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Inferior Vena Cava

Renal Artery

Kidney

Abdominal Aorta

Renal Vein

Urinary Bladder

Urethra
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Frontal section through the Kidney

Medulla

Renal vein

Renal artery

Ureter

Capsule
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Osmotic Regulation and Excretion

Proximal convoluted
Nephron tubule

f Efferent
— arteriole
Glomerulus

Peritubular Distal

capillaries convoluted
\ tubule
A

Cortex Bowman's
;‘ capsule Collecting
\ /,e Afferent duct
Rohi arteriole
Loop of Henle
Vasa recta
P N

NEPHRONS PERFORM THE MAIN FUNCTION OF THE KIDNEY

THE NEPHRON IS THE FUNCTIONAL UNIT OF THE KIDNEY.THE GLOMERULUS AND CONVOLUTED TUBULES
OF THE NEPHRON ARE LOCATED IN THE CORTEX OF THE KIDNEY, WHILE COLLECTING DUCTS ARE LOCATED

IN THE PYRAMIDS OF THE KIDNEY'S MEDULLA.
Lt o Rl
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Vasa recta




Figure 18-6a The Renal Corpuscle.

AV

Glomerular capsule

Glomerular ' Capsular Visceral '
Capsular capillary epithelium  epithelium
space (podocyte)

Proximal
convoluted

Efferent
arteriole

Distal
convoluted
tubule

Macula densa

Juxtaglomerular
complex

Afferent
arteriole

£J This sectional view illustrates the important
structural features of a renal corpuscle.
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RENIN-ANGIOTENSIN-ALDOSTERONE
SYSTEM (RAAS)

he 4

1 Serum Sodium Juxtaglomerular R Angiotensinogen
{ Blood volume cells-kidney in plas’mem

Angiotensin

Angiotensin

GTLB -converting
o enzyme

Via vasoconstriction of arterial smooth muscle

t Sodium Angiotensin || |
re?'c_)g)(t)lon a Kidney ™ aLposterone v
resorbed with | g pbiics Adrenal J
sodium); 1 a m
Blood volume | _ Intestine, | - e
sweat glands,
Salivary
glands




Actions of Renin-
Angiotensin-Aldosterone
Axis in the Nephron .

Angiotensin Il

Na* g= Convoluted
HCO, €= Tubule

Low Renal Perfusion Pressure

4

T Secretion of Renin J

\ 4

T Angiotensin Il and T Aldosterone J

\

A |

T Na* Reabsorption J 1 Serum pH J

\

v

1 H,0 Reabsorption and T BP J

Glomerulus

<+ Afferent Arteriole
PRI R IT R IT )
[0 190 .9 o=> Renin
Jitaglomervlar k | Perfusion pressure,
cells Activation of B, receptors

P Efferent Arteriole

Na*Cl
@ Aldosterone
Distal
Convoluted
Thick Tubule -*t) Na+ Principal
Ascending o (- Cells
Limb
Na* Late Distal Tubule
201 E & Collecting Duct
K Aldosterone
+t
W +
) H Intercalcated
!, K+ Cells
Loop of *
Henle

v i1y

To the ureters



o Nerve impulses
liberate ADH from
axon terminals in
the posterior
pituitary into
the bloodstream

o Kidneys retain Sudoriferous Arterioles constrict,
more water, (sweat) glands which increases
which decreases decrease water blood pressure
urine output loss by perspiration

from the skin

Figure 18-9 part 2 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons
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e S Amoiii Lungs
= ngietensinogen Angiotensin converting -, ’ (
?»\cls on Enzyme (ACE)
Liver Renin Adrenalc

< Aldostcmne —»
i B Sodium & Water
Retention

L Heart

Increased BP

Vasoconstriction €—— S Arteries




Adrenal
Adrenal medulla
gland ==
- N Adrenal :ier:aﬁs w{ :
cortex g I 7
Kidney * o
Spinal cord \\/
(cross section) s o /i cell
/= Nerve cell
oA
V=4, Adrenal medulla
\,Q‘ Y

215 Epinephrine and
j’ norepinephrine

Short-term stress response

1. Glycogen broken down to glucose;
increased blood glucose

2. Increased blood pressure
3. Increased breathing rate
4. Increased metabolic rate

5. Change in blood-flow patterns, leading
to increased alertness and decreased
digestive and kidney activity

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

Hypothalamus

Releasing hormone

Anterior pituitary

Blood vessel

—— Adrenal cortex
ACTH Y a0

- 0o
Mineralocorticoids , , ° ¢ :'wcocorticoids
9 09
9 @& ®

Long-term stress response

Glucocorticoids

1. Proteins and fats
broken down and
converted to glucose,
leading to increased
blood glucose

2. Immune system may
be suppressed

Mineralocorticoids

1. Retention of sodium
ions and water by
kidneys

2. Increased blood
volume and blood
pressure
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Erythropoietin

Correction of
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1,25 hydroxycholecalciferol
- Sunlight (/

