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*NOTE: This sheet includes everything written in the slides.
*NOTE: I’ve added some information from Guyton to make it easier for you.

         Remember: absorption can happen in the PCT, loop of Henle, DCT, and the collecting duct.
         There are multiple factors that regulate tubular reabsorption:
1-Nervous factors.
2-Hormonal factors.
3-Local control (renal autoregulation). 
         Glomerulotubular balance: One of the most basic mechanisms for controlling tubular reabsorption is the intrinsic ability of the tubules to increase their reabsorption rate in response to increased tubular load (increased tubular inflow). This act together with autoregulation to prevent large change in fluid flow in the distal tubule(by macula densa) . For example, if GFR is increased from 125 ml/min to 150 ml/min, the absolute rate of proximal tubular reabsorption also increases from about 81 ml/min (65 percent of GFR) to about 97.5 ml/min (65 percent of GFR). Thus, glomerulotubular balance refers to the fact that the total rate of reabsorption increases as the filtered load increases.
        Peritubular capillary and renal interstitial fluid physical forces: there are 4 forces that regulate the reabsorption:
1-Hydrostatic pressure inside the peritubular capillaries (Pc), which opposes reabsorption and equals -13 mmHg (the minus means opposing).
2-Hydrostatic pressure in the renal interstitium (Pif), which favors reabsorption and equals 6 mmHg.
3-Colloid osmotic pressure in the peritubular capillaries (πc), which favors reabsorption and equals 32 mmHg.
4-Colloid osmotic pressure in the renal interstitium (πif), which opposes reabsorption and equals -15 mmHg.
-SO, the net reabsorption pressure= forces that favor reabsorption – forces that oppose reabsorption = (32+6) – (13+15) =10 mmHg.
-IMPORTANT: there is another factor (in addition to net reabsorption pressure) that must be included to calculate the reabsorption which is the filtration coefficient (Kf) and is equal to 12.4 (it is explained in the next page).
-Now, we can calculate the normal rate of peritubular capillary reabsorption:
Reabsorption= filtration coefficient (Kf) * net reabsorption pressure= 12.4*10= 124 ml/min.
-Remember that GFR is 125 ml/min, while peritubular capillary reabsorption is 124 ml/min, so only 1 ml is excreted as urine each minute.
[image: ]More absorption from the interstitium to the peritubular capillaries means that there is more absorption from tubular cells toward the interstitium and more absorption from tubular lumen toward tubular cells.

