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Urln!fer:>us Ju!Jule!i 

The kidne}' is composed of large numbers of micro­
scopic units called uriniferortJ tubules. Each tubule is 
composed of two functional regions, the nephron, . 
which produces an excretion known as urine, and : 

Fig. 13-3). The renal corpuscle contains the glomer- \ 
ulus, which is a network of capillaries into which 1 

blood enters by an afferent arteriole and leaves 1 

through a smaller efferent arteriole. I 

the collecting tubule, which concentrates the urine 
and conveys it to the calyces (Fig. 13-3). 

Nephron 

The glomerulus indents the wall of the Bowman's I 
capsule as a fist might press into the side of a balloon j 
(Fig. 13-8). The epidlelial cells that form the wall of r 
me Bowman's capsule also serve as a covering for 
the glomerulus. The renal corpuscle thus consists 

There are over a million nephrons in one kidney. of the Bowman's capsule and the glomerulus (see 
Each consists of four distinct parts: (1) the renal Figs. 13-4-13-7). 
corpuscle, which contains the glomerulus, (2) me .' _The ~urer wall of the Bo~m~'s capsule is linedl 
proximal convoluted tubule, (3) the loop of Henle, i wtth stmple squamous epttheliwn that abrupdy 
and (4) the distal convoluted tubule (see Fig. 13-3). 
Th t f I h fi 

. bul changes into cuboidal epimelium at the start of the 
e par s o t 1e nep ron orm a contmuous ru e 

that measures about 50 mm in length and runs from proximal convoluted tubule. Where the capsular 
the cortex to the medulla and then returns to me wall is reflected onto the glomerulus, the squan1ous 

C<JYfr.,c . . cells change into star-shaped cells with multiple 
RENAL CORPUSCLE. The renal corpuscle is situated in 1 processes. These cells, called podocytes"'!= . _ · .. _ 
the cortex. It is formed by the upper end of me 
uriniferous tubule, 'which is expanded into a struc- . 
cure called· a Bowman's capmle (Figs. 13-4-13-7; see 
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Fig. 16.8 Development of the renal corpuscle 
This di~ram illunrates in a highly scbemanc manner ;::ns 
mode of development of the renal corpuscle. Theb~e~~ded 
develop from the embry?logial me'f'e~':a~pit;:lium. 
tubules consisting of a sm~le \ayedr ~me invaginated by • 
The ends of the tubules d1late an 
tin mass of tissue which differentiates ~o fo~m the d 

gl:m<~ul~s. TI>e l;!Ier of invag:.~edbe=tr:..fr•~;;i.e~ 
diffc:renuatcs mto pod~ w 1 

the sur faa: of the blot of glomerular cap•Uanes. !be 
diSappean so thit the 

inter\'cnms connecuve ussuc I d thelial cc:lls and 
hasemeut membnnc of glomeru ar en o 

Parietal 
lay"• 

Visceral I aye r 
1~ podocyte 
layerl 

. ' . . the glomerular basement 
~'tes effectively fuse .ormmg . . heless 
.,.......~J 11 unt of connecuve ussue nevert 
mem?rane. A sm~ r~capil\ary loops and differentiateS to 
rcmams to suppo_ Where the mcsangium stretches 
form the mcsaRf'li'· loo ... surface is directly in,·ested 
between ifie capll ry J?'h• 'podocyte basement membrane 
b pod•"""• cytoplasm Wit · li h ~ .... -J~ the two When examining ultra-thm g t 
lymg between ·men," as in Figure 16.11 and electron . 
m!croscopehss""":u Fi ure 16.14, the podocyrcs, endoth_ehal 
mlcrograp as ium gare idenrif~ed most easily by traang our 
cells and me .. ngd dothelial ceU basement membranes. 
the podoryte an en 

PrimarJ' process 
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Fig. 13-l/ St .r h-'n ~ • . '~ .1 J) Cap1llary of glomerulus • 
· ntcturr OJ I nJ.!tlraltonlxzrr1n- 1 + 1. "1 ~ 

I h-e Po tf.o V:;f f< J . ../!. t<_ v ~ 
1rimary procmes chat tightly clasp the glomerular 
:apillacies (Figs. 13-9 and 13-10). From the primacy 
>rocesses, smaller secondary processes arise that inter­
ligitate with the secondary processes of other po­
locytes. This arrangement leaves small slidike gaps 
.eriveen the processes that measure about 25 nm 

