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WATER AND ELECTROLYTES
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Q ELECTROLYTES
Vst L (=) )
a Ar capable of carrying an electric charge (cations or anions) Uy G(p,_,’) =

O The dietary requirements for electrolytes vary widely; some need to be Consumed only in small amounts. oG GBI

Others, such as calcium, potassjum and Phosphorus, are excreted continuously and must be ingested s~ \0*‘ g\ &7 2

regularly to Prevent deficiency L(;,"’ G helbs ot G oo ploos e ¥V O Vol e
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U They are involved in many processes:
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O Myocardial rhythm and contractility (_}_(, Mg, Ca)-» gl;y\o}\,.:;l?»)
As ACE ‘_\CI Cofactors in enzyme activation (Mg, Ca, Zn)

2" Yo
3t 2775

U Volume and osmotic pressure (Na, K, Cl)_

B ke L o O Regulation of ATPase ion pump (MgJ
’ (5 R
Bal ML .,,\:'\EI Acid-base balance (HCO3, K, Cly

WHM '“\f'ﬁi’f:’i’,, U Blood coagulation (Ca, Mg) vl e O\
P O Neuromuscular excitability (K, Ca, Mg)-» yree! 4
O Production and use of ATP from glucose (Mg, PO4)
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Oin a 70-kg man, the total body water is about 42L (60%), ICF(28L) and ECF (14 L,
plasma (3.5 L) and interstitial fluid (10.5L))
' (o & 27 dl:U);U;),/v“Lai ml )
0 Daily water intake is 1.5-2L -~ ¢ * % N oy

sho U‘-‘“—“x L 232 Z_/fd’ 2L wefer Y”J’ 7> S -l5gdb2 2o Inlet fluid

2 EI Women have lower water content than men (more fat) U SompeRiment
J.;fw. i ! Intracellular
Normal g fluid
O Importance of water in human body: L 0 compartment | @
el o Yelo s\LL

U Transport nutrient to the cells N hecs'P, o,

. i . ’rj;y. ‘1-»“)’ vy (¥
O Determine cell volume by its transport into and out of cells - : . Outlet
U Remove waste products (urine) () ELQ
U Body coolant (sweating) 5
6
—“f“}l’f" iy 'p ~ls Fig 6.2 Water tank model of body fluid
e A\ / compartments.
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HdThe concentration of ions inside the cells and in plasma is maintained by/passive [)Uo AT? «
eo’ %e wi Hh
ff tive transport through ATP haed
diffusion and ac T rc?“tjg‘W Tl ase- dependen -t Bfa Jonk]
U Most biological membranes are permeable to water but not ions
Oy Mow <330 30 Glie L] & e ~ ~loe
O Water and sodium output
> Kidneys and gastrointestinal tract [ f,,.. + Urw]
> Sweat and expired air: about@L daily [ swet + exhalatar]
O Factors that affect the flow of water across the membrane -~

> lons and proteins at one side of the membrane - =
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< CLINICAL FEATURES OF HYDRATION -
- PROBLEMS
Table 6.1 The principal clinical features of severe hydration disorders
Feature sUp '+ s 2 | Dehydration | ':; ::}..:.: (edem) (<) |Overhydration ?’VFW :::;T:
Pulse (htnerce: d'!" ﬁ” !‘5 r tslv}, ) Increased Normal
| Blood pressure \-\.@b\w‘g,&  \badey arkin DeECTRESE A Wl Lo dle ¢ “WNommal orincreased” 5 ya.]
?l',;b\k::)m: Skin turgor e, S S Ao Slph e 4,352 6F Decreased Increased
LW ¢l prahalls w0 € Soft/sunken Normal )
Mucous membranes Cry Normal JL‘.}“L@
Urine output Decreased P ¢ May B normal or[decreased | \sa.:’f_’f;gk
Consciousness (M5 eetryh+~ Mo s e Decreased
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UBoth intake and loss of water are controlled by osmotic gradient across cell membrane in the
brain hypothalamic osmoreceptor centre

