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LEARNING OUTCOME:

At the end of the lecture, students should be able to:
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CONCEPT OF
HOMEOSTASIS

a) Explain the concept of .
homeostasis and describe the
homeostatic control system s = @
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Negetive F«.dln ek Loops

NEGATIVE FEEDBACK
MECHANISM

a) Explain the negative feedback
mechanism in controlling blood
glucose level

HUMAN HOMEOSTATIC ORGAN:
STRUCTURE AND FUNCTION OF KIDNEY
a) Describe the structure of nephron
b) Analyse the processes in urine formation:
I.  Ultrafiltration
li. Reabsorption
lil. Secretion
c) Describe the counter current multiplier
mechanism in urine formation.
d) Relate the regulation of blood water
content with ADH



When you are hot, you look red
because your capillaries are bringing

blood closer to the surface of your
skin so more heat can be lost.




9.1 CONCEPT OF HOMEOSTASIS

Homeostasis > maintenance of internal balance

The importance of homeostasis?
o« Homeostasis provides cells within the body
with a relatively constant environment

LESFY

— Helps cell to work efficiently, no matter
what is going on outside of the body

*eg. whether you dive into a
swimming pool, hike in the desert or
HIKERS swim in the ocean, your cells remain
ONLY

isolated from outside conditions

NO BIKES
PAST THIS POINT
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9.1 CONCEPT OF HOMEOSTASIS

What is homeostasis?

. . . . The existence of a stable
A st_ate " Wh'.Ch th_e UEEHnE Internal environment
env.lror_1ment I_S t_)elng (Fundamentals of anatomy &
maintained within a range

physiology, 9t" edition, pg 10)
that cells can tolerate

(Biology: Starr Taggart, 11" edition,
pg 484)

iThe consistency of the

bo&y's Internal environment

Dyn amic consistan Cy of (Biology life on earth, 7t" edition, pg 536)
O 1

______

the internal environment
(Biology: Raven 6" edition, pg 1174)




9.1 CONCEPT OF HOMEOSTASIS sh&weet

Homeostasis > maintenance of internal balance

What is internal environment?

o Internal environment is all the
fluid not inside the body's cells

IEI e
fluid

Extracellular
fluid

+ It consists of interstitial fluid and

blood plasma: extracellular fluid Blood plasma
(intravascular fluid)

Body Fluids :
Intracellular compartment (inside cells)

- contains 67% of our water

Extracellular compartment (outside cells)

- contains 33% of our water

= 20% is in blood plasma. N
= 80% makes up interstitial fluid.
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9.1 CONCEPT OF HOMEOSTASIS

What is receptor?
* A body structure that monitors
changes in a controlled What are the functions effector?
condition * A body structure that receives
output from the control centre
* Sends INPUT in the form of  produces a response or effect

nerve impulses or chemical that changes the controlled
signals to a control center condition

ED 2D 7 I

What are the functions of control center?
* Receives and processes the information
changes a controlled (INPUT e.g nerve impulse, chemical

What is stimulus?
* Any disruption that

condition

signal) supplied from the receptor

* Triggers the action (OUTPUT e.g nerve
impulse, hormone, chemical signal) that
will correct the change




How does homeostatic
control system
operate?

‘ Copyright @ 2002 Pearson Education, Inc., publishing as Benjamin Cummings.

9.1 CONCEPT OF HOMEOSTASIS

@ Input:

information
sent along

afferent

pathway to

@) Change
detected

by receplor

() stimulus:

Produceé \f@o% -
change .

in variable
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center

Variable N

{in homeostasis) B
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Informatlon sent
along efferent
pathway to

(® Response of

affector feeds
back to influence
magnitude of
stimulus and
returns variable to
homeostasis




9.1 CONCEPT OF HOMEOSTASIS

What is the mechanism involved in homeostasis?