... . .. - I 

ross and are called slit pores (Fig. 13-11). The sec- i 
.dary processes end in feet that are applied firmly ' 
the basement membrane of the capillary wall of : 

! glomerulus. Extending across the slit pores be- ! 
een adjacent feet is a thin slit diaphragm about 6 . 
1 thick (Fig. 13-12). 
The blood in the glomerular capillaries is sepa­
ed from the caviry of the Bowman's capsule by: 
the fenestrated endothelial cells lining the capil- , 

ies (Fig. 13-13), (2) a thick basement membrane I 
g. 13-14), and (3) the slit pores of the podocytes.l 
gether these structures are known as t~ 
Tier (see Fig. 13-ll). The holes, or fenestrae, m 
~dothelial cells permit the passage of plasma 
: hold back the cells of the blood. The smaller 

1 
olecules of the plasma readily pass through the 

basement membrane and the slit diaphragm of the 
podocytes ro enter the cavity of the Bowman's cap­
sule. Particles with a molecular weight greater than 
160,000 are held back by the slit diaphragm. The 
plasma protein albumin, which has a molecular 
weight of 69,000, would. be expected to pass 
through without difficulty. \lle know1 however, that 
in a normal individual, it does not. The probable 
explanation is that the filtration mechanism is 
blocked by proteins with larger molecules and that 
the electric charge on the filter repels the albumin 
molecules. The fluid that finally crosses the filtration 
barrier and enters the capsular space is called the 
glomerular filtrate. 

Lying between the glomeruiar capillaries are small 
· oups of star-shaped cells that are§ncraccilcland ) 
capa e o p c tosis TI1ese cells are called mes-1::" 
angta ce (see Fig. 13-3) and gg>port the capillarv 
w~ by producing intercellular substarice. They are 
_ru.so .. ~~ought -~o remove by phagocytosis any mac-

romolecules that escape from the capillaries into the ; 
. ! 

tissue space. 

I 
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f.,;;,c!i;;;-;}the Renai Corpmd;. lbe rate of blood 
I! ow through both kidneys is about I ,200 ml pee 
minute, or about 25 percent of the cardiac omput. 
1l1e blood enrers the glomeruli under high pre5sure, 
and fluid is driven through the filter into the Bow­
man's capsule (see Fig. 13-3). The fenestrated capil­
laries. of the glomeruli form the @arse filtei} the 
basement membrane, the slit diaphr • and the slit 
pores of the podocytes onn the ultrafilte The 
glomerular filtrate differs from the plasma in that it 

------·---
has almost no proteins. In 24 hours, both kidneys 
produce about 180 L of glomerular filtrate; about 99 
percent of the filtrate is reabsorbed by the renal 
tubules, and only I percent will be excreted as urine 

Mcsangjal cells of glomerular capillaries. They are located between 2 capillary lumens, enveloped by !he basal lamina' 
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4lllt Maintenance of the Body 

Figure 19.7 The vascular struCture of the kidneys. (a) An lllustr!)tion of the 
major arterial supply and (b) a SCanning electron micrograph of the 
glomeruli. • · 

~-m< 
,. \ vein 

Figure 19.8 A simplified illustration of blood flow from a glomerulus to an 
efferent arteriole, to the peritubular capillaries, to the venous drainage of 
the kidneys. 
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Kidneys 

FIG. 15-2 Schematic dia­
gram of the IJa:;ic arrange­
ment of nephrons and col­
lecting tubules in a lobule of 
the kidney. 

Renal t:enni:nology is imprecise and con.fusine. 'The struc­

tur·al unit of" a kidney is a 1.obule ~ This has a central 

core of c;-ollecting tubules -;,J:hP. medullary ray of the cortex.. 

surrounded by· ,<jt sleeve of nephrons draining into these 

tubules. There is no line of demarcation bet-ween lobules. 

