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F General Physiology-2024 ‘ .
@ Lecture 10 s

Geadl Ll s

Changes In Body Fluid Compartment Volume And
Osmolarity In Different Abnormal States

Presented by:

Dr.Shaimaa Nasr Amin
Professor of Medical Physiology

Objectives

1.Interpret a volume-osmolality diagram, representing
alterations in the body fluid status of a patient.

2.Evaluate the impact of different clinical scenarios on the
steady-state plasma volume and osmolality variables in a patient.

3. Apply the knowledge of body fluid concepts to new cscenarios
on summative assessments.
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Body Water as % Body Weight

Total body water (TBW)
[60% of body weight]
l
|
Intracellular fluid (ICF) " Extracellular fluid (ECF)
[40% of body weight] [20% of body weight]
[2/3rd of TBW] [1/3rd of TBW]
| ,
I |
Interstitial fluid (ISF) Plasma
[15% of body weight] [5% of body weight]
[3/4th of ECF) [1/4th of ECF)
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EFFECTIVE OSMOLARITY
COMMRTUENT 1 COVPARTIMENT 2
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R OGR AR Consider two compartments separated by a membrane

1.0L 1 100 which is freely permeable to water. Compartment 1
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X=dmmoll | X = Ommoit contains the non-electrolyte molecule X to which the

membrane is impermeable at a concentration of 4 mmol/L
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which equals 4 mOsm/L. Compartment 2 contains the
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YRV 1 non-electrolyte molecule Y to which the membrane is
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1.0L 1 1.0L permeable, also at a concentration of 4 mOsm/L.
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NORMAL BODY FLUID COMPOSITION EFFECT OF ISOTONFC SAL INE INFUSTON ON
AS PERCENT OF BODY WEIGHT BODY FLLU D COMPOSETION
IN ANAVE RAGE TOKg LEAN ADULT MALE AS PERCENT OF BODY WEIGHT

INANAVERAGI TOKg LIEAN ADULT MALE

INFLYE 2L OF BOTONIC S ALINE INTRAYENOOSLY
ASSTUME DNSTRITUTION COMTLETRE BEPORS ANY EXCHRETION
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NORMAL BODY FLUID COMPOSITION EFFECT OF WATER INGESTION ON
AS PERCENT OF BODY WEIGHT BODY FLUID COMPOSITION
IN AN AVERAGE T0Kg LEAN ADULT MALE AS PERCENT OF BODY WEIGHT

IN AN AVERAGE 70 Kg LEAN ADULT MALE

INGESTSLOFWATEN
ASSUME DIN TICEL TRON COMPLETE BEAORE ANY EXONYTION
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NORMAL BODY FLUID COMPOSITION FFFECT OF HYPEROSMOTIC UREA INGESTION ON
ASPERCENT OF BOTYY WENGHT BODY FLUID COMPOSEIION
INANAVERAGE TORg LEAN AIULT MALEK ASPERCENT OF BODY WEIGHT

INANAVERAGE TOKg LEANADULT MALE

INGEST ST OF 250 o tundl, LA
ASSEARE INSTRIBLUTION COMPL L IE BRERORE ANY B XCKETIoN
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Moles X

(‘A mole is the molecular weight of the substance in grams. Each mole

(mol) consists of 6 x 102* moleculeg) The millimole (mmol) is 1/1000 of
a mole, and the micromole (pmol) is 1/1,000,000 of a mole,

Example: 1 mol of NaCl = 23 g + 35.5 g = 58.5 g, and 1 mmol = 58.5
mg. (Atomic weight of Na = 23 and Cl = 35.5)

Dr.Shaimaa N.Amin, 2024 (L10)
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(( It expresses concentration of osmotically active particles. ‘))
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1 Osmole = Mol/Number of freely moving particular each mole
liberates in solution

Examples:
= 1 mol of NaCl = 2 osmoles because each NaCl molecule given one
Na* and one CI" particle is solution.
= 1 mol of Na,SO, = 3 osmoles because each Na,SO, molecule

gives 2 Na* and 1 SO, in solution.
m 1 mol of, CaCl, = 3 osmoles, because each molecule of CaCl, give
3 particles (1 calcium and 2 CI') in solution.

