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%%aj Objectives:

_: dTo understand the:
= physiological anatomy of the kidneys
m structure of the nephron
= renal blood flow glomerular filtration

m basic renal processes that determine the
composition of the urine —R and S

m Urine concentration and dilution and their
control

m Micturition reflex



%aﬁ ** Functions of the kidneys

g = Torid the body of waste materials (excretion)
= Regulation of (homeostatic functions):

= the volume and composition of the body fluids
(water and electrolytes)

= body fluid osmolality and electrolyte alg
concentrations

= arterial pressure

g
|||||||||||

= acid-base balance T e

» Secretion (erythropoietin, renin and calcitriol),
metabolism, and excretion of hormones

= gluconeogenesis



Urinary
bladder

**The Urinary System

Pair of kidneys on either
side of the spine - bean-
shaped

Pair of ureters - connect
kidneys to urinary bladder
Urinary bladder — to
collect, store, and release
urine

Urethra - leads from
bladder outside the body




@ «*Physiological Anatomy of the
)

Renal capsule
Renal cortex (5-10 mm) and renal medulla
8-10 renal pyramids (apex - renal papilla points to the hilum)
Minor (8-9) and major (2-3) calyces

Renal pelvis

Nephron



%%a Physiological Anatomy of the Kidneys
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a The Nephron - the Functional Unit
i%fj of the Kidney

Proximal tubule  Distal tubule

- Proximal tubule Cortex (i) Parts of a nephron e
\ NN
— X Connecting tubule \ L\
] Distal tubule / J V/
owman’ 1 ‘Ascendin
\ “oamee pucetans |1 [} e, |
/ Bowman's capsule TS
‘ Collecting—+- ‘
Macula densa % duct l‘
—— Cortical r
CO"ECtIng tUbUIe Descending — «— Ascending
_______________________________________ limb limb
Loop of Henle: Medulla <o j (
Thick segment of To blddder

ascending limb

. = 1000 000 in each
in segment of — Medullary
ascending limb collecting tubule k|d ney
Descending limb ——
= Glomerulus
encased in
— Collecting duct Bmean'S CapSU|e

m Tubule
s https://www.youtube.com/watch?v=QsSdAXvV5BEM



https://www.youtube.com/watch?v=QsSdAXv5BEM

@%a k The Nephron
it

= Renal corpuscle:
= Glomerulus — capillaries, filters plasma
= Glomerular or Bowman’s capsule ,........ wemsume oo

= Bowman’s capsule p »c/' /%“:\1 Y
= Receives filtrate e 33325?552%"-“/ ( %{

= Proximal convoluted tubule H ! L}
= Reabsorption of water and solutes ] A = Wy

= Loop of Henle or Nephron loop R %

= Regulates concentration of urine
= Distal convoluted tubule and Collecting tubule, duct
= Reabsorption of water and electrolytes (ADH,

aldosterone, ANP) The kidney cannot regenerate new
= Tubular secretion nephrons



The Nephron
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General organization of the kidneys

Cortical
nephron

Juxtamedullary
nephron

3 Interstitium — the space that is
not vessel or tubule



Cortex

@ Two types of Nephrons - Cortical and
N4 Juxtamedullary: Regional
:’i Differences in Nephron Structure

i a Cortical nephrons - 80%
arteriole —_— ) . .

Afferent ~g) * . G|OmerU|I IN the OUter
cortex

arteriole
Short loops of Henle

Interlobar %%

Peritubular capillaries

Quter zone

0 Juxtamedullary nephrons
Glomeruli deep in the

Medulla

cortex near the medulla
meie® . Long loop of Henle
Vasa recta instead of
Duct of . . .
Belin peritubular capillaries

Collecting
duct

Inner zone
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%%%&; ) Renal Blood Supply

a 2 capillary networks
) -~ |nterlobar
| A = arteries [ GlOmerU|ar — 60 mm Hg

= — Arcuate arteries | PerltUbUIar — 13 mm Hg

Interlobular
arterioles

Efferent Bowman's W

Glomerulus . arteriole capsule Proximal tubule
= Renal artery Juxtaglomerdiar orien
= Interlobar artery hpaans collecting tubule
= Arcuate artery orerde DU
= Interlobular artery
artery e oo
s Afferent arteriole