A.s the medtJll ary rays approach the rena.l sinus, sp:-~ce between 

them get!9 -Less, there is no t"urther space i"or the sleeve of 

nephrons and cortex changes to medul.la. TI1e merging of the 

ruedulla.ry rays :form the pyramids and the pyramids in turn 

merge to .form the prominent papillae. The nephrons near the 

:.;:: surface ha.ve short loops or Henle and are ref'erred to as 

Cortical_ nephron~. 'Those nephT'on.s lying ,deeply. <l.t the 

bottom of tho nephron sleeve are near the med11l\a, have 

lone- luops of" Hen.le and are refP.rred to as*jux ta·-medu t l.ary \'""' 

nephrons. the short loops of the Cortical nephrons do not reach 

into the medulla. The long loops of the juxta-medullary nephrons 1 

run 1nto the medulla parallel to the collecting ducts and in 

association with the vasa recta~( ~ ..Nf' (\.aD) 
I 
I 



URINE FORMATION 
Diagrammatic 

Renal Tubule----' 
and 

Collecting Duct 

Tubular 
Reabsorption 

(% reabsorbed) 

Water 
99% 

Sodium 
99.5% 

Glucose 
100% 

Urea 
44% 

·. Filtrate 
• r;; ~-

~-· · ·Water 
:·:_180 liters/day 

·Sodium 
~630 grams/day 

0 :,;i Glucose 
lao grams/day 

<--:· Urea 
,·_.s~: grams/day 

:":. : .. , -~-- / 
:· :.··.:·: 

absorption 

Urine Excreted 

Water 
1.8 liters/day 

Sodium 
3.2 grams/day 

Glucose 
0 "grams/day 

Urea 
- 30 grams/day 

@ 
Peritubular 
Capillaries 



NET FILTRATION PRESSURE 

• -' •: j 

Hg;c· .. • 

~r~q-~~ ~g.:. 
~ .. ~;L.~~~~~~~~~~~~:~:~.; 

GLOMERULUS ------:::::: 

GLOMERULAR CAPSULE 

Parietal Layer ---

Visceral Layer---

Capsular Space--

Forces Favoring Filtration : 
GBHP =Ji5 mm Hg 

Forces Opposing ·Filtration : 
CHP = IO mmHg 

BCOP = '" mm Hg 

Afferent Arteriole 

BCOP (Blood Colloid Osmotic Pressure) 
is due to the presence of'protein :=---Proximal 

in the plasma (the glomerulus) 
but not in the filtrate (glomerular space). 
~ 

Convoluted 
Tubule 



FIGURE G-11. EJfects of con· 
"trlcllng n!fereot (A) and erfereot 
( 11) arterioles on renal pliUima 
now (RPF) and l(lomerullll" Ill· 
tralion rate (GFK). 1',.,, hytlro­
stallc pressure in the ~lomcrular 
capillary. 

----------~--------

A ConAtrlcllon of nlloront nrtorioio ~ ~ RPF: + GFR 

B Constriction ol clloront ancrioio ~ + RPF; t GFR 

----... 
TABLE G-5. Effect of Chan~tca In Starling Forces 

on RPF, GFR, and the Filtration Fraction 

Effect 

Constriction of afferent 
arteriole 

Constriction of efferent 
arteriole 

RPF 

Increased plasma protein N.C. 
concentration 

Decreased plasma N.C. 
protein concentration 

Cnnstrlctlon of the ureter N.C. 

FlltruUon 
Fn,ction 

GFR (GFR/RPF) 

! N.C. 

1 1 

! ! 

i 

! 

ern, glomerular Jiltrntlon rate; N.C., no change; RPF, renal · 
plasma flow. 



ig. 13-6. Photo71!:"crograjth of the cortex of the kidney, show­
!g sez~ral glomeruli and proxi:tza! and di.rtd rom'()lute.1 
·buies. Note a mamla dcnsa (arrow). (H&E; X 100.) 