Dr.Shaimaa N.Amin, 2024 (L10)
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Definition:(This is the osmolality of a solution with respect to plasma
osmolalit

Example: Q9% NaCl is isotonic; 5% glucose is isotonic initially; later
has become hypotonic.
e

\\:3?0 7 9-,(~,3 Y u}&él’ug
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Normal saline

* Q1. What is the molarity and osmolality of normal saline (0.9
% NaCl solution)

04 .e92Y G2 A/

oY% S\,\mx 3 —> @

ot = A _oz9:153Y Y /
11 @ ' [ 5
Ly =153.¢ m/MW

R e 1 il &

Normal saline

Solution &(

1. Find how many grams of NaCl in 0.9 % solution) L
0.9% means that there 0.9 gm NaCl in 100 ml of water J%
Therefore. Weight of NaCl in in one liter = 0.9%10 =9 gm/L
*The molecular weight of sodium chloride is 58.5 g/mol

2. Convert gms to moles by dividing the weight in gm to the molar mass ie
Moles = gms/molar mass /
Number of moles = 9/58.5 = 0.1538 M /

3, Convert the number of moles to mM
mM = M*1000 = 0.1538 ¥1000= 153.8

Dr.Shaimaa N.Amin, 2024 (L10)
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Normal saline

A.Molalr’igy = Number of mM/one liter
=153.8 mM/L

&
ey
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* How do you calculate osmolarity?
Osmolarity can be calculated by multiplying the molar

concentration of a solute by the number of particles that it

dissociates into. This can be represented by the formula:

Osmolarity = (molarity of solute) x (number of particles in

solution).

// Osmolarity =g C \

where

Osmolarity = Concentration of particles (mOsm/L.)

g = Number of particles per mole in
solution (Osm/mol)

C = Concentration {mmol/L)

/
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Normal saline
B. Osmolarity: )z‘ o swals rra

The osmolarity is 2 x 0.154 = 0.308 osm/L = 308 mOPsm/L

308 mOsm/L x 0.93 (osmotic coefficient) = 286 mOsm/L is the
actual osmolarity of 0.9 % NaCl

Dr.Shaimaa N.Amin, 2024 (L10)
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Calculate The Osmolaity Of 5 % Glucose Solution .

* 53y — looml L o Gl = So sll

e L= 50 G ggmi = 2FEmM
1§ 05 bt
A Osmda 4,220 = 228 wniL
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1. Mass of glucose in solution:

D5W =5 g/dL = 50g/L 50 g/L

2. Moles of glucose:

mass of glucose / molecular weight of glucose

50 g /180 g/mol =0.278 mol

3. Conversion to mOsmol/kg (or mOsmol/L in this case)

(0.278 mol)(1000 mmol / mol)(n)

Since n = 1 for glucose, we have

(0.278)(1000 mmol / mol)(1) = 278 mOsmol/kg = 278 mOsmol/L

Dr.Shaimaa N.Amin, 2024 (L10)

17
* The following Darrow—Yannet Diagram shows a graphic representation of body fluid
compartments and osmolality at equilibrium following the administration of normal
isotonic saline, hypotonic and hypertonic NaCl solutions.
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Using the above diagrams, show changes in body fluid
compartments volume and osmolarity in the follgwing conditions:

l. — in a person caused by fluid restriction for 24 hours

Il.  (Ovérshydratioh due to excessive release of ADH in a patient

diagnosed with lung cancer associated with the syndrome of
inappropriate secretion of antidiuretic hormone (SIADH) =

lll.  Hyponatremicdehydration in a patient diagnosed with adrenal
insufficiency which is associated with aldosterone secretion

IV. (ISosomoticidehydration caused by sever loss of blood.
L m——

¢ — ‘
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Dehydration versus over-hydration

/Dmtion is a clinical condition with an abnormal reduction
of one or more of the major fluid compartments (ie, total body

~—__water with shrinkage of blood volume or ISF).

Dr.Shaimaa N.Amin, 2024 (L10)

/@rhydraﬂon-fefew t0 a clinical condition witha al
| increase in total body water resulting in an increased ECV.

20
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Dehydration

Dr.Shaimaa N.Amin, 2024 (L10)

NADAM

23
Syndrome of Inappropriate
Antidiuretic Hormone
NORAID Secretion (SIADH)
Dr.Shaimaa N.Amin, 2024 (L10)
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Remember:

» Water moves rapidly across cell
membranes; therefore, the

osmolarities of ICF and ECF remain
almost exactly equal to eachother
except for a few minutes after a
change in one of the

compartments.

