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H16   Objecves

When you have learned he maerial presened here, you will be able o describe he:

• srucure and uncon o he nephron, including he renal corpuscle, renal ubule and 
juxaglomerular apparaus

• srucure and uncon o he renal collecng sysem

• srucure and uncon o he ureer, bladder and urehra

 

2
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H16   Inroducon o he Urinary Sysem 3

The componens o he urinary sysem are he paired 
kidneys and ureers, he bladder and urehra. The 
urinary sysem primarily uncons o monior and conrol 
various properes o blood, and hereore, body uids. 

To his end, he kidneys carry ou a variey o uncons, 
including he:

• regulaon o waer and elecrolye, and acid-base 
balance

• excreon o meabolic wases, excess waer and 
elecrolyes, and drugs

• producon and secreon o renin, an enzyme ha  
uncons in he regulaon o blood pressure

• producon and secreon o eryhropoien, a hormone 
ha promoes he producon o eryhrocyes in bone 
marrow

• conversion o viamin D o is acve orm,                 
1,25-dihydroxyviamin D3 or calciriol
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H16   The Gross Srucure o he Kidney I 4

The size o he kidney is variable, bu, in aduls, i is generally 12-cm long, 6-cm wide, and 2.5-cm hick. The 
kidney is convex laerally and concave medially, where is hilum is locaed. The kidney is enclosed in a 
brous CT capsule which exends ino is hilum. Like many organs you’ve sudied, he hilum o he kidney 
conains blood vessels, nerves and lymphacs. 

In he case o he kidney, he hilum 
also conains he renal pelvis, he 
rs par o he ureer. The ureer 
ranspors urine, ormed in he 
kidney, o he urinary bladder where 
i is sored unl i is eliminaed. The 
renal pelvis is ormed by he union o 
several major calyces (singular, 
calyx), which are ormed, in urn, by 
he union o several minor calyces. 
The region wihin he renal hilum, 
surrounding he renal pelvis calyces 
and blood vessels, is called he renal 
sinus. I is lled wih adipose ssue.
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H16   The Gross Srucure o he Kidney II 5

Like oher organs you’ve sudied (adrenal glands, ovaries), he parenchyma o he kidney is subdivided ino 
a supercial region, he renal corex, and a deeper region, he renal medulla, each wih a disnc 
hisological srucure and uncon. The ransion rom corex o medulla is abrup, and occurs a he 
corcomedullary juncon. 

Medullary ssue is organized ino renal 
pyramids, wih he bases o he 
pyramids acing he surace o he 
kidney and heir apices poined oward 
he hilum. The apex o each medullary 
pyramid, is renal papilla, insers ino a 
minor calyx. As urine is produced, i 
drips rom he renal papilla ino he 
minor calyx, where i is colleced or 
ranspor o he bladder. The medullary 
pyramids are separaed by renal 
columns, exensions o corcal ssue 
beween adjacen pyramids. A single 
medullary pyramid and is surrounding 
corcal ssue is called a renal lobe. 

A he microscopic level, parallel arrays o ducs and ubules exend rom he medulla ino he corex. These 
are medullary rays      , and wih heir associaed corcal ssue hey comprise renal lobules. 
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H16   The Gross Srucure o he Kidney II 5

Like oher organs you’ve sudied (adrenal glands, ovaries), he parenchyma o he kidney is subdivided ino 
a supercial region, he renal corex, and a deeper region, he renal medulla, each wih a disnc 
hisological srucure and uncon. The ransion rom corex o medulla is abrup, and occurs a he 
corcomedullary juncon. 

Medullary ssue is organized ino renal 
pyramids, wih he bases o he 
pyramids acing he surace o he 
kidney and heir apices poined oward 
he hilum. The apex o each medullary 
pyramid, is renal papilla, insers ino a 
minor calyx. As urine is produced, i 
drips rom he renal papilla ino he 
minor calyx, where i is colleced or 
ranspor o he bladder. The medullary 
pyramids are separaed by renal 
columns, exensions o corcal ssue 
beween adjacen pyramids. A single 
medullary pyramid and is surrounding 
corcal ssue is called a renal lobe. 

A he microscopic level, parallel arrays o ducs and ubules exend rom he medulla ino he corex. These 
are medullary rays      , and wih heir associaed corcal ssue hey comprise renal lobules. 

C - Corex, darker ouer region
M - Medulla, ligher inner region
RP – Renal pelvis, unnel-shaped origin o he ureer
H - Hilum, concave region where vessels ener/exi kidney
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H16   The Gross Srucure o he Kidney II 5

Like oher organs you’ve sudied (adrenal glands, ovaries), he parenchyma o he kidney is subdivided ino 
a supercial region, he renal corex, and a deeper region, he renal medulla, each wih a disnc 
hisological srucure and uncon. The ransion rom corex o medulla is abrup, and occurs a he 
corcomedullary juncon. 

Medullary ssue is organized ino renal 
pyramids, wih he bases o he 
pyramids acing he surace o he 
kidney and heir apices poined oward 
he hilum. The apex o each medullary 
pyramid, is renal papilla, insers ino a 
minor calyx. As urine is produced, i 
drips rom he renal papilla ino he 
minor calyx, where i is colleced or 
ranspor o he bladder. The medullary 
pyramids are separaed by renal 
columns, exensions o corcal ssue 
beween adjacen pyramids. A single 
medullary pyramid and is surrounding 
corcal ssue is called a renal lobe. 

A he microscopic level, parallel arrays o ducs and ubules exend rom he medulla ino he corex. These 
are medullary rays      , and wih heir associaed corcal ssue hey comprise renal lobules. 

MR – Medullary rays, parallel arrays o ubules beween he corex 
and medulla ha conain sraigh ubules and collecng ducs
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H16   The Nephron 6

Each kidney conains 1-4 million microscopic srucures called nephrons. Each nephron consiss o wo 
pars: a renal corpuscle and a renal ubule. In he accompanying diagram, ideny he pars o a nephron: 

The renal corpuscle is he globular, inial poron o he nephron, and is always locaed in he renal corex. 
I is composed o a glomerular (Bowman’s) capsule which conains wihin i a u o capillaries called he 
glomerulus (G).  The glomerular capsule is composed o a visceral layer, which is applied o he 
glomerulus, and a parieal layer (PL), which orms he ouer wall o he capsule. The space beween he 
parieal and visceral layers o he glomerular capsule is he capsular (Bowman’s) space (BS). 

The renal ubule is a single, 
long, unbranched ubule ha 
exends rom he corpuscle in he 
corex ino he renal medulla; i 
hen bends o reurn o he 
corex. The wall o he renal 
ubule is composed o a simple 
epihelium, alhough he heigh 
o he epihelium varies along 
is lengh. Is walls are a 
connuaon o he parieal 
layer o he glomerular capsule 
and is lumen is a connuaon 
o he capsular space. 
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H16   The Nephron 6

Each kidney conains 1-4 million microscopic srucures called nephrons. Each nephron consiss o wo 
pars: a renal corpuscle and a renal ubule. In he accompanying diagram, ideny he pars o a nephron: 

The renal corpuscle is he globular, inial poron o he nephron, and is always locaed in he renal corex. 
I is composed o a glomerular (Bowman’s) capsule which conains wihin i a u o capillaries called he 
glomerulus (G).  The glomerular capsule is composed o a visceral layer, which is applied o he 
glomerulus, and a parieal layer (PL), which orms he ouer wall o he capsule. The space beween he 
parieal and visceral layers o he glomerular capsule is he capsular (Bowman’s) space (BS). 

