ME/IMIIMHCKHU YHUBEPCHUTET - IIVIEBEH
MEJUTITUHCKHU KOTEX

HEHTBHP 3A JIUCTAHIIMOHHO OBYUYEHHE

Nekuuna Ne9

dusznosnorvs Ha oTae/IMTe/IHaTA
cucTteMa

nou. n-p bopsina Pycesa, g.m.
CekTop “®Pusmnonorust’
MY-IIneBen



AHaTOMUS HA oTAe/IMTe/IHaTa CUCTEMa

Produces urine

l i $ i : w“‘ " :'..'/,'._:.: ;‘--' -?

Transports urine toward
the urinary bladder

Temporarily stores urine
prior to elimination

‘Urethra
Conducts urine to exterior

Anterior view







(DyHKLIMHW Ha ObOpeluTe

» EHIZOKPWHHA- MPOU3BEXAAT BelleCTBa C IeUCTBUE Ha
XOPMOHHU:

v PeHUH, KOUTO 3aMmyCcKa CUCTeMAaTa peHUH-
AHT'MOTEH3UH-a/ILOCTEePOH, peryivpalla KpbBHOTO
HassAraHe, OamaHca Ha Na u K

v EpuUTpOIioeTHH, KOUTO CTUMY/IMPA epUTpomnoesara

v AxTrBHaTa popMa Ha BUTaMUH [l - 1,25-TUXUAPOKCH-
XoneKa/udeposi, peryaupalil Ganamca Ha Ca 1 P

v IlpocTarmaHAVHY ¥ KWHUHH — PETYTHPAIN
6BOpeYHUST KPbBOTOK



OyHKIIMOHaTHa Mopdoorus Ha ObOpeka
1 Hedponbr e ocHoBHaTa MopdooruyHa U GyHKIIMOHA/THA eTUHUIIA Ha

O0bOpeka

+ BbB Bcekn ObOpeK nMa 1 — 1.3 MHUJIMOHA HeppOHH ¢ 001IIa Ib/HKUHA 80

KM U TUIOII 12.5 KB.M
“ HedpoHbT e usrpazeH or:

» brOpeuHo Tenie:

v’ Ilmomepyn

v bBaymaHoBa karicysa

v MesaHruym

» TyOynu:

v [IpoxcumaeH — n3BuTa
Y MPaBa 4acT

v bprMKa Ha XeHJie — nucxopsia
ThbHKA, Bb3XOJ1lIa ThHKA 1 Jebejia 4acT

v' JINCTaJIeH — U3BUT U CBHP3BAlll

CerMeHT

v ChrOUpaTe/ieH — KOpTHKa/IHA U
MeyllapHa 4acT

Mpoxcumanso
Kasanye [ucranio
Kananye CubOuparentu

Huaxoaawo Buaxoaauwo
pamo pamo

U

Nowme Bubpeyno
nerexve




IOkcTamMeaynapHu ¥ KOPTUKATHA HePPOHH

(a) v Oxkcramenyrnapuu HeppoHU (b) v Koptukanuu HeppoHU

Afferent Bowman’s

arteriole
Glomerulus

Afferent
arteriole

Effere
= rteriolej-r *

Collecting
duct




CTpoe)x Ha ObOPEYHOTO TeJIlie

» [nomepy/nHUTe KaWISIPU €A MOKPUTH C KpavyeTaTa Ha MOJOLUTHUTE —
eMUTE/THU KJIETKU Ha BUCLIePa/IHUS TUCT HAa baymMaHOBaTa Kamncyia

Bowman'’s capsule

bbr6pedHOTO TEMIE Ma: Efferent

arteriole

v’ CBbIOB MOJIIOC, KBIETO Ce ki

pasnosarat apepeHTHaTa 1
edpepeHTHA apTepuroia

., Proximal
tubule

v/ YPHHEH IOJIIOC, OT KbIETO 3aII049Ba
IPOKCUMAaJTHUS TYOYII

arteriole

Lumen of
Bowmans capsule




MsicTo Ha u3BBbpLIBaHe Ha ['D

% [ma3mara ce puaTprpa OT IIIOMEPYTHUTE KATTUJISIPU B TPOCTPAHCTBOTO
Ha baymaHoBara Karicysa npe3 ¢puaTpalimoHHATa MeMOpPaHa, KOSTO T'U
paszgens