Dr.Shaimaa N.A
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Remember:

» Cell membranes are almost Bl s [ Eoetuer nis
completely impermeable to many . s

[
solutes; therefore, the number of 3,
osmoles in the ECF or ICF generally £ .,
remains constant unless solutes E o [
are added to or lost from the ECF W)
compartment.
Dr.Shaimaa N.Amin, 2024 (L10)
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Remember:

» Y-axis: Solute concentration or, B rvscosie s [ Extraceteter nss

osmolality ——

o 300
» X-axis: Volume of ICF (2/3) and ECF é;uo
(1/3) g,w

& ol
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Velume {Iners)
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Remember:

» In normal control state, osmolality of Bl it [ i
ICF and ECF is equal. ARG _h

» Whenever any solution is added or, ga'o
lost from body, its changes the ECF E o
volume or, osmolality or, both § o
according to the type of solution § e o

(isotonic, hypotonic or, hypertonic). Yetume (iners)

» ICF volume varies with ECF
osmolality and ICF osmolality
changes inversely to volume change.

Dr.Shaimaa N.Amin, 2024 (L10)

Osmolarity
A

A ICF | ECF
>

Valume Volume
Darrow-Yannet Diagram

Dr.Shaimaa N.Amin, 2024 (L10)
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Table 1.4: Changes In volume and osmolarity of body flulds.
ICF volume
No change

Type (diagram no)  Example ECF volume
Gain of isolonsc Mukd  ksotonic NaCl Increased
(8) Infusion
Loss of isotonsc fluid  Hemorrhage Decreased
(C) Diamhea

Vomiting
Gamn of hypotonic SIADH Increasad
Muid (D) Drinkng of tap water
Loss of hypotonic Swealing, Decreased
fluwd (E) Diabetes nsipidus
Gain of hypertonic Excessive NaCl Increased
flind (F) Intake, mannital
Loss of hypertorc Adrenocodical insul- Decreased
fluid (G) fciency

Dr.Shaimaa N.Amin, 2024 (L10)

No change

Increased

Decreased

Increased

Decragsed

Increased

Increased

Decreased

31

Gain of Isotonic Fluid (B)

Infusion of isotonic solution will lead to increase ECF volume but no
change in osmolality. Because there is no change in osmolality, ICF

volume remains same.

Osmolarity
A

E ICF | ECF

<
Volume

Dr.Shaimaa N.Amin, 2024 (L10)

Volume

>
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Loss of Isotonic Fluid (C)

Osmolanty
A

ICF

Will only decrease thg ECF vol e.Jj

Dr.Shaimaa N.Amin, 2024 (L10)
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33

Gain of Hypotonic Fluid (D)

It increases the ECF volume, but because

reached.

Osmolarity

of its hypotonicity, the final

osmolality of ECF decreases. Water shifts from ECF to ICF (osmosis),
which leads to increase ICF volume. Because its only shift of water
from ECF to ICF, osmolality of ICF reduces until new equilibrium

-
I
!

B
‘ 1 .

Volume

Dr.Shaimaa N.Amin, 2024 (L10)
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Loss of Hypotonic Fluid (E)

Hypotonic loss leads to decrease volume but increase osmolality of
ECF. Water shifts from ICF to ECF (osmosis), which decrease ICF
volume.

Osmolarity
A

I
=3
|
|
1 |

>
Volume Valume

e e - b §

Dr.Shaimaa N.Amin, 2024 (L10)
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Gain of Hypertonic Fluid (F)

Increase in effective volume and osmolality of ECF. Water shifts from
ICF to ECF, which leads to decrease ICF volume and increase
osmolality until new equilibrium reached.

Osmolarily
A

p§

>
\inlume Volume

Dr.Shaimaa N.Amin, 2024 (L10)
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Loss of Hypertonic Fluid (G)

Decrease ECF volume and tonicity because of hypertonic fluid loss.

So, ICF volume increases and tonicity decreases.

Osmolarity

>
Volume Volume

Dr.Shaimaa N.Amin, 2024 (L10)

Decrease tonicity of ECF, shifts the fluid from ECF to ICF (osmosis).

