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Q Chloride

e The major extracellular anion

e Function in body:

e Maintaining osmolality alats Lars Nay! g el
osmolalityJ!
e Blood volume and

e Electric neutrality s4s charge- & (s<s a3Y charge+ dINaJl 4l Loy
ClJ!

e Cl is usually shifted according to Na and bicarbonate &= "' s i biearbonateli, NaJi e

uringd! Ggasb e <l 4ae o5 £, NaJl excreation
or-sweating

e Excess chloride in the body is excreted in urine and sweat, excessive

sweating will induce the release of aldosterone which will conserve Na and Cl__“/
ClJl «a,s Jo2s 7y Nad! retintion Jew oLie aldesterond! 51,80 yuas Uy

- H20J!s
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2 Chloride

e Chloride maintains electrical neutrality in two ways:

e Na is reabsorbed along with Cl in the proximal tubules. Na reabsorption is limited by the

3.\\9;\9“ ClJl ‘L\.ASJ Gl 44.95 Q&L&.A_LAI e T NaJ|

e Electroneutrality is also maintained by chloride through the chloride shift.
e Carbon dioxide generated by cellular metabolism within the tissue diffuses out into both the
plasma and the red cells

e In the red cell, CO2, forms carbonic acid (H2CO3), which splits into H+ and HCO3-
(bicarbonate).

e Deoxyhemoglobin buffers H+, whereas the HCOS3- diffuses out into the plasma and CI
diffuses into the red cell to maintain the electric balance of the cell.
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CO, + H,0 €& H,CO, 25 H* + HCO,~

carbonlc anhydrase ml ‘ufl &,Ja e carbonlc acin J o O

\R;Cog
-HCO3 5 +H J disscoiation 4/ uait S H 2L,
Loy -HCOBJ! Jusds 4l 31,5k o5e OXyhemoglobin J Jsais a3¥ deoxyhemo globind!

HCO3U! Jols 5LicRBCY i ¢, +HJI 02 Lyl
Ledlas T ool adY Ll iasts RBCUI o calls Lsl Lays Laydlall 555 ¢, -HC OB cliag

ClJI 55

&, T, CIUI 3855 -HCO3Y! 585 Ladasl 13l
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Q Chloride applications

e Chloride disorders are often the result of the same causes that disturb Na levels
because chloride passively follows Na ClJi L s ¢, Nagl L jas sl slic Nadl aais ClJI ) LS i

e There are a few exceptions. it oyl i

e Hyperchloremi may@so occur when there is an excess loss of bicarbonate as a

«_<;  resultof Gl losses, RTA or métabolic acidosis  © ClUN2,3 ¢ wlal 222-HCOBJT 58 8 s LI
J = ol Jung (53 i

Jiorthea X o Hypochlore%a may occur with excessive _loss of chlorid%‘;rom orSfonged vomiting,

. CIJJretem\onJ\@Q@AjNaretention@@MQfY . . “ “X b}\S‘):\ LJA:\ C)SM
diabetic ketoacidosis, aldosterone deficiency alt-losing renal diseases. =7 ¢° **
S’ ors 1,2,3,4 ey loss 4l
e Alow serum level of chloride may be encountered in conditions associated with high
serum bicarbonate concentrations such as compensated respiratory acidosis or -

metabolic alkalosis.

oadni r, ClJI ads,l 131 -HCOSY! adiy U
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2 Determination of the chloride

e Specimen: serum or plasma, whole blood samples, urine (24-hr) or sweat may be used

e Lithium heparin is the anticoagulant of choice.—® Plusme 3““‘?”& :".‘c:":’ WD

e Hemolysis does not cause significant change in serum or plasma values as a result of

decreased levels of intracellular chloride (marked hemolysis, decrease due to dilutional
effect) W 82 e i OW Vo ©
- Ai\_l Z) /f-! \8 s\ cys b /:.S
C‘ & .d,}.p_s Jl\u"'-o‘\. eefe()
e Methods: there are several methodologies includes:

e ISE (most commonly used where an ion-exchange membrane is used to selectively bind CI
ionS) lon-Selective Electrode (ISE) o~ ClI~ jLai=L:

e Amperometric coulometric titration sl sl pall S (Ol o) 3a2m0 gl 355 omals g

e Mercurimetric titration l »M PRV
- &{ o~

e Colorimetry




Reference range

TABLE 15-10 REFERENCE RANGES FOR
CHLORIDE

Plaama, serum 98-107 mmold
Urine (24-h) 110-250 memolday, varesweh diat — |, .0 >\

Amperometric Coulometric Titration ,LaisL:

gall B 8lall Jelis) SlosgS il e wokss &l g8 iplae iy

PAmpermelic coulmebric s ) o e

. (SIoh ¢33l placiwly (Coulombs) &yladl du yeSUl disnid] JU5 (o Bolod] dxaS e
i Hedion

AlasS Olpbse gl Yy lior dindo :loblio-
Colorimetric method w)slsl (CI) ylai>L:
08 (oS FleasS s 8o “Cl Jeld Gle waisse

Co‘of,'me)*g 13555 5 i 501

480y jus,dl wuul Spectrophotometer plasuuwly ol owlde
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Bicarbonate

e Is the second most abundant anion in the ECF

e The total CO2 comprises the bicarbonate (90%), carbonic acid and dissolved CO2 so

total CO2 measurement is indicative of HCO3- measurement S sl 48 sl CO2 S le S s a5
Ssd HLS Le (<3¢, HCO3

e Bicarbonate is the major buffering system in the blood where carbonic anhydrase in