The renal ubule is a single, 
long, unbranched ubule ha 
exends rom he corpuscle in he 
corex ino he renal medulla; i 
hen bends o reurn o he 
corex. The wall o he renal 
ubule is composed o a simple 
epihelium, alhough he heigh 
o he epihelium varies along 
is lengh. Is walls are a 
connuaon o he parieal 
layer o he glomerular capsule 
and is lumen is a connuaon 
o he capsular space. 

PL – Parieal layer o Bowman’s capsule, composed o simple squamous 
epihelium. The visceral layer o he Bowman’s capsule is composed o 
podocyes covering he glomerular capillaries bu is no discernable.

Hisological image o a 
renal corpuscle.

G - Glomerulus, u o 
capillaries.
BS – Bowman’s space, 
space beween he 
parieal and visceral layers 
o Bowman’s capsule.
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H16   The Renal Tubule and Collecng Sysem 7

The renal ubule has srucural and unconal subdivisions. The proximal convolued ubule, PCT, is he 
rs par o he renal ubule. Wihin he corex, he PCT is very oruous. I hen dives ino he medulla o 
orm he loop o Henle. The rs pars o he loop o Henle are he proximal sraigh ubule and he hin 
descending limb. The hin descending limb makes a hairpin urn o become he hin ascending limb, which 
connues as he hick ascending limb. The ubule re-eners he corex and passes beween he arerioles 
ha eed ino and ou o he glomerulus. There he cells lining he ubular wall are specialized as he 
macula densa     . Beyond he macula densa, he ubule again becomes oruous as he disal convolued 
ubule, DCT. The las par o he renal ubule is he shor connecng ubule. 

Connecng ubules rom many nephrons 
empy ino collecng ducs. Collecng ducs 
pass hrough he medulla oward he apex o 
he renal pyramid, where hey open a he 
renal papilla. Formed urine drips rom he 
openings a he renal papilla and collec in a 
minor calyx.

Mos nephrons, locaed almos wholly in he 
corex, are called corcal nephrons. Abou 
one-sevenh o nephrons have renal 
corpuscles locaed a he corcomedullary 
juncon and have long loops o Henle ha 
exend deep wihin he medulla. These are 
called juxamedullary nephrons.
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H16   Renal Blood Supply I 8

An undersanding o renal blood supply is crical or he comprehension o renal uncon. Renal blood 
supply is dense and highly ordered. The names o renal blood vessels are descripve, and hereore can 
easily be learned; hey describe he locaon o he vessel or is shape.

The righ and le renal areries are branches o he abdominal aora. A he hilum o he kidney, each renal 
arery orms wo or more segmenal areries, which hemselves branch o orm inerlobar areries     .

A he corcomedullary juncon, 
inerlobar areries divide o orm 
arcuae areries     , which arch 
along he base o he renal 
pyramid.  Arcuae areries give o 
branches called inerlobular 
areries      (or corcal radiae 
areries) which radiae hrough he 
renal corex oward is surace 
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H16   Renal Blood Supply II 9

INSET: Inerlobular areries give rise o aeren arerioles. Each aeren areriole eners a renal corpuscle 
o orm a glomerulus wihin is renal capsule. Glomerular capillaries coalesce o orm an eeren 
areriole, which leaves he renal corpuscle. The eeren areriole branches as he periubular capillaries 
which surround and supply he convolued ubules o he renal corex. In he case o juxaglomerular 
nephrons near he corcomedullary juncon, he periubular capillaries give rise o capillary loops called 
he vasa reca      which dive deep ino he medulla in conjuncon wih he loops o Henle and collecng 
ducs, and hen reurn o he corex. 

Veins draining he dieren regions 
o he kidney ake he same names 
as heir companion areries. 
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H16   Renal Funcon: Filraon, Secreon, & Reabsorpon 10

Glomerular lrae, ormed wihin he renal corpuscle, is modied as i passes hrough he renal ubule and 
collecng ducs o ulmaely drip, as urine, rom he renal papilla ino he minor calyx. The processes 
responsible or he modicaon o his uid are he uncon o he epihelium ha lines hese ubules.

In Filraon, which occurs in he renal corpuscle, componens o plasma pass rom he lumen o he 
glomerulus ino he capsular space. 

In Secreon, subsances are added o he lrae by he epihelial cells ha orm he walls o he renal 
ubule. The secreed subsances are derived rom he ssue uid surrounding he ubules, and in urn rom  
he capillaries wihin he inersum.

In Absorpon, componens o he glomerular lrae move rom he ubular lumen across is epihelial wall 
ino he surrounding ssue uid, and rom here ino he capillaries wihin he inersum.

Once he lrae has passed hrough he renal ubule and he processes o secreon and absorpon have 
modied is composion, i eners he minor calyx and is conduced rom here hrough he major calyx, 
renal pelvis and ureer o he urinary bladder or sorage. Ulmaely i passes hrough he urehra or 
excreon.
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H16   The Srucure o he Renal Corpuscle 11

The srucure o he renal corpuscle, in parcular he relaonship beween he glomerulus and he 
glomerular (Bowman’s) capsule, is beer undersood by consideraon o is developmen. 

The renal ubules develop as blind-ended ubes consisng o a simple cuboidal epihelium suppored by a 
basemen membrane. The glomerulus develops rom mesoderm ha invaginaes ino he end o he 
developing renal ubule, and becomes enveloped by i. This orms he glomerular capsule.

The capsular cells ha become adhered o he glomerulus dierenae ino podocyes, which orm he 
visceral layer o he glomerular capsule. Mos ssue inerposed beween he podocyes and he 
endohelial cells o he glomerulus disappears, and heir basemen membranes use, hus orming he 
glomerular basemen membrane, GBM. The small amoun o inervening ssue ha remains o suppor 
he capillary loops o he glomerulus dierenaes o orm he mesangium.

The parieal layer o he 
glomerular capsule is 
separaed rom he visceral 
layer o he glomerular 
capsule by he capsular 
(Bowman’s, urinary) space, 
which is connuous wih he 
lumen o he renal ubule.

Acknowledgments



Menu

Start

2.10 The Urinary System

1. Resources

2. Objectives

3. Introduction to the Urinary Syst...

4. The Gross Structure of the Kidn...

5. The Gross Structure of the Kidn...

6. The Nephron

7. The Renal Tubule and Collectin...

8. Renal Blood Supply I

9. Renal Blood Supply II

10. Renal Function: Filtration, Sec...

11. The Structure of the Renal Cor...

12. Renal Corpuscles & Blood Filtr...

13. Renal Corpuscles & Blood Filtr...

14. The Glomerular Filter I

15. The Glomerular Filter II

16. Glomerular Filtration Rate

17. Intraglomerular Mesangial Cells

18. Absorption in the PCT

19. Secretion in the PCT

20. The PCT is Structurally Suited ...

Search...