Peritubular

capillaries —— Collecting duct

s Efferent arteriole



Juxtaglomerular apparatus

Vascular pole

, = Specialized
Urinary pole

structure formed

Glomerular capsule | by the distal
- —— Glomerulus
./ Afferent arteriole convoluted

| “" tubule and the
' glomerular

Juxtaglomerular afferent arteriole

Juxtaglomerular apparatus
Distal convoluted tubule

— Efferent arteriole

Proximal g Glomerulus ;& apparatus

convoluted B T Afferent

tubule (W arteriole

Nephron %
(al)o £ Juxtaglomerular
\ S~ cells
Glomerular— "= (S j Macula densa
capsule P \_Distal
Efferent arteriole 3" convoluted

(b) s L tubule



Structure of the Juxtaglomerular
— S Apparatus

Glomerulus Bowman's capsule

Efferent arteriole

Granular Modified
lcli;fzglomefu'a’ smooth muscle
cells -renin

The endocrine ™= <
° Macula densa
part of the kidney calsaite  NaC

near the vascular = roma S iy
ubule Mesanglial cell aciis cells
pole of the e

Afterent arteriole

glomerulus s |

Juxtaglomerular
apparatus

Copynght @ 2001 Bemiamin Cummings, an imprint of Addison Wesley Lonaman, Inc.

m Function: releases hormones vitamin D and erythropoietin

and regulates blood pressure and the filtration rate of the glomerulus
= Macula densa — detects Na+ concentration in the tubular fluid

= Renin (enzyme) — released by Juxtaglomerular cells

s Mesangial cells — support, secrete Pg, cytokines, phagocytosis



“*Urine formation
) Basic kidney processes that determine
the composition of the urine

Afferent Efferent

arteriole arteriole
| I

1. Filtration
2. Reabsorption
3. Secretion

Glomerular 4. Excretion
capillaries )
Bowman's E — F - R + S
capsule
Peritubular
. . illari
= Urine formation wepiEnes
= Urine composition
Renal
vein

Urinary excretion
Excretion = Filtration — Reabsorption + Secretion



é = Renalcorpuscle 1. Glomerular Filtration

Ry

i /Proximaltubule Filtration membrane - 3 layers
= - Podocytes = Fenestrated endothelium of
, S AN . .
Capillary loops e\ !', CaplllarIeS
w REWN
R = Basement membrane of
Bowman's space | ?"‘: Afferent arteriole glomerU|us
Bowman's capsule e erent arteriole . .
) St » Podocytes of epithelium -
Slit pores .
' Slit membrane between
// pedicels of podocytes
}p iy = -
ccra‘r)\)\(rlcl)?:ted arteriole filtrate endothelium
Basement tubule
}membrane Glomerulus s N ,\\ ( W
& ) }Endothelium Selngm;u'ar A
) | O & <
B Fenestrations

Blood Fenestrae Podocyte

s Filtration membrane g, Tlow
(a) (b)



Afferent
arteriole

Net filtration

pressure

(10 mm Hg)

Forces causing filtration by the

Glomerular
hydrostatic colloid osmotic

pressure

(60 mm Hg)

Glomerular

pressure

(32 mm Hg)

Bowman's
capsule
pressure

(18 mm Hg)

Glomerular
hydrostatic
pressure
(60 mm Hg)

Bowman's
capsule
pressure

(18 mm Hg)

glomerular capillaries

Efferent
arteriole

s Glomerular blood
hydrostatic pressure
= Opposing forces:
= Plasma colloid
osmotic pressure
= Capsular hydrostatic
pressure

Glomerular
oncotic
pressure
(32 mm HQg)



%%%j Glomerular Filtration Rate

. .
-y GFRs the fluid flow rate between the glomerular capillaries and

the Bowman's capsule:
= GFR=Kf x (PG-PB-mG+ mtB)

m Kf the filtration constant and is defined as the product of the
hydraulic conductivity and the surface area of the glomerular
capillaries

PG - the hydrostatic pressure within the glomerular capillaries
PB - the hydrostatic pressure within the Bowman's capsule

1tG - the colloid osmotic pressure within the glomerular
capillaries

1tB - the colloid osmotic pressure within the Bowman's capsule
Considered to be zero!!!