        Filtration coefficient (Kf): a measure of a membrane's permeability to water; specifically, the volume of fluid filtered in a unit time through a unit area of membrane per unit pressure difference, and it defined as the glomerular filtration rate (GFR) for both kidneys per millimeter of mercury (mmHg) of filtration. The normal filtration coefficient for a healthy adult human is 12.5 ml per minute per mmHg of filtration pressure. A high value of Kf indicates a highly water permeable capillary. The glomerular filtration coefficient depends on the surface area of the filtering membrane which is greatly reduced in case of a disease (DM and Hypertension). 
        The two determinants of peritubular capillary reabsorption that are directly influenced by renal hemodynamic changes are the hydrostatic and colloid osmotic pressures of the peritubular capillaries:
1-The peritubular capillary hydrostatic pressure is influenced by:
a-Increasing arterial pressure: tends to raise peritubular capillary hydrostatic pressure and decreases reabsorption rate.
b-Increasing the resistance of either the afferent or the efferent arterioles: reduces peritubular capillary hydrostatic pressure and tends to increase reabsorption rate.
2-The peritubular capillary colloid osmotic pressure: raising the colloid osmotic pressure increases peritubular capillary reabsorption. The colloid osmotic pressure of peritubular capillaries is determined by:
 a-The systemic plasma colloid osmotic pressure: increasing the plasma protein concentration of systemic blood tends to raise peritubular capillary colloid osmotic pressure, thereby increasing reabsorption.
 b-The filtration fraction; the higher the filtration fraction, the greater the fraction of plasma filtered through the glomerulus and, consequently, the more concentrated the protein becomes in the plasma that remains behind. Thus, increasing the filtration fraction also tends to increase the peritubular capillary reabsorption rate.
        Ultimately, changes in peritubular capillary physical forces (the 2 in the previous page) influence tubular reabsorption by changing the physical forces in the renal interstitium surrounding the tubules. For example, a decrease in the reabsorptive force across the peritubular capillary membranes, reduces the uptake of fluid and solutes from the interstitium into the peritubular capillaries. This in turn raises renal interstitial fluid hydrostatic pressure and decreases interstitial fluid colloid osmotic pressure because of dilution of the proteins in the renal interstitium. These changes then decrease the net reabsorption of fluid from the renal tubules into the interstitium (same to what is written in the box in the previous page).
[image: ]-Again, the same thing. So, when the net reabsorption rate is decreased?
Answer: when the capillary hydrostatic pressure is increased or when the capillary colloid osmotic pressure is decreased.
-again and again, forces that increase peritubular capillaries reabsorption also increase reabsorption from renal tubules and vice versa.
A summary for the previous page
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        Pressure natiuresis and pressure diuresis: 
-Because of the autoregulatory mechanisms, increasing the arterial pressure between the limits of 75 and 160 mm Hg usually has only a small effect on renal blood flow and GFR. When GFR autoregulation is impaired, as often occurs in kidney disease, increases in arterial pressure cause much larger increases in GFR
-Increased renal arterial pressure will:
1-raise urine output.
2-decrease the percentage of the filtered load of sodium and water that is reabsorbed by the tubules. The mechanisms responsible for this effect include a slight increase in peritubular capillary hydrostatic pressure, and a subsequent increase in the renal interstitial fluid hydrostatic pressure (an increase in the renal interstitial fluid hydrostatic pressure enhances backleak of sodium into the tubular lumen, thereby reducing the net reabsorption of sodium and water and further increasing the rate of urine output when renal arterial pressure rises).
-Another factor that contributes to the pressure natriuresis and pressure diuresis mechanisms is reduced angiotensin II formation. Angiotensin II itself increases sodium reabsorption by the tubules, it also stimulates aldosterone secretion, which further increases sodium reabsorption. Therefore, decreased angiotensin II formation >>  decrease aldosterone and both decrease tubular sodium reabsorption & increase urine output that occur when arterial pressure is increased.
       Hormonal control:
1-Aldosterone: 
-Site of action: distal tubule and the collecting duct.
-Functions:
1-Increases the reabsorption of NaCl and H2O.
2-Stimulates potassium secretion.
3-Increases sodium permeability on the luminal side.
-related diseases:
1-Addison’s disease: simply NO aldosterone, as occurs with adrenal destruction or malfunction, there is marked loss of sodium from the body and accumulation of potassium. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2-Conn’s syndrome" Primary Aldosteronism '' (adrenal tumor): excess aldosterone secretion is associated with sodium retention and decreased plasma potassium concentration due to excessive potassium secretion by the kidneys.

2-Angiotensin II:
-Site of actions: on proximal tubule and thick segment of loop of henle and distal tubule and collecting duct .
-Functions:
1-Increases the reabsorption of NaCl and H2O.
2-Stimulates H+ secretion.
3-Stimulates aldosterone secretion.
4-Constricts the efferent arteriole.
5-Stimulates sodium reabsorption by: 
a-Stimulating the Na-K pump.
b-Stimulating the Na-H+ exchanger.
c-Stimulating the Na-bicarbonate co-transporter (remember co-transport means 2 substances move in the same direction, while counter-transport means 2 substances move in opposite direction. For example, one substance is absorbed and the other is excreted).
[image: ]
 

Atrial natriuretic peptide is secreted when there is excess fluid in the body(volume overload ) so the body doesn't need more fluid so it will decrease reabsorption .
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3-ADH (arginine vasopressin):
-Site of action: distal, collecting tubule and the collecting duct epithelium.
-Function: increases reabsorption of H2O.
-ADH binds to specific V2 receptors increasing the formation of cyclic AMP and activating protein kinases. This stimulates the movement of an intracellular protein, called aquaporin­2 (AQP­2), to the luminal side of the cell membranes. The molecules of AQP-2 cluster together and fuse with the cell membrane by exocytosis to form water channels that permit rapid diffusion of water through the cells.
[image: ]

