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llompep>xaHye BOIHO-3/IEKTPOIMTHOIO PAB-
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dunbTpaumvs

CK®d= 90 — 120mMn/MuH



Ierko dunerpyotesd - < 70 kKOA (~ 3.6 HM)

* DOMbLUMHCTBO 3MEKTPONIUTOB
* MOYeBUHA, KpeaTnHMH (100%)

* [NIOKO3a, aK, OpraHn4yeckKne KNCIoTbl: MOYeBas,
KETOHOBbIE Terna u ap.

* HM npoteuHbl: nucynuH (5808 [a), mmornobuH (17
kKAa)

* UHYJINH, P-aMNHOTUMMYypoBad KUCJ10Ta

[110X0 DUNLTPYIOTCA

* anbOyMuH (13-3a 3apsiga), rmoodynuHel (n3-3a MM)

* NMNodunbHblE BELWECTBA — T.K. TPAHCMOPTUPYHOTCH
benkamu (HenpamMmon oUNMPyoOuH, rOPMOHbI)




OueHka CKOD

1 o knupeHcy kpeatnHuHa (npoba Pebepra -
Tapeesa)

1 [lo knnpeHcy MHynuHa

[lo cneunanbHbLIM hopmynam:
1. WBapua (y oeten)
2. Kokpodta-lonta (oueHNBaET KIMPEHC

KpeaTuHUHA)

3. MDRD (y naunenTtos ¢ CL1)
4. CKD-EPI (y nauneHToB ¢ CC3)

+ ypoBeHb uucrtaTtuHa C




Name Equation Units Comments
Clearance C, = [ULV mL/min X is any substance
[P];

Clearance ratio Clearance ratio = None Also means fractional excretion of x

inulin
Renal plasma flow = [UleanV mL/min

[RA]PAH - [RV]PAH

Effective renal plasma flow Effective RPF = [?;;A“V mL/min Underestimates RPF by 10%; equals Cpy

PAH
Renal blood flow RBF = RPF mL/min 1 minus Hct is fraction of blood volume

1-Hct that is plasma
. . [U]inu]inv It 1 E IS C.iis
Glomerular filtration rate GFR = T mL/min quals Cinylin
inulin
Filtration fraction po St None
RPF
Filtered load Filtered load = GFR x [P], mg/min
Excretion rate Excretion = V x [U], mg/min
Reabsorption or secretion Reabsorption or secretion = mg/min If positive, net reabsorption
rate Filtered load — Excretion If negative, net secretion

Free-water clearance Cuo= V = Cosm mL/min If positive, free water is excreted

If negative, free water is reabsorbed



?

SAMPLE PROBLEM. In a 24-hour period, 1.44 L of
urine is collected from a man receiving an infusion of
inulin. In his urine, the [inulin] is 150 mg/mL and the
INa'] is 200 mEq/L. In his plasma, the [inulin] is
1 mg/mL and the [Na'| is 140 mEq/L. What is the

clearance ratio for Na*, and what is the significance
of its valne?



SOLUTION. The clearance ratio for Na* is the clear-
ance of Na® relative to the clearance of inulin. The
clearance equation for any substance is C = [U] X V/[P].
All of the values needed are provided in the
description, although urine flow rate (V) must be
calculated.

V = Urine volume/time
=1.441L/24 hr
= 1440 mL/1440 min
=1.0 mL/min
_ [U]Na"' X v
Na* [P]Na+
~ 200 mEg/L x1 mL/min
140 mEq/L
=1.43 mL/min
Cinulin — [U]inulin xV
[P]inulin
150 mg/mL x 1 mL/min
1 mg/mL
=150 mL/min
Cy,+ _ 1.43mL/min
Ciputin 150 mL/min
=001o0or1%

C




The calculated clearance ratio for Na™ of 0.01 (or
1%) provides a great deal of information about the
renal handling of Na'. Because Na" is freely filtered
across the glomerular capillaries, it also must be
extensively reabsorbed by the renal tubule, making
its clearance much less than the clearance of inulin.
The clearance ratio of 0.01 means that only 1% of the
filtered Na" is excreted. Stated differently, 99% of the
filtered Na® must have been reabsorbed.




