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Objectives

At the end of this lecture you should be
able to:

e |dentify and describe daily intake and output of water and
maintenance of water balance.

e List and describe of body fluid compartments as
intra-cellular fluid (ICF), Extracellular fluid (ECF), interstitial
fluid, transcellular fluid and total body water(TBW).

e Describe the composition of each fluid compartment, in
terms of volume and ions and represent them in graphic
forms.

e Physiology factor influencing body fluid: age, sex, adipose
tissue, etc. Pathological factors: Dehydration, fluid infusion.



% Factors that affect the TBW

Human body.contain 40-70% water.

Infants
Healthy males adult
Healthy females adult
Older age

Obese

Example:
70 Kg man has 42 L of water.
1 Kg of water = 1L of water.

Percentage of body
water

/3% or more
70-73%

60%

40-50%

4L5%

L5%

Y Daily Intake and output Of Water

Total intake = Total output

clarification

Have low body fat, low bone
mass.

Lower body fat, larger
amount of skeletal muscle.

Higher body fat, smaller
amount of skeletal muscle.

Total body water declines
throughout life.
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| Feces 4%

Sweat 8%

via skin and
lungs 28%

Urine 60%

Click each ofthe people below to determine the approximate percentage
of water in their bodies. |
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! Insensble—skin 30 N e

! Insensible—lungs 350 650 1]

I Sweat 100 5000 |

I Feces 100 0 ol

I Urine 1400 0 % v /
1 Total output 2300 6600 : ) Average intake ~ Average output
e 3 I perday _ _ perday

| WATER TANK ANALOGY

! Maintaining water homeostasis is a halancing act. The
1 amount ofwater taken in must equal the amount of water lost.

Water Intake Water Output
*Food and drink; 2300 mL *Kidneys: 1500 mL
« Cell metabolism; 200 mL «Skin: 600 mL
tLungs:  300mL
*Gltract 100 mL
*Total: 2500mL +Total: 2500 mL

Main output can change by changing in the physiological condition



% Regulation of water intake depends on:

Level of

Climate Habits physical

activity

% Regulation of water intake

e The hypothalamic thirst center is stimulated according to the following table:

o
T
2.
3.
i,
5

Plasma osmolality
(Concentration)

ey
| Increase or decrease

|

_!. ........................
| Decrease
i
| Increase

|
S

| Percentage of stimulation
| (%) |

In steady body state water intake =water loss

The hypothalamic thirst center is more sensitive to plasma osmolality than
plasma volume Due to osmolality’s low percentage of stimulation.

% Factors that affect the TBW

Physiological factors:
Age.

Sex.

Body fat.

Climate.

Physical activity.

Pathological factors:
1. Vomiting .
2. Diarrhea.

3. Diseases with excessive loss of water(excessive sweating,diabetes mellitus (DM)).

4. Blood loss.



% Fluid Compartments :

e \Vater contains 2 fluid compartments:

e |Intracellular fluid (ICF).
e Extracellular fluid(ECF): which contains plasma and interstitial fluid (IF).

Intracellular fluid (ICF)

Plasma

Fluid Compartments

Total body water volume =
40 L, 60% body weight

The 60 40 20 rule: 60% is for total body water,
it divides into 40 and 20 percent Extracellular fluid volume =
(40%for ICF and 20%for ECF). 15 L, 20% body weight

Intracellular fluid volume =
25 L, 40% body weight

FLUID COMPARTMENTS

EXTRA CELLUAR INTRA CELLULAR
FLUID FLUID

isn't
important

INTERSTITIAL Y TRANSCELLULAR
PLASMA FLUID FLUID

CSF

Intra ocular
Pleural

Peritoneal
Synovial

Digestive Secredion




% Fluid Compartments :

Total Body Water (TBW)
(70 Kg man) 42 litres

Extracellular Fluid Volume (ECF)

1/3 of Total Body Weight = 14 Intracellular Fluid Volume (ICF)

2/3 of Total Body Weight = 28 Litres

Litres
Very Important
Reem e e leen !
i 30 o Plasma | TBW = 0.6 x Body weight !
ECF 1/4 Of ECF L |
_ — 3.5Litres o
= 10.5 Litres | . |
i N .Note. i
| . Interstitial fluid Ranges between |
% Intracellular and extracellular fluid 75%-80% Of ECF |
e | Plasma ranges between 20%-25% of |
e Intracellular fluid (ICF) ] ECF_ . B
Inside the cell. e Plasma and interstitial fluid are almost
73 0f TBW. § having the same composition except
 High concentration of protein. for high protein concentration in
’ ' plasma.
e [xtracellular fluid (ECF):
Outside the cell. Internal environment
5 of TBW. -
; . Interstitial fluids are composed
. & (onsists of: . ultrafiltration of plasma in capillary walls
1. Plasma: fluid circulating in blood T
U eeeale T e

Calculate the total body water content of a
40-year-old 70kg man?
i TBW=0.6%70=42L.
. & How many (L] lie intracellularly?
ICF=TBW*%3=42*%5=28L.