37
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Calculation of Fluid Shifts and Osmolarities, after
Infusion of different solutions

Dr.Shaimaa N.Amin, 2024 (L10)
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Calculation of fluid shifts

vt B o/\eovl = BOJ/L
If 2 liters of a hypertonic 3.0% sodium chloride solution were infused into the
extracellular fluid compartment of a 70-kg patient whose initial plasma
Sesses | osmolarity Osm/L. Lyl = 4 L_,
s What would be the intracellular and extracellular fluid volumes and
osmolarities after osmotic equilibrium?

= = \-\..\?’

-

':Z"’A i \'_'

i
ol = 22 = O.10255
586

O Sma = O 205 = 2.05| mos-

Calculation of fluid shifts

25\ onAe 2EL| 5

Step 1. Initial Conditions U_fiﬁ
Volume Concentration  Total
(liters) (mOsm/L) (mOsm)
Extracellular fluid 14 280 3920
é Intracellular fluid 28 280 7840
Total body fluid 42 280 11,760

Dr.Shaimaa N.Amin, 2024 (L10)
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The total milliosmoles added to the extracellular fluid in 2 liters of
3.0% sodium chloride:

* A 3.0% solution = 3.0 g/100 ml=30 grams of sodium chloride per
liter.

* The molecular weight of sodium chloride is about 58.5 g/mol=
0.5128 mole of sodium chloride per liter of solution=1.0256 mole
of sodium chloride for 2 liters of solution.

* Because 1 mole of sodium chloride is equal to approximately 2
osmoles (sodium chloride has two osmotically active particles per
mole), the net effect of adding 2 liters of this solution is to add 2051
milliosmoles of sodium chloride to the ECF.

Dr.Shaimaa N.Amin, 2024 (L10)
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Calculation of fluid shifts

Step 2. Instantaneous Effect of Adding 2 Liters of 3.0%
Sodium Chloride

Volume Concentration Total

(liters) (mOsm/L) (mOsm)
Extracellular fluid W‘“’ T 373 5971
~—
Intracellular fluid 28 280 7840
291 ° L\ Zo\s
Total body fluid b‘:q&q, iﬁl No equilibrium 13,811 -2
Dr.Shaimaa N.Amin, 2024 (L10)
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Calculation of fluid shifts

Step 3. Effect of Adding 2 Liters of 3.0% Sodium Chloride
After Osmotic Equilibrium
Volume  Concentration Total
(liters) (mOsm/L) (mOsm)
Extracellular fluid 19.02 313.9 5971
Intracellular fluid 24.98 313.9 7840
Total body fluid 44.0 313.9 13,811
Dr.Shaimaa N.Mnin, 2024 (L10)
* wre\ oD 57
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_ g34 2
@l = 234

o

WAy = "l‘%‘:\ @9

These calculations assume that the sodium
chloride added to the extracellular fluid
remains there and does not move into the
cells.

Dr.Shgj@ma N.Amin, 2024 (L10)
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. 2 = Om me\
}“L = QODH/'MI” e - 233 mM
/90.o¢.> ) = 23 Mo~

L

e Assume the standard 70 I:gmmale, in whom the original (;«-.(-/‘—‘L:FS Go
osmolality of the|ECF is 290 mOsm/kg water. Assume that 2 cle
liters of glucose 5% solution where added to the ECF by 4 ¢33l
intravenous route. Calculate the effect of this addition on the mosul
volumes and osmolality of the ECF and ICF at equilibrium. :,39,(,:)
Assume that all of glucose is metabolized and there is no o W
change in the number of mOsm added to the body fluid Q{jy’vl
compartments , the infusion of glucose solution will be similar Sb,)’-j"ﬂ
to the ingestion of 2 liters of water . Table 1 shows the initial B

volume of body fluid compartments and their osmoarity and
table 2 shows, changes that occur after the infusion of 2 liters
of glucose solution at equilibrium.

