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BODY WATER DISTRIBUTION
Total body water: 55-60% of Body Weight: 40L

R

Intracellular: 25L Extracellular: 15L

5
.
.
.
)

y Plasma: 3L Interstitial fluid: 12L
“\ (protein 7g%) (protein 2-3g%)

.
.
)
)

Intracellular in blood cells: 2L



PHYSIOLOGICAL ROUTES OF LOSS AND
GAIN OF WATER & ELECTROLYTES

Gastrointestinal
‘ Gain of H>0 and 2100 mL
¢ Electrolytes

Evaporative HO
L.oss from SKin Surface
(insensible perspiration)

2  350mL

Respiratory
Hzi()') Loss \

~¥  Sensiblke
o \\ H>0O & Electrolyte

Loss by Sweating
100 mL

1400 mL

Renal H2O & Electrolyte - 50 and Electrolyte
Loss or Conservation Loss in Stool




ELECTROLYTES

Electrolytes are charged particles (ions) that are dissalved in body fluids.,

Electrolytes (Diszolved lons]

Major Fositive lons (Cations)

@ Sodinm ion, Na*
@ Fotaszsinm ion, K*
% Caldurion, Ca**
e Magresium ion, Mz

Major MNegative lons (Anions)

o Chloride or, C1°

Phosphateions,

HPO,2 & H,PO;

@ Sulfateion, 50,

I'_I"—I"._I"
3

Chr g&mi acids




Table 12.1

Electrolyte composition of intracellular and extracellular

fluids
(+) (-)
Plasma Interstitial fluid Intracellular fluid
(mmol/L) (mmol/L) (mmol/L)
Na* (142) 144
K+ 4 4 ‘E’
Ca<* 2.5 2.5 1.5
Mg?+ 1.0 0.5 13
Cl 114 2
HCO,- 30
PO, 1.0 1.0 @ZD
S04 0.5 0.5
Organic acid 3 4 3
Protein 16 0 55

© Elsevier Science Ltd
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65% 3.4%
\ /
H20

Na* Aldosterone

10%

Bowman's
-‘::au:rsulﬁ-lv

i i =

31% 9.3%



2Y2THMA PENINHZ-AITEIOTAZINHZ

Renin-Angiotensin Cascade

o

Bradykinin
Inactive
peptides

Angiotensinogen

Non-renin
(eg tPA)

[l Angiotensin I

Non-ACE
| {eg chymase)

[l Angiotensin II




PYOMIZH ENMMANAPPO®H2HZ Na ka1 H20

Control of Na* reabsomption

¢ Juxtaglomerular apparatus
= Macula densa
= Juxtaglomerular cells

¢ Stimulated by:

= | [Na']

