvySena resorpce vody

Obr. 8.49 Schéma Fizeni stalé osmolarity extracelularni tekutiny antidiuretickym
hormonem pres ovlivnéni jak prijmu, tak vydeje vody



HYPERHYDRATACE

= zvySeni objemu mimobunécne tekutiny

HYPOTONICKA HYPERHYDRATACE - intoxikace vodou

Bunécna hyperhydratace. Pokles osmolality.
Nadmeérny piijem tekutin (dialyzovany pacient, pac.s poruchou
ledvin), nadprodukce ADH

IZOTONICKA HYPERHYDRATACE

Zvétseny objem ECT. Osmolalita zachovana.
Srde¢ni nedostateCnost, nefroticky syndrom, jaterni cirhoza.
Otoky a zadrzovani vody v ser6znich dutinach.

HYPERTONICKA HYPERHYDRATACE = hypernatremicka

Vzacna. ZvétSeni ECT pii nadbytku sodiku. Stoupa osmolalita.
Primarni hyperaldosteronismus.



L.

-2

hypertonickd: T ECT + ¢ ICT — CTV {T. Nnorni.. J«_}l

etiologie: piti moiské vody (tonuti v moii. troseé¢nici). akutni glomerulonefritida.
akutni selhani ledvin. tumory nadledvin. hypertonické roztoky 1.v.. 1&éba
kortikosteroidy

laboratorni projevy: T CVP, { diuréza, T osmolalita moéi. T Na,". ¥ ery. L Hb.

¥ bilkoviny

piiznaky: T hmotnost. zizen. horeéka. neklid. exantém. hyperreflexie. dusnost (edém

plic. pleuralni vypotek). T TK. T TF. srdeéni selhani. delirium. koma

izotonickd: T ECT + norm. ICT — T CTV

etiologie: jaterni cirhdza s ascitem. srdeéni mnsuficience. nefroticky syndrom. tumory
nadledvin. 1.v. soluty po operaci. traumatu

laboratomni projevy: T CVP. norm. hodnoty 1onti. ¥ ery. 4 Hb, + bilkoviny

piiznaky: T hmotnost. edémy. vypotky. srdeéni selhani

hypotonicka: TECT+TICT — TT CTV otrava vodou*
etiologie: nadmeémy piijem hypotonickych roztokn, gastricka lavaz vodou. jaterni
selhani. anurie (renalni selhani. sokova ledvina). T ADH (SIADH —
Schwartz-Bartteruv syndrom). m. Addison. pooperaéni stavy. morfin.
barbituraty, oxytocin, TBC. tumory
laboratorni projevy: T CVP, v Na, . v ery. + Hb. ¥ bilkoviny. hypotonicka polyurie.
anurie (osm. nefroza)

piiznaky: slabost. nauzea. T hmotnost. + TK. ¥+ TF. znamky edému mozku, poruchy
vedomi




Regulace objemu ECT
/Zm¢na kapacity krevniho recisSté

/Zm¢éna napln¢ T1eCiSt€é — presuny vody,
sniZzeni/zvySeni diureézy

Sympatikus

RAS/aldosteron (mineralokortikoidy)
ANP

Dopamin (inhibice resorpce Na+ v proximalnim tubulu)

Urodilatin; guanylin, uroguanylin (strevni epitel -

stimulace exkrece sodnych a draselnych 1ont1)



Hormones acting on kidney

Atrial natriuretic peptide

Secreted in response toTatrial pressure. Causes T GFR

and T Na* filtration with no compensatory Nat reabsorption
in distal nephron. Net effect: Na* loss and volume loss.