Glomerular Filtration Rate (GFR)
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180 Liters

180+
170

= Volume of plasma
filtered/unit time - 125
ml/min

= Approx.180L/24 h
Urine output 1-2 L/day

About 99% of filtrate is
reabsorbed

160 -
150 |-
140

glomerular filtrate vs. urine

0.6-2.5 Liters

Glomerular filtrate Urine

A standard 200-litre drum (@) (b)



GFR influenced by:

m GFR=Kf X (PG-PB-mG+ mB)

¢

‘m = Blood pressure and blood flow
= Obstruction to urine outflow
= Loss of protein-free fluid
= Hormonal regulation
= Renin —angiotensin |l
= Aldosterone
= ADH
= ANP
< NA, A, endothelin, A Il — decrease the GFR
<« NO, Pg, bradykinin — increase the GFR




a Renal autoregulation
pN

d The ability of the kidney to maintain relatively constant GFR despite the BP
d Intrinsic mechanisms:

e the kidney itself (myogenic control) can adjust the dilation or constriction of the
afferent arterioles, which counteracts changes in blood pressure —
glomerulotubular balance. This /ntrinsic mechanism works over a large range of
blood pressure (between 80 and 180 mm Hg mean arterial pressures), but can
malfunction if you have kidney disease

O Extrinsic mechanisms:

o Neural (nervous system) control — SNS constriction of the afferent arteriole
o Hormonal control - atrial natriuretic peptide (ANP) is a hormone that can
increase the glomerular filtration rate. ANP produced in the heart and is
secreted when the plasma volume increases, which increases urine production

The extrinsic mechanisms can override renal autoregulation and decrease the
GFR when necessary. For example: a large drop in BP, which can happen if a
blood loss occurs, SNS stimulates constriction of the afferent arteriole,
reducing urine production. If further measures are needed the SNS can also
activate the renin-angiotensin-aldosterone system, a hormone system that
regulates blood pressure and fluid balance



+ Arterial pressure

}

. . 9 +Glﬁmerular hydrostatic _9____
! pressure
¥ GFR

Proximal ‘

NaCl —— Macula densa
reabsorption NaCl

+ Henin
{

+ Angiotensin ||

{ '

Efferent Afferent
--------- arteriolar +arteri0lar - -
resistance resistance

Macula densa feedback mechanism for autoregulation of glomerular
hydrostatic pressure and GFR during decreased renal arterial pressure



a 2. Tubular Transport:
4 Reabsorption and Secretion

Blood Afferent Efferent
flow Afferent grteriole \arteriole
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Glomerular arteriole Blood ~\
capsule _\ Efferent  fow
Glomerulus- arteriole )y
Glomerular -\ ; Glomelr ular
: \ capsule ‘
tilxrate C Glomerului;/(
ﬁ,‘;;g;g'"'a' * @~ Peritubular
capillary
Tubular— Peritubular ik
reabsorption capillary s:c :"e?i:) -
Renal — Renal —
tubule tubule
= Blood == Blood
flow flow

(a) (b)



N7

Peritubular
capillary

Bulk

flow «

REABSORPTION

Tubular Reabsorption

FILTRATION
Tubular
cells +
Lumen
— Paracellular
path
h Transcellular
_ path
Active
Passive
deFusu:nn] Solutes

B

e () S110SS ~m— H.,0O

EXCRETION

s Water, glucose, amino acids, urea, ions

\

= Sodium diffuses into cell; actively pumped out — drawing

water with it



FPeritubular
capillary

Sodium Transport

Tubular
lumen

Tubular
epithelial cells

==~

! L
TP Na-

#-f

Na= - —--"
T G 3 my)
K+

(=70 mV) f,’Tight junction

Brush border

/ — Basal (luminal
U channels membrane)
Interstitial Basement Intercellular space

fluid

membrane



a Secondary Active Reabsorption and
i Secretion into the Tubules

Co-transport

=== == Glucose EGlucnse
Na+
Na*
@ —70mVv
K+
=== == AMmMino acids Amino acids

Na* Na™
@ —70mVv
K+ H+

Counter-transport



a Transport Characteristics of the
N Proximal Tubule

i

60 - 70% reabsorption ""