H16 The Urinary System

  NEXTPREVIOUS

H16   Renal Corpuscles & Blood Filraon I 12

The lrae hus produced lls he 
capsular (Bowman’s, urinary) 
space, and eners he lumen o he 
PCT a he urinary pole o he renal 
corpuscle. Noce, a he urinary pole, 
he abrup ransion rom he simple 
squamous epihelium o he parieal 
layer o he renal corpuscle o he 
simple cuboidal epihelium o he 
PCT. The componens o he blood 
ha are unable o pass hrough he 
glomerular ler, eiher due o heir 
size or charge, leave he glomerulus 
via he eeren areriole.

As illusraed, he renal corpuscle has a vascular pole, a which he aeren and eeren arerioles eed 
ino and ou o he glomerulus, respecvely. A he vascular pole, he disal ubule o he nephron passes 
beween he aeren and eeren arerioles, where i is modied o orm he macula densa, one componen 
o a more elaborae srucure called he juxaglomerular apparaus, JGA. Blood enering he corpuscle via 
he aeren areriole is lered across i) he glomerular endohelium, ii) is enveloping podocye layer, and 
iii) he inervening, shared, glomerular basemen membrane, GBM. These hree componens orm he 
glomerular ler. 
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The lrae hus produced lls he 
capsular (Bowman’s, urinary) 
space, and eners he lumen o he 
PCT a he urinary pole o he renal 
corpuscle. Noce, a he urinary pole, 
he abrup ransion rom he simple 
squamous epihelium o he parieal 
layer o he renal corpuscle o he 
simple cuboidal epihelium o he 
PCT. The componens o he blood 
ha are unable o pass hrough he 
glomerular ler, eiher due o heir 
size or charge, leave he glomerulus 
via he eeren areriole.

As illusraed, he renal corpuscle has a vascular pole, a which he aeren and eeren arerioles eed 
ino and ou o he glomerulus, respecvely. A he vascular pole, he disal ubule o he nephron passes 
beween he aeren and eeren arerioles, where i is modied o orm he macula densa, one componen 
o a more elaborae srucure called he juxaglomerular apparaus, JGA. Blood enering he corpuscle via 
he aeren areriole is lered across i) he glomerular endohelium, ii) is enveloping podocye layer, and 
iii) he inervening, shared, glomerular basemen membrane, GBM. These hree componens orm he 
glomerular ler. 

Noe he vascular pole (VP) where he aeren/eeren areriole 
ener/exi he glomerulus (G). The urinary pole (UP) is where he 
ulralrae exis Bowman’s space and eners he PCT (simple cuboidal 
epihelium). Macula densa (MD), ghly packed columnar cells where 
he disal ubule conacs he aeren areriole a he vascular pole.

A Renal 
Corpuscle. 
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A closer look a he componens o he glomerular ler shows ha he endohelium o he glomerulus is 
enesraed. Podocyes exend 1°  cell processes ha wrap around he glomerulus and hemselves give o 
numerous, smaller, 2° cell processes, called pedicels     . The pedicels o adjacen podocyes 1° cell 
processes inerdigiae wih each oher. The narrow spaces ha remain beween he pedicels are called 
lraon slis. Filraon slis are no open, bu are closed over by macromolecular complexes called 
lraon sli diaphragms.
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The glomerular ler is composed o he i) 
enesraed capillary endohelium, ii) 
glomerular basemen membrane (GBM), and 
ii) lraon sli diaphragms.

The enesraed capillary endohelium 
reains he ormed elemens o blood, i.e. he 
cells and plaeles.

The GBM provides adherence or boh he 
glomerular endohelial cells and he 
podocyes. I includes an inerwoven nework 
o cross-linked collagen ype IV molecules 
and large, anionic proeoglycans. The GBM 
limis he passage o proeins larger han 69 
kDa, hus excluding albumin rom glomerular 
lrae. Small proeins ha do pass hrough 
he glomerular ler are degraded and heir 
consuen amino acids absorbed by he 
epihelium lining he PCT.
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The lraon slis beween adjacen pedicels 
are spanned by sli diaphragms, which are 
described as elaborae gh juncons. They 
include specialized proeins called nephrins, 
amongs oher proeins, proeoglycans and 
glycoproeins, which ogeher creae a 
polyanionic layer wih a series o small 
openings in i ha resrics he passage o 
many smaller proeins and organic anions. 

Glomerular lrae, hereore, is chemically 
similar o plasma, excep ha i conains 
very lile proein.

INFO: Proeinuria

The glomerular ler is alered in cerain 
disease saes (diabees mellius, 
glomerulonephris), as evidenced by 
elevaed levels o proein in he urine, 
known as proeinuria.
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Noe ha he aeren and eeren arerioles are jus ha: 
arerioles. I is unusual ha a capillary bed, such as he 
glomerulus, is siuaed beween wo arerioles, each wih 
is smooh muscle unica media. The relave resisance 
in he aeren and eeren arerioles deermines he 
hydrosac pressure in he glomerulus, which is direcly 
proporonal he amoun o glomerular lrae produced 
per uni me, i.e. he glomerular lraon rae, GFR. 

The vascular resisance in he aeren and eeren 
arerioles, and hereore GFR, is under hormonal and 
neural conrol. The average GFR in an adul is esmaed 
o be 125 mL/min or 180 L/d. 
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As inroduced earlier, he mesangium is he ssue 
beween he glomerular endohelial cells and he 
podocyes. This ssue includes mesangial cells, which 
are phagocyc, conracle and secreory. They perorm 
a variey o uncons, including i) physical suppor o he 
glomerulus; ii) cleaning he glomerular ler by 
phagocyosis o accumulaed proein, including he 
angen-anbody complexes ha accrue in many disease 
saes; iii) adjusmen o he GFR by conracng in 
response o changes in blood pressure; iv) secreon o 
he acellular componens o he mesangium as well as 
cyokines ha uncon in mainenance and repair o he 
glomerulus.
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A he urinary pole o he renal corpuscle, here is an abrup 
ransion rom he simple squamous epihelium o he 
parieal layer o he renal corpuscle o he simple cuboidal 
epihelium o he PCT. In any given nephron, he PCT is 
longer han he DCT, so i ollows ha PCTs dominae in he 
renal corex. 

As glomerular lrae passes hrough he PCT, mos o he 
waer and elecrolyes, and all organic molecules (glucose, 
amino acids, viamins), are absorbed across is wall ino he 
surrounding inersum, and rom here ino he 
periubular capillaries. These componens o he glomerular 
lrae are, hereore, reclaimed. Absorpon o hese 
componens o he glomerular lrae in he PCT occurs by 
boh acve and passive means. Epihelial cells o he PCT 
have an assormen o pumps, channels, ransporers, 
membrane-bound enzymes and carrier proeins. Passive 
absorpon, in parcular o waer and Cl-, occurs hrough he 
paracellular roue, down osmoc and concenraon 
gradiens, respecvely
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A he urinary pole o he renal corpuscle, here is an abrup 
ransion rom he simple squamous epihelium o he 
parieal layer o he renal corpuscle o he simple cuboidal 
epihelium o he PCT. In any given nephron, he PCT is 
longer han he DCT, so i ollows ha PCTs dominae in he 
renal corex. 