—Controls initiate a chain of
events that intensify

« NEGATIVE change from an original
feedback condition
: * The end result is that change
mechanisms tends to proceed in the same
—Correct deviations from O 2% direction as the initial
a set point ACTION  EFFECT stimulus

e After a limited time, the

* Some activity changes a intensification reverses the

§peC|f|c conqltlon in the change
internal environment

« |If the changes past a  POSITIVE

certain point, a response feedback
1o reverses the change

mechanisms



LEARNING OUTCOME:

At the end of the lecture, students should be able to:
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NEGATIVE FEEDBACK
MECHANISM

a) Explain the negative feedback
mechanism in controlling blood

glucose level
11



9.2 NEGATIVE FEEDBACK MECHANISM

A summary of negative feedback
» A form of regulation in which

Y Detected by ] accumulation of an end product
Ltk of a process slows the process;

» In physiology, a primary

set level mechanism of homeostasis,
whereby a change in a variable
triggers a response that

—p- - counteracts the initial change.
(Campbell 11% edition)

Mormal

Normal Change from normal >

set level




Control
centre

9.2 a) Explain the negative feedback mechanism in controlling blood glucose level

Insulin-secreting SSs S - =y
cells of pancreas '/-‘Y_\.‘ =
stimulaled to ’JL;LAL.‘ ois @
release insulin into Most body cells take
the blood up more glucose
High blocd Liver takes up
glucose level glucose and stores
detected by it as glycogen

insulin-secreating

cells of pancreas
Stimulus: %

Rising bicod Homeostasis: Normal bloed glucose level
glucoss level (about 80 mg/100 rnl)

Blocd glucose
level rises to sa1
point: stimulus for
glucagon release

diminishes and Liver breaks down

body returns 10 glycogen stores and

homeostasis releases glucose to
the blocd

=D

Blocod glucosse
lavel declines

1o a set point;
stimulus for
insulin release
diminishes and
body retums 1o
homeaeostasis

Stimulus:
Declining blood
glucose level

Low blood

glucosea lewvel
detectad by
glucagon-releasing
calls of pancreas

-

-

Glucagon-releasing
cells of pancreas
stimulated to
release glucagon
into the blood;
target is the liver

Copyright @ 2002 Pearson Education, Inc., publishing as Benjamin Cummings.




9.2 NEGATIVE FEEDBACK MECHANISM
Ralses High Stimulus

Blood = Blood
Sugar 0,

Involves negative feedback
mechanism

»When blood glucose level increase,
Receptor

Cells of islets of

v B- cells of islets of Langerhans
Langerhans

In pancreas are stimulated
Control Center

Cells of islets of

v Releasing insulin
Langerhans

Effector
Liver, muscle
cells and

other tissues

mulatos
lucose uptake

© om blood
DQE

Tissue Cells
% (muscle, kidney, fat) g chog en
Low
Blood
Lowers

» Blood glucose level return to normal
S -Set point : desired level
Blood ugar P
Sugar
14

= Triggers uptake of glucose from the
blood

= Stimulates the liver, muscle cells and
other tissues to store glucose as



Raises
Blood

9.2 NEGATIVE FEEDBACK MECHANISM
Blood

Involves negative feedback

mechanism
Effector

Liver

»When blood glucose level decrease
Control Center
Cells of islets of

) v'a- cells of islets of Langerhans
angerhans _
‘ Receptor

In the pancreas are stimulated
«» Cells of islets of

v Release glucagon
2 Langerhans = Stimulates the liver cells to convert
Stmulates glycogen to glucose
0 Ig;::foggtake
LLYS
Tissue Cells
% (muscle, kidney, fat)

» Blood glucose level return to normal
(set point)

Low
Lowers g:.”"
ar
Blood .
Sugar
15

Stimulus



WHAT IS DIABETES?

Digestive tract

Insulin lets

converts Pancreas cells absorb
carbohydrates produces glucose for
You eat food into glucose insulin energy
<> > =
If pancreas If pancreas
doesn’t produce doesn’t produce
insulin, you - * enough insulin,
develop you develop

Type 1 diabetes

Type 2 diabetes

>




LEARNING OUTCOME:

At the end of the lecture, students should be able to:
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HUMAN HOMEOSTATIC ORGAN:
STRUCTURE AND FUNCTION OF KIDNEY
a) Describe the structure of nephron
b) Analyse the processes in urine formation:
I.  Ultrafiltration
li. Reabsorption
lil. Secretion
c) Describe the counter current multiplier
mechanism in urine formation.
d) Relate the regulation of blood water
content with ADH



Each individual kidney consists of at
least T million and up to 2 million
nephrons- Nephrons are nothing but
very tiny filters that are capable of
filtering blood and eliminating the
waste materials-

Renal cortax
Nephron

: Renal medulla
g ./ (pyramids)

If one kidney is taken away and the [ i
functional capacity of the other
kidney is reduced to just 75%, it can

still sustain life- This happens because “ ’ .
the nephrons are capable of enlarging - g
and handling excess load- This is
known as hypertrophy:-

Renal artery
Renal vein

VYRR fl ,i| ' -
WA Vit It ] Renal
o) ]' (1 -'/"/[/ tubule
. : |

1 . |

) ' l'l N

N FUERLH )
vy UVl V| /*Renal medulla
/J. |

4 ‘ Papillary duct
By |



9.3 HUMAN HOMEOSTA RGAN:
STRUCTURE AND FUNCTION OF KIDNEY

Sdvia 5. Mader, Ingquiry into Life, 2th edition . Copyright 1997 The MoGraw-Hill Companies, Inc. Al ights resereed.