FProximal tubule
Isosmotic J
reabsorption ; GI, HCOy", H>
H,0, glucose, amino acids
60-70% of Na+
55% Of Cl- Isosmotic
90% Of HCO3_ 'l.; H*, organic acids, bases

Glucose - 100%
Amino acids - 100 %



%af Transport Processes in the
=t Proximal Tubule

- Copyright ©@ The McGraw-Hill Companies, Inc. Permission required for reproduction or display
~. Blood |
Glomerulus In addition to
Glomerular :
capsule Blood reabsorption (R),

Glomerular ——= How tubular secretion

filtrate " . s (S) — substances
Proximal % odium ions are reabsorbe
tubule o - BNegatively charged ions are perjtubular
PO —Hi attracted to positively ..
ooy charged ions capillaries into
B8 As concentration of ions _
(solute) increases in plasma, tubules —a second
osmotic pressure increases chance to remove
o Water moves from proximal
tubule to capillary by substances from
Isotonic—— osmosis blood
tubular fluid

Peritubular capillary



= Transport maximum — maximum amount of a substance
that can be absorbed per unit time

= Renal threshold — plasma concentration of a substance at
which it exceeds Tm

transport maximum Tm
900 - .
375 mg/min

800+

e Flltered The transport maximum
600+ Is the maximum rate at
_—— Excretion which glucose can be

>/ reabsorbed from the
i | tubules

Transport

300 - .
maximum

Reabsorption
Normal

The threshold for glucose
refers to the filtered load of
glucose, at which glucose
—r—TTT—T—T first begins to be excreted in
0 100 200 300 400 500 00 700 800 the Urine— 11 mmOIII

Plasma glucose concentration
(mg/100 ml)

200+

Glucose filtered load, reabsorption
or excretion (mg/min)

100- Threshold




Transport Characteristics of the
Loop of Henle — Descending Limb

&
'

0 permeable to water
AQP-1 water channels

0 filtered water -m
reabsorbed here

o No active sodium transport
IIQCJ

Thin descending
loop of Henle

o minimal permeability to
sodium and urea



%%a ) Transport Characteristics of the
G Thick Ascending Loop of Henle

= Actively pumps sodium out
of tubule to surrounding

interstitial fluid (Na*/K+
ATPase) a—r Hc% KMQ>

s Na*/2 ClI-/K* co-transporter Hypo

osmotic

onh luminal side T
H+

= Na+/H+ counter-transport
(H+ secretion)

= Also, Ca*?, HCO;-, Mg*?, K,
and Na* paracellularly due

to positive net charge in
lumen from backflow of K+

Thick ascending
loop of Henle

J Impermeable to water

1 25% of sodium reabsorption
 Fluid leaving thick ascending
limb is hypo-osmotic



4

St

Sodium Chloride and Potassium
Transport in Thick Ascending Loop of

Renal T b I Tubu'ar H en Ie
interstitial ubuiar lumen
fluid cells (+8 mV) ALOH
- Paracellular '\Nﬂal KéaH
diffusion 9%
SR N N
(P e
- i Na*
S Cl :5.\ 2C|_O
S % = i : K
V4 \
V4 \
€ ———————— ‘ Ve )

Loop diuretics

¢ Furosemide

* Ethacrynic acid
e Bumetanide



%a ) Transport Characteristics of the
Ty Thick Ascending Loop of Henle

-

= Cells of tubules are NOT
permeable to water. Water 1\
can’t go in or out

Na‘'CI”

= Cells of tubules actively
reabsorb Na+ and Cl-(out of
tubule and into surrounding
area). Salt is removed but

NOT water /
= Interstitial space becomes sooarg | s
highly concentrated! v o

fo solutes) transport)

m This makes filtrate more
dilute and osmolality o

the descending limb.