As glomerular lrae passes hrough he PCT, mos o he 
waer and elecrolyes, and all organic molecules (glucose, 
amino acids, viamins), are absorbed across is wall ino he 
surrounding inersum, and rom here ino he 
periubular capillaries. These componens o he glomerular 
lrae are, hereore, reclaimed. Absorpon o hese 
componens o he glomerular lrae in he PCT occurs by 
boh acve and passive means. Epihelial cells o he PCT 
have an assormen o pumps, channels, ransporers, 
membrane-bound enzymes and carrier proeins. Passive 
absorpon, in parcular o waer and Cl-, occurs hrough he 
paracellular roue, down osmoc and concenraon 
gradiens, respecvely

Cross-secon showing many proximal 
convolued ubules (PCT). 

Simple cuboidal  epihelium lines he PCT. 
Is numerous microvilli clump wih xaon 
orming a sellae-shaped lumen. Cells o 
he PCT are generally larger and more 
eosinophilic  compared o hose o he disal 
convolued ubule (DCT). Because cells are  
larger, here are ewer nuclei in secon.
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While hese solues are reclaimed by he PCT, ohers are 
added o he glomerular lrae by ubular secreon. 
These include caons unable o pass hrough he 
glomerular ler and organic anions. Such solues pass 
rom he periubular capillaries ino he inersum o he 
renal corex, rom here are aken up across he 
basolaeral surace o he epihelial cells o he PCT, and 
hen ranserred across heir apical surace ino he 
ubular uid. The organic anion and caon ransporers 
involved ac on physiological subsances, such as bile 
sals and creanine, bu also ranser many anbiocs 
and oher drugs, making ubular secreon imporan in 
drug clearance. 
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The epihelial lining o he PCT is abundanly suied o is role in molecular ranser. The apical suraces 
o hese cuboidal cells are densely packed wih long microvilli, which accouns or he prominen brush 
border seen wih he ligh microscope. The basolaeral surace area is increased by elaborae invaginaons. 
The invaginaons o he laeral suraces o adjacen cells inerdigiae wih each oher, resulng in heir 
characerisc indisnc laeral borders under he ligh microscope     . Long miochondria pack he basal 
invaginaons and supply he ATP required or acve molecular ranspor. Wih he elecron microscope, 
numerous endocyoc pis and vesicles, as 
well as lysosomes are seen a he bases o 
he microvilli. These illusrae he inake o 
proeins by boh endocyosis and 
pinocyosis, and is lysosomal 
degradaon. Transpor o he resulng 
amino acids across he basolaeral 
membrane ino he subadjacen inersum 
complees he reclamaon o proein ha 
managed o pass hrough he glomerular 
ler. Also seen under he elecron 
microscope are he gh juncons ha 
conrol paracellular molecular movemen, 
largely liming i o waer and Cl-. 
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The epihelial lining o he PCT is abundanly suied o is role in molecular ranser. The apical suraces 
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border seen wih he ligh microscope. The basolaeral surace area is increased by elaborae invaginaons. 
The invaginaons o he laeral suraces o adjacen cells inerdigiae wih each oher, resulng in heir 
characerisc indisnc laeral borders under he ligh microscope     . Long miochondria pack he basal 
invaginaons and supply he ATP required or acve molecular ranspor. Wih he elecron microscope, 
numerous endocyoc pis and vesicles, as 
well as lysosomes are seen a he bases o 
he microvilli. These illusrae he inake o 
proeins by boh endocyosis and 
pinocyosis, and is lysosomal 
degradaon. Transpor o he resulng 
amino acids across he basolaeral 
membrane ino he subadjacen inersum 
complees he reclamaon o proein ha 
managed o pass hrough he glomerular 
ler. Also seen under he elecron 
microscope are he gh juncons ha 
conrol paracellular molecular movemen, 
largely liming i o waer and Cl-. 
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The nex par o he renal ubule is he loop o Henle, which 
leaves he corex o ener he medulla, and hen urns back on 
isel o re-ener he corex. The lengh o he loop o Henle 
varies; corcal nephrons have shor loops ha dip only a 
small disance ino he renal medulla beore reurning o he 
corex. Juxamedullary nephrons have long loops o Henle ha 
penerae deep ino he medulla, approaching he apex o he 
medullary pyramid, beore urning back o re-ener he corex. 

The rs par o he loop o Henle is variably called he 
proximal sraigh ubule or he hick descending limb o he 
loop o Henle. The ouer diameer o he hick limb decreases 
abruply, reecng a sudden change in he ubular wall rom a 
simple cuboidal o a simple squamous epihelium, which 
denoes he beginning o he hin descending limb o he loop 
o Henle. The hin descending limb urns back oward he corex 
as he hin ascending limb o he loop o Henle. The srucure 
o hese porons o he renal ubule reec heir uncons; he 
squamous epihelium lining he hin segmens o he loop o 
Henle are largely involved in passive ranspor uncons, and 
he epihelium lining he hin segmens respond passively o 
heir surrounding inersum. 
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The nex par o he renal ubule is he loop o Henle, which 
leaves he corex o ener he medulla, and hen urns back on 
isel o re-ener he corex. The lengh o he loop o Henle 
varies; corcal nephrons have shor loops ha dip only a 
small disance ino he renal medulla beore reurning o he 
corex. Juxamedullary nephrons have long loops o Henle ha 
penerae deep ino he medulla, approaching he apex o he 
medullary pyramid, beore urning back o re-ener he corex. 

The rs par o he loop o Henle is variably called he 
proximal sraigh ubule or he hick descending limb o he 
loop o Henle. The ouer diameer o he hick limb decreases 
abruply, reecng a sudden change in he ubular wall rom a 
simple cuboidal o a simple squamous epihelium, which 
denoes he beginning o he hin descending limb o he loop 
o Henle. The hin descending limb urns back oward he corex 
as he hin ascending limb o he loop o Henle. The srucure 
o hese porons o he renal ubule reec heir uncons; he 
squamous epihelium lining he hin segmens o he loop o 
Henle are largely involved in passive ranspor uncons, and 
he epihelium lining he hin segmens respond passively o 
heir surrounding inersum. 

Cross-secon showing many hin 
descending and ascending limbs o he 
Loop o Henle.

