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Protein, & related substances

Fat
Mineral

Water




- fluid outside the cells.
~ 1/3 volume of fluids in body (~ 33% of total body water).
- contains ions & nutrients needed for cellular life.

2. Intracellular fluid (ICF):
- fluid inside the cells.
~ 2/3 volume of fluids in body (~ 67% of total body water).
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Fluid Compartments
~ 60% of body weight

P |

Extracellular fluid Intracellular fluid
(= 1/3) (= 2/3)

~ 33% of TBW ~ 67% of TBW
~ 20% of body wt ~ 40% of body wt

Interstitial fluid Transcellular fluid
z750/0 Of ECF CSF

~ 159% of body wt Intraocular

Pleural
Peritoneal
Pericardial
Synovial
Digestive
secretions




Q.

- TBW=60% o0
- TBW =60% X 70 = 42 L of water

DO0AaV W



DIFFERENCES BETWEEN ECF & ICF

ECF ICF
Cations: Anions: Cations: Anions:
Nat (142mmoI/L) Cl- (108) Na* (14) Cl- (4)
K+ (4.2) HCO, (24) K+ (140) HCO, (10) |
Mgz+ (0.8) Mg?* (20) Phosphate ions
Nutrients:

Nutrients:

High concentrations of proteins.

O,, glucose, fatty acids, &

amino acids.

Wastes:

CO,, Urea, uric acid, /
excess water, & I1ons.




CATIONS (mmol/I) Plasma Interstitial Intracellular
Na 142 139 14
K 4.2 4.0 140

Ca

1.3

1.2

0

Mg

0.8

0.7

20

ANIONS (mmol/I)

Cl

HCO3

Protein

HPOA4




 Extracellular fluids are si
protein content of plasma)

— Sodium is the chief cation
— Chloride is the major anion




— Potassium is the chief catior
— Phosphate is the chief anion



e |tis essential to understand ino ;

electrolytes are under tight regulation to maintain consistent tota

body water (TBW) and total body osmolarity (TBO).

« To manage these two parameters, body water will redistribute itse

to maintain a steady-state so that the osmolarity of all bodilyfluid

compartments Is identical to total body osmolarity.




« ECF Osmolarity

regulation of ECF volume
» ECF Osmolarity maintained mainly by NaCl balance:

 Intake: 10.5g/d output: 10g/d In urine



equivalent change in renal water &
» Homeostasis Is by glomerular filtration of plasma to produce an /

ultrafiltrate, tubules process ultrafiltrate so that the final urine flow raig

and solute excretion meet the homeostatic needs of the body.



* |n practice, there is negligik
the different measurements.
 For this reason, both terms are often used interchangeably, even thoug

they refer to different units of measurement.



It Is expressed as mO
used).

« The normal osmolality of extracellular fluid is 280-295 mOsmol/kg.

« Number of osmoles per unit of total weight of solvent (mOsm/kg H20)

« (NOT AFFECTED BY THE VOLUME OF SOLUTES IN SOLUTION)



expressed as mmo

* [t is derived from the measured Na+, K+, urea and glucose
concentrations.
« The osmolarity is unreliable In various conditions - eg,

pseudohyponatraemia such as hyperlipidaemia in nephrotic syndrome, or

hyperproteinaemia.



(5mmol Glucose

 Calculated osmolarity = 2 (Na+) + Glucose + Urea (all in n

« The doubling of sodium accounts for the negative ions associated with
sodium and the exclusion of potassium approximately allows for the

Incomplete dissociation of sodium chloride.



Physiologica

(effective Os P relative to plasma)

Solutes that do not cross the All solutes contributes to Osmolality
cell membrane only counts

2xNa*+ Glucose 285 mOsm/kg Na*x 2 + glucose + BUN 290

mOsm/kg




laboratory) and the calculated c
* [t is normally less than 10-15 mOsmol/kg
« Where the osmotic gap Is increased, it indicates the presence of othe

osmotically active solutes which are not taken into account in the

calculated osmolality - eg, in methanol or ethylene glycol ingestion.



osmolality o

that of the intracellular fluid (ICF). Therefore, plasma osmole

guide to intracellular osmolality. /

 This Is Important, as it shows that changes in ECF osmolality have 2

great affect on ICF osmolality - changes that can cause problems with

normal cell functioning and volume (may even induce cytplysis).



antidiure
reabsorption, more concentrated urine and le
plasma.

Diabetes insipidus is a condition caused by hyposecretion of, or
Insensitivity to, the effects of ADH. Elevation may be associateg’ with

stroke mortality.