4-Atrial natriuretic peptide: secreted by specific cells of the cardiac atria, when distended because of plasma volume expansion.
-Site of action: Distal tubule and collecting duct.
-Functions: 
1-Decreases Na+ and H2O reabsorption and increases urinary excretion, which helps to return blood volume back toward normal.
2-Inhibits renin secretion and therefore angiotensin II formation.
-its elevated in the case of heart failure (low cardiac output and fluid accumulate in the atria) when the cardiac atria are stretched because of impaired pumping of the ventricles.
5-Parathyriod hormone:
-Site of action: proximal tubule, thick ascending loop of Henle, and the distal tubule.
-Functions:
1-Decreases PO4- reabsorption.
2-Increases Ca+2 reabsorption.
      Nervous control (sympathetic nervous system): it increases sodium and water reabsorption by:
1-constricting afferent and efferent arterioles by activation alpha adrenergic receptors on the renal tubular epithelial cells.
2-Increasing renin and angiotensin II formation (which stimulates aldosterone secretion and both increase sodium reabsorption).
        Quantifying kidney function:
1-Use of clearance methods to quantify kidney function: The rates at which different substances are “cleared” from the plasma provide a useful way of quantitating the effectiveness with which the kidneys excrete various substances. The renal clearance of a substance is the volume of plasma that is completely cleared of the substance by the kidneys per unit time.
-Clearance rate of plasma (Cs)= urine concentra. of a substance (Us) * urine volume rate (v) 
                                                                         Plasma concentration of a substance (Ps)
A-Inulin clearance can be used to estimate GFR: Inulin is a substance that isn’t produced by the body (given IV), can be used to estimate GFR because it is freely filtrated, not absorbed and not secreted so the rate at which it is excreted in the urine is (Us X V) which is equal to its filtration by kidneys (GFR X Ps) …. LOOK at the next figure for better understanding.  

[bookmark: _GoBack]>> GFR x Ps=Us x V    
 so... GFR= Us x V             Then   Cs=GRF (this is true in case of inulin only, because the clearance rate of other substances is lower than GFR).
[image: C:\Users\A\Desktop\Unit Five_ The Body Fluids and Kidneys - ppt video online download_files\img29.jpg]                      Ps         -Figure 27-19 shows the renal handling of inulin. In this example, the plasma concentration is 1 mg/ml, urine concentration is 125 mg/ml, and urine flow rate is 1 ml/min. Therefore, 125 mg/min of inulin passes into the urine. Then, inulin clearance is calculated as the urine excretion rate of inulin divided by the plasma concentration, which yields a value of 125 ml/min. Thus, 125 milliliters of plasma flowing through the kidneys must be filtered to deliver the inulin that appears in the urine.
-So, in case of inulin, the GFR is equal to CInulin). Thus, 
GFR= U(inulin)*V/P(inulin)
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B-Creatinine clearance: creatinine clearance & plasma creatinine concentration can be also used to estimate GFR:
-Creatinine is product of muscle metabolism.
-GFR x P(creatinine)=U(creatinine) x V
If GFR decreases the creatinine filtration & excretion decrease & plasma concentration increases. For example, If GFR suddenly decreases by 50%, the kidneys will transiently filter and excrete only half as much creatinine, causing accumulation of creatinine in the body fluids and raising plasma concentration.

[image: ]Inulin > Iv 
*to avoid injection > we use Creatinine (present in our body)  
MORE GFR >>MORE excretion >> LESS plasma Creatinine conc.
A very good indicator for kidney disease is the creatinine clearance. 

2-Renal plasma flow: PAH (para-aminohippuric acid) clearance can be used to estimate renal plasma flow:
*There is no known substance that is completely cleared by the kidneys. One substance, however, PAH, is about 90 percent cleared from the plasma. Therefore, the clearance of PAH can be used as an approximation of renal plasma flow. The percentage of PAH removed from the blood known as the extraction ratio of PAH and averages about 90 percent in normal kidneys. The extraction ratio can be calculated as:
Extraction ratio= (renal arterial PAH – renal venous PAH) / renal arterial PAH
-The calculation of RPF can be demonstrated by the following example: Assume that the plasma concentration of PAH is 0.01 mg/ml, urine concentration is 5.85 mg/ml, and urine flow rate is 1 ml/min. PAH clearance can be calculated from the rate of urinary PAH excretion (5.85 mg/ml × 1 ml/ min) divided by the plasma PAH concentration (0.01 mg/ ml). Thus, clearance of PAH calculates to be 585 ml/min. If the extraction ratio for PAH is 90 percent, the actual renal plasma flow can be calculated by dividing 585 ml/ min by 0.9, yielding a value of 650 ml/min. Thus, total renal plasma flow can be calculated as
· Total renal plasma flow= PAH clearance / PAH extraction ratio

** Renal plasma flow is 55% of renal blood flow as blood hematocrit is 45%, so renal blood flow can be calculated accordingly. 