Glomerulus

Na*
Gl

Proximal
convoluted
tubule

Sugars
Amino acids
) ) Na*
Angiotensin |
Synthesized in response to 4 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

Ascending limb,

Hormones and Autacoids That Influence Glomerular
Filtration Rate (GFR)

Hormone or Autacoid Effect on GFR

Norepinephrine &
Epinephrine i
Endothelin 4
Angiotensin 11 «— (prevents 1)
Endothelial-derived nitric oxide T
Prostaglandins i
Distal
convoluted
Caz+

tubule

K . )
i Secreted in response to
1 blood volume (via AT I} and
;@ T plasma [K*]; causes TNa*
,(\:422; | Nat reabsorption, T+ secretion,
Cortex i T Htsecretion.
Medulla

ADH (vasopressin)
Secreted in response to

T plasma osmolarity and
L blood volume. Binds to
receptors on principal cells,

{ plasma [Ca?], T plasma [PO,*], :.;?e?rﬁec;{)ll;lteon:aelts) causing T number of
or plasma 1,25-(OH), Ds. aquaporinsand T H,0
Causes T [Ca?] reabsorption (DCT), reabsorption.

& [PO4*] reabsorption (PCT), and

T 1,25-(OH}, Dz production Cogﬁitting

(T Cca* and PQ4* absorption from gut
via vitamin D).

Loop of Henle




| Cardiac Output

TSNS T RAAS

~
T Vasol[:ressin —>

Y
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Renal Filtration
T Ang I \ ! et

| Renal Sodium and
Water Excretion

Clearance
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NEP Endothelial
— - = (ells

1 Vasodilation

L Ability to @ | Ability to Inhibit
Secrete Aldosterone Secretion

Aldosterone

| Inhibition of
Renin Secretion

| Renal Sodium and
Water Excretion



Natriureticke peptidy
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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 pfisun v
2. Porucha pfijmu potravy potravé — vétSinou
3. Porucha vstfebavani iatrogenni
4. ZvySena spotieba
5. Onemocnéni zasobniho organu

ve vodé: difuze, facilitovana difuze, sek. aktivni

transport;
ROZPUSTNE vit.B,, - I

.

v tucich: vstfebavani ohroZeno piti poruchach
resorpce lipidu (chybi pankreat.enzymy ¢i ZIuc)



HYPOVITAMINOZY

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

C — skorbut (kurdéje)

D — ki1vice

E — poruchy plodnosti

K - hemoragie

HYPERVITAMINOZY

A — teratogenni

D — selhani ledvin

K — anémie, poruchy GIT

B, — periferni polyneuropatie

Riizna zasoba vitaminu v téle — A (5 — 10 mésicu), D (2 — 4 mésice),
B12 (n¢kolik let), C (tydny?)



Vitamin

ZivocliSny

Misto resorpce

Transport mech.

Max.res. kapacita u

Denni davka

druh ¢lovéka / den
C Clovék, [leum Aktivni >5000mg <50mg
morce
Biotin Kiecek Tenké sttevo Aktivni ? ?
Cholin Morce, Tenké stievo Facilitovana diftze ? ?
kiecek
Kys.listova (pteroylglutamat) | Potkan Jejunum Facilitovana difuze >1000ug 100-200ug
(davka)
Kys.listova (5- Potkan Jejunum Difuze > 1000pg 100-200pg
metyltetrahydrofolat) (davka)
Kys.nikotinova Potkan Jejunum Facilitovana d. ? 10-20mg
Kys.pantotenova Tenk¢ stievo ? ? (7)10mg
B, (pyridoxin) Potkan, Tenké stfevo 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 lmg
B,, Clovék, Distalni ileum Aktivni 6-9ug 3-7ug
potkan,

krecek




I VITAMIN DIGESTION AND ABSORPTION
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Vitamin

Bs

Name

Pantothenic Acid

Pyridoxine

Biotin

Folic Acid

Cobalamin

Ascorbic Acid

Calciferol

Active Form
(co-factor)

Coenzyme A

Pyridoxal Phosphate
(PLP)

Biotin

Tetrahydrofolate (THF)