Fig. 13-17. Phototnii:rograph showing many proximal con­
z'OIItt.d tubul~s rut in obliqu~ and croJI Jtctiom. Not< that 
each tubul~ 1i /imd with cuboidal epithelium rmd tht C)' to­
plasm stains Ilrong/y '"ith eosin berauu of tht many mito­
chondria (not Jhoum). Th~ nJJdti art murally plaad. and 
tht luminal etU sur{ara har~ indistinct brush bordm formed 
of micrrwil/z: Thrn distal conz'Oiuted tubules at·t also pr~tml 
(D). Nott thattht cytoplasm of tht cuboidal rtlls lining th~ 
distal conz'Oiut.d JJibula ttains fighter u•ith eosin. (H&E; 
X400.) 
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D!slal convoluted tubule 
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Ue.c frtSYJ. I'VI.;cros(.Or'~ 

figure 20-10. l:kc.:lulll lllio.:fO~!aph nf a rr(t:\iiii:JI t:IIIIVItlulcd tuhule wall. Ohscrvc the llti~,;ro\'illi CMV). !l•c lvsuSI llt:S (l) ll 
'!;l(llnlc:(VIIhr.,·•·lci·(N) Ill. I 1. '1 . . 11 •• IC - ·' • '- u u.. '' . ant tC nutoc..: 11)111 n:t (, .. ). Tlte <HitiY.'S po1nt lo the ,...a~ll.:nuin:~. Y. 10. )!10 ~ 

?cr 
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Tubular 
lumen 

FIGURE 32-20 Schematic representation of transport path­
ways in an idealized proximal tubule. A TP. Adenosine tri~ 
phosphatP 

Tubular 
lumen 

Apical cell 
membrane membrane 

FIGURE 32-22 Schematic representation of the proximal 
tubule .. For the Na+-x co-transport protein, X represents 
either glucose, amino acids, phosphate, chloride, or lactate. 
C02 and H20 combine inside the cells to form H' and HCOj 
in a reaction facilitated by the enzyme carbonic anhydrase 
(CA). ATP, Adenosine triphosphate. 



~ 32~~Schematic representation of a cell in the 
t@~and the primary transport characteristics . 
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Lumen 

EARLY PROXIMAL TUBULE 

Lumen Cell of the early proximal tubule 

l2=~:tnvl 

Blood 

ji;~fPiV~ 

Glucose 

Amino acid 
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• •; ... · .1 

FIGURE 6-18. Cellular mechanisms of Na• re&Morption In the early proximal tubule. The transeplthellal potential difference Is the 
difference between the potential In tile lumen and the potential In bloc~. -4 mY. ATP, adenoslne triphosphate. · 

LATE PROXIMAL Tl!BULE 

CeU of the late proximal tubule 

ISOSMOTIC REABSORPTION 

nmv::J 
Blood i Lumen 

!l:qffi~ I 
CaDs of the proximal tubule 

Na• 
I 

@) .... 

. ' 
I' J 

------------------------------~~------------1~------~----------------~------__J 
::':i_; FIGURE 6-20. Mechanism of isosmotic reabsorption In the 

proximal tubule. Dashed arrows show the pathways for reab­
sorption; circled numbers correspond to the text. 'Ira perltubular 
capillary colloid osmotic pressure. 

( 



Proximal convoluted 
tubule 

Prnxim:tl (OO\'olut<.·..l tuhuk· 

The thin I imb of the loop of Henle 
~ 

(.st, ... ~~•) 

0 
1l1in .'IOc,emcnr nf 

loop of •·knlc: 

C(JIIc..-tittJ! rul,ulc 

Uior.r.1l CoO\'()Iutcd ruhult' 

The tenninol straight portion of the PCT suddenly changes to the dosccnding thin I imb. 
With the light microscope, it is usually difficult to distinguish the'*differonca between 
thin limbs and blood capillaries, even when they ora side by side, !:!'l~'2.e _c~~ 
contoil'l red cells. Mlen empty, the cytoplosm of the copillorles fs-slfghtTy~tfifrloor -­
~cells lining the thin limbs, while the nuclei of the thtn limb cells om 
slightly mora prominent in that they bulge into th3 Iuman. The difference is quite 
marked on examination with the EM, since the cytoplasm of the cells of the thin limb 
not only have microvilli on their surfaces, ora at least twice as thick os those of 
the capillaries. The ilude]oppeor aimost niforml roun while those of th'3 · 

_ .. __ .. __ capillaries oro usually oval or irregular in sl-ope • 
. --·---- .. :as 



Tubular fluid Blood 

Na+ --,,.L.o:::----' ... 
2 a- ~'---t--i ... 

a---+--- iNd.•-.2cJ-:.tK.+ 
?tJ l'>t ?CJ(tN" 

so'/. 
K+--+--• 

K+-~~'-~~~ 

Ca++ 

Mg++ 

r 
l'----~ l 

Porocellulor 
diffusion 

t{a.+-H -r An-bpatHr 

FIGURE 36-7 Transport mechal)isms for NaCI reabsorption in the thick aset:ndin~ limb of 
Henle's loop. c lumen osltlvc u-.mse ithelial volta • esults from the: diffusion of K"' from 
~e cell into the tubul~ fluid, and plays a major role: in driviu~ 
tion of cations. 'f - .rr: - /t . 