FENa = [(UNa x PCr) + (PNa xUCr)] x100

Variable Prerenal Intrinsic Renal Postrenal
Urine osmolality > 500 < 350 < 350
(mOsm/kg)
Urine Na* (mEq/L) < 20 > 40 > 40
FENa < 1% > 2% > 1% (mild)

> 2% (scvere)

Serum BUN/Cr > 20 < 15 > 15
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A — lNoyeyHoe TenbLe B — lMpokcnmanbHbi kaHanew, C — OucTanbHbi n3Bnton kaHanew, D — FOkctarmomepynsapHbiv annapat 1. basanbHag membpana 2. Kancyna
LLlymnsaHckoro-boymeHa — napuetanbHas nnactuHka 3. Kancyna LymnsiHckoro-boymeHa — BucuepanbHas nnactuHka 3a. MNMoawu (Hoxkn) nogouuTta 3b. Mogouut 4.
MpocTtpaHcTBo LymnsHckoro-boymeHa 5a. Mesanrnii — UHTparnomepynsipHble kneTkm Sb. MesaHrunii — 3kcTparnomepynsipHble KneTku 6. paHynspHble
(rokcTarnomepynsipHble) knetku 7. MNnotHoe nsaTHo 8. MuouuT (rmagkas myckynatypa) 9. NpuHocswas aptepuona 10. Kny6oukoBble kanunnsapel 11. BeiHocsilwasa aptepvona
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Figure 3.12 Scanning electron micrograph of a cast of a glomerulus
showing the capillary loops (CL) and adjacent renal vessels. The
afferent arteriole (A) is shown branching from an interlobular artery.
The efferent arteriole (E) branches to form the peritubular capillary
plexus (upper left). (x300.) (Courtesy Waykin Nopanitaya, PhD.)
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NMPAKTUHMECKWE MOMEHTHDI

HectepouaHble npotusoBocnanutesnbHble npenapatbl (HMBI) vH-
rmoupytoT obpasoBaHMe NPOCTarnaHANHOB, YTO MOXET MPenATCTBO-
BATb PaCLUMPEHNIO MPUHOCALLIEN APTEPUOSbI U, TAKNM 00Pa30M, BECTY
K CHxeHnto CKO. OTu npenapaTtbl He A0KHbI MPUMEHATLCA Y NaLneH-
TOB C HapyLleHnemM QYHKLMY NOYEK, a TAaKXKe NPu rmnoBosieMum, Koraa
CK® noagaep>x1MBaeTCA 3a CYET paclUMpPEHNA MPUHOCALLEN apTEPUONDbI.

Y maumeHToB CO CTEHO30M MOYEYHON apTepPUN BbICOKOE pUIbTpaLn-
OHHOE J1aBNeHne B KNybouke nNogaepKMBaeTcA 3a CYET NOBbILEHHOrO
TOHYCa BbiHOCALLEen apTepuonbl. UHrmébutopol AMN® npoTrBONoOKasaHbl
TaKMM MayueHTam, NOCKOJIbKY OHM MPenATCTBYT KOHCTPUKLUMN BbIHO-
cAwmx aptepuon (MHrnbnpya obpasoBaHue aHrnmoteHsuHa-ll), B pe-
3ynbTarte yero pesko cHukaetca CKO, uto conpoBoXkaaeTca ObICTPbIM
yXYALLIEeHeM NOYeYHON QYHKLINW.



