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Medullary
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medulla - nephron

Long-loop
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=5 Renal corpuscle 7. Macula densa

2. Proximal convoluted tubule 8. Distal convoluted tubule

3: Proximal straight tubule 9. Connecting tubule

a. Descending thin limb 1 0O. Cortical collecting duct

5: Ascending thin Iimb A1 . Outer miedullary collecting duct
[ 555 Distal straight tubule A2, Inner medullary collecting duct

(thick ascending limb)

Figsure 1.2 Nephrons and the collecting duct system. Shown are a
short-looped and a long-looped nephron, together with a collecting duct
(Nnot drawn to scale). Arrows denote confluence of further nephrons. 1
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Ne@pikn aiNATWON

Neppiki aipatwon (RBF) . o OykKo¢ TOU QipaTOG Trou OIEPXETAI
a1T0 TOUG VE@POUG OTNn HOVAdO TOU
XpOvou

RBF (ml/min) : 1.0-1.2 L/1.73 m?
(A 20-25% KAOA)
(1 400 mi/100 g ve@pikoU 10TOU)

10-15% Tou RBF d¢gv digpxeTal a1rd Ta CTTEIPANATA

ERBF : 0 6ykog Tou aigaTtog 1rou ugioTtaral kabapon (6indnon)
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2TTEIPAMATIKA O1RONON
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Glomerular
Caplllary Hydrostatic pressure Filtration equilibrium

gradient (AP)

35 — l |

25 — Oncotic pressure
gradient (A7)

Pressure (mmHg)

Bowman'’s
space

15 —

Puf = ch = Pt—ngc

Distance along capillary
o =

Fig. 5.1

Diagram of glomerulus showing the forces involved in

Figure 2.2 Filtration pressures along a glomerular capillary. The

. R = v (T R G — =8 ;
glomerular filtration. P, net ultrafiltration pressure; P, hydrostatic pressure gradient (AP — P, — P_) is relatively constant along
hydrostatic pressure in glomerular capillary; P, the length of a capillary, whereas the opposing oncotic pressure gradient
hydrostatic pressure in tubular lumen; m,, oncotic (A = 1) increases as protein-free fluid is filtered, thereby reducing net

ultrafiltration pressure. Two curves are shown, one where filtration

pressure (osmotic pressure due to plasma proteins) in AT _ =i
| (os I ! P equilibrium is reached and one where it is merely approached.

the glomerular capillary. Representative pressures are
shown in mmHg.
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Table 2-1 Approximate values for Starling’s forces in muscle and glomerulus®

Glomerulus (primate)

Skeletal muscle Afferent Efferent
(human) arteriole arteriole
Hydraulic pressure
Capillary 53 46 45
Interstitium —3.0 10 10
Mean gradient 20.3 36 35
Oncotic pressure
Capillary 238 23 35°
Interstitium 8 0 0
Mean gradient 20 23 35
Net gradient favoring filtration +0.3 +13 0
(AP — Am)
+ = filtration
— = absorption (Mean = +6 mmHg)

“ Units are mmHg. Values are from Refs. 109 and 110.

b N - - - ~ ~ . ~ .

? The capillary oncotic pressure rises in the glomerulus because of the filtration of relatively
protein-free fluid.
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Ne@ppikn aipaTwon

Glomerulus
Afferent Efferent

arteriole Q arteriole

Glomerular

GFR} / ‘ filtrate \ GFR|

Afferent art. ‘ Efferent art. Afferent art. 4 , Efferent art.

N\ I

< f O/

Prostaglandins Angio Il (low dose) Angio Il (high dose) ' (Angio Il blockade)
Kinins Noradrenaline (SNS) :

Dopamine (low dose) Endothelin ¥

ANP Adenosine

NO Vasopressin

(PG blockade)

Fig. 5.2
Factors altering glomerular filtration rate (GFR) by changing the resistance in the afferent and efferent arterioles.
ANP, atrial natriuretic peptide; Angio Il, angiotensin Il; NO, nitric oxide: PG, prostaglandin; SNS, sympathetic nervous
system.
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2TTEIPOMATIKA OIRONON
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2TTEIPAMATIKA 01IRONON