Coenzyme B.,

Ascorbic Acid

Calcitriol

Biochemical Function

Acyl Transfer

e Transamination
e Racemization
Decarboxylation
B/y-Elimination
Carboxylation

One-Carbon Group

Transfer

e Intramolecular
Rearrangements

o Methyl transfer

Proline Hydroxylation
Reduction
Gene expression

Physiological/cellular
Role

® Energy production from
foodstuff

® Fatty acid synthesis

e Amino acid breakdown

e Glycogen breakdown

e Glucose & fatty acid
synthesis

® Leucine synthesis

Amino Acid & nucleotide

synthesis

e Nucleotide synthesis

e Amino acid metabolism

e Fatty acids breakdown

* Folic acid regeneration

Collagen synthesis

Antioxidation

Bone growth



Intestinal Lumen

Ascorbic acid oxidation
" g
HOL__ o~

Ascorbic acid

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 SLG23A2.
GLUT transporters mediate dehydroascorbic acid uptake as a minor pathway in conditions of oxidation.

Vitamin C
ingestion

Intestine
»  Concentration
J,- dependent Lung
Brai Concentration v absorption =1 mM
ram. ¢ dependent
230 retainment
A
<

Liver —
NG =

Adrenal

4-10 mM /

",

h

f?/CMcemra(inn Muscle
o i 0.2:0.4 mM

Kidney reabsorption

0.2-0.5 mM

VITAMIN C

5]
(I) i ro {Fe?*} Prelylhydroxylase (active)
2
_“IC\N/C\["’” in
H 0 + CHz +
I
coo® .
Dehydroascorbic
|7 +0z u-Ketoglutarate + O /r acid
- GOz - GOz
s \ Ascorbic acid
o e
i o0
= e \r“' Ha
H 5} + [ +
CH
P @
Han &ag (Fe!} Prolylhydroxylase (inactive)
A-Hydroxyproline Succinate




SKORBUT =KURDEJE
20 — 30 tydnt

._

; ..Ah g

Scorbutic Gums

Dale:

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

- Fragilita cévnich kapilar

- Velmi zavazn¢ pripady — horeCka, smrt



VITAMIN B,,

*Denni potifeba 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 témér nezavisle; vnitrni faktor (IF) —
parietalni bb. ZaludeCni sliznice; vétSina vit. vazana na R-p.

2. Intestinalni faze: pankreatické proteazy, rozst€peni R-B,,
vazba na IF (rezistentni vuci pankr. proteazam).



C COBALAMIN HANDLING BY THE STOMACH AND PROXIMAL SMALL INTESTINE

2]
The acid pH and

pepsin release D COBALAMIN ABSORPTION BY ILEAL ENTEROCYTE
cobalamin from =

binds to cobalamin. |

A &

1A

Deglycosylation?

{(nlkaline secretion).

The IF-CBL complex forms,

lleal enterocyte absorbs
. / IF-CBL complex.




Pozn. Hypovitamin6za — demyelinizace miSnich nervu, ztrata
periferni citlivosti, paralyza



Folat — Kyselina listova

To hepatic vein Hepatic

sinusoid

Liver

HEPATOCYTE

OATP1B3
OATP1B1

| MRP2

N BCRP

From
hepatic
artery

Bile canaliculus

Frogn From
bile'duct portal vein

ENTEROCYTE

5.8-6.0
¢
=
o

Gallbladder

-
o
T

Bile duct

Small

intestine SiE bl

BCRP

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

MUCOSAL SURFACE pH
™
(4
I
=)
R

- MRP2




p-aminobenzoic acid + Pteridine

Sulfonamides %

Dihydropteroic acid Hypovitamin6za — sniZena syntéza purint
a thyminu, makrocytarni anémie

A 4

Dihydrofolic acid

Trimethoprim

v
Tetrahydrofolic acid

Thymidine 4"”11\* Methionine

Sines 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 |TetrahZafofol
Folic acid -7 - ny fole
| M FH N\h MH;
Jo o oo
i i | e
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 L S——

AMSTELREDAMENSIS [Fh/ iR

Nicolaas Tulp (1652). Tulp treated a young
Dutchman who was brought back to Holland

P i
from the East Indies suffering from what the NN Edicio nosadibro quagto
. . . . i & cheor, ot (parfim malies
natives of the Indies called beriberi or "the REE| d?nii fffi.-{m;.w.

lameness." Tulp's description of beriberi was a
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, .
"The Anatomy Lesson" (1632). Ao B B WL erE .