Nephron Macroscopic Anatomy

glomerulus

proximal convoluted

glomerular capsule tubule

efferent arteriole i distal convoluted

afferent
arteriole

E
artery ; = , g

perltuhular

vein ‘:‘if; capillaries Medulla
descending ....-
{ﬁgp mf—I:Ilmtzr g

nephron ElEI..‘-E“dII'Ig

e collecting
duct

arter arteriole arteriole recta /
W

atch full video at https://www.youtube.com/watch?app=desktop&v=o0wJZiPbrHRs




The basic structural and
functional unit of the kidney
- nephron
* Microscopic excretory tubules
* Packing the cortex and
medulla region

Each kidney consists about a
million nephrons

* Total tubule length: 80 km
* Enormous surface area for
the exchange of materials

9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

a) Describe the structure of nephron
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v'Glomerulus

oA spherical
cluster of
blood

capillaries

v'Bowman'’s capsule
» A double-walled,
cup-shaped
swelling capsule
* Blind end of the
tubule
» Located in the

cortex

9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

a) DESCRIBE THE STRUCTURE OF NEPHRON

v'Proximal convoluted tubule
* Lumen is continuous

with the Bowman's — pyital convoluted tubule
capsule

: : O Located in the
» Highly coiled
= | ocated in the cortex cortex

v'Collecting duct

o End of kidney

o Eventually drain
into the pelvis of
the kidney

o from where the
urine flows into the
ureter

o Located in the
medulla



9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

b) Analyse the processes in urine formation: i. Ultrafiltration, ii. Reabsorption, iii. Secretion

ULTRAFILTRATION

v'Takes place in the glomerulus
and the Bowman's capsule
v'Occurs due to the hydrostatic
pressure caused by the blood
pressure

22

REABSORPTION

v'The process of absorbing useful
substances into capillaries which
wrapped around tubule

* Glucose, amino acids, vitamins,

proximal convoluted tubule (PCT)
distal convoluted tubule (DCT)

glomerular capsule

efferent arteriole 3

G

) most of the water, sodium and
chloride ions
»‘ e In selective reabsorption,
| Glomerulus sodium, amino acids and glucose
e reabsorbed from the
filtrate back into the blood

Reabsorption of
sodium from the DCT
and water from the
collecting duct are

under hormonal
control.

Secretion

SECRETION

v'Occurs in the distal
f convoluted tubule and the
i proximal convoluted tubule

* Mainly in distal tubule




Bowman's capsule

R afferent arteriole
(with greater
diameter)

— efferent arteriole
(with smaller
diameter)

Podocyte

9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

. ULTRAFILTRATION

v Blood enters the glomerulus via afferent arteriole (larger diameter) and
leaves via efferent arteriole (smaller diameter)
- Produce high hydrostatic pressure

v" Forces small molecules through the walls of
capillaries and Bowman'’s capsule into the

Foot processes

Filtration slit

Lumen of

glomerular

capillary

Bowman's
space

capsular space
« Except RBC, plasma proteins and platelets

v" The perforated walls of the capillaries and the
podocytes form a filtration membrane
 Permits fluid and small solutes to pass

Basal lamina

PARIETAL
_ _AYER

23




9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

. REABSORPTION

DEST&,L}* ]
ConvoluTe -
Tobule >Qccurs in:

sodium -57 v'Proximal convoluted tubule

e S v'Loop of Henle
TUbUIllE. L}I}Em ]\lnnnL'IF_ ]
gloesse —wox v'Distal convoluted tubule

ownine  ocids - 100K PTG‘.‘:'C'I-""""O-'& i ':"Il'("_ | I . .
wass (e e siims)  YCollecting duct