PHYSIOLOGY OF THE KIDNEY AND BODY FLUIDS

TABLE 4-1.—OPERATIONAL CHARACTERISTICS OF

GLOMERULAR CAPILLARIES™ SUBSTANCE  |MOL.WT.|DIMENSIONS IN ANGSTROM UNITS |(FILTRATE)
Total glomerular capillary  5,000-15,000 ¢cm?*/100 Grams | SCus om s ol [FILTRAND)
area Gm kldney iffusion Coefficient X-Ray Diffraction
Total capillary pore area 500-1,000 cm?/100 Gm
Fractional pore area 1/10-1/20 UREA 60 16 , 0
Pore diameter 70-100 A, - |
. Pore length 400-600 A A GLUCOSE 180 36 * 10
. Filtration_coeflicient 1.9-4.5 ml/min./mm | SUCROSE 342 44 . 10
Hg/100 Gm ]
Pressure drop across capil- 45-75 mm Hg D 9200 148 2 098
lary wall MYOGLOBIN I7000| 195 @ S %8| o7
‘1 Ao et ~acC]ITe DN = o | B =
Colloid osmotu pressure 25 3() mm Hg ,1 EGG ALBUMIN 43500 085 ® 5| 002
Pressure to overcome vis- 20-45 mm Hg : = I
cous resistance to flow ] HEMOGLOBIN ~ 68000 325 @ 2| 003
— SERUM ALBUMIN| 69,000 | 355 @ | €=150—=>3| <00!

*From Pappenheimer, J. R.: Uber die Permeabilitit der Glomer-}

slummembranen in der Niere, Klin. Wchnschr. 33:362, 1955.

Fig. 4—2.—Relationship between molecular weight, molecular dimensions
and alomerular sieving of solutes.
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2WANVAPIAKN ETTAVAPPOPNON

PRINCIPLE OF TUBULAR REABSORPTION LIMITATION (Tm) USING GLUCOSE AS EXAMPLE
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Table 1-1.  Daily renal turnover of H,0, Na*, HCO,", and CI°
in an adult human.

Proportion of

filtered load

that is
Filtered Excreted Reabsorbed reabsorbed (%)

H,O L/day 180 1.5 178.5 99.2
Na* mmol/day 25,000 150 24,850 99.4
HCO,” mmol/day 4,500 2 4,498 99.9+
Cr mmol/day 18,000 150 17,850 99.2
Glucose mmol/day 800 =05 799.5 99.9+
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Mnxaviopdoi eTTavappopnong
MaOnTikA eTTaOvappoPnon (NAEKTPOXNMIKO grandient)
EvepynTiKN eTravappopnon (avri-nAekTpoxXnHiKo grandient)
AisukoAivopevn getaopda (carrier mendiated diffusion)

Alayuon HEOW TTOPWYV HEMBPAVNG (OUVOED ME TTPWTEIVEG)

- | .
1IN



AciToupyia Tou veppou/ PuocioAloyia

Lumen Cell Interstitial

fluid
Na® K
Sugars Na*
Na™ HCO3
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Na* ‘ } K
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Na' 7Y — K
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Lumen Cells of thick Interstitium
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Na*
H* CF st g
@5
K* Kt

K+

2CI°

Na*

Na*, K*,
Ca®*, Mg?*

@®
Lumen—positive
potential difference

Paracellular
diffusion

Figure 2.6 Major transport proteins in the apical and basolateral
membranes of proximal tubular cells. Stoichiometry is not indicated:
itis not 1:1 in all cases. Solid symbol represents primary active transport:
open symbols, secondary active transport.