* An increase of only 2% to 3%

v @

desire to drink. A change of 10% to 15% in blood volume and arterie

pressure is required to produce the same response.
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INTRA CELLUAR FLUID
28 L(ROUGHLY 2/3 OF TBW)

EXTRACELLULAR FLUID

14 L (ROUGHLY 1/3 OF TBW)

PLASMA
4 L (ROUGHLY % OF ECF)




INTERSTITIAL FLUID
ECF — Plasma VVolume

INTRACELLULAR FLUID
TBW - ECF




ey
— Sex
— Age
 Pathological

— Dehydration
— Overhydration



Loss of water from the bodly,
e.g. vomiting, diarrheq, sweating, & polyuria.
~ Leads to 4 in both ECF & ICF volumes.
> —
 General signs:
- Dry tongue
- loss of skin elasticity
- soft eyeballs (due to lowering of intraocular tension)
- 1 blood pressure (if > 4-6L loss)
- T Hb, & T Hct (packed cell volume)
 Treated with fluid replacement (orally, or 1V).




g

« ECF Is diluted — sodium content
present

 The resulting hyponatremia promotes net osmosis into tissue

cells, causing swelling

* These events must be quickly reversed to prevent severe
metabolic disturbances, particularly in neurons

2



» Factors that accelerate fluic
— Increased blood pressure, capillary permeability
— Incompetent venous valves, localized blood vessel blockage
— Congestive heart failure, hypertension, high blood volume.

— Hindered fluid return usually reflects an imbalance in colloid osmgtic
nressures.

— Hypoproteinemia — low levels of plasma proteins

\A




\lEUId
Renin-angiotensin-
aldosterone
Atrial natriuretic

Decreased sympathe
stimulation

e Decreased ECF results In

hormone (ANH) _
. : Increased aldosterone secretion
Antidiuretic hormone :
Decreased ANH secretion
(ADH)

Increased ADH secretion
Increased sympathetic stimulation



— High pressure (less important)
* Carotid sinus
 Aortic arch
 Juxtaglomerular apparatus (renal afferent arteriole)

« Sensors in the CNS (less important)
 Sensors in the liver (less important)

N.B. Regulation of ECF volume = Regulation of body Na*. Thus,
regulation of Na* also dependent upon baroreceptors.



HORMONAL REGULATION OF
BLOOD VOLUME
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Decreased ADH

o ek Dec ed ADH dec th

Thei in blood vol reas reases the

e e e | potaasies CFine

baroreceptors. distal tubules and
collecting ducts to water.

Less water returns to

ANH mechanism the blood and more
The increase in blood volume |_, Increased ANH water is lost in the urine.
(pressure) is detected b secretion results.
atrial cardiac muscle cells. -
Decreased aldosterone
ln:ﬂbltio:\ of thle and lncreasec‘i’ 'ANH
- # renin-angiotensin- decrease sodium

Renin-angiotensin g Faheoraton 1 e

aldosterone
aldosterone mechanism mechaniam distal tubules and

The increase in blood volume ™ decreases collec cts: mo
pressure) is detected bY the aldosterone sodllumu :r?dd\:aten" is l:;;t
xtaglomerular apparati.
= secretion. in the urine.

An increase in blood volume occurs A decrease in blood volume (blood
(usually results in an increase in pressure) results from increased water
blood pressure). and sodium loss in the urine.

Blood volume Blood

Blood ,
volume increases . volume

(sormal : \ / b homeostasis
decreases is maintained




HORMONAL REGULATION OF
BLOOD VOLUME
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Blood i Blood
volume volume
(normal y— homeostasis
range) is maintained

A decrease in blood volume occurs An increase in blood volume (blood
(usually results in a decrease in blood pressure) results from decreased water
pressure). and sodium loss in the urine.

Renin-angiotensin- Stimulation Increased aldosterone and

of the renin- decreased ANH increase
SIERIGReIONG Mori iotensin- sodium reabsorption in the

The decrease in blood volume | | 2090 CRT | > §idta) tubules and collecting
p?gsmls go;tgce:&d by the mechanism ducts: less sodium and
nas e 5 increases water is lost in the urine.

aldosterone
secretion.

ANH mechanism
The decrease in blood * Increased ADH increases

volume (pressure) is the permeability of the distal

detect R cardigc tubules and collecting ducts

muscle cells. . to water. More water returns
to the blood and less water
is lost in the urine.

ADH mechanism Increased ADH * Increased thirst increases
The decrease in blood " secretion and water intake, resulting in
volume is detected by increased thirst increased movement of
the baroreceptors. result. water into the blood.




REGULATION OF ECF VOLUME
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Increased
renin secretion ~ Decreased
(from kidney) BP

Angiotensinogen
Kidney

Angiotensin |

Angiotensin li Increased Na+
and water
reabsorption
results in
increased BP

(a) Low blood pressure (BP) stimulates
renin secretion from the kidney. Renin
stimulates the production of
angiotensin |, which is converted to
angiotensin I, which in turn stimulates
aldosterone secretion from the adrenal
cortex. Aldosterone increases Na+ and
water reabsorption in the kidney.

Increased blood
pressure in right atrium

Increased ANH

Increased Na+ excretion
and increased water loss
result in decreased BP

Increased blood pressure in
the right atrium of the heart
causes increased secretion
of atrial natriuretic hormone
(ANH), which increases Na+
excretion and water loss in
the form of urine.




REGULATION OF WATER INTAKE

Stimulates Increased volume

Decreased volume
osmoreceptors of extracellular fluid

of extracellular fluid in hypothalamic
thirst center Sensation of thirst;
person seeks a drink Decreased

Increasgd osmolality of
osmolality of extracellular fluid

extracellular fluid

Decreased

saliva o
secretion N 4 Water absorbed from
Key: : o) gastrointestinal tract

- = Stimulation
‘ = Inhibition
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