The hin descending limb o he Loop o 
Henle is a connuaon o he proximal 
sraigh ubule. I is lined by simple 
squamous epihelium (arrows).
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A similarly abrup ransion occurs in he srucure o he 
ascending limb as i changes back rom a squamous o a 
cuboidal epihelium, and is now called he hick ascending 
limb. The cuboidal epihelium o he hick ascending limb 
reecs is uncon in acve ion ranspor. Is apical surace 
has some shor microvilli and is laeral suraces have some 
inerdigiaons, bu hese eaures are much more highly 
developed in he PCT. The basal suraces o hese epihelial 
cells are remarkable in he elaborae inoldings o is basal 
membrane and he numerous miochondria associaed wih 
hem. Very unconally imporan are he highly-developed 
gh juncons beween adjacen cells in his ubular segmen. 
The unconal signicance o hese eaures will be explained. 
The hick ascending limb reurns o he corex, and passes 
beween he aeren and eeren arerioles o he nephron, 
where is lining cells are modied o orm he macula densa. 
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Recall ha he periubular capillaries o he juxaglomerular 
nephrons give rise o he vasa reca. The course o he vasa 
reca parallels ha o he loops o Henle: hey ener he 
medulla rom he corex, make a hairpin urn and reurn o he 
corex o empy ino he arcuae veins. Beween hem, he 
loops o Henle and he vasa reca uncon o generae a 
high osmoc pressure in he inersal uid o he renal 
medulla. This is achieved by he dieren permeabiliy 
characeriscs o he regions o he loops in a process known 
as he couner-curren exchange mechanism. As you will see, 
he unconal signicance o he high osmoc pressure in he 
renal medullary inersum is ha i acs as a orce capable o 
drawing waer ou o he renal lrae passing hrough he 
renal collecng ducs, hus conserving waer and 
concenrang urine. 
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The counercurren exchange mechanism is bes explained by 
sarng a he hick ascending limb o he loop o Henle. 

As he ubular uid in his segmen ows oward he renal 
corex, he epihelium lining he hick ascending limb acvely 
ranspors Na+, K+ and Cl- ou o he ubular lrae and ino 
he renal medullary inersum    . The hick ascending limb 
is, however, impermeable o waer     . This has wo eecs: 
he renal inersum becomes hyperosmoc, and he 
ubular uid becomes hypo-osmoc. 

The amoun o sal ranserred o he inersum decreases 
wih he sal conen o he ubular uid as i ascends hrough 
he ascending hick limb, and hus an osmoc gradien is 
esablished in he renal medulla, such ha he osmolaliy o 
he inersal uid is 4x plasma a he apex o he medullary 
pyramid and iso-osmoc wih plasma a he corco-
medullary juncon     .
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Meanwhile, back a he renal corpuscle, glomerular lrae is 
iso-osmoc o plasma. In he PCT, equal amouns o solue and 
waer are absorbed, and hereore, he ubular uid enering he 
loop o Henle is also iso-osmoc o plasma. Because he 
descending hin limb is reely permeable o waer, waer is 
absorbed rom he lrae as i passes hrough his segmen, 
and he absorbed waer is reclaimed by he vasae recae 
carrying blood back oward he corex. The ubular lrae 
equilibraes wih he renal inersum and is osmolaliy, oo, 
becomes 4x plasma a he apex o he renal medulla. 

Because he ascending hin limb is impermeable o waer, 
bu reely permeable o sals, sals move rom he lrae ino 
he inersum in response o he osmoc gradien as he uid 
moves hrough he hin ascending limb. Now we’re back a he 
hick ascending limb, where sals are acvely removed rom 
he lrae, bu waer canno ollow. This creaes in he hypo-
osmoc ubular uid ha eners he disal convolued 
ubule (DCT).

Acknowledgments



Menu

6. The Nephron

7. The Renal Tubule and Collectin...

8. Renal Blood Supply I

9. Renal Blood Supply II

10. Renal Function: Filtration, Sec...

11. The Structure of the Renal Cor...

12. Renal Corpuscles & Blood Filtr...

13. Renal Corpuscles & Blood Filtr...

14. The Glomerular Filter I

15. The Glomerular Filter II

16. Glomerular Filtration Rate

17. Intraglomerular Mesangial Cells

18. Absorption in the PCT

19. Secretion in the PCT

20. The PCT is Structurally Suited ...

21. The Loop of Henle I

22. The Loop of Henle II

23. The Vasae Rectae Parallel the ...

24. The Thick Ascending Limb Con...

25. Fluid Leaving the Loop of Henl...

26. Distal Convoluted Tubule

27. The Juxtaglomerular Apparatus

Search...

H16 The Urinary System

  NEXTPREVIOUS

H16   Disal Convolued Tubule 26

The DCT is shor, as compared o he PCT, and much less 
absorpon akes place here. Like he hick ascending limb o he 
loop o Henle, he cells lining he DCT are cuboidal and bear a 
ew, blun microvilli      . However, here he basal 
inerdigiaons are less well-developed and he 
miochondria less numerous. DCTs empy, via heir connecng 
ubule, o collecng ubules, which coalesce o orm he 
collecng ducs.

Like he hick ascending limb o he loop o Henle, he DCT is 
impermeable o waer. In response o he hormone 
aldoserone, hese cells are capable o absorbing almos all 
remaining Na+ (wih Cl- ollowing), and secreng K+ and H+ 
ino he ubular lumen. The lrae ha leaves he DCT, and 
hereore he nephron, o ener he renal collecng sysem, is 
hus hypoonic.
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The DCT is shor, as compared o he PCT, and much less 
absorpon akes place here. Like he hick ascending limb o he 
loop o Henle, he cells lining he DCT are cuboidal and bear a 
ew, blun microvilli      . However, here he basal 
inerdigiaons are less well-developed and he 
miochondria less numerous. DCTs empy, via heir connecng 
ubule, o collecng ubules, which coalesce o orm he 
collecng ducs.

Like he hick ascending limb o he loop o Henle, he DCT is 
impermeable o waer. In response o he hormone 
aldoserone, hese cells are capable o absorbing almos all 
remaining Na+ (wih Cl- ollowing), and secreng K+ and H+ 
ino he ubular lumen. The lrae ha leaves he DCT, and 
hereore he nephron, o ener he renal collecng sysem, is 
hus hypoonic.

Cross-secon showing disal 
convolued ubules (DCT).

Cells lining he DCT are cuboidal wih ew 
microvilli, so heir lumena are circular, as 
compared o he sellae-shaped lumena o 
he PCT. The cells in he DCT are smaller, 
more ghly-packed and more neural-
saining as  compared o cells o he PCT.
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The macula densa consiss o modied epihelial cells o he 
disal ubule in he region where i conacs he vascular pole o 
he renal corpuscle. Cells o he macula densa are ghly-packed 
columnar cells and heir darkly-saining nuclei give i a dense 
appearance under he ligh microscope. 

Adjacen o he macula densa, he smooh muscle cells in he 
unica media o he aeren areriole are modied as JG cells, 
which are richly innervaed by he sympahec nervous sysem 
and bear he appearance o secreory cells. Their granules 
conain he proease renin. 

The hird componen o he JG apparaus are he exraglomerular 
mesangial cells., which surround and suppor he srucures o 
he vascular pole o he renal corpuscle, he aeren and 
eeren areriole and he macula densa o he disal ubule. 
The exraglomerular mesangial cells are likely connuous wih 
he inraglomerular mesangial cells, and have many o he same 
supporve and conracle uncons.

The juxaglomerular apparaus (JGA) is a specializaon o he aeren areriole and disal ubule o he 
same nephron. I consiss o he macula densa o he disal ubule, he juxaglomerular cells (JG cells) o 
he aeren areriole and he exraglomerular mesangial cells. The JGA uncons o regulae glomerular 
blood ow, and hereore GFR.
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The macula densa consiss o modied epihelial cells o he 
disal ubule in he region where i conacs he vascular pole o 
he renal corpuscle. Cells o he macula densa are ghly-packed 
columnar cells and heir darkly-saining nuclei give i a dense 
appearance under he ligh microscope. 