·n1c: key dement in solute reabsorption b)' the thick 
ascending limb is the Na+-K+-ATPase pump in the baso­
latc:r:tl membrane (Figure: 3~ 7). As with reabsorption in 
the proximal tubule, the rriJhsorprjoo of eyery solute by 
the thick ascending limb js linked to the: Na+-K+-ATPase@ 
pump. The oper:ttion of the Na + -K+ -ATI'ase pump main­
tains a low edt [Na+]. This low [Na+] provides a~ 
able fhemical..sradient for the movement of Na + from 
'the tubular fluid into the cell. The movc:ment of Na + 
across the apical membrane into the cell is mediated bv 

The voltage across the thick ascending limb is posi­
tive in the tubular fluid relativt: to the blood because of 
the unique location of transport proteins in the apical 
and basolater:tl membr.tnes. Tbe importcmt points to rec­
ognize are that increased salt transport by tbe tbick as­
c~tnding limfJ i17C1'eases tbe magnitude of t!Je positil'e 
voltage in /be lumen, and tbat tbls uoltage is till im­
portant drit."ing force fm· tbe reabsorption of se1•eml 
cations, including Na+, K+, ca+ +, and1l1g+ ·•, across tbe 

the INa ~-2CI--IK+ symporter, which S2uples the move- ptVt.actflJ.t..dM- f~'iL-U 
ment of INa+ with 2Cl- and IK+. Tllis symport protein~ v 
uses the potential c:tiergy relc:asc:d by the: downhill move­
ment of Na+ and Cl- to drive: the: uphill niovement of 
K+ into the cett.fl\n Na+-H+ antiporter)in the api(:al cdl 
membr.tne.also mediates Na+ reabsorption as well asH+ 
secreti9n (HCO:-i- reabsorption) in the thick ascending 
limb (Figun: 36-7). Na+ leaves the cell across the baso­
lateral membr.tne via the Na+-K+·ATI'ase pump, and K +, 

Cl-•.. ~n.~J~~9:\- leaY£,._!!K .5=C:.!!_lJ<:ro;;_~ J.ll.C _ l2tij>,Qlj~t~_r:al_ 
membrime by separate pathways. 

··--"'~--. --~---· 

' Because the thick ascending limb i; very impermeable 
to water, reabsorption of NaCI and other solutes reduces 
the osmolapry of tubular fluid to less than !50 mOsm/kg 
H20. ~ HYPO-- - - 0 0 - . 
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EARLY DISTAL TUBULE 
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FIGURE 6-23. Cellular mecha­
nism of Na • reabsorption in the 
early distal tubule. The transepi­
thelial potential difference is - I[ 
mV. ATP, adenosine triphosphate. 

~-.,:;.s>~;.;;h~of...;t.;.:;h.;;.,e. mcduUtt of the kidney, 
·ing llflll/.l!rom col ecti17 tu Jde.r nd ~ of the 
of Henle in croJI section. e collediug tubu/e.r are lined 

• cuboidal epithelial cells, a1zd the thin segmentJ of the 
'----------------------------- of Henle are filled with jlallmed cells. (H &E; X 200.) 
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FIGURE /9-18 

Inner 
medulla 

Mechanism of formation of concentrated urine according to 
the two-solute hypothesis. 
A Overall view of the loop of Henle. distal tubule and col­
lecting dua: The osmolarity of the interstitial fluid at differ­
ent levels of the medulla is shown on the scale at the left 
The tubular fluid leaving the proximal tubule is isotonic As 
the tubular fluid travels through the descending limb of the 
loop of Henle. water leaves the descending limb, drawn by 
the increasing osmotic pressure of interstitial fluid in the me­
dulla. As a result, the tubular fluid in the descending limb 
becomes progressively more concentrated. As the tubular 
fluid passes through the thin ascending limb. NaCI. but not 
water. diffuses out. so that the osmotic pressure of interstitial 