LOOK at the figure in the next page...
[image: ]
3-Filtration fraction: which is the fraction of plasma that is filtered through glomerular membrane and = GFR/RPF (remember not all of the plasma is filtered, only 20% is filtered in the glomerulus).
4-Reabsorption =Kf x Net reabsorption force (again, Kf: Filtration coefficient: Measure of permeability and surface area of the capillaries normal=12.4 ml/min/mm Hg).
-So, to summarize:
-Inulin clearance = GFR (that means amount filtered = amount excreted).
-PAH clearance / 0.9 = Renal plasma flow.
-If the substance is completely cleared from the plasma (by filtration & secretion) , the clearance of substance = to the total renal plasma flow (amount delivered to kidneys in blood= amount excreted in urine).
-PAH removed from the plasma by filtration & secretion (90%) called extraction ratio.
-If GFR x Ps > Us x V         there is reabsorption.
-If GFR x Ps < Us x V          there is secretion. 
-Again, to assess kidney function, you need:
1-Plasma concentration of the substance.
2-Urine concentration of the substance.
3-Volume of the urine.
4-GFR.

[image: ]-some notes about the figure on the left:
Part (A): no reabsorption or secretion.
Part (B): some of the filtered substances is reabsorbed. So, the concentration in the plasma is more than that in urine.
Part (C): all of the filtered substances are reabsorbed (ex: glucose and amino acids).
Part (D): the concentration in the plasma is less than that in urine. 

[image: ]Complete reabsorption of the substance.
-‖the substance in the plasma doesn’t appear in urine‖
Here, if 6 molecules are filtrated without reabsorption or secretion, all of them will be excreted in urine.
-‖what’s filtrated is secreted‖

[image: ]








[image: ]Partially reabsorption of the substance.
-‖concentration of these sub. in urine is less than plasma‖

[image: ]No reabsorption, but there is secretion.
-‖concentration of the sub. In the urine is more than the plasma‖ 

[image: ] -DON’T forget:
*Inulin clearance rate is equal to GFR.
*Creatinine clearance rate is higher than inulin because in addition to the filtered part, there is a part that is secreted.
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drome)isassociated with sodium retention and decreased
plasma potassium concentration due, in part, to excessive
potassium secretion by the kidneys. Although day-to-day
regulation of sodium balance can be maintained as
long as minimal levels of aldosterone are present, the
inability to appropriately adjust aldosterone secretion

greatly impairs the regulation of renal potassium excre-
on and potassium concentration of the body fluids
Thus, aldosterone is even more important as a regulator
of potassium concentration than it is for sodium
centration.

Angiotensin I Increases Sodium and Water Reab-
sorption. Angiotensin 11 is perhaps the body’s most
powerful_sodium-retaining hormone. As discussed in
Chapter 19, angiotensin II formation increases in circum-
stances associated with low blood pressure and/or low
extracellular fluid volume, such as during hemorrhage or
loss of salt and water from the body fluids by excessive
sweating or severe diarrhea. The increased formation of
angiotensin Il helps to return blood pressure and extra-
cellular volume toward normal by increasing sodium and
water reabsorption from the renal tubules through three
main effects:

1. Angiotensin Il stimulates_aldosterone sccretion,

which in turn increases sodium reabsorption.

UitV The Body Fluids and Kidneys

permitting the body to adapt to wide variations in sodium
intake without large changes in extracellular fluid volume
and blood pressure, as discussed in Chapter 30,

At the same time that angiotensin Il increases renal
tubular sodium reabsorption,its vasoconstrictor effect on

Renal
erstal
Tuid

Figuro 28.18. Direct effects of anglotensin Il (Ang ) 1o increase
proximal tubular sodium reabsorption. Ang I stmuates sodu-
hydrogen exchange (VHE) on the kminal membrane and the
sodium potassium ATPase ansporter as wel as sodium-bicarbonate
co-transport on the basolateral membrane. These same ffects of
Ang kel occur i several other parts of he renal tubule, incuxfing
the loop of Herle, distal tubule, and collcting tuble:
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Chapter 27 Urine Formation by the Kidneys: L Tubular Reabsorption and Secetion

permitting the body to adapt to wide variations i sodium
intake without large changes in extracellular fluid volume
‘and blood pressure, as discussed in Chapter 29.

At the same time that angiotensin 11 increases renal
tubular sodium reabsorption, its vasoconstrictor effect
on efferent arterioles also aids in the maintenance of nor-
‘mal excretion of metabolic waste products such as urea
and creatinine that depend mainly on adequate GER for
their excretion. Thus, increased formation of angiotensin
1 permits the kidneys to retain sodium and water without
causing retention of metabolic waste products.