Adjacen o he macula densa, he smooh muscle cells in he 
unica media o he aeren areriole are modied as JG cells, 
which are richly innervaed by he sympahec nervous sysem 
and bear he appearance o secreory cells. Their granules 
conain he proease renin. 

The hird componen o he JG apparaus are he exraglomerular 
mesangial cells., which surround and suppor he srucures o 
he vascular pole o he renal corpuscle, he aeren and 
eeren areriole and he macula densa o he disal ubule. 
The exraglomerular mesangial cells are likely connuous wih 
he inraglomerular mesangial cells, and have many o he same 
supporve and conracle uncons.

The juxaglomerular apparaus (JGA) is a specializaon o he aeren areriole and disal ubule o he 
same nephron. I consiss o he macula densa o he disal ubule, he juxaglomerular cells (JG cells) o 
he aeren areriole and he exraglomerular mesangial cells. The JGA uncons o regulae glomerular 
blood ow, and hereore GFR.

Hisological image o a renal 
corpuscle. 

Macula densa (MD), ghly-packed 
columnar cells lining he disal ubule 
where i conacs he aeren areriole 
a he vascular pole.
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Renin is an enzyme ha caalyzes he rs sep in a hormonal cascade 
ha elevaes blood pressure (BP). Renin release rom he JG cells is 
conrolled by hree main mechanisms. 
Barorecepors in he aeren areriole      monior BP. A drop in BP 
riggers he release o renin rom JG cells. 
The cells o he macula densa are chemosensors ha monior he Na+ 
concenraon o he uid in he disal ubule. Decreased BP decreases 
GFR, which decreases he Na+ ion concenraon o he disal ubular 
uid. This is deeced by he macula densa which riggers he release o 
renin rom he JG cells. 
Sympahec inpu o he kidneys increases wih a drop in BP, which 
again smulaes he release o renin rom he JG cells.
Renin caalyzes he conversion o angioensinogen, produced in he 
liver, o angioensin I (A I). Angioensin converng enzyme (ACE), 
presen on endohelial cells, parcularly in he lungs, convers AI o 
angioensin II (A II).
A II is a poen vasoconsricor. I also smulaes he release o 
aldoserone rom he adrenal corex, which promoes he adsorpon o 
Na+ and Cl- in he DCT. Lasly, A II smulaes he release o andiurec 
hormone, ADH, rom he poserior piuiary, which, as will be described 
nex, increases he permeabiliy o he renal collecng ducs o 
waer, hereby promong is reenon. All o hese acons elevae BP.
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The nephron ends wih a shor segmen called he connecng ubule, ino which he hypoonic uid o he 
DCT ows. The connecng ubules o many nephrons join o orm a collecng duc. Many collecng ducs 
group ogeher o orm he medullary rays o he renal lobule. The collecng ducs pass rom he renal 
corex hrough he renal medulla and coalesce o orm papillary ducs, which open a he renal papilla o 
empy ino a minor calyx. Because he ubes o 
he renal collecng sysem run parallel o he loops 
o Henle and vasa reca, he ubular uid in he 
collecng sysem is exposed o he hyperosmoc 
inersum o he renal medulla.

The epihelial cells lining he collecng ducs 
include pale-saining principal cells which have 
shor microvilli and ew miochondria. These cells 
have numerous basal, bu no laeral, membrane 
inoldings and are joined by elaborae gh 
juncons. Principle cells express aquaporin 
channels, which hey sore inracellularly in 
membranous vesicles. In he presence o ADH, hey 
inser he aquaporin-conaining vesicles ino 
heir apical membranes, a process ha is reversed 
in he absence o ADH. Aquaporin channels are 
consuvely presen in heir basal domains.
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The nephron ends wih a shor segmen called he connecng ubule, ino which he hypoonic uid o he 
DCT ows. The connecng ubules o many nephrons join o orm a collecng duc. Many collecng ducs 
group ogeher o orm he medullary rays o he renal lobule. The collecng ducs pass rom he renal 
corex hrough he renal medulla and coalesce o orm papillary ducs, which open a he renal papilla o 
empy ino a minor calyx. Because he ubes o 
he renal collecng sysem run parallel o he loops 
o Henle and vasa reca, he ubular uid in he 
collecng sysem is exposed o he hyperosmoc 
inersum o he renal medulla.

The epihelial cells lining he collecng ducs 
include pale-saining principal cells which have 
shor microvilli and ew miochondria. These cells 
have numerous basal, bu no laeral, membrane 
inoldings and are joined by elaborae gh 
juncons. Principle cells express aquaporin 
channels, which hey sore inracellularly in 
membranous vesicles. In he presence o ADH, hey 
inser he aquaporin-conaining vesicles ino 
heir apical membranes, a process ha is reversed 
in he absence o ADH. Aquaporin channels are 
consuvely presen in heir basal domains.

Hisological image o a collecng duc (CD). 

The epihelial lining o he CD is simple cuboidal o 
simple columnar wih well-dened borders beween 
cells. These borders are no visible in he PCT or DCT. 
Cells o he CD also sain lighly as seen in his image.
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In he absence o ADH, he collecng ducs are impermeable o waer, and a large volume o dilue urine 
is excreed. In he presence o ADH, he collecng ducs become permeable o waer. The hyperonic renal 
inersum is now able o absorb waer rom he hypoonic uid ha eners he collecng ducs rom he 
DCT, and deliver i o he vasae recae. This resuls in waer reenon and he excreon o a smaller 
volume o concenraed urine.

In addion o he principle cells, he renal collecng 
ducs include dark-saining inercalaed cells, wih 
abundan miochondria and apical inoldings, which 
uncon in acid-base homeosasis. Type A (or -
inercalaed) cells acidiy urine hrough he secreon 
o H+, while ype B (or -inercalaed) cells decrease 
he acidiy o urine hrough he secreon o HCO3

-.
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As no modicaon o urine occurs aer i drips rom he 
renal papilla ino he minor calyx, he lower urinary rac 
simply uncons o conduc and sore urine. I sars wih 
he minor calyx, and connues wih he major calyx, renal 
pelvis, ureer, urinary bladder and urehra. 

The componens o he lower urinary rac are hollow 
srucures wih muscular walls. Wih he excepon o he 
disal urehra, he lower urinary rac is lined by a mucosa 
ha includes a ransional epihelium which, you will 
recall, is specialized or is abiliy o srech and recoil in 
response o pressure. I is also proecve, shielding he 
underlying ssues rom exposure o he conained urine. 
The hickness o he ransional epihelium varies in 
dieren regions o he lower urinary rac. Appropriaely, 
he broelasc lamina propria ha suppors his 
epihelium also sreches o accommodae luminal lling.