d e C re a S e S Copyright € 2004 Pearson Education, Inc., publishing as Banjamin Cumming




@ Characteristics of Early and Late Distal
Wl Tubules and Collecting Tubules

IIAEBEﬁl

Early distal tubule

* not permeable to H,0
ﬁ“‘a*’ o o Mg>- not permeable to

urea

Juxtaglomerular

apparatus

Late distal tubule

Prin(;s:l collecting tubule
== f e permeability to H,0
depends on hormones

e not permeable to
urea

Intercalated
cells
Figure 27-11; Guyton and Hall

. HCOg™



%%aj Early Distal Convoluted Tubule

e g gssociated with Juxtaglomerular

interstitial Tubular lumen

i wele (-tomv) apparatus (helps in tubuloglomerular
feedback mechanism for GFR)
= Mesangial cells: smooth muscle like

a+ properties, structural support,

: i Z o phagocytic activity, secrete
or prostaglandins

= Granular cells of the afferent
Thiazide diuretics: arteri0|e = make renln

= Macula densa of DCT-
chemoreceptors

= Not permeable to water (still diluting
segment) nor urea

= Active reabsorption of Na+, Cl-, K+,
Mg++

m Thiazide diuretics affect Na/Cl co-
transporter




Transport Characteristics of the

&

Distal Tubule
» S
) = What happens here
depends on ADH
= Aldosterone affects and colleeting ubule
Na+ and K+ o Principal
= ADH - facultative == f

water reabsorption
s Parathyroid

hormone — increases Z/’ \

Ca++ Fead bSOrptiOn Intercalated - HCO,~

cells



s Late DCT, Collecting Tubule

Principal cells:
Reabsorb Na+ and water

Renal o Tubular
. interstitial ubuiar lumen
K+ secretion fluid cells (=50 mV)

No urea permeability
K+ sparing diuretics work

here Nat
R - = = Na*

= Antagonists to

aldosterone binding sites <" cn) )

= Sodium channel blockers

Aldosterone antagonists Na* channel blockers
e Spironolactone * Amiloride
( re d uces K+) * Eplerenone * Triamterene

Water reabsorption
dependent on hormones



) Late DCT, Collecting Tubule

i3 et Tubuar ost e Intercalated Cells
cr_—- — o | mm—————— = Type A and B
_-_ HCO4 + H* 7&-? H*
ot g Tubular Lumen
* Gl:hﬂmﬁe

e v H,0 (depends on

s T hormones)

H+

‘IIIIIII K+ ATP

<-L T

ATP

Reabsorb K+
ﬁJ Secrete H+

Copyright © 2006 by Elsevier, Inc



Transport Characteristics of the
Medullary Collecting Duct

Medullary
collecting duct

. N
%J we
O

. Permeable to urea - goes back to Ascending LOH

1 Can reabsorb more water (ADH dependent) important
for determining final urine output

. Can secrete hydrogen ions




Hormones that Regulate Tubular
Reabsorption

LS

Hormones That Regulate Tubular Reabsorption

Hormone Site of Action Effects

Aldosterone Collecting tubule and duct T NaCl, H,O reabsorption, T K* secretion

Angiotensin II Proximal tubule, thick ascending loop of Henle/distal T NaCl, H,0 reabsorption, T H* secretion
tubule, collecting tubule

Antidiuretic hormone Distal tubule/collecting tubule and duct T H,0 reabsorption

Atrial natriuretic peptide Distal tubule/collecting tubule and duct 1 NaCl reabsorption

Parathyroid hormone Proximal tubule, thick ascending loop of 1 PO~ reabsorption, T Ca™ reabsorption

Henle/distal tubule

m Aldosterone



%‘%,, Wef; e Adwnal
- c"'::"t;t : e

Increased K+——"" ; B Active trarsport
l Increased aldostarone sacretion B Countsrranspaort
Interatitial D Active transport
fluid T (1] Aldosterane i ' |