» O6pa3yBaHUAT QUATPAT C€ HApUYA ITbPBUYHA YPUHA

Afferent arteriole . Pedicels Filtration
Efferent arteriole slits Endothelial

’ Parietal
; layer of
R Bowman's

Podocyte
of visceral
layer of
Bowman’s
capsule

Podocytes |®
of visceral

layers of o &4
Bowman’s = Proximal Basement membrane Endothelium of

capsule tubule of glomerular capillary glomerulus

Pedicels




¢+ CbCcTaBeHa e OT 3 CJI0S:

1. EHoTenHy kieTku — peHecTpaliu 70
HM, He IM03BOJISIBaT QUITPUPAHETO Ha
KP'bBHUTE KJIETKU

2. bazasiHa Mmem6paHa — 06pasyBaHa OT
npoTtenHu (KosareH 1V, pubpoHeKTHH,
JTAMMHWH) U [TUKOMIPOTENHH, KOUTO Ca
OTPUIIATETHO 3apeieHH, He TT03BOJIsIBa
$UATpUpPaHETO Ha MIa3MeHUTe OeNTHIN e

3. Kpayerta Ha momonuTy — 06pa3yBaT GUATPALTMOHHHM LIETTKHA, TOKPHUTH C
nradparmMa ¢ MajIKu opu (4-14 nm). Te ¢bII10 ca OTPUIIATETHO 3apeieHH U
Ca KpAalfHOTO OrpaHUYeHUe 3a MPeMHUHABAHETO Ha Oe/NThIIHTE

Footprocesses
of podocyte

Poresin
endotheliu

Capillary
lumen

Filtered
material

Lumenof
Bowman's
capsule



[nomepyiHa GpuaTpaupoHHa MemOpaHa

Filtration Membrane

Filtration membrane
Capillary endothelium capllary  proximal
Basement membrane wiall tubule

Foot processes of podocyte J
of glomerular capsule mwt < 7000 -

diameter = 4nm 3
it = 700 =7
diameter ?@M— RS

Filtration lit pore
slit
Slit
diaphragm

Capillary-

Filtrate in
capsular basement
SPece membrane
V — Foot

Fenestration processes

(pore) of podocyte
(d) Three parts of the filtration membrane




[TponyckmBoCT Ha ¢puITpaliMoHHaTa MeMOpaHa

* [Iponryck/iMBOCTTa Ha PUATPAIIMOHHATa MeMOpaHa 3a pa3/TMYHUTE
BELLLeCTBA 3aBUCH OT TEXHUTE MOJIEKY/IHU Pa3MepU U 3apsif

Cationic
0.8 dextrans

A - Clearance Neutra
Bamier with negative charges ila 0.6 dextrans

Anionic
Bowman's space 02 dextrans

0
18 22 26 30 34 38
Effective molecular radius (nm)




IIponycknaueocm Ha puarmpauuoHHama membpana 3a
anbymuHu

“ HopmanHara ¢puarpanmmoHHa MeMOpaHa Ma MHOTO MaJika
MPOMYCK/JIMBOCT 3a aJIOYMUHU

» 3ary0ara Ha OTpUIIATEeTHUS 3apsil Ha PUITpAallMOHHAaTA MeMOpaHa BOIU
10 GUATPHUPAHETO HA TOJIEMH KOTUYECTBa AJIOYMUHU, KOUTO €A C PAUYC
3.5 NM ¥ ca - 3apeieHu

Nephrotoxic
serum
nephritis Removing negative
charge from the
Clearance barrier increases the
ratio

(=)

Normal filtration of anions.