ADH IncreasesWater Reabsorption. “The mostimpor-
tant renal action of ADH is to increase the water permeabil-
ity of the distal tubule, collecting tubule, and collecting duct
epithelia This effect helps the body to conserve waterin ir-
cumstances such as dehydration. In the absence of ADH,
the permeability of the distal tubules and collecting ducts to
water s low, causing the kidneys to excrete large amounts
of dilute urine. Thus, the actions of ADH play a key role
in controlling the degree of dilution or concentration of the:
urine, as discussed further in Chapters 28 and 75.

ADH binds to specific V, receptors in the late distal
tubules, collecting tubules, and collecting ducts, increas-
ing the formation of cyclic AMP and activating pro-
tein kinases (Figure 27-18). This, in turn, stimulates the
‘movement of an intracellular protein, called aguaporin-2
(AQP-2) to the luminal sde of the cell membranes. The
‘molecules of AQP-2 cluster together and fuse with the cell
‘membrane by exocytosis to form water channels that per-
‘mit rapid diffusion of water through the cells. There are
other aquaporins, AQP-3 and AQP-4, in the basolateral
side of the cell membrane that provide a path for water
to rapidly exit the cells, although these are not believed
to be regulated by ADH. Chronic increases in ADH levels

Renal Tobuiar

Tubular
il L lumen

Figure 27-18 Mechanism of action of arginine vasopressin (AVP)
on the epithelial cels of the late distal tubues,collecting tubuies
and colleting ducts. AVP binds to its V, receptors, which are
coupled with stimulatory G proteins (G) that activate adenylate
cyclase (AC) and stimulate formation of cyclic adenosine mono-
phosphate (cAMP). This, in tu, activates protein kinase A and
phosphorylation of intracellular proteins, causing movement of
‘aquaporin-2 (AQP-2) to the luminalsideof the cell membrane. The
molecules of AQP-2 fuse together to form water channels.On the
basolateral side of the cell membrane are other aquaporis, AQP-
3 and AQP-4, that permit water to flow out of the cell, although
‘these aquaporins do not appear to be regulated by AVP.

Parathyroid  Hormone  Increases  Calcium
Reabsorption. Parathyroid hormone is one of the most
important calcium-regulating hormones in the body. Its
principal action in the kidneys i to increase tubular reab-
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R —
‘amount of substance excreted in the urine per unit time.
Stated mathematically,

ox
‘where C, isthe clearance rate ofa substances, B, isthe plasma
concentation of he substance, U, is the urine concentration

UV,

Table 27-4 Use of Clearance to Quantify Kidney Function

. ==
eI A

certain plants and must be administered intravenously to a
patient to measure GFR.

Figure 27-19 shows the renal handling of inulin. In this
‘example, the plasma concentration is 1 mg/ml, urine con-
centration is 125 mg/ml, and urine flow rate is 1 mi/min.
Therefore, 125 mg/min of inulin passes into the urine. Then,
inulin clearance is calculated as the urine excretion ate of

Term units
Clearancerate (C) mifmin
Glomeniarfitration rate (GFR)
Clearance ratio Nore
Efective renal plasma flow (ERPF) o _ - UiV mifmin

Poast
Renal plasma flow (RPF) e = Gt _ Wy X V/Po) mUmin

st (o Vo Pouct

Upgy XV

Poas~Vour
Renal blood flow (RBF) RPF ml/min
Excretion rate Excretion rate = ‘mg/min, mmolimin, or mg/min
) Reabsorption rate _ ‘mg/min, mmolimin, or mg/min

(GFRx Py) ~ (Us xV)

Sereton ate Secrtion rae = Excretion ate — Filered losd ‘mg/min, mmolimin, or mg/min

2 substace ) rine concentatin: . rine o ot ST coRCnato: PP, a3 ATnpPUTC S5, el el PAH CORCENCILON,

PAH axtaction :V,,, enal venous PAH concentation.
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Figure 27-21 Approximate relationship between glomerular il
tration rate (GFR) and plasma creatinine concentration under
steady-state conditions. Decreasing GFR by 50 percent will
increase plasma creatinine to twice norml if creatinin produc-
tion by the body remains constant.