20%=7, of ECF. :
i e How many (L] lie extracellularly?

. 2. Interstitial fluid: fluid bathing the cell.
Ultra filtration of plasma.

80% =7,0f ECF.

Transcellular Fluid Compartment (TCF);
Small amount

ECF=TBW*Ya=42*Y3="14L.
Example:

' @ How many (L) constitute the interstitial fluid

- (F)? IF=ECF+%4=14+%=10.5L

. ® How many (L] arein
plasma?plasma=ECF+Ya=14+"4=3.51

- o (SF,GIT Fluid, Biliary Fluid, Synovial

. Fluid, Intrapleural Fluid Intraperitoneal
Fluid ,Intrapericardial Fluid and '
Intraocular Fluid .

Thanks to 439 team o'a



% Composition Of Body Fluid:

Solutes are broadly classified into :

- Each compartment
must have almost the
same concentration of

positive charge
(cations ) as of
negative change

(anion) .

o Electrolytes :inorganic salts, all acids and
bases , and some proteins.

o Nonelectrolytes : examples include glucose,
lipids , creatinine and urea.

Concentration: i |

é isn't :

Amount = in moles, osmoles. ; (mafpeEEs |

A Molarity = moles/liter (M/L).

A Osmolarity = osmoles/liter (osm/L).
d  Osmolality = osmoles/Kg (osm/kg).

In Biological Solution : § i

! Isn't :

e Milimoles per liter (mM/L) , important !

(Electroneutrality )

e Miliosmoles per liter (mOsm/L)
TMM=1/1000 M
TMOsm=1/1000 Osm

Water Is the universal solvent

tion Anions
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All values are for example and may be vary



% Electrolyte Concentration

e Expressed in milliequivalents per liter ( mEq/L) , measure of

number of electrical charges in one liter of solution.

e mEQg/L = ( concentration of ion in [mg/L]/ the atomic weight of

ion ) x number of electrical charges on one ion .
e Forsingle chargedions, 1 mEg=1 mOsm
e Forbivalentions, 1 mEq=7% mOsm

% Extracellular and Intracellular Fluids

N7

protein content of plasma)

R/ R/
0’0 0’0

/ /
%S % ¢

Constituents of ECF and ICF

o
u centration (mEq/L)

ppppppppp

Each fluid compartment of body has a distinctive
pattern of electrolytes.
Extracellular fluid are similar ( except for the high

Sodium is the chief cation (Positive charge).
Chloride is the major anion (Negative charge).

Intracellular fluid has has low sodium and chloride .
Potassium is the chief cation (Positive charge).
Phosphate is the chief anion (Negative charge).

Extracellular Fluids Intracellular fluids

Have low potassium and
phosphate

Sodium is the major cation

Chloride is the major anion

Thanks to 439 Team gl X2

have low sodium and
chloride

Potassium is the major
cation

Phosphate is the major
anion




= Normal Range of:

Na+ = 135-145 mEg/L
K+ =3.6-5.2 mEqg/L

All ranges may be vary depends on the laboratory’'s reference

/ Hypokalemia : decrease in K concentration in the ECF .
1-2 mEq/L

Hyperkalemia : increase in K 60-100%above normal.

-~

~

/

Hyponatremia : decrease in Na concentration in ECF .

~

Hypernatremia : increase in Na concentration in the ECF

\

4 Remember Na with

/
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% Regulations of fluid exchange between extracellular fluid and intracellular
fluid (through cell membrane);

% intracellular fluid (ICF):

cell membrane

% extracellular fluid (ECF):

e Highly permeable to water .
e Relatively impermeable to small ions . i.e. only water is moving.
e (Osmotic effect of electrolytes (Na,K,Cl)



Test yourself

Y MCOs

Q1:Compared with the ICF, the ECF has ............. Phosphate ion concentration

A- higher B-lower C-equal D-zero

Q2:What is the chief cation in the ECF

A- phosphate B-sodium C-chloride D-potassium
Q3:When someone is thirsty the plasma osmolality

A-increases B-declines C-doubled D-tripled

Q4: sweat represents. ....... Of daily average output of water

A-4% B-8% C-28% D-60%

Q5: If the Na+ concentration in the interstitial fluid is 138 mmol/I, Which one of
these choices is the approximate plasma concentration for normal person

A- 147 B- 130 C-14 D-274

v-& d-% Vv-& d-¢ 9g-l

% SAQ

Calculate the plasma volume (in liters) in
a 32-year-old male weighs 60kg

10 liters
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