Thiamin = koenzym karboxylaz (,.kokarboxylaza*®) dulezitych pro
metabolismus glukdézy a energetické zasobeni nervovych a
svalovych bunck




Suché beri beri = bilateralni
polyneuritida (degenerace myelinovych
pochev, extrémni 1ritabilita, poklesla
zapeésti a chodidla), ztrata Slacho-
okosticovych reflext, parestézie koncetin,
svalova slabost

Vlhké beri beri = otoky (obliceje, dolnich
koncetin, ascites), poruchy srdecniho rytmu
a kardiomyopatie. Nemocni umiraji na
srdecni a plicni selhani (periferni
vazodilatace, zvySeny zilni navrat, srdecni
selhani, spolecné s otoky).

| Y

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

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



Niacin

hepatocytes J LPA gene
| v "";i‘g‘"c endothelial cell
I
,I,DGATZ . {) wlr Lp(a) Cj}l\ / ﬁ,—\\‘h.
; VCAM-1, MCP-1
J TAG synthesis -
~.l, production of VLDL \L apoA-I/HDLrec enterocyte
rnethylfurnarale |L-hydrouyhut:.-ra|e CD3E
J-HDL catabolism G—pmi‘em 'T FATP2, FATP4
H = Az signalling
pathway

Tfatty acid uptake

[f-arrestin signaliing

pathway
kerati yt G-protein
eratinocyte signalling macrophage
@b pathway phag monocyte (Ly6)
dendritic cell adipocyte A coss .
(Langerhans) pancreatic 4 paD
E\m_.ﬁuf islet cell @ ’
TPGEz' PGD, ,l, cAMP ’f‘adi'ponectin * T neuroprotection
Peamp glucose stimulated ¥ MABCA1, ABCGT «
_____ n iadh O "l' insulin secretion J,, lipolysis + 1\ PPARY
T capillary + + Tcholesterol efflux
vasodilatation 1 . ;
i ove Tgiycemm .1, production of NEFA
1 regional .
\ skln flushing 7

— o

HCA2 = hydroxycarboxylic acid receptor 2. Pozn. NAD/NADP



PELAGRA Demencia
(nemoc 3 D nebo nemoc 4 D)

Naruseni oxidativniho
metabolismu = ,,ztrata K
. w %
cnergie 1
Dermatifis

Snizeni svalového tonu,
snizena sekrece zlaz, slizni¢ni ‘
a kozni 1¢ze a zancty

Diarrea
/> y sinfomas
7 gastrointestinales

J \

Pozn. kukufice ve vyziveé (Trp)






Riboflavin

- P s
A "i Dietaw or - m CHED:N\fI\r
| «—— therapeutic o 2
. = CH; N SN0
1 intake ‘stb | OH
o O <OH

H

Flavoproteins Riboflavin - //
[/ =20\ B Riboflavin
|| 'l- & | \ l"\... '._ ,L
:-':;_ i I I_l & I ¥ - | II 1 /:4:.'.‘_5_._' = \1/ = \“\‘
[iaal . A nAL 4 A
-:i_rLl' ! | I'| | 1 .l: FK FMN 1".|
L.t | ATP
Circulation W R FADS
50% Ribolavin I |1\ . ADP
40% FAD " A
10% FMN (A | ' FAD
l .. i | |I
WA
J [ I\ b FAD ."."