> | blood pressure

= | blood volume

= sympathetic stimulation
= circulating catecholamines arteriole

: B

P A\ Alferent

“ferar| asi A\ >
b W, atsricle

omerdar 2elis

BIOL 3305



PYOMIZH ENMMANAPPO®H2HZ Na ka1 H20

¢ plasma volume
{ hlood 1/

pressure 1 GFR and flow to
maculﬁ densa

T renal sympathetic
activity W

T renin secretion | JG cells

vasoconstriction €— T angit}t’ensin I

A 4
T aldosterone secretion | Adrenal cortex

A4
T sodium reabsorption

A i
T water reabsorption | nephron

v
T plasma volume and hence blomk pressure

BIOL 3305




EMANAPPO®HZH Na, H20 KAI PENINH-AII-Aldo

(@) Akdvslerone <
Ircreaszc Na*
¢ Response: reabsorsion
Y : b ) ‘r N

= renin release
= angiotensin |l

e Tblood pressure

e stimulate aldosterone I s
<> aldosterone o

e promotes Na* reabsorption *m\w..xeus.wgen- /

cortex

converting
enzyme

. Renir
Anglotensin b-ﬁ'\

Ein 14 .90 AngioEns
Eig%arg_-’ ] n?‘r:m li..'eg)gen

Liver
N

Kidney (JGA) Lungs
ﬁ J'l Adrenal cortex
renin ACE

angiotensinogen == angiotensin | == angiotensin Il aldosterone

BIOL 3305




PYOMIZH EMANAPPO®H2H2 H20 KAI ADH

Control of water reabsorption

¢ Collecting duct permeability —
regulated by ADH RS, e ©

¢ ADH secretion &
controlled by: feuroseciebih

= plasma osmolarity m},’,?f,',‘f‘;;‘" oo ngga

- hypothalamic ’ N pressure  usiolarily
osmoreceptors s

= blood pressure
- via baroreceptor reflex \ 0 e
Increased O '™

& atrial stretch receptors Ho permesbiity > [ o
(B4ype)

U Collecing
<> alcohol e
= ecstasy

BIOL 3305




Most abundant Extracellular Cation

Reflective of relationship between total
body sodium and extracellular fluid
volume

Sodium regulated by Kidney excretion
and reabsorption as well as endocrine
regulation



Sodium (Na+) 135-1453 mEq/L

Detertmined by Bl ood Cherra sty

= Major functions
~ Water bal ance

= Transmission of netve iunpulses (deficits ==
nenrol ooical changes)

m Nat+ absorbed trom food & eliminated via urine,
sweat & feces



Hyponatremia (Na+ < 135 mEq/L)

Low modium deterruned by a blood chetr sty

m(Causes

= Water gain of sodinm loss
— 5l loss(diarthea, vatnibng NAT suctiorung
— Unine/Eenal disease
— Paycluatric (Ex cessive water intake)

» Congestive heart Fatlure (CHE)

= Mam festations
» Water excess ==rapid weight gain
» at loss ==Meuro symptoms 1e. irritabalitity



Osmolality= 2(Na meg/L) + Glucose mg/dL + BUN mg/dL
18 2.8

Serum Osmolality : 285-295 mosm/kg



1]

;UN3+< 10 meg/L
Extrarenal salt loss
1. Dehydration

- 2. Diarrhea

- 3. Vomiting

HYPONATREMIA

\

Serum osmolality

:

Normal
(280—-295 mosm/kg)

'

Isotonic
hyponatremia
1. Hyperproteinemia
2. Hyperlipidemia (chylomicrons,
triglycerides)

v

Low
(< 280 mosm/kg)

v

Hypotonic
hyponatremia

Y
Hypovolemic

Y N

Unas> 20 meqg/L
Renal salt loss
. Diuretics

A O =

deficiency

o2

. ACE inhibitors
. Nephropathies
. Mineralocorticoid

. Cerebral sodium-
wasting syndrome

v

High
(> 295 mosm/kg)

v

Hypertonic
hyponatremia
1. Hyperglycemia
2. Mannitol, sorbitol,
glycerol, maltose
3. Radiocontrast agents

Volume status

y

Euvolemic

'

. SIADH

. Hypothyroidism
. Psychogenic polydipsia
. Beer potomania

OO WN =

diuretics, ACE inhibitors)
. Endurance exercise

~

. Postoperative hyponatremia

. Idiosyncratic drug reaction (thiazide

l

Hypervolemic

:

Edematous states
1. Congestive
heart failure
2. Liver disease

3. Nephrotic syndrome

(rare)
4. Advanced renal
failure

igure21—1. Evaluation of hyponatremia using serum osmolality and extracellular fluid volume status.



Table 12.7

Causes of hyponatraemia with normal extracellular volume

Abnormal ADH release
Vagal neuropathy (failure of
inhibition of ADH release)
Deficiency of
adrenocorticotrophic
hormone (ACTH)
or glucocorticoids
(Addison’s disease)
Hypothyroidism
Severe potassium depletion

Syndrome of inappropriate
antidiuretic hormone
(see Table 18.36)

Major psychiatric illness
‘Psychogenic polydipsia’
Nonosmotic ADH release?
Antidepressant therapy

Increased sensitivity to ADH
Chlorpropamide
Tolbutamide

ADH-like substances

Oxytocin

1-Deamino-D-arginine
vasopressin (DDAVP)

Unmeasured osmotically
active substances
stimulating osmotic
ADH release
Glucose
Alcohol
Mannitol
Sick-cell syndrome
(leakage of
intracellular ions)

@ Elsevier Science Ltd



SIADH
Syndrome of Inappropriate Anti Diuretic Hormone

The usual features are:
* Dilutional hyponatremia due to excessive water retention

 Low plasma osmolality with 'inappropriate’ urine osmolality
which is higher (>100 mOsm per kg) than plasma osmolality

« Continued urinary sodium excretion > 30 mmol/L
» Absence of hypokalemia (or hypotension)

* Normal renal, adrenal and thyroid function.