Q 9 M =

Baisal vt etat e el vt et mrin e i nm
meml:-rane_ JORE TR TP SR e anarpranpran ey rgnenenn
- " A DP
I el synithesi
Tubuls Aldosterone & e E FETEas s E g+ ATP

of transport proteins
cell recEpLor \+‘=~J l | e rT ﬂ

Apical
mambrans

Filtraite — L I

Lurren of nephron

1. Aldosterons sacretad from the adrenal corts enters cells of the distal tubuls,
2. Aldosterons binds tointracsllular receptors and increases the synthesis of tansport proteins of the
apical and baszal mambranss,

3. Newly synthesized transport proteins incresse the rate at which Ma* are absorbed and K* and H
are secreted, G mowe with the Mat because they ars attracted to the positive chargs of Na*.



Wator et Osmoreceptor-ADH
| feedback mechanism
for regulating ECF
osmolarity in response
\ A0 st to water deficit
|

posterior pituitary) s HT -SON and PVN

f Extracellular osmolarity

| Osmoreceptors

| m Posterior pituitary
[P s = Stimulation by :
| = Increased osmolarity
H,O permeability in s Decreased BP
f distal tubules,
collecting ducts s Decreased blood volume
| = Inability of the renal tubular
 H,0 reabsorption segments to respond to ADH —
| nephrogenic diabetes insipidus

m Central diabetes insipidus — ADH
lack

# H,O excreted



a < Urine Concentration and Dilution
*.T”  Formation of a Concentrated Urine

00| 99 /400 NaCl H,0 NaCl
Q}’f A 300 300 §>7(
4 100 100

(:) 700/ 700 | 500 " 300
- NaCl

1000 1000 800
1200 1200 1000
. . 400 70
Countercurrent multiplier “° | NHQ\ 400
. . '
Responsible for producing a H,0 NamAQ
concentrated urine by forming a
. . . . 600 600 600 50
concentration gradient within the
medulla of kidney. When ADH is ADH - high
present, water is reabsorbed and

urine is concentrated

-t [\ledulla —|— Cortex m—————-



%%aj Purpose of the LOH - Countercurrent

Multiplier
m to create an osmotic gradient deep in
medulla of kidney to benefit the
collecting duct that sits adjacent to it
s Creates “salt gradient” a0 390 o0
» |f Loop is disabled, then collecting duct ()70 700 500
adjacent to it cannot give concentrated -
urine 1000 1000 | 800
= Concentration and volume of urine is 1200\ 1200 /1000

determined by concentration gradient
produced in Loop of Henle and by the
presence of certain hormones

= Urine concentration can then range
from 50 mOsmol/l to 1400 mOsmol/!I.



@ Countercurrent Exchange in the Vasa
N Recta

Vasa recta Interstitium
mOsm/L mOsm/L

300
Solute
Solute
600
Solute
Solute
000

Solute
Solute

1200



&

Factors That Contribute to Buildup of
Solute in Renal Medulla -
Countercurrent Multiplier

Active transport of Na+, Cl-, K+
and other ions from thick -

. . 100% remaining
ascending loop of Henle into 7 - .
medullary interstitium w - W
Active transport of ions from  coue IREC O
medullary collecting ducts intC gummme: |1 | -
interstitium o o8l B T B
Passive diffusion of urea from- & Lil il
medullary collecting ductsint =~ /1 | M
interstitium meddla 3 WNAAN 4
Diffusion of only small amounts of """ "5 -5
water into medullary interstitium—- T \
most absorbed in Proximal CT s

“Sluggish blood”



** Use of Clearance Methods
to Quantify Kidney Function

&

e

Piﬂl”il'l =1 mgfml ﬂ

Clearance rate (CS) Amount filtered = Amount excreted

| 7 -
C; = U “: v GFR X Pinuiin = Uinuiin X V

U XV

inulin

GFR =

inulin

GFR = 125 ml/min

Clearance refers to the volume of plasma that
would be necessary to supply the amount of

substance excreted in the urine per unit time
U

Y

=125 mg/ml

inulin
V=1 ml/min
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Secretion is the Reverse

ofreabsorpiion  lyypothetical substances

Filtration

B
g

Secret.ion Reabsorption

—f= ’i
Excretion .‘f
A. Filtration only B. Filtration, partial C. Filtration, complete D. Filtration, secretion
reabsorption reabsorption
Substance A Substance B Substance C Substance D
SN