Figure 2.12 Transport mechanisms in the thick ascending limb of
Henle. The major cellular entry mechanism is the Na*—K*-2Cl-
cotransporter. The transepithelial potential difference drives paracellular
transport of Na*, K*, Ca?* and Mg?+,

o]
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2WANVOPIOKN ATTEKKPIOT

FPRINCIFLE OF TUBULAR SECRETION LIMITATION (m) USING PARA-AMINOHIPPURATE (PAH)  AS EXAMPLE

[
P
'
)

-
-
- - -
- - = -
- -~ = > =
- - DS -
o - o <
- o™ = A
-
*® e - =F -t
- - £5 ] = o -
- - -
- - e - -2
- : -
S ® - - = o:
< =f - e D= £
- - - o -
el @
- - - > - -
C < P
-
- - ..--
- - -
- = - -.-
- - 1 -
—r- - -:
- £ 5
- o - -
- o =,
> - s i - -

BELOW Tm AT Tenm ABOVE Ton

- COMNCERNTRATION OF PAH I PLASMA .-. COMNCENTRATION OF PAH 1IN PLASAMA ... COMNCENTRATION OF PAH (N PLASM,
- 1S LESS THAMN SECRETORY CAPACITY - IS JUST SUFFICIENT TO SATURATE - EXCEEDS SECRETORY CAPACITY OF
OF TUBULE: PLASMA PASSING THROUGH SECRETORY CAPACITY ©OF TUBULE TUBULE; PLASMA PASSING THROUGH
FUNCTIONAL KIDHEY TISSUE 1S FUNCTIONAL KIDMNEY TISSUE IS NOT
ENTIRELY CLEARED OF PAM EMNTIRELY CLEARED ©OF PAH
126 -
e AMOUNT . AMOUNT AMOLIT
CACRES EXCRETED — FILTERED T SECRETED
100 -
= 80
(=
=
£ so -
e
= 2
VN - -«
| saIpess e
20 IN R
~
4 Nz
- SociBa
T T T T T 1
o 20 30 40 50 SO 7o
PLASMA PAKM mag <4 (FREE)

UXV=PXGFR+Ty,, =2 Ty,= U, XV -P, X

(Tubular maximum secretion capacity)

il



AciToupyia Tou veppou/ PuocioAloyia

Opyavika KaTiovra

102 PARTONE  RENAL PHYSIOLOGY

Tubular Proximal tubular cell

Peritubular
lumen capillary
- | +
3Na”
Na*
2K*
a— H*
Kdv
H*—
oc* oc

Figure 3-14 Model for organic cation (OC*) secretion in the proximal tubule. Entry into the cell
occurs in part by passive carrier-mediated diffusion across the basolateral membrane down favorable

concentration and electrical gradients. Secretion into the lumen occurs by a HT-0C* exchanger that is
driven by the H' gradient created by the Na*-H* antiporter.

2WANVAPIAK ATTEKKPION
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Opyavika aviovTta
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Stages of Chronic Kidney Disease (CKD), Prevalence in the United St e s

Stage-Specific Recommendations for Detection, Evaluation, and Hesieedadiudge sy

Recommendations for Detection,
Evaluation, and Management.

Table 1. Stages of Chronic Kidney Disease (CKD), Prevalence in the United States in 2000, and Stage-Specific Recommendations:
for Detection, Evaluation, and Management.

Detection, Evaluation,
Description GFR and Management* Prevalence}
No. of Cases (95% Cl)
ml/min/1.73 m? millions

Kidney damage with >90 Diagnosis and treatment : 5.6 (4.0-7.2)
normal or increased Treatment of coexisting conditions
GFR Slowing progression
Risk reduction for cardiovascular disease

Kidney damage with Estimation of progression g 5.7 (4.2-7.2)
mild decrease in
GFR

Moderate decrease in Evaluation and treatment of complications : 7.4 (6.0-8.9)
GFR

Severe decrease in GFR Referral to nephrologist and consideration for : 0.30(0.02-0.5)
kidney replacement therapy

Kidney failure Replacement (if uremia present) ; 0.301:

* The importance of the GFR is cumulative in that recommended care at each stage of CKD includes care for less severe stages. Adapted
from the Kidney Disease Outcome Quality Initiative of the National Kidney Foundation.?

T Kidney damage is defined as persistent albuminuria on two occasions. Estimates are similar to those from the Third National Health and
Nutrition Evaluation Survey (1988 to 1994), which are derived from a larger number of subjects and are therefore more precise.* Cl de-
notes confidence interval.

i Data on the prevalence of stage 5 are from the U.S. Renal Data System for the number of patients receiving dialysis therapy. This value is
an underestimate, since it does not include the additional unknown number with kidney failure who are not receiving treatment.>**