Table 18.36

Common causes of the syndrome of inappropriate ADH

secretion (SIADH)

Tumours

Smallcell carcinoma of lung

Prostate
Thymus
Pancreas
Lymphomas

Pulmonary lesions
Pneumonia
Tuberculosis

Lung abscess

CNS causes
Meningitis

Tumours

Head injury

Subdural haematoma
Cerebral abscess
SLE vasculitis

Metabolic causes
Alcohol withdrawal
Porphyria

Drugs
Chlorpropamide
Carbamazepine
Cyclophosphamide
Vincristine
Phenothiazines

© Elsevier Science Ltd



Table 12.8

Causes of hyponatraemia with decreased extracellular
volume

Gut Kidney

Vomiting Osmotic diuresis

Diarrhoea (e.g. hyperglycaemia, severe uraemia)
Haemorrhage Excessive use of diuretics

Adrenocortical insufficiency
Tubulo-interstitial renal disease

Unilateral renal artery stenosis

Recovery phase of acute tubular necrosis

© Elsevier Science Ltd



Hypernatremia (Na+ =145 mEq/L)

modiutn Excess

= Causes p. 332

» Water loss or sodinm gans

— Eldetlwcomatose pet sons
— Mairtake mote than water intake

— IV, oml
— Diabetesinspidus (ex cesstve thad loss)
= Mam festations
= Thirst, div tongue
» B estlessness

= Weight changes



Table 12.11

Causes of hypernatraemia

ADH deficiency Osmotic diuresis
Diabetes insipidus Total parenteral nutrition
Hyperosmolar diabetic coma
latrogenic
Administration of hypertonic PLUS
sodium solutions Deficient water intake
Insensitivity to ADH
(nephrogenic diabetes insipidus)
Lithium

Tetracyclines
Amphotericin B
Acute tubular necrosis

@ Elsevier Science Ltd



TABLE 4
Etiologies of Hypothalamic Diabetes Insipidus

Head trauma Granulomatous disease
Postoperative (hypophysectomy) Sarcoidosis

Central nervous system tumors  Histiocytosis X

(primary cancer, metastatic and  \Wegener's granulomatosis

benign) Cerebrovascular disease
Infections Aneurysm

Tuberculosis Cavernous sinus thrombosis
Syphilis Sheehan's syndrome
Mycoses Cerebrovascular accident
Toxoplasmosis Idiopathic

Encephalitis Sporadic

Basilar meningitis Familial



TABLE 5

Etiologies of Nephrogenic Diabetes Insipidus

Congenital

Vasopressin VV2-receptor defect
Aquaporin-2 water channel
defect

Drugs

Lithium

Amphotericin B (Fungizone)
Demeclocycline (Declomycin)
Methoxyflurane (Penthrane)
Foscarnet (Foscavir)
Obstructive uropathy

Chronic tubulointerstitial disease
Analgesic nephropathy

Sickle cell nephropathy
Multiple myeloma
Amyloidosis

Sarcoidosis

Sjogren's syndrome

Systemic lupus erythematosus
Polycystic kidney disease
Medullary cystic disease
Electrolyte disorders
Hypercalcemia

Potassium depletion






Sodinum

# Increased In:

mExcessive Intake
m Defydration

W Excessive diaphoresis
mDiabetes Insipidus

m Frimary Aldosteronism



Sodinum

# Decreased in:
mLiarrhea
B Excessive [V fluids without electroltes
B nappropriate secretion of ADH
| Hyperdlycemia
W Hyperprotelnemia
W _irrhosis with Ascites

mEenal Insufficlency and CHF