1.8 2.2 2.6 3.0 3.4 3.8 4.2
Effective molecular radius
(nm) of anionic dextrans




(CbCTaB Ha MbPBUYHATA YPHUHA

Q [I'ppBUYHATA YpHHA TIPECTAB/ISIBA I71a3Ma 6e3 OenThIN

Glom erular capillary

Permeabl e:
B Glucos e
{3 Small cations: Ma, K, H
@ Small anions: Cl, HCO3

Kidney tubul

Imperm eable:

. Red cells

» Proteins




dakTOpH, OTNpeie sl CKOPOCTTAa Ha ITIOMePYy/THATa
dunTpaIs

* CkopocCTTa Ha rIoMepy/THaTa GUITPALIAS 3aBUCH OT 2 OCHOBHU daKTOpa:

» OunTpaliMoHeH KoepUITUEeHT (Kcl))

» EdexTuBHo punrpammonno Haasirate (EQH)

E®H = XH,, — (XHg, + KOH)
= Effaren

arteriole
Afferent
arteriole

Bowman’s
space

Pgc = Glomerular capillary hydrostatic pressure
ngs = Bowman’s space oncotic pressure

Pgs = Bowman’s space hydrostatic pressure
ngc = Glomerular capillary oncotic pressure




PezopOumst 1 cekpeliust B TyOyuTe

OHeprozaBucuman peabcopbuus
[NHKO3bl, aMUHOKHUCIIOT, MOYEBHHbI,
BUTaMUHOB, uoHoB Na*u CI-

NapatropmoH-3aBucHUmMas

+
Cexpeunn H', NH3 peaBcopuya uoHor Cast

Bazonpeccuu-
3aBuUCHMan
Audhdyans Boakl
Mova

FANOTOHUYHA

Moua Cekpeuwsi H*, NH3

U30TOHWUYHA
AnbpocTepoH-
3aBuCUMan
peabcopums Na

AKTMBHaA
peabcopuust
Na*, CI~, K*

MaccusHan
Aanddysus

MOYEBUHLI

MaccusHas
Audrchy3ns Bogbl

Cekpeuust H*, NH3 -

MaccHexan Bazonpeccuu-3asncuman

ﬂ:q’&m"" Audbpyaus Boab!

Merna NeHne

Moua
TUNEPTOHUYHA

Moua
TUNEPTOHNYHA




KOHLEHTPpUPaHE 1 Pa3pe)k/iaHe HAa YpUHATa

e B Ob0peuHMsI MHTEPCTUIIMYM CHIIECTBYBA KOPMUKO-NANUiapeH
ocmomuueH epadueHm. OCcMoOaIUTeTHT Ha MHTEPCTHUIIMATHATA
TEYHOCT pacTe OT KopaTra KbM Meaynara. Cies moCTUraHeTo Ha
BHMCOKA KOHLIEHTPALUs Ha Pa3TBOPEHM BellleCTBa B Meay/iaTa, TS
ce MOAAbP)Ka Upe3 Oa/1aHC MeXTy MOCTHIIBAHETO M OTHEMAHETO Ha
BOZIa U OCMOTUYHO aKTUBHHU BellleCTBa.

» ['maBHM PaKTOpPH, KOMUTO Y4aCTBAT B Ch3/IaBAHETO Ha BUCOKA
KOHIIeHTPAIMsl HA OCMOTUYHO-aKTHBHUTE BellleCTBA B Mey/IaTa
Ha 6'bOpeKa ca aKTUBEH TPAHCIOPT Ha HATPHUEBU MOHH,
KOTPAHCIOPT Ha KaJTMEBU U XJIOPHU MOHH, TTACUBHA peabcopOus
HA HaTPUEeBH U XJIOPHHU HOHU B THHKOTO BB3XOSIIO0 PaMO Ha
OpvMKaTa Ha XeHJIe, aKTHUBEH TPAaHCIIOPT Ha HOHU B
chrOupaTeTHUTE TYOY/TH, yieCHeHa TU(y3Us Ha TOJIEMHA
KOJTMYEeCTBA ypesi BbB BBTPENTHUTE MeAyJlapHU ChOHpaTeTHU
TyOy/H, TUy3Usi HA OTHOCUTETHO MAJTKO BOZIa B MeIyJIapHUTE
TYyOY/IH.