Tubuloglomerular feedback

Tubular Extraglomerular  Granularand Afferent
fluid Macula'densa mesangial cell VSM cells arteriole
nNOS /® g
'@
T e
[ ® & Renin
tbypocemua Catt ;’I release |
0,2
- Y,
\Q\ ATP o /
Na~™ - \ ‘\\.
2C ——=—+ .
K.' - / > \

ADP
cytosolic 5'-nucleotidase or
endo-5"-nucleotidase bound t
the cell membrane

Vasoconstriction

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved



Signal Na+ 2C1- K+1 Tubule

lumen
Transmission I\g:ﬁgf
ATP ADP
I A :
¥ Y
| \3Na+ 2K+ AMP
I\
J 2 I \ // : |
V \\ |
Mediator(s) s ADO ANG || Interstitium
. 4 @
Extra-
glomerular
MC Figure 3.24 Proposed mechanism of tubuloglomerular feedback

(TGF). The sequence of events (numbers in circles) are: (1) uptake of

GranUIar Na*, CI, and K* by the Na*-K*-2CI" cotransporter on the luminal cell

Ce"S membrane of the macula densa cells; (2) intracellular or extracellular

production of adenosine (ADO); (3) ADO activation of adenosine A,

receptors, triggering an increase in cytosolic Ca®* in extraglomerular

mesangial cells (MCs); and (4) coupling between extraglomerular MCs

v \\J/— Afferent and granular cells (containing renin) and smooth muscle cells of the

. afferent arteriole (VSMCs) by gap junctions, allowing propagation of

arterlole the increased [Ca*']; (intracellular calcium concentration) and resulting

Effects Vasoconstriction Renin secretion slz in afferent arteriolar vasoconstriction and inhibition of renin release.

Local angiotensin Il and neuronal nitric oxide synthase (hnNOS) activity

modulate the response. ADP, adenosine diphosphate; AMP, adenos-

ine monophosphate; ATP, adenosine triphosphate. (From Vallon V:

Tubuloglomerular feedback and the control of glomerular filtration rate.
News Physiol Sci 18:169-174, 2008.)




Figure 3.5 Constriction of the terminal afferent arteriole (AA), an intraglomerular precapillary sphincter, in response to elevations in distal
tubular salt content. A and B, Transmitted light—differential interference contrast (DIC) images. A, Control, with NaCl concentration at the macula
densa at 10 mM. B, NaCl concentration is increased to 60 mM, resulting in an almost complete closure of the AA. C, Fluorescence image of
the same preparation as shown in B. Vascular endothelium and tubular epithelium are labeled with R18 (red), renin granules with quinacrine
(green), cell nuclei with Hoechst 33342 (blue). Note that renin-positive granular cells constitute the sphincter. MD, macula densa. Scale bar =
10 um. (From Peti-Peterdi J: Multiphoton imaging of renal tissues in vitro. Am J Physiol Renal Physiol 288:F1079-F1083, 2005.)
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Diuretics

*Acetazolamide

*Furosemide

*Thiazide

*Amiloride
Spironolactone



Early Proximal
Tubule

Late Proximal
Tubule

Thick Ascending
Limb of the Loop
of Henle

Early Distal Tubule

Late Distal Tubule
and Collecting
Ducts (principal
cells)

Late Distal Tubule
and Collecting
Ducts
(o-intercalated
cells)

Isosmotic reabsorption of
solute and water

Isosmotic reabsorption of
solute and water

Reabsorption of NaCl without
water

Dilution of tubular fluid

Single effect of countercurrent
multiplication

Reabsorption of Ca** and Mg*
driven by lumen-positive
potential

Reabsorption of NaCl without
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Dilution of tubular fluid

Reabsorption of NaCl
K" secretion

Variable water reabsorption

Reabsorption of K*
Secretion of H*
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acid, Na'-phosphate
cotransport

Na*-H* exchange

NaCl reabsorption
driven by CI™ gradient
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Na* channels (ENaC)
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Osmotic
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Osmotic
diuretics

Loop
diuretics

Thiazide
diuretics

K*-sparing
diuretics

K*-sparing
diuretics



There is a lumen-negative potential difference
across the cells of the early proximal tubule, which is
created by Na*-glucose and Na*-amino acid cotrans-
port. These transporters bring net positive charge into
the cell and leave negative charge in the lumen. The
other transporters are electroneutral (e.g., Na'-H"
exchange) and, therefore, do not contribute to the
transepithelial potential difference.