Because the GFR is only about 20 percent of the total
plasma flow, a substance that is completely cleared from
the plasma must be excreted by tubular secretion, as well s
‘lomerular filtration (Figure 27.22). There is no known sub-
Stance that is completely cleared by the kidneys. One sub-
stance, however, PAH, is about 90 percent cleared from the
plasma. Therefore, the clearance of PAH can be used as an
approximation of renal plasma flow. To be more accurate,
one can correct for the percentage of PAH that is still in the
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Figure 27-22 Measurement of renal plasma flow from the renal
clearance of para-aminohippuric acid (PAH). PAH i frely fittered.
by the glomerular capilaries and is also secreted from the pertu-
bular capilary blood into the tubular lumen. The amount of PAH
in the plasma of the renal artery is about equl to the amount of
PAH excreted in the urine. Therefore, the renal pasma flow can be
calculated from the clearance of PAH (G, To be more accurate,
one can correct forthe percentage of PAH that i stilin the blood.
when it leaves the kidneys. ,,,, arteial plasma PAH concentra-
tion;U,,,, urine PAH concentration; V, urine flow ate.

One can calculate the total blood flow through the kid-
neys from the total renal plasma flow and hematoerit (the
percentage of red blood cell in the blood). Ifthe hematocrit
15 0.45 and the total renal plasma flow is 650 mi/min, the
total blood flow through both kidneys is 650/(1 to 0.45), or
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bular capilary blood into the tubular lumen. The amount of PAH
in the plasma of the renal artery is about equl to the amount of
PAH excreted in the urine. Therefore, the renal pasma flow can be
calculated from the clearance of PAH (G, To be more accurate,
one can correct forthe percentage of PAH that i stilin the blood.
when it leaves the kidneys. ,,,, arteial plasma PAH concentra-
tion;U,,,, urine PAH concentration; V, urine flow ate.

One can calculate the total blood flow through the kid-
neys from the total renal plasma flow and hematoerit (the
percentage of red blood cell in the blood). Ifthe hematocrit
15 0.45 and the total renal plasma flow is 650 mi/min, the
total blood flow through both kidneys is 650/(1 to 0.45), or
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Chapter 26 Urine Formation by the Kidneys:1. Glomerular Fitration, Renal Blood Flow, and Their Control

Attoront Eferent

Urinary xcrotion
Excretion = Fifiration - Reabsorption + Secration

Figure 26-9 Basic ichey processes that determine the composi-
tion of the rine. Urinary excrtion rate of asubstance is equal to
the rate at which the substance s fitered minus its reabsorption
rate plus the rate at which t s secreted from the peritubular capil-
lary blood nto the tubules.

the tubules, it is modified by reabsorption of water and

specific solutes back into the blood or by secretion of
other substances from the peritubular capillaries into the
tubules.

Figure 26-10 shows the renal handling of four hypo-
thetical substances. The substance shown in panel A is

Firaion only Fitaton, parial
reabsorption
‘Substance A Substance B
Y Y
A Unns B e
Fittation, compiota Fitraton, socretion
reabsorption
‘Substanca C ‘Substanca D
c urine D unne

Figure 26-10 Renal handling of four hypothetical substances.
A, The substance is frely fitered but not reabsorbed. 8, The sub-
Stance s freely fitered, but part of the fitered load is reabsorbed.
back in the blood. C, The substance is freely fitered but is not
excreted in the urine because all the filtered substance is reab-
Sorbed from the tubules o the blood. D, The substance s freely
fitered and s not reabsorbed but is secreted from the peritubular
capilary blood into the renal tubules.
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Unit v The Body Fluids and Kidneys

percentage of red blood cells in the blood). If the hema-
tocrit is 045 and the total RPE is 650 ml/min, the total
blood flow through both kidneys is 650/(1 — 045), or
1182 ml/min.

FILTRATION FRACTION IS CALCULATED
FROM GFR DIVIDED BY RPF

To calculate the fitration fraction, which is the fraction
of plasma that filters through the glomerular membrane,
ne must first know the RPE (PAH clearance) and the
ER (inulin clearance). If the RPE is 650 ml/min and
the GFR is 125 ml/min, the filtration fraction (FF) is cal-
culated as

FF= GFR/RPF =125/650=0.19

CALCULATION OF TUBULAR
REABSORPTION OR SECRETION
FROM RENAL CLEARANCES

If the rates of glomerular filtration and renal excretion of
a substance are known, one can calculate whether there
is a net reabsorption or a net secretion of that substance
by the renal tubules. For exampl, i the rate of excretion
of the substance (U, x V) s less than the filtered load of
the substance (GER x P, then some of the substance
must have been reabsorbed from the renal tubules.