< @ —
UThese centres control thirst and secretion of antidiuretic hormone (ADH)=AVP (arginine
vasopressin hormone) Sl o\es VL ¢ (L2

‘IJ‘ v‘,ﬂ
UThirst is the major defense mechanism agalnstb;Lp_QLo_smglahI;Land_mLp_emaiLemm -
LoyS Ll sbedles ¢ pha, \ s oo e
2 3 . DAntidiuretic hormone: Ll
44 L 0.1i"0ls polypeptide with t..of 20 min W geromelally o l—ligu) o Wyper habams go -
baih 5 0 ” J
0 Synthesized by the hypothalamus and secreted by the posterior pituitary Ueo 5, 2ip e br DS 7, b/
0 2% increase in osmolality lead to 4 times increase in ADH UreSl L MRS ca ke S
¢ s Ll VS 2w F Y, Soliae /
U Low blood pressure and severe hypovolemla stimulate ADH release “ 32 i il M‘”/"J‘r -

‘“"“J’ osial (S, Hspernatr o.sbéat m o (Scu

U Stress due to vomiting, nausea and pain may increase ADH secretio ion
O ADH act by increasing the reabsorption of water i* =t \ /
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o CONTROL OF WATER BALANCE
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Fig 7.1 Normal water balance.

of urin a«#pu,‘ HQOI O
Diluked urin  Fig 7.2 The regulation of water balance by AVP and osmolality. :
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- CONTROL OF WATER BALANCE =035
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dHypernatremia rarely occurs in a person with a normal thirst mechanism and access to
. _— o oY ~ ) . -9 L'J . C\/
water, it becomes a concern in: Ob= edt P o e g1 m W) le 655

LJ ey b )l L e Nadhs 5l U
Qlinfants | .. M e

L Unconscious patients

L Anyone who is unable to drink or ask for water.

AR UJJ.IUY’JCS &
L People who are older than 60 where osmotic stimulation of thirst progressively diminished — «1=

U In the older patient with illness and diminished mental status, dehydration becomes =~ . I )
increasingly likely example of the effectiveness of thirst in preventing dehydration Hypernebe (# <t ¢k ¢S

LA patient with diabetes insipidus (no ADH) may excrete 10 L of urine daily, but as water /
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intake matches output, plasma sodium remains normal -~ “¥*" % <77~ &-:0;'; s e ”Ls'_n_«;&u}J
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OSMOLALITY

b e Ve
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dPhysical property based on the conc. of solute§ (in mmol) per kg of solvent@ This affect
_ different properties of solution as:
W,W)N d.,
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J¥ g P Y vt EI,LVapor pressure decrease
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EllFreezing point depression
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lead to turning off ADH secretion

O Osmolal gap is the difference between the measured osmolality and the calculated osmolality

indicates the presence of osmotically active substances other than

O Osmolal gap|indirectly

sodium, urea, or glucose, such as ethanol, methanol, ethylene glycol, lactate, or [3-

hydroxybutyrate.
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~ 7  d Increase in osmolality will induce secretion of ADH enzyme while decrease in osmolality will
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o SIGNIFICANCE OF OSMOLALITY % w2
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d Because it is the parameter by which the hypothalamus responds o0 \e i e adendohd ) b
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a It affects@concentration as it represents 90% of osmotic activity in Plasma

0 Na concentration is also affected by blood volume
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DETERMINATION OF OSMOLALITY

 Osmolality may be measured in

Loj W g &S

\gs G b

serum or urine.

—> anl'iu-ﬁ“&* =

575 \9 % b b el osmebic adidh\ 5 oG

0 Plasma use is'not recommended because osmotically active substances may be

introduced into the specimen from the anticoagulant.

O Samples must be free of particulate matter to obtain accurate results.