Lumen

Furthermore, this fluid has a high ClI" concentration,
although it may not be immediately evident why this
is so. The CI” concentration is high because HCO;™ has
been preferentially reabsorbed in the early proximal
tubule, leaving CI” behind in the tubular fluid. As water
is reabsorbed isosmotically along with solute, the
tubular fluid CI” concentration increases and becomes
higher than the CI” concentration of the glomerular
filtrate and of blood.

In contrast to the early proximal tubule, the late
proximal tubule reabsorbs primarily NaCl (Fig. 6-21).

Lumen

Na*,CI-

EARLY PROXIMAL TUBULE

Cell of the early proximal tubule

R

I 4
Glucose
Z I
Amino acid
Z i
Phosphate, lactate,
adr

o |l o)

or citrate

= N
H*

LATE PROXIMAL TUBULE

Cell of the late proximal tubule

ATP

Na*

Cl‘\
»

Blood
Na*

K+
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Phosphate, lactate,
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HCO3~

Blood
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Tabnuua 1. BewectBa, peabcopbupyembie B NPOKCMMaNbHOM 13-
BUTOM KaHanbue (MAK)

BewecTBO NMpumepHbIN % peabcopbunn B MUK
Bopa 65

Hatpun 60

Kanun / xnop / GBukap6oHat 80

[noKko3a 100

AMUHOKNCIIOTbI  He MeHee 7 BUAOB TPAHCTIOPTEPOB 100

Kanbuun 60 ~— O perynupyercs
Docdar g0 — o M
MoueBuHa 50

HacrneaCcTBEHHbIN AeeKT BcacbiBaHUS LUCTUHA U 2-OCHOBHLIX aK (aprmHuH,
NMN3NH, OPHUTUH) — LUCTUHYPUA (He nyTaTb C LMCTUHO30M), YacTtoTta - 1:7000,
obpasoBaHMe KaMHeN.

HacneacTBEHHbIN AedEeKT BcacbiBaHUSA HEUTPArbHbIX aK B KULLEYHUKE U B
KaHanbLax — bone3Hb XapTHyna v nennarpa-nogooHblie CUMNTOMbI



Disease or Syndrome
Disorders Involving the Proximal Tubule
Proximal renal tubular acidosis
Fanconi-Bickel syndrome
Isolated renal glycosuria
Cystinuria

Type |

Non-type |
Lysinuric protein intolerance
Hartnup disorder
Hereditary hypophosphatemic rickets with hypercalcemia
Renal hypouricemia
Type 1
Type 2
Dent disease
X-linked recessive nephrolithiasis with renal failure
X-linked recessive hypophosphatemic rickets

Gene

Sodium bicarbonate cotransporter (SLC4A4, 4g21)
Glucose transporter, GLUT2 (SLC2A2, 3q26.2)
Sodium glucose cotransporter (SLC5A2, 16p11. )

Cystine, dibasic and neutral amino acid transporter
(SLC3A1, 2p16.3)

Amino acid transporter, light subunit (SIC7A9, 19q13.1)
Amino acid transporter (SLC7A7,4q11.2)

Neutral amino acid transporter (SLC6A19, 5p15.33)
Sodium phosphate cotransporter (SLC34A3, 9g34)

Urate-anion exchanger (SLC22A12,11q13)
Urate transporter, GLUT9 (SLC2A9, 4p16.1)
Chloride channel, CIC-5 (CLCN5, Xp11.22)
Chloride channel, CIC-5 (CLCNS, Xp11.22)
Chloride channel, CIC-5 (CLCNS, Xp11.22)



Cystine { pH Radiopaque
(1%)

Hexagonal [ Mostly seen in children, 2° to cystinuria. Can
3 form staghorn calculi. Sodium nitroprusside
test &P.

'~ ‘Treatment: alkalinization of urine and
< hydration.