7-Dehydrocholesterol

Cholecalciferol
(vitamin D3)

dietary intake

Vitamin D3 (fish, meat)
Vitamin D2z (supplements)
Liver

25-hydroxyvitamin D4

‘ 1,25-dihydroxyvitamin D3
> Maintains calcium balance
Kidney

in the body
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Bowman's capsule

B Proximal convoluted tubuli Distal convoluted tubuli
Glomerelus NaCl Glucose H,0
’ — Hzo K*

H* NH3

| “ _ | Urea

The nephron spans from the cortex to the inner medulla. Each section of the tubule

23

#8 permeable to different nutrients or wastes.



/ Osmolarity
| of interstitial
\ fluid

| (mosmi/L)

300

......

1200

This cartoon shows the solutes that are permeable in each part of the nephron and

22/02/60

ow they affect tubular osmolarity.
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Glucose || Protein the structures
will reveal an animation
- showing how they work
.| Sodium
Select a substance in the
blood and then click on start 2
to find out what happens to it =]
. ©
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* PARASYMPATHETIC NERVE FIBERS & NERVE FIBERS

289 VAGUS NERVE y884 Fevimsinilidaiau
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* ADRENERGIC NERVE FIBER

® CHOLINERGIC NERVE FIBER
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St

Transitional

epithelium (a)
Connective tissue v )
(lamina propria)
Smooth muscle layer /
Connective tissue Parietal peritoneum —
(adventitia) Urinary bi
(b) Opening of ureter

Trigone

i f
Opening of urethra Transitional epithelium
Location of the nective tissu
external urinary Con . ¢
sphincter

Smooth muscle layer

Connective tissue
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vaanle / el (URETER) —

Epithelium

Submucosa

Muscular layer
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" viasnla / viole (URETER) ®
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* . Juviafinfaseying RENAL PELVIS wadlanu
nszwnetlaaniz Busuddiuras HILUM auds
TRIGONE 7 POSTEROLATERAL WALL 84n32iW13
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*yinlpunfazenn 28-32 CM.

* ifupituAugnanalsEIIn 6 MM.
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Ureter

Peritoneum

Detrusor
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Ureteral
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Transitional epithelium
Lamina propria
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Vas deferens

Testicle

Ovary

Uterus

~— Bladder
Urethra

22102160 Vagina 33



nsztnzdddann (URINARY BLADDER)
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TETRAHEDRON) #38n52081ui%asy Ao i BASE, NECK, APEX,

SUPERIOR SURFACE, tay INFEROLATERAL SURFACE LLazgﬂ

ARNU AU

* APEX (ANTERIOR ANGLE) gaRANU MIDDLE (MEDIAN)
UMBILICAL LIGAMENT

* POSTEROLATERAL ANGLES 8afanu nasnle

* NECK (INFERIOR ANGLE) finsiaaslugaaanidany
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Daferent Orifice of
duct ureter

Ureter \nterureteric fold

Inferolateral
Internal urethral orifice surface of bladder

Vesical | Venous

Prostatic sinus] Prostatic | P'exus

Seminal colliculus

: Inferolateral surface
Urethral crest

of prostate

Cut surface of prostate
Membranous urethra

Anteriar view Spongy urethra
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Detrusor
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Sympathetic (L, ) ARNYRN A N -
Somatic (S, _,) - -
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o . Junnnusatnuudaanas

* yinfLNavuUeUddany

* nszinzUdd1zaznn RECEPTIVE RELAXATION

dlatndaanaziindudy 100 - 400 ML




1) Filling and storage of urine 2) Emptying (voiding) of bladder

Bladder fills through the
ureters from the kidneys

Relaxed bladder muscle
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Vaanlddanty (URETHRA)

Bladder

Bladder neck

Prostatic urethra

Membranous e /)
urethra Nl
ALY Dy -~ Bulbar urethra
4

Penile "
urethra :

Urethral Opening




7" veeadaanny (URETHRA)

o L WNAYNY
* yiaddaanazeniuszunnd 18-20 CM.

o Juvieimelyf SEMINAL FLUID Mfinann EJACULATION

® LNFINEYS
* yiaddadanizenauszud 3-5 CM.

