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C‘/ About 60% of the adult human body is fluid. Some of this fluid is inside

the cell and is called the intracellular fluid (ICF). The fluid in the

spaces outside the cell is called the extracellular f1fid (ECF).

\| In animals with closed vascular systems, the ECF is divided into 2 components:
@ The Interstitial Fluid and the Circulating Blood Plasma. The plasma and |
cellular elements of the blood, principally red blood cells, fill the
vascular system, and together they constitute the total blocd volume. About
a third of the total body water (TBW) is extracellular; the remaining two—
thixds is intracellular fluid. /

)| Size of the Fluid Compartments:-

v

In the average young adult male, 18% of the body weight is protein and

related substances, 7% is mineral, and 15% is fat. The remaining 60% is
‘water. 'l‘he distribution of this water is: The intracellular component
. of' the bédy water accounts for about 40% of the bt:;dy weight and the extra-
.+ cellular cmponent about 20%. Ppproximately 25% of the extracellular
eonporant 13 in the vascu.lar system (Plasma = 5% of the body weight) and
75% outside the blood vessels (interstitial fluid = 15% of the body weight).
\ The total blood volume is about 8% of body weight.

Q Differences between Extracellular Fluid and Intracellular Fluid:-

-Bot.h of these fluids contain reascnable amounts of the ;sual nutrients
required by the cells for metabolism, 1ncfud1ng such substances as gl@se,
amino acids, lipids, choleste;ol, phosptnlipi.d and neutral fat. Also, both

fluids com:am oxygen and CO, and H conoenttation (is only slightly different
between the BCF-and mtracellular fluid).

’
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. There are two major reasons for the different concentrations between ECF and

ICF;

@ T SOIre substances that enter the cells are utilized so rapidly that .their

concentrations became reduced inside the cell in camparison with the

outside. For instance;- The concentrations of both glucose and O,

are lower inside than outside because both are continually being used

in the metabolic reactions of the cell.

These metabolic reactions inside

the cell also create new subsiances, thereby causing'che concentrations

of these to be greater inside than outside. For instance, large quan--

‘tities of Q0, are formed in the cells, which means that tha CO, concen-
tration is rormally somewhat higher inside than outside. Likewise,

o ircF
ST NaTf 3(«:«\6" e 3“‘“’/
A : Na+ OU\\ " 0S J?

\g o 142 mBq/1’ 10 mEq/1

/\j\/\/\/\N\-/\/\/\/\/\/\J\/\/SM 141 mBg/1
catt N e e et N
5 mEq/1 < 1 mEg/1
T+
Mg 3 niEg/1 . 58 mig/1
& 103 mEg/1 4 mBg/1
OOy 28 mEq/1 10 wBq/1
Phosphates 4 meg/1 75 mEq/1
so,” ~ 1 mBq/1 2 mEq/1
Glucose 90 mgm 0-30 mgm %
2minoacids 30 mgm & 200 magm 3
Cholesterol ' )
v F o ) ‘ -
Phospholipids) 0.5 om#% 2-95 gm %
' ! )
Neutral fat )
‘ PO, - 35 nm. Hg 20 mm.Hg
o
POO, - T 46 mm.Hg 50 mm.Hg
R s 7.4
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£r end pProducts of cellular metabolism

such as urea, creatinine,
Slﬂ fates and so forth

» are all present in the ICF in considerably
higher concentration than in BCF.

2, The
O second reason is selectivity of transport of substances through

the cell membrane. The cell membrane is highly permeable to some

substms and very pooriy permeable to others.

The Fl\h.d Transport System;=-

ECF 1s transported to all parts of the body in two different stages:

The first stage entails movement of blood arcund the circulatory
System,

- The second, movement of fluid between the blood capillaris and
the cells.