Acknowledgments



Menu

12. Renal Corpuscles & Blood Filtr...

13. Renal Corpuscles & Blood Filtr...

14. The Glomerular Filter I

15. The Glomerular Filter II

16. Glomerular Filtration Rate

17. Intraglomerular Mesangial Cells

18. Absorption in the PCT

19. Secretion in the PCT

20. The PCT is Structurally Suited ...

21. The Loop of Henle I

22. The Loop of Henle II

23. The Vasae Rectae Parallel the ...

24. The Thick Ascending Limb Con...

25. Fluid Leaving the Loop of Henl...

26. Distal Convoluted Tubule

27. The Juxtaglomerular Apparatus

28. The JGA and Blood Pressure R...

29. The Renal Collecting System I

30. The Renal Collecting System II

31. Ureters, Bladder, & Urethra

32. The Renal Calyces and Renal P...

33. The Ureters

Search...

H16 The Urinary System

  NEXTPREVIOUS

H16   The Renal Calyces and Renal Pelvis 32

There are generally 10-15 renal lobes per 
kidney, each o which is served by a minor 
calyx. Minor calyces unie, orming he 3-4 
major calyces ha are characerisc o each 
kidney. These major calyces coalesce o orm 
he renal pelvis, which narrows o orm he 
ureer. 

The ransional epihelium lining he minor 
calyces is hin, consisng o only 2-3 cell layers. 
Underlying is broelasc lamina propria is a 
smooh muscle layer ha conracs o propel 
urine rom he minor calyx o a major calyx. The 
wall o he minor calyx is enclosed in an 
advena. The srucure o he major calyx and 
renal pelvis is similar, bu he layers increase in 
hickness as he passages unie.
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The ureers exend rom he hilum o he kidney o he base o 
he urinary bladder. Each is 3 - 4 mm in diameer and abou 30 
cm long. Ureers are hollow ubes consisng o hree layers; 
rom he lumen ouward, hese are he mucosa, muscularis and 
an advena.

As illusraed in he accompanying micrograph, he mucosa (M) 
o he ureer is hrown ino longiudinal olds when is lumen 
is empy; i unolds as required o accommodae he passage o 
urine. The ransional epihelial lining (urohelium) is hicker 
han ha o he calyces, consisng o 3-5 layers o cells, as is 
is underlying broelasc lamina propria (LP).

The muscularis (MU) o he proximal ureer consiss o wo 
layers o smooh muscle, bu as i approaches he bladder, he 
ureer acquires a hird layer o muscle. Urine is conduced rom 
he kidneys o he bladder by perisalsis. 

The advena (A) o he ureer blends wih he kidney capsule proximally and wih he advena surrounding 
he bladder disally. The ureers pass hrough he bladder wall obliquely. Because he muscular wall o he 
bladder is under consan one, i compresses he inramural porons o he ureers and prevens he 
backow o urine. When he bladder wall conracs during micurion     , even greaer pressure is applied o 
he inramural poron o he ureers, ensuring he one-way ow o urine ino he urehra.
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The ureers exend rom he hilum o he kidney o he base o 
he urinary bladder. Each is 3 - 4 mm in diameer and abou 30 
cm long. Ureers are hollow ubes consisng o hree layers; 
rom he lumen ouward, hese are he mucosa, muscularis and 
an advena.

As illusraed in he accompanying micrograph, he mucosa (M) 
o he ureer is hrown ino longiudinal olds when is lumen 
is empy; i unolds as required o accommodae he passage o 
urine. The ransional epihelial lining (urohelium) is hicker 
han ha o he calyces, consisng o 3-5 layers o cells, as is 
is underlying broelasc lamina propria (LP).

The muscularis (MU) o he proximal ureer consiss o wo 
layers o smooh muscle, bu as i approaches he bladder, he 
ureer acquires a hird layer o muscle. Urine is conduced rom 
he kidneys o he bladder by perisalsis. 

The advena (A) o he ureer blends wih he kidney capsule proximally and wih he advena surrounding 
he bladder disally. The ureers pass hrough he bladder wall obliquely. Because he muscular wall o he 
bladder is under consan one, i compresses he inramural porons o he ureers and prevens he 
backow o urine. When he bladder wall conracs during micurion     , even greaer pressure is applied o 
he inramural poron o he ureers, ensuring he one-way ow o urine ino he urehra.

Remember, he epihelial componen o 
he mucosa (M) o he ureer is 
composed o ransional epihelium!
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The urinary bladder sores urine unl a convenien me and place presens isel or excreon.

The mucosal (M) surace o he bladder is long exposed o ormed urine. Is ransional epihelium is 
hereore parcularly well developed, consisng o 6 o 8 layers o cells. The epihelium lining he bladder 
mus preven he osmoc movemen o waer rom underlying ssues ino hyperonic urine. An osmoc 
barrier is creaed by he presence o well-developed gh juncons beween adjacen cells and he 
presence o unusual inegral membrane proeins in heir apical suraces ha hicken he cell membrane.

The muscularis (MU) o he urinary bladder consiss o hree poorly-organized layers o muscle collecvely 
called he derusor muscle. Only a he neck o he bladder are he layers o smooh muscle organized ino 
disnc layers. Here, he muscle bres are organized ino an innermos longiudinal layer, an inermediae 
circular layer, and an ouermos longiudinal layer. The middle layer surrounds he rs par o he urehra 
and orms he involunary inernal urehral sphincer. 

While is superior surace aces he perioneal caviy 
and is covered by a serosa, he bulk o he bladder is 
covered by an advena.

In he micurion reex, sensory bres deec srech o 
he bladder wall and parasympahecs smulae 
conracon o he derusor muscle and relaxaon o 
he inernal urehral sphincer, which permis bladder 
empying. The sympahec nervous sysem conrols 
vascular one in bladder ssues. I also smulaes 
conracon o he inernal urehral sphincer during 
emission o preven semen rom enering he bladder.
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The urinary bladder sores urine unl a convenien me and place presens isel or excreon.

The mucosal (M) surace o he bladder is long exposed o ormed urine. Is ransional epihelium is 
hereore parcularly well developed, consisng o 6 o 8 layers o cells. The epihelium lining he bladder 
mus preven he osmoc movemen o waer rom underlying ssues ino hyperonic urine. An osmoc 
barrier is creaed by he presence o well-developed gh juncons beween adjacen cells and he 
presence o unusual inegral membrane proeins in heir apical suraces ha hicken he cell membrane.

The muscularis (MU) o he urinary bladder consiss o hree poorly-organized layers o muscle collecvely 
called he derusor muscle. Only a he neck o he bladder are he layers o smooh muscle organized ino 
disnc layers. Here, he muscle bres are organized ino an innermos longiudinal layer, an inermediae 
circular layer, and an ouermos longiudinal layer. The middle layer surrounds he rs par o he urehra 
and orms he involunary inernal urehral sphincer. 

While is superior surace aces he perioneal caviy 
and is covered by a serosa, he bulk o he bladder is 
covered by an advena.

In he micurion reex, sensory bres deec srech o 
he bladder wall and parasympahecs smulae 
conracon o he derusor muscle and relaxaon o 
he inernal urehral sphincer, which permis bladder 
empying. The sympahec nervous sysem conrols 
vascular one in bladder ssues. I also smulaes 
conracon o he inernal urehral sphincer during 
emission o preven semen rom enering he bladder.
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During he micurion reex, he urehra conducs urine rom he urinary bladder o he exerior o he body 
a he exernal urehral orice. Numerous mucous-secreng glands along is lengh provide a proecve 
coa o mucous o is epihelial surace. I has a broelasc lamina propria and a hin muscularis. The 
deails o is srucure diers in men and women.