* Js\UnvenieUdadzativiladanasn (VAGINA)
uazAINdn CLITORIS
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e Usznaudaentls 2 u suludwiadion duvendu
%1 SUBMUCOSA
e fuidadionuuady 3 daufe
* PROSTATIC PORTION

* MEMBRANOUS PORTION

®* SPONGY PORTION
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» naanldad1svaanAne (FEMALE URETHRA) —

Nt

Uterus \\ g

==
Urinary g
bladder 3 £

) / 7
‘ 5 .

Symphysis Cervix
pubis of uterus
Mons pubis Rectum
Urethra
Clitoris Vagina

Urethral opening

Vaginal opening
Labium minus

Labium majus

22/02/60 St \ / [



Urinary Bladder and Urethra — Female

Peritoneum

Ureter

Rugae
Detrusor muscle

Ureteric orifices

Bladder neck

Iinternal urethral
sphincter

External urethral
sphincter

Urogenital diaphragm

External urethral

fglso Female orifice “
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el This typically contains:

dquﬂsgﬂausuaq \ Uric acid 06g ——

Bicarbonate ions 124

r
u r] ﬂ a ﬁ q ’3 oy’ Average urine | (reatinine 21
i volume per day
foranadult= | Potassiumions 329
1.4 litres

Sodium ions 419

& chloride ions 664

Urea™ 5.5 gl—

“nitrogenous breakdown

product of protein metabolism u
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Good

Good

Fair

Dehydrated

Dehydrated

Very Dehydrated

Severe Dehydration
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* AUANTUNILUNR A 1.010 - 1.030

* N1z UNsNBaUe

* e Inejunalidaanag 800 - 1,600 ML/DAY
e gnsanunnUsutaanzlu 1 9alus fe

[ 0.5 mUkeg/hr }

¢ 1 §7lug adsiidaanazlaidiasndn 25-30 ML
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- POLYURIA Q

o nazfifitaanazuSutamnnndauni (> 2,500 ML/DAY )

HL916)
* Msldsuhannivly
* Tsatu1nu (DIABETES MELLITUS)
* 15ALUn3n (DIABETES INSIPIDUS)
* lasuenvulaanne (DIURETICS)

Yo 2 a ¢
¢ 1ﬂ§ULﬂi@Qﬂ3JW’Jﬂ“U"I AL LAaZLLDAND TR
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e Mazfivaanizdiuin Uanvazgredaann: Jaanazuee
(FREQUENCY) uazaginalravUdadartznunnula (URGENCY)

* 31n15UANNFUNUSNUNITUUAVRINSELNzUda17
p=| Y t:i t:i v
* @wnnsaUareNNYIVD9
* N5NLEUVRINTSINEUdd12Y

* n1sanNLdUVRINAUddY

* yiaddaan1zlasuduUnsI8 B1ANATUTIATIINIYRAITIULNA
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*~ OLIGURIA S

* mzfitagnnztiaeniiduas 400 ML %ise 30 ML/HR

AL
® N15Y1N91UVILA LR

® ANZVINUI %139 LASUUNLDE
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* nzNUddannzeanilas LiNUdda112 4159 Iuruldanae

Waendn 100 ML/DAY fielisanagnaradasis

G179
®* RENAL DYSFUNCTION
* SHOCK

* DEHYDRATION
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~  NOCTURIA

* A1Endddaanazunnnian 2-3 AsS [WLainansnau

A0
* 1ATRIANNTLN LoANaTRANIULYIUDU
* Tsalm
* I5A2lALALNADALADA
VXY J o/ v
. 1ﬂsumsﬂmmqw'ﬂaammm (CONGESTIVE HEART FAILURE)

* {9 UNAABNYNUUINLA (BENIGN PROSTATIC

HYPERPLASIA: BPH)
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: UREMIA .
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o onnsilunivludaniiinainans tauwn
UREA/CREATININE andnsagluidan Tnaanizagneda
UREA amsilufiwasnarasindunaduiiawiainns
Unefulsalalutudreuss winlisneanelisnunsadu

UREA aanla

* yananildsdenalvigUeiiann1siauninieauee $19n1e
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SYMPTOMS OF UREMIA

NEURCLOGIC
Fatigue
Drowsiness
Peripheral neuropathy
Irritability
Depression
Decreased concentration
ability
Insomnia
OCULAR
Retinopathy
Red eye