KoHueHTprpaHe 1 pasperkgaHe Ha ypHHaTa

CORTEX s mosmie——
3 T ubular
K \ (5] fluid from

Proximal convoluted . . Distalcollecting cdrtical nephro
. . tubule (PCT) U\ tubule (DCT) and P
\ \ collecting ducts
o . ~ . ?
. b . .
j .
A b o/l 7 . v
o
o . Fo .
S
h | X

> | PCT and P \ ‘| ocTand

7| descending | , ° | ° o | collecting
+ | limb ~ . ducts

KopTHKo-nIanumapHusT OCMOTHYEH o) L o [

I'pPaguEeHT Cce Chb3JaBa OT IPOTUBOTOKOB % 7\ : \ -
MHO)XUTe/IeH MeXaHU3'bM, AeHCTBalll B Rl - permesily
OpHMKaTa Ha XeHJIe U ce TTOIbP)Ka OT | il g T

MIPOTUBOTOKOB OOMEHHHUK B MeAY/IaPHHUTE
KPBbBOHOCHU ChJIOBE U PELIUPKY/IUPAHETO

Ha ypes.

IEDULLA




(O0eM M CbCTaB Ha KpaiiHaTa ypyuHa

CBuCcTas HA KpaWHaTa ypuHa

NUKoOYHa
KMCenuHa 0.6

6ukapboHaTH
~e ‘.2 3 .
eaTuHuH 2.7
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section Topics

v Water Gain = Water Loss

M Body WWater Balance
Metabolic water izl tract (100 mLiday)
W WWater Gain (2200 mLiclay]
. Wifatar Loss Ingested moist foods

(B00 mLday)

W Controlling Mechanisms

M Body Water Imbalance
W Body Water Deficit (BWWD)
Wl Body WWater Excess (BYWE)

W Section Review Quiz

Water is the most abundant component of body fluid and iz reguired in
adequate amounts for proper body function.

ody homeostas

Return to Main Menu m




PasrnpeneneHue Ha Te/IeCHUTE TeCYHHOCTH

Total body water volume =
40 L, 60% body weight

Extracellular fluid volume =
15 L, 20% body weight

Intracellular fluid volume =
25 L, 40% body weight




Total body fluid
Intracellular fluid
Extracellular fluid

Interstitial fluid

Plasma
Venous

Arterial

Amount of body weight Volume (litres)

(%)

60

40

20
Two-third of ECF
One-third of ECF

85 of plasma
16 of plasma

Distribution of Extracellular Fluid:

Blood plasma 4% — 5% BW
Interstitial fluid 1% - 15% BW
Lymph
Transcellular fluid: Cerebrospinal fluid
Intraocular fluid
Synovial fliud
Pericardial, pleural, and
peritoneal fluid




Edexru oT mprbassite Ha
H30TOHHYHH, XUITOTOHHYHH U
XHUITePTOHHYHH Pa3TBOPpH KbM ELIT

|| intracellutar fluid Extracellular fluid

Normal State A. Add Isotonic NaCl

10 20 30 40
Volume (liters)

C. Add Hypotonic NaCl B. Add Hypertonic NaCl

. | :

LY ___Y_

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.



MOHHO CbIbp)KaHHUEe HA TeIeCHUTE
TCYHOCTH

l

Interstitial Intracellular
Plasma Fluid Fluid




section Topics

M Introduction

M Calcium Balance & Imbalance

M Chloride Balance & Imbalance

B Potassium Balance & Imbalance

B Phospharus Balance & Imbalance
M tagnesium Balance & Imbalance

W Section Review Quiz

chief baze of the hlood, and is
fluid.

Return to Main Menu m




ANTKA/THO-KUCE/TUHHO
PaBHOBECHE

JHopmannoTo pH Ha apTepuanHaTra KpbB € 7,35 - 7,45.

1B Bb3MOXXHOCT 3a )XUBOT B rpanunure Ha pH 6,9 - 8,0.

JCpurecTBYBaT TPU JIMHUU HA 3allUTA NPU HAPYLIEHO
AKP:

1. bydepHuU cucreMu Ha TeTeCHUTE TEYHOCTHU
>. JluxarTenHa peryiaanus

3. bbpOpedHa peryranus



bydepHu cvcTeMH Ha Kp'bBTA

bukapboHaTHaTa e ¢ Hal-TrOASIMO 3HAUYeHHe
32 OPraHM3Ma, 3al0TO U JBETE U CbCTABKU
MOTaT [Ia Ce eIMMHUHUPAT OT OPraHM3Ma.