Yate
L DL

Dr.Shaimaa N.Amin, 2024 (L10) (4
>JC
® WS d=A\>
- Dendlibg S \WNookohi ¢
Initial conditions:
/'\‘
Initial total body water DEx70kg(= 421
Initial ICF volume 0.4 x 70 kg/Z 28 It
Initial ECF volume 0.2x 70 kg 714 W/
TBW volume x osmolality
Initial total body osmoles 42 liters x 290 mOsm/liter
12180 mOsm
ICF volume x osmolality
Initial ICF osmoles 28 liters x 290 mOsm/liter
)
( 8120 mOs
N
[EG volume x csmolality
Initia ECF osmoles 4 liters x 290 mOsm/liter
4060 mOs
Dr.Shaimaa N.Amin, 2024 (L10)
46

23



3/17/2024

/‘/E:‘)
Final conditons: /

Final osmolality (Total body osmoles)/(new TBW) \/\ - \.Z’o
12180 mO=sm/(4242) kg water IC‘G q 1
277 mOsm/kg water \‘
Final ICF volume (ICF osmoles)/(new osmolality) = a- 2 J‘D
8120 mOsm/(277 mOsm/kg watear)
29.3 kg water = 203 liters - —
Final ECF volume (ECF osmoles)/(new osmalality) L 09
4050 mOsm/(277 mOsm/kg water) \Iecg = 73 :)
14.65 kg water = 14.65 liters
R wil be apparent that cne might get these rasults in other ways (for exampie, ncte that the added = . G6 \'(
two ers dstribules batwean the two compartments in proportion 1o their oniginal size (2/3 to ICF, _/
1/3 1o ECF). However, the systemabic approach has advantages because it can predict the comrect
resull even when the body fiuid changes Inchide alteralions to both water and solutes
simultaneously.
Dr.Shaimaa N.Amin, 2024 (L10)
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* What is your conclusion?
* Using a similar approach calculate the initial volumes of body
fluid compartments and osmolarity in the first table and the
calculated volume of body fluids compartments and their
osmolarities after the infusion of 1 liters of normal saline
crer e o
after equilibrium. .9 /o /V,\CL
)/ wal = A Lo
‘\/B ol rel
Dr.Shaimaa N.Amin, 2024 (L10) = wM
48 4 = 30Dr™
Ol =2¥ 1535 = 2027
e/(‘;Oz Z ; f—\ .7*‘(‘4"(‘4 = ?o% mo(ltl L : Ol
4 & I 0 P
= 1% V= 2t
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* A 70 kg male has a body fluid osmolality of 290 mOsm/kg
water. Assume 1 liters of isotonic saline ( 0.9 % NaCl) are
infused intravenously and were added to the ECF. Calculate
the final osmolality of the body fluids and the final ECF, ICF
volumes. Assume that NaCl does not cross the cell membrane
and 60 % of body weight is water.

-What is the approximate osmolality of 0.9 % saline?
-How many mosm are added to the ECF when 2 liters of saline are
added?

-How many litters were added to the ECF

Dr.Shaimaa N.Amin, 2024 (L10)
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-What is the approximate osmolality of 0.9 % saline?
Answer:
A.Molarity = Number of mM/one liter
=153.8 mM/L
B. The osmolarity is 2 x 0.154 = 0.308 osm/L = 308 mOsm/L

308 mOsm/L x 0.93 (osmotic coefficient) = 286 mOsm/L is the
actual osmolarity of 0.9 % NacCl

Dr.Shaimaa N.Amin, 2024 (L10)
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-How many mosm are added to the ECF when 2 liters of saline
are added ?

Number of mosm/L Multiplied by 2

=286 *2 =572
-How many liters were added to the ECF
2L

Dr.Shaimaa N.Amin, 2024 (L10)
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* In the following table, please calculate the variables listed in
left column in the initial conditions before saline infusion.

Initial volume of TWB

Initial volume of ICF

Initial ECF volume

Initial number of solutes in body
water

Initial member of mOsm in ICF
Initial number of mOsm in ECF

Dr.Shaimaa N.Amin, 2024 (L10)
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* In the following table, please calculate the variables listed in
left column in the initial conditions before saline infusion.

Initial volume of TWB Body W Kg (*) 60%

Initial volume of ICF 40/100 (*) Body weight Kg

B

G TE TR TR [T o WA Plasma osmolality * TBW
water

Initial member of mOsm in ICF Plasma osmolality * ICF volume
HEIR T TR (e BT e 288 Plasma osmolality * ECF volume

Dr.Shaimaa N.Amin, 2024 (L10)
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D Yo best

FORGET

Dr.Shaimaa N.Amin, 2024 (L10)
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