?l"cﬁci i a»lll
Corwoluted

porossivm - 0% TU'I]U'IE-

phosphote - 70% codium -25% sodium- 34
calcivm - 70% phosphate- 157 porassiuen - 20% M0 1 yariabie
Moghesiam = J0% caleiumg -26% ureos
Ha0 - 70% Magnes um - S0% i/
. lodder
Raabsor’ tion 6 Sodium - ¢
ID poressivm - |- wov. colocium- )%
: magnesium - 5% H 0 variokle
Lﬂ {fhﬁ NEPhF‘Gﬂ. P'I'IGS-PHM':"E?:' Ureo 1 ®
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*Created with the 3-D Format & 3-D Rotation functions
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Filtrate
in tubule
lumen

Tubule cell

Interstitial
fiuid

©
N
Peritubular
capiflary

9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

. REABSORPTION

»Qccurs in;
v'Proximal convoluted tubule

LJJ \ —\
|

v'"Most reabsorption occurs : over 80%
* All glucose, amino acids, vitamins and
hormones

* 85% of NaCl and other ions

Na+ T 3NE.+ 3N3+ *
Glucoge == = 8= = g oK+ 2K+
Amino acids ' > > K+ 1 —p
Some ions =— K

Key: Vitamins

Urea
Fat-soluble
substances

= = §p = Secondary active transport
Hﬂﬂ L ¥ o
= = Passive transport (diffusion) cr : ;I_T/'

= 6 v'40-50% of urea

Paracellular

anions), K* route
25 v'85% of water

=dp = Primary active transport

. = Protein carrier

-
= lon channel

Copyright © 2001 Banjamin Cummings, an mprint of Addison Wesley Longman, Inc.




9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

N blde e —— . REABSORPTION

10 ama

T

mieravilli

»QOccurs in;:

Broimnal Toule v'Proximal convoluted tubule

Epitheliol Cell
v Luminal surface of the epithelial is covered
with
* greatly
of the cells

—> facilitating their reabsorptive function.

v The cytoplasm of the cells is densely packed with mitochondria
- supply the energy for the active transport of sodium ions out of the

proximal tubule.
—> water passively follows the sodium out of the cell along its
concentration gradient.



Water and ion movement differ in the three regions.

f
| Pagive g
transport 300
H0 =
=
60

N>

YUV

H,0 —

8

H,0

:

H,0

H,0

Osmolarity of fluid inside

loop of Henle (milliosmol/L)

A

:

Ascending limb is nearly
impermeable to water but
highly permeable to Na* and CI

Descending limb is highly
permeable to water but
impermeable to solutes

£
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9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

. REABSORPTION

»Qccurs In:
v'Loop of Henle

Function:
o To create a water potential gradient

- Between the filtrate and the interstitial fluid

in the medulla

Longer : urine produced is more concentrated

*Created with the 3-D Format & 3-D Rotation functions
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Distal convoluted Medullary Medullary

tubule \ interstitial fluid interstitial fluid

|
‘ /
/_ Dilute Concentrated

Hypertonic  rine
interstitial

interstitial
- Collecting
fluid duct fluid
(a) (b)

Collecting
duct

(L]
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9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

. REABSORPTION

»Qccurs in;
v'Distal convoluted tubule

» Receives a hypotonic filtrate from the
ascending limb

* Not permeable to water but depends on
hormonal control

* Becomes permeable under hormonal

control
- Anti-diuretic hormone (ADH)

« Active reabsorption of Na* under hormonal
control

- Aldosterone



9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

. REABSORPTION

»QOccurs In:
ADH incresses v'Collecting duct
Woker permenbilihy
Cortex 7 —
& | Urea « Carries the filtrate from cortex to medulla to
Ovter medulla mﬁﬂn the renal pelvis |
hibudar Fluid « Permeability to water and urea is under
- l hormonal control
- | ADH increases R .
wober and urea — Anti-diuretic hormone (ADH)
Inner medulla \j permeskility
’ ‘} * When the filtrate pass along the collecting duct
FEd
Collecting duct » Water moves out by osmosis to the

interstitial fluid



9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

. REABSORPTION

NaCl Nutrients

HCO
)g/f}//j\ >Occurs in:
v v'Collecting duct
CORTEX
§ DS o Some urea will also diffuse out