PocdarHa

[I/1asmMeHU OenThUU

XeMOrnoOMHOBA — Ma HaM roasiMa
oydepupaliia cvia, 3allI0TO KOHIIEHTPAIIHUATA
Ha Hb B xp®bBTa e Bucoka.




bukapOooHaTrHa OydepHa cucrema
(H,CO, n NaHCO,)

#CO, +H,0 € cabonicanhydrase 3 H (O,
R H2C03 ===> H* + HCOB'
K =[H*].[HCO, ]/H, CO,
[H*] =K. H,CO, /[ HCO, ]
-log [H*] =-log K +log [ HCO, ]/ [H,CO,]
+ pH=pK +log [HCO, |/ [H,CO,]
pK =-log K
< NaHCO, ===>Na* + HCO,"
“ pH=pK+log [ HCO, | / 0.03 . pCO,
“pH=61+log24/12=61+1.3=74



docdarHa OydepHa crcrema

npumvepuu H,PO -1 cekynaepun pocparn HPO -

YpaBuenune Ha Henderson - Hassel Balch 3a
docdhaTHara 6ydpepHa cucrema:

pH =6.8 + log [HPO | / [H,PO ]



uxareiHa peryiauus Ha pH

Higher brain centers
(cerebral cortex—voluntary
control over breathing)

Other receptors (e.g., pain)
and emotional stimuli acting +

through the hypothalamus

E)!

Peripheral
] chemoreceptors
N
’ 0z} COz t,H*} '
Stretch receptors
i " = in lungs
| + l

Respiratory centers
(medulla and pons)

Central
chemoreceptors

CO, f.H"'f

Receptors in
J"” }’3 muscles and joints

o




brukapOoHarHa OydepHa crcTtema Ha ObOpeKa

Na* and HCO3 are

; secrete H' in Na* and HCO3 across basal
filtered in the glomerulus.

exchange for Na*. } membrane of tubule cell.

] Renal tubule celis Na*/HCO3 symporter carries]

Glomerulus / Renal tubule | :;tgstitial
— ) | S

Renal tubule < - L

CO, is formed by the reaction CO, is converted
of HCO3 and H* and diffuses back to HCO3 in the

into the tubule cell. renal tubule cell.

LIFE 8e, Figure 51.12 UIFE: THE SCIENCE OF BIOLOGY, Eiphth Efon © 2007 Srauer Associstes, inc. #d W, H. Freeman & Co




PocdarHa mu amoHueBa OypepHH CUCTEMH
Ha ObOpeKa

Tubular Cell
CO, +H,0

8]
HCO; HCO, H'

Nat Na+

Plasma

glutamine
P NH,* - NH,
glutamate
[NNH,* - NH;

a-ketoglutarate

Glomerular Filtrate

H+
K.
Na*Na*HPO,

A )
| NaHPO,
NH4+A' J



| lokazarenu Ha AKP -

34 OIpeaAc/ISIHETO MM CE€ B3€Ma apTepHa/ilHa NJIN
dpTepHra/iM3rpaHa KalT/ISIPDHA KP'bB.

AkTyanHo pH

AxkTtyanHo pCO2
AxTyasmHM OMKapOOHaTH
CrangapTHU 6MKapOOHATH
Toranau 6ydepHu 6a3u
Hopwmanuu 6ydpepru 6a3u

NedbuMT MK U3TUIIBK Ha OypepHu 6asu (BE)



OTrknoHeHus B AKP

Anmao3sa:

PecrniipatopHa — MbpBUYHOTO HapylleHHeE e
noBuilieHo pCO2

MeTabo/IMTHA - MBPBUYHOTO HapyIlIeHHE e TTOHDKEeHU
OukapOOHATH

AIKajso3a:

PecniupatopHa - MbpPBUYHOTO HapyILIeHHE € TOHMKXEHO

pCO2

MeTabomMTHA - TBPBUYHOTO HapYyIIeHHe e TTIOBUIIIeH!
6ukapOoOHaTH



Ropekiiys Ha HapylueHusTa B AKP

dopmyna
ml pastBop (mol/l) = 0,3 x T.mM.(kg)x BE

Aungosa ce kopurupa c 8,4% p-p Ha HaTpHueB
OuKapOOHAT

AJikano3a ce Kopurupa c 5,3% p-p Ha aMOHHEB
XJIOpHU