All the blood in the circulation traverses the entire circuit of the circu-
lation on average of once each minute, when a person is at rest and as
many as six times each minute, when he becomes extremely active, As blood

. passes through the capillaries, contlnual exchange occurs between the plasma
portimotthebloodandttnint.erstitial fluid in the spaces surrounding
the capillaries,

The capillaries are porous 80 that large amounts of fluid can diffuse back
and forth between the blood and the tissue spaces. This process of dif-

fusion is caused by kinetic motion of the molecules in both the plasma and
ECF. That is, all fluid and dissolved molecules are continually moving and
mmmwwmm.wmmmmm
.»aotorth Mmtmcenmmwmunnzsmsommstma

,'api.lh:ymuehmmmmumotalmnmym&mthcapinm

_ "totbmnmﬂmnmm Thus the ECF throughout the body is
£ 4



q“-" TABLE 1-2. Plasma Electrolytes
Electrolytes mEq/L
Cations
Sodium (Na*) 142
Potassium (K*) 5
Calcium (Ca*) 5
Magnesium (Mg**) 2
Total cations 124
Anions |
Chloride (CI) 103
Bicarbonate (HCO;) 26
Phosphate (HPO, ™) 2
Sulfate (SO,™) 1
Organic acids 5
Proteinate A7
Total anions 134

1y DG
P c 0N IONS  caes ()\esmc\ = Hof aniws inplésme

Pr H cations v TCF = H of anens in TCE= 208

G TABLE 1-3. Approximation of Major
Electrolyte Content in Intracellular Fluid
Electrolytes mEq/L
Cations
Potassium (K*) 150
Magnesium (Mg**) 40
Sodium (Na*) 10
Total cations 200
N
Anions
Phosphates }
Sulfates 150
Bicarbonate (HCO,") 10
Proteinate 40
Total anions 200
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Figure 2.7. Comparision of the electrolyte composition of intracellular fluit
and extracellular fluid (ECF).



continually mixed
Y and thereby maintaine almost complete homogeneity

Measurement of body fluig volumes:

it is umretlcally pPossible to measure the size of each of the body fluid
compartments by injecting substances that will stay in only one compartment
and then calculating the volume of fluid in which the test substance is
distributed (the volume of distribution of the in)ected material). The
volume of distribution is equal to tﬁe amount injected (minus any that has

been removed from the body by metabolism or excretion during the time allowed

for mixing), divided by the concentration of the substances in the sanple.
( neY VQ/US ; w\()o(ﬂc\ﬂ—‘)
Example: -

O

150 mg of sucrose are injected into 70 Kg man. The plasma sucrose level
after miking is 0.01 mg/ml, and 10 mg have been excreted or metabolized

during the mixing period. The volume of distribution of the sucrose is

150 mg - 10 mgy
" 0.01 mg/ml

= 14.000 ml. (Pilution Principle)

14'.006 ml is the space in which the sucrose was distributed, it is also

O called the sucrose space. The material injected must be non toxic, must
mix evenly throughout the compartment being measured, must have no effect
of its own on the distribution of water or other substances in the body, and

mst be unchanged by the body during the mixing period. It also should be

relatively easy to measure.

Plasma Volume:—.

The plasma volume 15 measured by injecting some substance that will stay in

the plasma compartment of the circulating blood. Such a substance frequently
_ used is a dye called Evans blue (T-1824), which, upon intravenous injection,

conbines almost immediately with plasma proteins - plasma volume can also

be measured by injecting serum albumin labeled with radiocactive iodine,



Body fluid

® Variation in water content:
m Variation due to age: total body water (TBW) ' with

_increasing age, by age of 60 years it becomes 50 %

-m Variation between tissues:
| l Most tissues are water-rich and contain 70-80% water

@ Plasma contains >90% water
m Fat is the driest tissue of all, having only 10% water

content

oL Variation between individuals:
m TBW in a standard male is 60% of his body weight,
while in female, its 55%, due to higher fat content

m Obese adults have lower percentage

m Plasma:
® Liquid part of the blood
® Inside the blood vessel (intra vascular) _."
m Ysof ECF

B Interstitial fluid;
~m baths all the célls in the body and is the link between ICF and

intravascular compartment

m % of ECF
= Tranecellular fluid:
m Small fluid volumes secreted by specific cells into a cavity, to

perform a specialized function
» Itincludes CSE, GIT fluids, aqueous humor and joint fluid

= Lymph:
s The fluid being returned from the interstitial fluid to the Plasma

hv lvmnhatic vessels



e L UENE TS
i

S
o gp—— -

Body Fluid Compartments

m TBW represent about 60% of total body weight:

o

m Intracellular fizid (ICE): f-’

m fluid within-the cells j e '
m about 2/3 of TBW (40%)

m Extracellular fluid (ECE):
m fluid outside the cells , B
m About 1/3e¢f "= (20%) ¢ ‘
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