OROE e « along with NaCl, contributes to the
OUTER "0 high concentration of solute (lower
MEDULLA water potential) in the interstitial

fluid

o This urea is recycled by diffusion into
the ascending limb of loop of Henle




9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

. SECRETION
v’ Distal tubule secretes H* and NH; from the .
blood into the filtrate »QOccurs In:
- Helps to maintain blood pH v'Distal convoluted tubule

v' Secretion of K* occurs under hormonal control:
aldosterone

Copyright & The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Tubular Reabsorption and Secretion

v’ Proximal & distal tubule also actively secretes BleadliV
Peritubular capillary

harmful or toxic substances into the filtrate | a* _ K'or H
v Removed by urine
e.g: drugs such as penicillin and caffeine

Secretion

H* = Aw 3 @ K

N
R
Nt

Tublular fluid

, Distal convoluted tubule ' :
Ascending limb Collecting
31 of nephron loop duct



9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

c) Describe the counter current multiplier mechanism in urine formation.

== Active transport
=P Passive transport
s Water impermeable 4 [ \

100
Cortex

300 : = 300€
@ Filtrate entering the @ Filtrate is at its most dilute
nephron loop is isosmotic to H,0 4= NaCl as it leaves the nephron loop. At
o both blood plasma and 100 mOsm, it is hypo-osmotic
g cortical interstitial fluid. to the interstitial fluid.
3 H,04=  NacI
E 400 400 200
© |
.-:3 e biao! @ Na* and CI" are pumped out
® Outer 1 of the filtrate. This increases the
-;..: medulla H,0 G NacCl interstitial fluid osmolality.
& 600 6
c
5 @ Water moves out of the | H,0 G
> filtrate in the descending limb
= down its osmotic gradient. |
2 This concentrates the filtrate. H0
E 900
4
o
H,0 @ Filtrate reaches its highest
concentration at the bend of the
(e 00p.
Nephron loop
1200 medulla



sheweet 9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

Counter-current multiplier

The interaction between the flow of filtrate through the ascending and descending

limbs of loop of Henle and the flow of blood in the vasa recta
Function:
To establish and maintain a high salt concentration in the loop of Henle extending from the
cortex through the medulla
v Enable water to be reabsorb into the vasa recta >> Water conservation

Glomerulus

v'Counter-current Corter Multiplier

o Filtrate flow down the

o Filtrate past each other descending limb

in opposite directions J g Outer medulio  High concentration of NaCl
o The descending and e - Most hypertonic round the
ascending limb el oo | i) hairpin
U - medulla o Filtrate flow up the
) ascending limb
* Less concentration of NaCl

\ e ollechn 1
Lsop of Henle I\ Collecting duct  More hypotonic

Mumbaers mdicake gsmolarity in (mosm/L)



9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY SNWeet

d) Relate the regulation of blood water content with ADH

Supraoptic nucleus Neurosecretory
(cells secrete oxytocin) cells

ﬁ iy
T
Controlled by Antidiuretic hormone (ADH) "\ .

Paraventricular nucleus

G
of blood

Axon terminals
(release hormones
to capillaries)

ot Produced in hypothalamus

Peritubular Capillary bed

| W ——Posteri
capillary { Postarior

Released by posterior pituitary gland

o Outflow
of blood

Peritubular
capillary

Target tissue : Distal convoluted tubule and
collecting ducts

Actions : Increases permeability to water and urea

34



9.3 Human homeostatic organ:
STRUCTURE AND FUNCTION OF KIDNEY

d) Relate the regulation of blood water content with ADH

Detected by osmoreceptors
in the hypothalamus

Stimulated posterior
pituitary to release ADH

Distal tubule and
collecting duct
permeability towards
water and urea increase

Water content of
& blood too low
Salt eaten or
much sweating

Pituitary
releases
lots of ADH

Water content of
blood too high |

Too much

water drunk

Pituitary
releases
little ADH

i

High volume of
water passes
into blood

High volume of
water reabsorbed
by kidney

Small volume of

concentrated urine
passed to the bladder

Low volume of
water passes
into blood

Low volume of
water reabsorbed
by Kidney

High volume of
dilute urine passed
to the bladder

Detected by osmoreceptors
in the hypothalamus

Inhibit the release of ADH
from posterior pituitary

Distal tubule and
collecting duct
permeability towards
water and urea decrease
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NEXT LECTURE :
COORDINATION

Volt er Microelectrode
—outside cell
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insidecell— ——\/+ + + '+ + + +
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axon
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(soma)

unmyelinated
axon

node of
Ranvier
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myelin spread of +
sheath depolarization

action
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