4 riboflavin j,f-f"'

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



Metabolismus
aminokyselin a
proteintl
(transaminace)

Hypovitaminoza —
jen mirn¢ projevy
(dermatitida, GIT

potize — nevolnost,

zvraceni)

Pyridoxin

QUH

3
@ = OH

l

S,

HC™ TN

Pyndoxine

- OH

Pyndoxamine

O
HO
f*l OH
g
H,C M
Pyridoxal
o
E 9
HO -
- Q" 1 "OH
] HO
o,
HC™ TN

Pynidoxal 5'-phosphate (PLP)



Vitamin D

A
“ 80 % of vitamin D source
<] =
Py A
\ uv-B

(290-320 nm)

SKIN

Epidermis  Pro-Vit D; — Pre-Vit D — Vitamin D, — 20(0H)D;
7-dehydro-cholesterol Heat . CYP11A1 & others

20 % of vitamin D source
DIET INTAKE

Vitamin Dz (Plant sources)
Vitamin D3 (Animal sources)

" PTH{ +—— Serum Ca?* } Gut
In Parathyroid gland > Kidney <+
Feedback | FGF-23 4 «—serum PO, ¢ Hone
Regulation | Osteoblasts/cytes

CYP24A1 }+—]

/ In all target tissues

T Calcitriol § egative feedback
# ‘ % = ‘-\
wilis ‘LS‘WUU ‘ CYP27B14 —
"""""""""" ., Vitamin D wEltnsy
- cain e VDBP
& B c'o__." Transporting in blood Growth factor @
vy
Maijor circulating form E
Calcidiol, 25(0H)D -%
CYP2R1 LIVER qg;
o KIDNEY CYP27A1 Target cells 4
X
CYP27B1 Active form g
M Calcitriol, 1a,25(0H),D _ & VDBP i d . [ Rar ] =
T Q Circulation AT ) b
FGF-23/ 1a,25D-MARRS m i
Hormonal LA CYP24A1
h Calcitriol RXR
Regulation '|' . 62 @7 .
PTH v _,,/’" \.\,\\.
3 Inactive form Genomic _/‘/ i ~.
Calcitroic acid effect O o SRC-1
- VDR-RXR-p62 b ]
] complex

Serum Ca?* |

[

Billiary

Calcitroic acid

CYP24A1 | i

Transcription
Targets

Q VDR

excretion

NS %

/
I Nucleus

Cytosol
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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

rod

COnme =

inner
segment

outear
spgment

RPE cell

Bruch's
membrana

drusen

charaidal
microvessel

charoid

..J

simplified visual (retinoid) cycle

RPE cell
CRALBP

11-cis-RE's

11-cis-ROH's |
NAD |

rod outer segment

—+} | hodopsin {11-¢is-RAL) |
T G £
i R

apo-opsin o = ——— |n|Eh'hndupsin.ll |

F‘E
[ intradiscal all-trans-RAL | = <

Introdiscal
M-ret-PE

5 \

cytoplasmic
all-trans-RAL '¢— eytoplasmic N-ret-PE

HNADPH | J +I"'ﬂ'ﬂm'ML
alltransROH's | pope
g

AZE ;
/ L

-
l |
e "-'H-

A L

I Genomicke uCinky vitaminu A - rust a proliferace ruznych typu

epitelidlnich bunck




Vitamin E

Tocopherol
Phytyl chain
A\

HasSHa Hq oCHa  CHa
CHs

Chromanol ring

A
'

r CH;
HO

a-Tocopherol
HaC 0
CH; CHs

CHj
HO
B-Tocopherol
O“2™Phytyl chain
CHj;

CH,

HO
HSCmPhytyl chain
CH;

CHs

HO
0-Tocopherol @:)!\Phytyl i
CHj;

CHj;

y-Tocopherol

Tocotrienol
I[soprenoid chan

A
\

Chromanol ring
4 CHy Y
HO
o-Tocotrienol CHj; CH, CHj
2, ~, ~,
H,C 0% CH,
CH; CHjg
CHj
HO
B-Tocotrienol
O“2™Isoprenoid chamn
CH, CHj
HO
Isoprenoid chain

0%

v-Tocotrienol
H3C
CH, CHj

HO
S=TagatiEnn] m\lsoprenoid chain
CHj;

CHg

Hypovitamin6za — muZzska sterilita?