Urine Urine Urine Urine



Secretory Transport Maximum

N7

Renal plasma flow
_ Ypan XV

Ppan

\—V Renal venous

PAH =
0.001 mg/ml

Upay = 5.85 mg/mi

V =1 ml/min
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LY

s The ureters are
attached to the
posterior aspect of
the bladder

= [rigone

= Internal sphincter at
the beginning of the
neck

m External sphincter

s Length of urethra

Female Ureters

openings

Internal
sphincter

diaphragm
(including external
sphincter)

Urethra

L
Ureteric B\

Urogenital ——

/
R

S

External urethral

«* Anatomy of urinary bladder and
urethra in males and females

LZ Detrusor

muscle

Trigone

\, Prostate gland

S Bulbourethral

Yl gland

opening
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4

Micturition reflex

m Pelvic nerves connect with the
spinal cord (segments S2 & S3)

#

L1
L2
L3
L4
L5
S1
S2
S3
S4

via the sacral plexus
= sensory and motor fibers
Motor nerves PS fibers

Pudendal nerves — external
sphincter

Parasympathetics

Pudendal W

S
=
|

Micturition
contractions

w
o
1

nhin
il iI
4 lrl g

J|| 1l
[1I'II

-
o
1

Intravesical pressure
(centimeters of water)
=]

(=]
|

pasal cystometrogram

=]

| | | |
100 200 300 400

Volume (milliliters)

(=]

Ureter

— Body

Trigone

Bladder neck
(posterior urethra)

External sphincter



Urinary tract infection

Normally, urine is sterile and free of foreign
bacteria and viruses

However, bacteria can enter the urinary system
through the urethra causing cystitis, or a urinary
tract infection (UTI)

Symptoms of a UTl include: a burning sensation
when urinating, frequent urination consisting of
small amounts of urine, and the presence of
blood in the urine



Bladder incontinence

https://blausen.com/en/video/bladder-incontinence/

a weakness or inability to control the flow of urine
from the body

most common in women — 10% of all women - regular
incontinence, 20 % over age 75 experience daily urinary
incontinence. At least 50 % have experienced incontinence at
some time in their lives

causes - Stress incontinence - the strength of the urethral
sphincter is diminished, and it is not able to prevent urine flow
when there is increased pressure from the abdomen

risk factors - age, damage to the urethra and childbirth

Urge incontinence occurs when the bladder muscle contracts
inappropriately. Often the contractions occur regardless of
the amount of urine that is in the bladder (spinal cord injury)


https://blausen.com/en/video/bladder-incontinence/
https://blausen.com/en/video/bladder-incontinence/
https://blausen.com/en/video/bladder-incontinence/

Urine

&

FivH

Volume: 0.5-2.5L/24 h

Poliuria is a condition of excessive production of urine (> 2.5
L/day)
oliguria when <400 mL are produced, and

anuria one of < 100 mL per day

pH: 4.8 -8.0
= Higher in alkalosis, lower in acidosis
= Diabetes and starvation {, pH
= Urinary infections 1> pH

Specific gravity

= Normal values 1.025 -1.032

m High specific gravity can cause precipitation of solutes and
formation of kidney stones



%%2 ) Urine

_ = Microscopic analysis
— = Casts — precipitate from cells lining the renal tubules
| .
= Red cells —tubule bleeding
= White cells — tubule inflammation
= Epithelial cells — degeneration, necrosis of tubule cells
= Red blood cells — should be few or none
= Hematuria — large numbers of RBC’s in urine
= Catheterization

= Menstruation = Crystals —

= Inflamed prostate gland Infection

= Cystitis or bladder stones Inflammation
= White blood cells Stones

= Pyuria

= Urinary tract infection Bacteria



urine

%% Substances not normally present in

m Acetone
= Bile, bilirubin
m Glucose
= Protein —albumin
= Renal disease involving glomerulus