‘Conversely, if the excretion rate of the substance is
greater than its fltered load, then the rate at which it
appears in the urine represents the sum of the rate of
‘glomerular filtration plus tubular secretion.

The following example demonstrates the calculation of
tubular reabsorption. Assume the following laboratory
values for a patient were obtained:

Urine flow rate = 1 mi/min

Urine concentration of so

=70 pEq/ml
Plasma sodium concentration

tubules; and (3) If the clearance rate of a substance is
greater than that of inulin, the substance must be secrel
by the nephron tubules. Listed below are the approximate

carance rates for some ofthe substances normally handled
by the kidneys:

Substance Cloarance Rate (ml/min)
Glucose. o
Sodium 09
hloride 13
Potassium 120
Phosphate %0
Inulin 1250
Creatinine 1400
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control filtration in the glomerular capillaries. Changes in
peritubular capillary reabsorption can in turn influence
the hydrostatic and colloid osmotic pressures of the renal
interstitium and, ultimately, reabsorption of water and
solutes from the renal tubules.

Normal Values for Physical Forces and Reabsorption
Rate. As the glomerular filtrate passes through the renal
tubules, more than 99 percent of the water and most of
the solutes are normally reabsorbed. Fluid and electro-
lytes are reabsorbed from the tubules into the renal inter-
stitium and from there into the peritubular capillaries.
The normal rate of peritubular capillary reabsorption is
about 124 ml/min.

Reabsorption across the peritubular capillaries can be
calculated as

Reabsorption = K, x Net reabsorptive force

The net reabsorptive force represents the sum of the
hydrostatic and colloid osmotic forces that either favor
or oppose reabsorption across the peritubular capillaries.
These forces include (1) hydrostatic pressure inside the

Tubular Tubular
cells lumen

-H,0
=Na*

Figure 27-15 Summary of the hydrostatic and colloid osmotic
forces that determine fluid reabsorption by the peritubular cap-
illaries. The numerical values shown are estimates of the normal
values for humans. The net reabsorptive pressure is normally about
10 mm Hg, causing fluid and solutes to be reabsorbed into the
peritubular capillaries as they are transported across the renal
tubular cells. ATP, adenosine triphosphate; P, peritubular capillary
hydrostatic pressure; P, , interstitial fluid hydrostatic pressure; 7,
peritubular capillary colloid osmotic pressure; m, interstitial fluid
colloid osmotic pressure.
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UnitV  The Body Fluids and Kidneys

Regulation of Peritubular Capillary Physical
Forces. The two determinants of peritubular capillary
reabsorption that are directly influenced by renal hemo-
dynamic changes are the hydrostatic and colloid osmotic
pressures of the peritubular capillaries. The peritubular
capillary hydrostatic pressure is influenced by the arte-
rial pressure and resistances of the afferent and efferent
arterioles. (1) Increases in arterial pressure tend to raise
peritubular capillary hydrostatic pressure and decrease
reabsorption rate. This effect is buffered to some extent by
autoregulatory mechanisms that maintain relatively con-
stant renal blood flow, as well as relatively constant hydro-
static pressures in the renal blood vessels. (2) Increase in
resistance of either the afferent or the efferent arterioles
reduces peritubular capillary hydrostatic pressure and
tends to increase reabsorption rate. Although constric-
tion of the efferent arterioles increases glomerular capil-
lary hydrostatic pressure, it lowers peritubular capillary
hydrostatic pressure.

The second major determinant of peritubular capillary
reabsorption is the colloid osmotic pressure of the plasma

Table 27-2 Factors That Can Influence Peritubular Capillary
Reabsorption

TP, — | Reabsorption
<lR,>Tp,
<R TP
« T Arterial Pressure — T P_
T, — T Reabsorption
Tr,>Tr
TR Tr
T K,— T Reabsorption

P, peritubular capillary hydrostatic pressure; R, and R,, afferent and efferent
arteriolar resistances, respectively; 1, peritubular capillary colloid osmotic
pressure; T, arterial plasma colloid osmotic pressure; FF, filtration fraction;
K, peritubular capillary filtration coefficient.

solutes from the interstitium into the peritubular capillar-
ies. This in turn raises renal interstitial fluid hydrostatic
pressure and decreases interstitial fluid colloid osmotic
pressure because of dilution of the proteins in the renal
interstitium. These changes then decrease the net reab-
f fluid from the renal tubules into th
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kidney discase, increases in arterial pressure cause much
larger increases in GFR.