Disorders Involving the Loop of Henle
Bartter syndrome
Type 1
Type 2
Type 3
with sensorineural deafness
Autosomal dominant hypocalcemia with Bartter-like syndrome
Familial hypocalciuric hypercalcemia
Primary hypomagnesemia
Isolated renal magnesium loss
Disorders Involving the Distal Tubule and Collecting Duct
Gitelman syndrome

Primary hypomagnesemia with secondary hypocalcemia
Pseudoaldosteronism (Liddle’s syndrome)

Recessive pseudohypoaldosteronism type 1

Pseudohypoaldosteronism type 2 (Gordon's hyperkalemia-hyper-

tension syndrome)
X-linked nephrogenic diabetes insipidus
Nephrogenic diabetes insipidus (autosomal)
Distal renal tubular acidosis

autosomal dominant

autosomal recessive

with neural deafness

with normal hearing

Sodium, potassium chloride cotransporter (SLC12A1, 15g21.1)
Potassium channel, ROMK (KCNJ1, 11q24)

Chloride channel, CIC-Kb (CLCNKB, 1p36)

Chloride channel accessory subunit, Barttin (BSND, 1p31)
Calcium-sensing receptor (CASR, 3q13.33))

Calcium-sensing receptor (CASR, 3q13.33)

Claudin-16 or paracellin-1 (CLON16 or PCLNI, 3q27)

Sodium potassium ATPase, y,-subunit (ATP1G1, 11q23)

Sodium chloride cotransporter (SLC12A3, 16q13)

Melastatin-related transient receptor potential cation channel 6
(TRPMS, 9q22)

Epithelial sodium channel  and y subunits (SCNN18, SCNNIG,
16p12.1)

Epithelial sodium channel, a, B, and y subunits (SCNNIA, 12p13;
SCNNIB, SCNN1G, 16pp12.1)

Kinases WNK-1, WNK-4 (WNKT, 12p13; WNK4, 17q21.31)

Vasopressin V2 receptor (AVPR2, Xq28)
Water channel, aquaporin-2 (AQP2, 12q13)

Anion exchanger-1 (SIC4A1, 17g21.31)

Anion exchanger-1 (SLC4A1, 17g21.31)

Proton ATPase, B1 subunit (ATP6VIBI, 2p13.3)
Proton ATPase, 116-kD subunit (ATP&V0A4, 7q34)

241200
601678
602023
602522
601199
145980
248250
154020

263800

602014

177200

264350

145260

304800
125800

179800
602722
192132
602722



kidneys

small intestine

lumen of
proximal
tubule

s
’
’

intestinal
lumen

Nat .

Type of SGLT

Major sites

Functions : Transport of

SGLT 1 Small intestine, Heart, Na, Glucose
Trachea, Kidney(S3) Galactose

SGLT 2 Kidney(S1, S2) Na, Glucose

SGLT 3 Small intestine, Uterus Na
Lung, Thyroid, Testis

SGLT 4 Small intestine, Kidney, Glucose, Mannose
Liver, Stomach, Lung

SGLT 5 Kidney Unknown

SGLT 6 Spinal cord, Kidney, Brain, Myoinositol, Glucose

Small intestine
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[lpoTBOTOYHAA cucTemMma

[IpoTuBoTOUYHBIT MHOXUTeND (metnsa lensne), obecrie-
YUBAKIIUI YBEIMYEHNE OCMOTUYECKOrO IpafieHTa mno
Mepe ITPOABVKEHUA K HVDKHEN YacTU MEeTIN.

[IpoTuBOTOYHBII OOMEHHUK (IIpsAMBbIe COCY[bI), TOJ-
IEePKUBAKOLINI OCMOTUYECKNU TPALUEHT. BbIXom BOMbI
13 cobupaTenbHbIX Tpybouek perynupyetcs AL VMuaye
OCMOTUYECKUI TPAJIMEHT MOCTEIIeHHO OBbI YMEHbIIAJICs
13-3a peabcopOIMM BOIBI 32 CUET OCMOCA.
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OCMONAPHOCTb MOYM —

300 mOcmMm/n

OTHOCUTENbHAsA NJIOTHOCTb MOYU —

1010 - 1030



Angiotensin Il (AT 1)

Synthesized in response to | 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 in low-
volume state (T FF) with simultaneous Na* reabsorption (both proximal
and distal) to maintain circulating volume.