RESPIRATORY
Uremic lung
Pleuritis
Pulmonary edema

METABOLIC
Hyperglycemia
Hypertriglyceridemia
Hyperuricemia
Metabolic acidosis

REPRODUCTIVE
Infertility
Decreased libido
Impotence
Amenorrhea
Delayed puberty

e,

DERMATOLOGIC
Pallor

Pruritus

Dry skin

Yellow-gray color
Decreased perspiration
Brittle, dry hair

| ~——— ENDOCRINE

Hypothyroidism
Hyperparathyroidism

~—— CARDIOVASCULAR

Congestive heart failure

Hypertension
Pericarditis

HEMATOLOGIC
Anemia

Bleeding tendency
Susceptibility to infection

GASTROINTESTINAL
MNausea

Vomiting

Anorexia

Gl bleeding

Diarrhea

Uremic fetor

MUSCULOSKELETAL
Renal osteodystrophy
Osteomalacia
Osteitis fibrosa
Osteosclerosis
Soft tissue calcification
Retarded growth
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PROTEINURIA

o azidlusauludaanzuinndn 150 SadnJuraiu

o asralusaulutlaanizasiany 1 + auly

* TRANSIENT PROTEINURIA viunens niswulusauludasniy
Frn917 TuvaziigUaeiinnzdueg et 1wu Id, ndseanidanig,
WAIN5TN, YiIIRAANNaINITTaladuman “a0 Fen1aziilad

AuRaUn® Llule

® PERSISTENT PROTEINURIA vu18949 n1snulusauludaanig I8
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- RETENTION OF URINE
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* naznddanazliasn

* nsniidaanizaseglunsamnedaanie inlinssiwnzdasanzlaidng vise
ameiliiinsatedasntzanglu 8 - 10 Falus duannsaredaaizass

124
HANe

snvaviseiadeiineadas
* nsulNUIIYialdaNa
* daugnuania
* nsznzlaganizaniau

* syyuUsyaMAYNLN
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ACUTE GLOMERULONEPHRITIS (AGN) ~

* Jigintaananag (RBC CAST) uazlusiuludaaniy

UINHAUNG (HEMATURIA & PROTEINURIA)
o fuaadelulnsiauadludan (AZOTEMIA)
* MsAasvaLndanazitlusteanie (EDEMA)

* JR51N1SNSDIVILAana




NEPHROTIC SYNDROME (NS)

—* 913nAA1N IMMUNE COMPLEX DEPOSITION %38 IN SITU

N—

IMMUNE COMPLEX fivinlsisinnsiiunisnsaslusiiuannnsae
nsadle wesaniinanuinunfivas GLOMERULAR

BASEMENT MEMBRANE wag PODOCYTE
* anwaizd1AyAD MASSIVE PROTEINURIA
(>3.5 G/D/1.73 M?) s2unuUuUy
* ALBUMIN Tuidananas

* CHOLESTEROL g4
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 PYELONEPHRITIS

S

* IARAINNISAALYBULUANLIIUNSUAULVINTSUELADN (GRAM-

NEGATIVE SEPSIS) aunanseiwizddanizantau

* 91n15suanIN2lU Usznaunag 1U Budunud wazuanten
V19ULAY5989U19 138N 9IN1SVRISTUUUEEN

d9UUU (COSTOVERTEBRAL ANGLE)

* wusauNU Yrandutrandddanne ddanizuae wag

v =
nassulasng
22/02/60 - \/ '




/ \ - N
Tuszuumafuddanie

=)

Kidney stones in
the minor and _—
major calyces

of the kidney

Kidney stone /
in the ureter
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— rluszuumaaudasana

* | Jufauiuudaliafed wanatawla aglu

nsa8la 198 CALYCES

172191214 Y59 STAGHORN STONE Aefnu

Suidnluly CALYCES 1nnqn 1 CALYX

* NEPHROCALCINOSIS tluiiuyuiiagluiiials

weilsilaaglunsaglansa CALYCES :
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. RENAL CALCULI Q2

% %98a2 75 Wundauaat@ey 1w CALCIUM OXALATE, CALCIUM
PHOSPHATE #52dunNaus21i919 OXALATE wag PHOSPHATE

e Zagay 14 Hunda MAGNESIUM AMMONIUM PHOSPHATE @4
158n91 STRUVITE

* $3az 10 U URIC ACID-BASED

e uavdnfeway 1 1y CYSTINE-BASED @ensiianansinnwusiioly
519n183815 CALCIUM, CYSTINE, URIC ACID, STRUVITE #%35;
OXALATE ag;iuﬂﬂazﬁuﬁq?jaaqw
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