~ fluid ds-311CS. In the thick ascending limb, more salt is re­
moved by aaive reabsorption. The tubular fluid entering the 
distal tubule is more dilute than plasma with respea to 
NaCI. while urea has been concentrated by the reabsorption 
of water_ Urea and water diffuse down their concentration 
gradients as tubular fluid passes through the collecting dua. 
The remaining solutes in the tubular fluid are concentrated 
further by the water reabsorption, and a urine as concen­
trated as the interstitial fluid at the innermost part of the me­
dulla may be formed if ADH levels are high. If ADH levels 

· are low. a final urine similar to the dilute urine in the distal 
tubule is excreted. 
B The two driving forces that generate a high solute con­
centration in the medullary interstitial fluid are the NaCI 
gradient between !SF and thin ascending limb. and the urea 
gradient between collecting duct and !SF. Water cannot 
leave the thin ascending limb in response to the osmotic gra­
dient. but can be reabsorbed from the collecting duct in the 
presence of antidiuretic hormone. 



f' 

.I 

l+ 
Kidney Lungs 

~ 
83~ 

l 

Vasopressin 

Adrenal 
cortex 

+ 
Thirst 

J 

Helps correct 

Kidney 
li.O 
conserwd 

f 
Na• (and Cl-) 
osmoticany hold 
rnore H . .O in ECF 

t 
Na•(andcn 
conserved 

t 
1 Na • reabsorption 

by renal tubules 
( I c1· reabsorption 
follows pa$sivt~ly) 
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CF volume/arterial bloo<l pressure. Henin activates angiotensino!,oen, a plasma protein produced by the liver, into angiotensin I. Angiotensin I is 