Parathyroid hormone (PTH)

Secreted in response to

! plasma [Ca2#], T plasma [PO43-],

or | plasma 1,25-(OH); vitamin D.
Causes T [Ca2*] reabsorption (DCT),

d [PO43-] reabsorption (PCT), and

T 1,25-(OH), vitamin D production

(T Ca2+ and PO43~ absorption from gut
via vitamin D).

Atrial natriuretic peptide (ANP)

Secreted in response to T atrial pressure. Causes T GFR

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

Aldosterone

Secreted in response to

L blood volume (via AT Il) and
T plasma [K*]; causes T Na*
reabsorption, T K+ secretion,
T H* secretion.

ADH (vasopressin)
Secreted in response to

T plasma osmolarity and

1 blood volume. Binds to
receptors on principal cells,
causing T number of water
channels and T H,0
reabsorption.
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e CUHOPOM KaXxyLuerocs U3bbiTka
MuHepanokoptukounpgoB (SAME) myTtauus
reHa HSD11B2 (runepteH3nsa un
rmnokanmemums)

e Jlakpuua (rmuunppusnHoBas KMcnora) —
nHrmoutop 11pB-rmgpokcucrepouna
aernaporeHasbl

CH,OH 11 B-HSD2 CH;OH

C=0 1 1B-dehydrogenase C=0

O ..... O .....
H OH » OH
-
11 B-HSDI1
O (0]

1 I-ketoreductase

active steroids inert steroids
e cortisol e cortisone
« corticosterone * 11-dehydrocorticosterone

« prednisolone « prednisone



Diuretics: site of action

Acetazolamide

Proximal NaHCO3 Nac
convoluted
tubule ' I
Glomerulus Proximal
straight
tubule
Cortex

Outer medulla

Mannitol

Inner medulla

Distal convoluted

Ca2+ tubule
Thiazides *ETH)

NaCl '

|

K ek K*
Mg2 gurt Collecting
tubule
diuretics
] NaCl
"""" P~ -~~~ =======- T:"(+aldosterone)
Na¢m=L
K+ . &= Kt
- ascending
oCI 1 limb h—_:. Ht+
(H2O impermeable)
Loop diuretics  H20
Thin (+ADH) ADH
descending v )
lirvib antagonists
Collecting
—p HOO
2 duct
Loop of
Henle /

Potassium-sparing



POJIb AHTUAWYPETUHECKOIO TOPMOHA U PEHUH-
AHTMOTEH3VUHOBOW CUCTEMbI B PA3JINYHbIX
TEMOAVHAMUYHECKUX PEAKLIAAX:

1000 mn 0,9% NaCl sBHympuseHHO — peakyusa Ha Hebosbwoe ysesnu-
yeHuUe BHympucocyoucmozo obvema

JT0 06beMHasA Harpy3sKka N30TOHUYECKNM PacTBOPOM. [lepBOHauYanbHO
BHY TPUCOCYAUCTbIN 06bem yBennumpaeTca Ha 1000 mf, HO NPOUCXO-
OUT ObICTpOe NepepacnpegeneHne XUAKOCT BO BHEKSTIETOUHbIX CEKTO-
pax 1 BO BHY TPUCOCYAUCTOM pycJie 0CTaeTcA oKono 250 M, oCcTanibHOW
obbeM HaMnoJIHAET NHTepPCTULMaIbHOE MPOCTPaAHCTBO.

YBenuueHne obbema KpoBU CTUMYNNPYET KapanuonyabMOHasbHble
peLenTopbl pacTAKeHUA (NpaBoe npeacepane).