‘A second effect of increased renal arterial pressure
that raises urine output is that it decreases the percent-
age of the filtered load of sodium and water that is reab-
sorbed by the tubules. The mechanisms responsible for
this effect include a slight increase in peritubular capil-
lary hydrostatic pressure, especially in the vasa recta of
the renal medulla, and a subsequent increase in the renal
interstitial fluid hydrostatic pressure. As discussed ear-
lier, an increase in the renal interstitial fluid hydrostatic
pressure enhances backleak of sodium into the tubular
lumen, thereby reducing the net reabsorption of sodium
and water and further increasing the rate of urine output
‘when renal arterial pressure rises.

‘A third factor that contributes to the pressure natriure-
sis and pressure diuresis mechanisms is reduced angio-
tensin 11 formation. Angiotensin I itselfincreases sodium
reabsorption by the tubules; it also stimulates aldosterone
secretion, which frther increases sodium reabsorption.
Therefore, decreased angiotensin I formation contrib-
utes to the decreased tubular sodium reabsorption that
‘occurs when arterial pressure s increased.

Hormonal Control of Tubular Reabsorption

Precise regulation of body fluid volumes and solute con-
centrations requires the kidneys to excrete different solutes
‘and water at variable rates, sometimes independently of one:
another. For example, when potassium intake is increased,
the kidneys must excrete more potassium while mainaining
normal excretion of sodium and other electrolytes. Likewise,
‘when sodium intake is changed, the kidneys must appropri-
ately adjust urinary sodium excretion without major changes
in excretion of other electrolytes. Several hormones in the
‘body provide this specificity of tubular reabsorption for dif-
ferent clectrolytes and water:
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Table 27-3 Hormones That Regulate Tubular Resbsorption
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Hormone Site of Action Effects

Adosterone Colcting bl and duct 1 NaCl H,O reabsoption, T K secetion

Angitensin i Proximal tubue, thickascending loop of Henledistal 1 NaCl,H.0 reabsorption T secetion
tubule,colcting twhule

Antidiuretichormone  Distal tubuie/colecting tubue and duct T H,O reabsorption

Atrial natruretic peptide. Distal tubuie/colecting tubue and duct 1 NaCl resbsorption

Parattyroid hormone  Proximl ubuie thick acending loop of Henl/distal tubule 4 PO resbsorpton, T Cat* reabsorption

The most important stimuli for aldosterone are
(1) increased extracellular potassium concentration and
(2)increased angiotensin I1levels, which typically occur in
conditions associated with sodium and volume depletion
orlow blood pressure. The increased secretion of aldoster-
one associated with these conditions causes renal sodium
and water retention, helping to increase extracellular fluid
volume and restore blood pressure toward normal.

In the absence of aldosterone, as occurs with adrenal
destruction or malfunction (Addison’ disease), there is
‘marked loss of sodium from the body and accumalation
of potassium. Conversely, excess aldosterone secretion, as
‘occursin patients with adrenal tumors (Conn's syndrome),
isassociated with sodium retention and decreased plasma
potassium concentration due, in part, to excessive potas-
sium secretion by the kidneys. Although day-to-day reg-
ulation of sodium balance can be maintained as long as
‘minimal levels of aldosterone are present, the inability to
appropriately adjust aldosterone secretion greatly impairs
the regulation of renal potassium excretion and potas-

reabsorption, especially from the proximal tubules.
Second, efferent arteriolar constriction, by reducing
renal blood flow, raises filtration fraction in the glo-
merulus and increases the concentration of proteins
and the colloid osmotic pressure in the peritubular
capillares; this increases the reabsorptive force at the
peritubular capillaries and raises tubular reabsorption
of sodium and water.

3. Angiotensin Il directly stimulates sodium  reabsorp-
tion in the proximal tubules, the loops of Henle, the dis-
tal tubules, and the collecting tubules. One of the direct
effects of angiotensin 1l is to stimulate the sodium-
potassium ATPase pump on the tubular epithelial cell
basolateral membrane. A second effect is to stimulate
sodium-hydrogen exchange in the luminal membrane,
especially in the proximal tubule. A third effect of angio-
tensin ILis to stimulate sodium-bicarbonate co- transport
i the basolateral membrane (Figure 27-17).

Thus, angiotensin I stimulates sodium _transport
across both the luminal and the basolateral surfaces of the
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