Vitamin K

NAD(P)H-dependent

@ quinone reductase
|- - - "=-"=-"=-"=-"="=-="="="=-==" 1

! Vitamin K ', (2) Active :

; quinone reductase Y Inactive

| 2 - Vitamin Ky Coagulation factors I, VII, IX, X
I / (Quinol) Proteins S, C, Z

Parent compound

Vitamin K,
@ (Quinone) Carboxylase
epoxidase

Vitamin K; @ Inactive
2, 3-epoxide reductase
Active

Y Vitamin K i
2, 3- id I
g epoxide Coagulation factors II, VII, IX, X

Proteins S, C, Z

(3)

y-Carboxylation of
glutamic acid residues

Hypovitamin6za — je mozna?



Mineral

Denni potreba

Na 3,0¢g
K 1,0 g
Cl 35¢
Ca 12¢g
P 1,2 ¢g
Fe 18,0 mg
J 150,0 pg
Mg 0,4 g
Co ?
Cu ?
Mn ?
/n 15 mg

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

Soucast enzymil (karboanhydraza v ery, laktatdehydrogendza,
peptidazy)



STOPOVE PRVKY

Arsen

Chrom — experimentalni deficit, glukozovy oralni test mé diabeticky charakter

KOb alt — soucast enzymi, vit.B,,; otrava kobaltem (pivo), kobaltova kardiomyopatie

v 19
Med — postiZeni cytochromoxidazy (experiment), melanom — zvySeni radiosensitivity pii depleci médi;poruseni cévni stény
Fluor
Jod
4
Zelezo

oo\IO\.Ul-hwl\)'—*

Man £aIN - katalyzuje podobné reakce jako Mg, skladovan v mitochondriich, 1-globulintransmanganin
9. MOlybdGIl — v xantinoxidaze a flavoproteinech, u lidi deficit???

10. Nikl

11. Selen - antioxidans, v potravé vazan na bilkoviny (alkoholismus, jaterni cirhoza)

12. Kifemik

13. Vanad

1 4 5 Zlnek — soucast metaloenzym, proteosyntéza (ribosomy);deficit-Stiedni Vychod (paraziti,fytaty ve stravé);atrofie varlat,
poruchy imunity;u DM 50% zasob Zn (insulin skladovan v pankreatu spolu se Zn)



Heme lron Ascrobic Acid Non-Heme Phytates
(Animal Proteins) Food components Iron (Fe3*) Dietary fiber
Duodenal Cytochome b Polyphenols
. ! a3 Phosphates, Phosphoproteins
Digestion M—-— Syzin 4
- ' @S‘F Calcium, Zinc

Amino Acids Heme Oxidation
v DMT1

Hemin Fe2 * Transports ferrous iron and
other divalent cations

* Expression increased by
iron deficiency

* Needs to co-transports

hydrogen ion

* The only iron export protein
identified

» Exports iron in the ferrous
from

» Undergoes internalization
and degradation on binding
hepcidin

« Mutations cause
hemachromatosis

* Copper containing
ferroxidase analogus to
ceruloplasmin

« Converts Fe?* to Fe3* for
transferrin loading

Heme Oxigenese

Ferritin

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



Iron: Factors Affecting Absorption

Physical State 9
(bioavailability) heme > Fe?* > Fe3*

phytates, tannins, soil/clay (pica), laundry

Inhibitors ) )
starch, iron overload, antacids

Competitors lead, cobalt, strontium, manganese, zinc

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