3aaHAA gona runodusa — cHukaetca cekpeuns ALr.
[logaBneHue Xaxkabl 1 akTUBaUUA guypesa.




1000 mMn Kposu BHYMpUBEHHO — peakyuAa Ha 3Hadumoe ysesludyeHue
3Hympucocyaucmoao 0bvema

Becb 06BemM ocTaeTca BO BHYTPUCOCYAUCTOM NPOCTPAHCTBE.
boicmpas peakyus:

-  Crnmynaums 6apopeLienTopoB apTepuanbHOro pycna (KapoTuaHbIn
1 aopTalbHbIA CUHYCbI) Yepes A3bIKOrMOTOYHbIN 1 6y XAt He-
PBbI.

« PednekTopHOe CHMXeHMe ceplieyHOro Bbibpoca 1 cOCYyANCTOro To-
Hyca.

MeoneHHas peakyus:
- [lopaBneHne peHNH-aHTMOTEH3UHOBOW CUCTEMDI.
. CHWXeHVe cekpeLnm anboCcTePOHa.




1000 mn 5% 2nt0Ko3bl (BHyMpugeHHo) usu 800bI (per 0s) — peakyus
Ha CHUXXeHUe 0CMOJIIpHOCMU

ObbemHasa Harpy3ka HebONbllasA, Tak Kak BoAa pacnpeaenseTca BO
BCEX »KMAKOCTHbIX CEKTOPAX OPraHu3mMa U BO BHYTPUCOCYANCTOM PYC-
fle 0OCTAeTCcA 0Ha ABeHaauatasa YacTb (83 mn). [Nprnem BoAbI Bbi3blBaET
CXOXKUI 3PPEKT, TaK KaK OHa ObICTPO abcopbupyeTca us xenyaka. Mpu
3TOM NMPOUCXOANT pa3BeAeHNE NIa3Mbl Y CHUPKEHNE OCMONTAPHOCTM.

- Peakuua onocpenyetca ocmopenenTopamMmu runoTtanamyca.
« CHMXeHune cekpeunmn anbaoCTepoHa.




[Toukn n KLLC

1 Peabcopbuus
bukapboHaTta (NpoKCUM. )

1 AMMOHUreHes

1 HPO3

] aumporeHes (OUCT.)



Moyt 100% Gmkap6oH
JomnneTpyeTCcAa B Noykax
HCO3_ + Na+

Na* Na* » Na*
ATP
H* H* + I‘FC'O3— < K*
Y l H2C03

H,CO; |
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H20+COz“'_—'_> C02 ;t::::?COZ
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% Distal

convoluted Colisaiin
NH,* tubule g

[S—

. The synthesis of ammonium (NH i) from the amino
acid glutamine in the proximal tubule

. The reabsorption and recycling of NH,* within the
medullary portion of the kidney

3. The buffering of H* ions by NH, in the collecting

tubules!~ ‘

| H*+ NH3;~NH,* |

S

pH =7.4  Proximal
convoluted
tubule

Ammonia (NH3 + NH4) is chiefly
produced in proximal tubule cells
and is secreted into the tubular
urine. NH4 is reabsorbed in the thick
ascending limb and accumulates in
the kidney medulla. NH3 diffuses
into acidic collecting duct urine,
where it is trapped as NH4.
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Type 1
(distal, pH > 5.5)

Type 2
(proximal, pH <5.5)

Type 4
(hyperkalemic,
pH<5.5)

Defect in ability of o intercalated cells to secrete H'. 'Thus, new HCO;™ 1s not generated —
mctabolic acidosis. Associated with hypokalemia, t risk for caleium phosphate kidney stones (due
to t urine pH and 1 bone turnover).

Causes—amphotericin B toxicity, analgesic nephropathy, multiple mveloma (light chains), and
congenital anomalies (obstruction) of the urinary tract.

Defect in proximal tubule HCO; ™ reabsorption results in t excretion of HCO;™ in urine and
stbscquent metabolic acidosis. Urinc is acidified by o intercalated cells in collecting tubule.
Associated with hypokalemia, 1 risk for hypophosphatemic rickets.