ﬂ?bo]?“

O Turbid serum and urine samples should be centrifuged before analysis— S s

’fwé |'d/

V\/ - \‘/\



\/ %ymwwov%\ W o ~

o DETERMINATION OF OSMOLALITY
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according to the following 2 formulas:

urea R cy)yl.v MRS
glucosc(mg/dl,) BUN (mg/dL) ' <r-a/w ,
2Na + () 5
20 ;W{'U:";;”‘;"“ 3 (g s )
= 9%
or Loyl Wl ) L.'\
me //L e S
oinlls'e glucose BUN o
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TABLE 15-1 REFERENCE RANGES FOR

OSMOLALITY
Sarum 275-295 mOsm%g
Uring 24.-h) 300-900 mOsm%g
Urina&arum ratio 1.0-3.0
Random urine $0- 1200 mOsm%g 5
O=mola! gap 510
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2 Electrolytes, Sodium (Na)
) g TN N o R WD WI gite

Q Body contains about 3000 mmol of sodium mainly in ECF  0>¥> > s b ol b A gits Lol

2 RE5-1YE pymd/l  of plasma Tl ) lpeo

O Sodium daily intake is about 60-150 mmol

@ Sodium balance is regulated by blopd_ﬂmmand_al,cdilslemne (hormone secreted by
adrenal cortex)*=" 2/2;‘/’ Lp Vo, v & arend e =153
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< Electrolytes, Sodium (Na)

JSodium is the most abundant cation in the ECF (90% of all extracellular cations) and largely
determines the osmolality of the plasma.

oxhm Mo
dSodium concentration in the ECF is much larger than inside the cells, because a small

amount of sodium can diffuse through the cell membrane.

U To prevent equilibrium from occurring, active transport systems, such as ATPase-dependent
ion pumps (moves 3 Na out of cell for each 2 K moving into the cell) are present in all cells
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O REGULATION OF SODIUM

(S‘f’-"’f)\—“/u'_(?) \;““)J‘E‘S .r'f/: Mo a2 L,e__)_és e nr r-;_(, \'a&.‘ £/ E:S-UL: ’u}hr;:a,f)\ fi,‘f.;
UThe plasma sodium concentration depends on: the intake and excretion of water and the renal regulation of
sodium

UThree processes are of primary importance:

(1) The intake of water in response to thirst, as stimulated or suppressed by plasma osmolality (2)the

excretion of water, largely affected by ADH release in response to changes in either blood volume or osmolality
W o "‘)5\' u ﬁ.’.:. ]

aldosterone- angiotensin I1| and ANPD_@;\»@A/‘*‘*‘P

(3) the blood volume status, which affects sodium excretion through
(atrial natriuretic peptide) Mpeheeal gy (5 G0 S, & bt © 95 Gy 11 ey (g VSR

I B s oo JISATIY RS I e OB
U The kidneys have the ability to conserve or excrete large amounts of sodium, depending on the sodium
content of the ECF and the blood volume, normally, 60-75% of filtered sodium is reabsorbed in the proximal =
tubule Wo™s W Feapurphe W 4 g,,;:w,A)‘\J:'.'\;M
U some sodium is reabsorbed in the loop and distal tubules (controlled by aldosterone) exchanged for K in the \/

connecting segment and cortical collecting tubule. Q) , e \//4:: /
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v < Hypovolemia /&‘qﬂu o
Na and H,0 excretion evarehion o Ur
o AS Hypervolemia —— Vasodilation s
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u velemig
Angiotensin Il Ay e
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Aldosterone ) o aon
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; K* excretion o
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o CAUSES OF HYPERNATREMIA ="~ &
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MExcess water loss of La*

U Diabetes insipidus

U Renal tubular disorder

4 ¢ 'C .
OProlonged diarrhea — pir oSl b 53

QProfuse sweating -» a5 Jiars hea

U Severe burns

ODecreased water intake|

U Older persons
U Infants

U Mental impairment

Ulincreased intake or retention
J""’ [P ?
o e-3S1 at
2

SR, 0 Sodium bicarbonate excess

T aat! —
d\& ¢ Ao oxu L) U’L,_J|
U Dialysis fluid excess — Va* ¢ 3l (S

. (| Hyperaldosteronlsm -
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Hypematraemia

Fig 10.1 The causes of hypernatraemia