Dist,,t tubuh• rioc~r.-dcnsa . ( iJc~.;.~ . /.~rri.JJ.. .. . .. . . 
of dostal tubule Jlof•tf";Zrl/10..) {JU..>L~~trafrl.f\-. 

~~~~~~~ ClvJ-D(JJ., l "OvfOi\.rll fus 
c~;? r"rKt< 1- • CD ou.t¥Mt.ndnr cULls ""' 

'ik.. VJall db -fk Jl.P-fer-en.l­
etrkr,·~e. ~ WlbJ..iP,·.-ct .s""'()oc!. 

Visceral Ioyer "M" S C. Des "" {1,..t_ 'mdia. ciJ 
loodocvtesl ""- ~ -o 

-t.lr.L. ~'1..~-t -tr~io-P-<- 1 C<M..~ai" 
Seert..ktj 'P'<l"'-~ (~f\.i A) 

iJ_~.tC.u.h.. d..otS!-_ ~~l~WI<l r "l.i·1~A---Parietal lb:':~ ~ 
laver c,kJe.Y~:I fr7cKed ce.Us ~ 

ik- \Al '~ c.4b ~ c:1.J s i ~J 
-iub uJ. .(!. ~ '"1'•'-~:tj ~i\ c{l '""' to 

S-htS-t. < ~: 7 1 ~Cl.vdr <Lh'<f>.\ 

""- -tk. ·dfo; ~ ~ bvJ.R 

(j) [X: frll~enJ..tr Mt.Sil.t1~1'd_ 
cdls ( PoiJ:::iS-ev~) .._., ~s "-

Lo ox h\ .tf5 cf6 crJJs -~ ee~ 
<tff>· ~ ~· •l.A.kA.i' o.Qu / db 
V....k/::Vt<..~,... ~mch'~ 



Ill. 

I I 

., -~ ' 

···TABte'·i~f~2 .:·:Effe·f1:s:'Of·Angiotensin H. ·. ·· · ~-.· ·· . · : ·· · · ~~~·~~~~ :~: 
·,:··-:;j~·<· ... .';;-:> '• . >/:; .. ·· .. ··.. . . .. · ,. · ... ·.: ,' ..•. · ... '.· .... ~~ ··~ 
I/!:J~!Ii!IIPYI!Iiffl!i:J.•.'f:tli:/IIIICII!Ii1-3if/ilililliiJiii3~Ji;;JN-/Miifii!IJ/11!1!11/ilillli~11if/i1i/llfi!IIBil-ll/iJIII!-/Jiilfl'll!AII311'oSIIIJ1J1!,-/flfi/1--11>----~--~~ 1, 

FLJ.NCTION 

Acts as afotent vasoconstlictor 

Facilitates synthesis and release of 
aldosterone 

-
Facilitates release of AD H 

Increases thirst 

Inhibits n(nin release 

·•· Facilitates release of prostaglandins 

RESULT 

Increased blood pressure 
... ,. • r 1 (r ·~·j'" 

Resml_Jtion of socliun1 and chloride fron1 lu­
n1en of distal convoluted 
tubule 

ResOil_Jtion of water fron1 lu1nen of collecting 
tubule 

Increased tissue fluid volun1e 

F eeclback inhibition 

Vasodilation of afferent glon1erular arteriole, 
thus 111aintaining glomerular filtration rate 
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.. URINARY SYSTEM 

Fig. 16.26 Renal papilla 
(Monluy: A zan X 30) 

The renal papilla forms the apex of the 
medullary pyramid where it projects 
into the calyceal space. The: ducts of 
Bellini DB, the largest of the Collecting 
ducrs, converge in the renal papilla to 
discharge urine: into the pelvicalyceal 
space CS. The renal pelvis is lined by 
urinary. epithelium E, and the: wall of 
the pelvis contains smooth muscle SM 
which contracts to force urine into the 
ureter U. 

(TS: Masson's rni:hrome X 18) 

1l1c: ureters ace: musculac tubes which 
conduct urine: from the kidneys to the 
bladder. Urine is conducted from the 
peh•i-calyceal system as a bolus which 
is propelled by peristaltic action of the 
ureteric wall. Thus the wall of the 
ureter contains two layers of smooth 
muscle arranged into an inner 
longitudinal layer L and an outer 
circular layer C. Another outer 
longitudinal layer is present in the 
lower third of the ureter. The lumen of 
the ureter is lined by urinary 
epithelium which is thsown up into 
folds in the relaxed state allowing the 
ureter to dilate during the passage of a 
bolus of urine. Surrounding the 
musculac wall is a loose connective 
tissue adventitia A containing blood 
vessels, lymphatics and nerves. 
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Fig. 16.29 Urinary epithelium 
(H & EX480) 

Urinary epithelium, aiso called tranSitional epithelium or 
urothelium, is found only within the eondu~g passages of 
the urinary system for which it 'is especiiilly a~r~ 
plasma membranes of the superficial cells are ~~~ckU) 
thiili most cell membranes ana liiive a highly 'o re 
substructure, thus rendering urinary epithelium 
impermeable to urine which is potentially toxic. This 
permeability barrier also prevents water from being· drawn 
through the epithelium into hypertonic urine. The cells of 
urinary epithelium have hi(¥Uy interdigitating cell jungions 
which permit great distension of the epithelium without 

URINARY SYSTEM ~ 

Fig. 16~ Bladder @ 
(TS: Masscm's crichrom.e X 12) 

The general structure of the bladder 
wall resembles that of the lower third of 
the ureters. The wall of the bladder 
consists of three loosely arranged layen 
of smooth muscle and elastic fibres 
which contract during micturition. Note 
the inner longitudinal n., outer circular 
OC ind outermost longitudinal OL 
layers of smooth muscle. The urinary 
epithelium lining the bladder is thrown 
into many folds in the relaxed state. 
The outer adventitial coat A contains 
aneries, veins and lymphatics. 

The urethra, the fllllll conducting 
portion of the urinary tract, is discussed 
as part of the male reproductive tract in 
Ola:pter 18. 

damage to the surface integrity (see also Figs. 5.16 and 
S".i 7). 

Urinary epithelium rests on a basement membrane which 
is often too thin to be resolved by light microscopy and was 
formerly thought to be absent. The basal layer is irregular 
and may be deeply indented by strands of underlying 
connective tissue eoiltaining capillaries. This unusual feature 
led early histologists to believe, mistakenly, that urinary 
epithelium contradicted ~e principle that epithelium never 
contains blood vessels. 
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