Causes—Ianconi syndrome (c.g., Wilson discasc), chemicals toxic to proximal tubule (c.g., lcad,
aminoglvcosides), and carbonic anhvdrase inhibitors.

[Typoaldostcronism, aldostcrone resistance, or K*-sparing diurctics. The resulting hyperkalemia
impairs ammoniagenests in the proximal tubule — ¥ buffering capacity and ¥ H' excretion into
urine.

“ACID”azolamide causes ACIDostis.
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Q. Toxicology

Card 3
Case: A 70-year-old woman 1. What is the diagnosis?
with a history of osteoarthritis : g
comes o the emergency 2. What is the best initial therapy?

department because of 3. How does it work?
shortness of breath, tinnitus,

and decreased hearing. Her
bloed gas is initially alkalotic
but changes to a pH of 7.28
with a pCO, of 23. Her serum
bicarbonate is low, and the
anion gap is increased.



A. Toxicology

Card 3

1. Aspirin (salicylate) toxicity presents with hyperventilation secondary
to direct stimulation of the respiratory centers in the brain. In addition,
aspirin toxicity can cause tinnitus, encephalopathy, and with severe tox-
icity pulmonary edema and hyperthermia. In early toxicity, there is respi-
ratory alkalosis from direct stimulation of the brain stem. This is followed
by metabolic acidosis, because aspirin poisons the mitochondria and
you lose the aerobic metabolism of oxidative phosphorylation. Lactic
acidosis accumulates from anaerobic glycolysis.

2. Bicarbonate is the best initial therapy for aspirin poisoning.

3. Bicarbonate will alkalinize the urine, resulting in increased excretion
of aspirin at the kidney tubule.



CTumynbi:

e CHMXEHWe ynucna SpuTpoLunToB

® CHXeHue O, B KpoBY

e [loBbllweHne notpebHocTen TKaHen B O,

HopmanbHbiii KNCnopogHbin 6anaHc H I F_ 1
[ToBbllLEHKE
TPAHCIOPTA O,

1 v
[oBblILEeHne Ynucna NMOYKHU
SPUTPOLIUTOB BbicBOobOXAEHNE
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The juxta-tubular cells of the kidney sense oxygen tension. Proline hydroxylase requires O2 to
hydroxylate a key protein: hypoxia-inducible factor (HIF). This allows the ubiquitination of
HIF-alpha by the von Hippel-Lindau factor (VHL) & ubiquitin ligase (UL), resulting in the
degradation of HIF in the proteasome. When O2 is low, HIF activates the gene for EPO and other
genes, increasing Hb and encouraging blood vessel formation.

Degradation

via

proteasome




Retinal haemangioomas (70%)
CNS haemangioblastomas (60-84%)

Endolymphatic sac tumours of the
middle ear (14%)

Lung cysts (rare, <1%)

Pheochromocytomas (18%)
Pancreas: cysts (70%), serous cystadenomas (9%),
neuroendocrine tumours (9%)

Kidney: cysts (66%), clear cell renal cell carcinomas (69%)

Epididymal (male, 54%) or
broad ligament (female) papillary cystadenomas



Images in a third patient with a solid cerebellar tumor that progressed to enlarging cyst with
the subsequent development of symptoms.A, Contrast-enhanced T1-weighted MR image
obtained at presentation shows a tiny enhancing nodule in the left cerebellar hem...

Andrew Slater et al. AUJNR Am J Neuroradiol
2003;24:1570-1574
AMERICAN JOURNAL OF NEURORADIOLOGY

©2003 by American Society of Neuroradiology
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Sunlight

Skin

~30%

~70%

Vitamin D

Liver

VitaminD
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Vitamin D promotes bone mineralization by stimulating the release of alkaline phosphatase from
osteoblasts. Alkaline phosphatase hydrolyzes pyrophosphate (removes the phosphate) and other
inhibitors of calcium-phosphate crystallization