In women, he urehra is abou 5 cm long, and is inner lining o ransional epihelium quickly changes o 
sraed squamous epihelium. Jus superior o he perineal membrane, he urehra is surrounded by a 
skeleal muscle sphincer which is under volunary conrol. This is he exernal urehral sphincer.

In men, he urehra is approximaely 20 cm long, and is divided ino he:

i) prosac urehra, 3-4 cm long, and enrely surrounded by he prosae gland. I receives he numerous 
openings o he ducs o he prosae gland, as well as he paired ejaculaory ducs rom he male 
reproducve rac.

ii) membranous urehra, 1-2 com long, which passes hrough he perineal membrane. As in emales, jus 
superior o he perineal membrane he urehra is surrounded by he exernal urehral sphincer, 
composed o skeleal muscle and under volunary conrol.

iii)  spongy urehra, 15 cm long, which passes hrough he lengh o he corpus spongiosum o he penis.

The male urehra is inially lined by a ransional epihelium, which changes rs o a sraed columnar 
and hen a sraed squamous epihelium as i approaches he exernal urehral orice.
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From he ail o he epididymis, he ducus (vas) deerens 
ascends poserior o he ess, and leaves he scroum as a 
componen o he spermac cord, along wih he escular BVs,
Ns and Ls. These srucures pass hrough he inguinal canal, 
and a he deep inguinal ring, he vas diverges rom he oher 
componens o he spermac cord, which pass 
reroperioneally  o he poserior body wall, along he pah 
aken by he ess during is descen. The vas arches over he 
bladder o is base, where i widens as he ampulla. I merges
wih he duc o he seminal vesicle, o orm he shor 
ejaculaory duc, which opens ino he prosac urehra.

Hisologically, he vas deerens consiss o a mucosa, a 
muscularis and an advena. The mucosa (M) includes a 
pseudosraed epihelium and an elasc LP. I is hrown ino 
olds when empy, which allow expansion wih he passage o 
uid during emission. The muscularis (MU) is exraordinarily 
hick, and consiss o hree layers: ouer and inner longiudinal 
layers wih a circular layer inervening. I is capable o very 
srong perisalc conracons during emission.

M mucosa
L-SM longiudinal layer, smooh muscle
C-SM circular layer, smooh muscle
A advena

J21.12
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From he ail o he epididymis, he ducus (vas) deerens 
ascends poserior o he ess, and leaves he scroum as a 
componen o he spermac cord, along wih he escular BVs,
Ns and Ls. These srucures pass hrough he inguinal canal, 
and a he deep inguinal ring, he vas diverges rom he oher 
componens o he spermac cord, which pass 
reroperioneally  o he poserior body wall, along he pah 
aken by he ess during is descen. The vas arches over he 
bladder o is base, where i widens as he ampulla. I merges
wih he duc o he seminal vesicle, o orm he shor 
ejaculaory duc, which opens ino he prosac urehra.

Hisologically, he vas deerens consiss o a mucosa, a 
muscularis and an advena. The mucosa (M) includes a 
pseudosraed epihelium and an elasc LP. I is hrown ino 
olds when empy, which allow expansion wih he passage o 
uid during emission. The muscularis (MU) is exraordinarily 
hick, and consiss o hree layers: ouer and inner longiudinal 
layers wih a circular layer inervening. I is capable o very 
srong perisalc conracons during emission.

M mucosa
L-SM longiudinal layer, smooh muscle
C-SM circular layer, smooh muscle
A advena

J21.12

Hisological image o he 
Vas Deerens.

Mucosa (M) lined by 
pseudosraed columnar 
epihelium. 

Thick muscularis (MU) 
composed o hree layers; 
inner longiudinal, middle 
circular and ouer 
longiudinal – allows or 
srong perisalc 
conracons during 
ejaculaon.

Advena (A) composed 
o loose CT.
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J21.12 The accessory glands o he male reproducve sysem are he 
prosae, he seminal vesicles and he bulbourehral glands. A 
emission, heir secreons mix wih sperm o orm semen. 

The hisological srucure and acviy level o hese glands is 
esoserone-dependen. The heigh o heir epihelial lining 
increases wih circulang esoserone levels, as does he 
manuacuring o heir secreory producs. 

All include abundan smooh muscle ha conracs during 
emission o expel heir secreons ino he reproducve rac.

The seminal vesicles are paired ubular glands poserior o he 
bladder, inerior o he ureers. Each is 15 cm in lengh, coiled 
ino a compac srucure ~3 cm long, enclosed in a dense CT 
capsule. Their ducs merge wih he ampullae o he vas o orm 
he ejaculaory ducs, which open ino he prosac urehra. 

The seminal vesicles are lined wih a mucosa ha includes a 
simple o pseudosraed epihelium and an elasc LP. Their 
secreory produc conribues 70% o he volume o ejaculae. I 
is rich in rucose, which is a major energy source or sperm, 
prosaglandins, which smulae he emale reproducve rac, 
and brinogen, which promoes he coagulaon o sperm 
ollowing ejaculaon.
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J21.12

The prosae gland surrounds he neck o he bladder and he inial poron o he urehra, he prosac 
urehra     . I is 2 cm x 3 cm x 4 cm, and is oen described as being he size o a walnu     . 

I consiss o 30-50 ubuloacinar glands embedded in a dense bromuscular sroma ha conracs o 
expel is secreory producs a emission. The prosac urehra passes hrough he middle o he gland, he 
ducs o which open ino is lumen. The prosae is divided ino hree concenric hisological zones. 

The ransional zone surrounds he inial poron o he prosac urehra and comprises 5% o is volume. I 
includes he periurehral mucosal glands, which are commonly implicaed in benign prosac hyperrophy, 
a common condion in older males ha causes compression o he urehra and diculy wih urinaon. 

The cenral zone comprises 25% o he gland and includes he periurehral submucosal glands. 

The peripheral zone comprises 70% o he prosae 
and includes he main glands. Glands o his zone are 
mos commonly implicaed in prosae cancer.

The producs o he simple or pseudosraed 
epihelium o he prosae gland include prosae-
specic angen (PSA), a serine proease ha 
disassociaes coagulaed semen aer ejaculaon. 
Some PSA eners he prosac vasculaure and is hus 
normally presen in blood. Elevaed levels o serum 
PSA are suggesve o abnormal glandular mucosa, 
commonly due o inammaon or carcinoma.

J21.12
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J21.12 The bulbourehral (Cowper’s) glands are paired, pea-sized 
glands locaed in he deep perineal pouch    . Their ducs exend 
o open ino he proximal poron o he penile urehra. Each 
gland is composed o many lobules conaining ubuloacinar 
secreory unis. The mucosa o he secreory unis includes a 
simple columnar epihelium which secrees a mucous produc. 
The heigh and acviy level o he epihelium is, again, 
esoserone-dependen.

The bulbourehral glands produce a clear mucous secreon 
during erecon ha lubricaes he wall o he urehra. This 
ensures he smooh passage o semen during emission.
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periubular capillaries
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Which vessels run parallel o he base o he renal pyramid?
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