RBCs converts CO2 and H20 to carbonic acid U e e
carbonic acifJ! -HCO3 Jls +HJ! aayuuss 4 G8a L (| ww )
(H2C03)

CO, + H,0 < H,CO;, &AL HY - HCO,~

e Bicarbonate diffuses out of the cells in exchange for chloride to maintain ionic charge
neutrality within the cell
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Q Bicarbonate regulation

e Most of the filtered bicarbonate ion is reabsorbed in the kidneys (85% in proximal
tubules and 15% in the distal) in the form of CO2 (due to low permeability of tubules to
bicarbonate)

e Normally nearly all the bicarbonate ions are reabsorbed from the tubules, with little lost
in the urine  J.s L excreation JI

e \When bicarbonate ions are filtered in excess of hydrogen ions available, almost all

excess HCO3- flows into the urine T +HJ 2S5 s -HCOB JI o excess s 1l
. (alkalosisJ! 4ls; 1ia)-HCO3 JI ecxreation sy

e In alkalosis, with relative increase in bicarbonate ion compared to CO2, the kidneys
increase excretion of HCO3- into the urine, carrying along a cation such as sodium. This

loss of HC3O- from the body helps correct pH COMPIEHY ey cleas +HJT oo OXCESS s T, ACIdOSIS UL,
escreatin ! ,oad T, Ul g2 +H JIs -reabsorption for' HCO3

e |n acidosis, the excretion of H into the urine is increased and HCGG.vreabsorptioﬁ IS co«\ple\';/
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Q Clinical applications

iy s adll oye ACIdityJ! e 8A T Ly CO2(acidic)d! ope 8,mS Sl allay aaldll yras metabolic acidosis o s U yan
hyperventilation dc y.u

e Acid-base imbalances cause changes in bicarbonate and CO2 levels. A decreased
bicarbonate/ CO2 occurs in metabolic acidosis leads to exhalation of CO2 by the lungs

(hyperventilation), which lowers pCO2.  J&sCO2J1 juuns Uslass (el JI&: S5l preall alkalosis ;La 13]
bl sl Alall phyl
e Elevated total CO2 concentrations occur in metabolic alkalosis as bicarbonate is

retained, often with increased pCO2, as a result of compensation by hypoventilation.

e Typical causes of metabolic alkalosis include:

.. 5l dale yuas L HCOBY! L VOMitingd! 4ot 58S +H puusy
e Severe vomiting = - o ° -

e Hypokalemia alkalosis s s Jis £, +H J1 s +H iy Jasis 5,0 KJI el £ Ll pally KU1 i U

e Excessive alkali intake 51 -HCOB Lgs y50) o0 8508 oleaS daly o 13
alkalosis J«a3 ¢, antacidJ!
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o Method

e Specimen: venous serum or plasma.
e Serum or lithium heparin plasma is suitable for analysis.

e The sample is capped until the serum or plasma is separated and the sample is analyzed
immediately

e |f the sample is left uncapped before analysis, CO2 escapes. Levels can decrease by 6 mmol/L

per hour Laboas a3¥ clia oLie sall £4539 sampled! oo Co2J1 alls (Sas saMpled! o ol tubed! Lials 15
@bl 989 Hali (o8 &) gubaay T4H9 GMmOI/L ,lases conc of HCO3 M (1ads jums 5 ¥s
e Two common methods are ISE and an enzymatic method.

e |SE for measuring total COZ2, uses an acidic reagent to convert all the forms CO2 to CO2

Js=l olae acidificationt Js¥b Jeel apdé adlls ssasll Co2J1 S (uisil CE J
gas and measured by a pCO2 electrode DCOR! i Lanss OB opsmas H2COBU HOOBJ! S \/

e The enzyme method alkalinizes the sample to convert all forms of CO2 to HCO3-.

-HCOSY dsaisy sa5aslICO2JY1 J<I alkalinization Jeas 4l 4kl \ /
N Vi
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T) © Yedoatehthe N 8o iz, 33938 W0y M isbednn

molebe dofydrogenase ¥ ooy DY 3 2o dsliss
-7 Method MADH »wﬂ ¥y Malel 3 Js=ssl @nzym
A ooy Je> S an S Cbii S &y Wl abs el

MNAY ez e\ s VAD Y DV
e HCOJ3 is used to carboxylate phosphoenolpyruvate (PEP) of phosphoenolpyruvate (PEP)

carboxylase, which catalyzes the formation of oxaloacetate.
Phosphoenolpyruvate + HCO,~ —FEE carbonylate ,
Oxaloacetate + H,PO, (Eq. 15-4)

e This is coupled to the following reaction, in which NADH is consumed as a result of the action of
malate dehydrogenase (MDH)

Oxaloacetate + NADH + H* MDH

Malate + NAD" (Eq. 15-5)
e The rate of change in the absorbance of NADH is proportional to the concentration of HCO3- -
Reference ranges /
e Carbon dioxide, venous 23-29 mmol/L (plasma, serum).
X\ 5oz af beriat s ~— « ~



N
\/ CoA + NAD*
P -
- Pyruvate , )
O, regulation «f sy Le ol LaCtate
|

T LB sbds 1
— NADH 2 TP b5 acvobose 4y colysi
Bpiedd sl i), Qoirobde S LY - A
e Lactate is a by-product of an emergency mechanism that produces a small amount of

ATP (2 moles) anairobic J! Lals hypoxia suie Lo sia
Gl oo dls oleS albay ums T 32 glycolosis

e Under hypoxic conditions, acetyl CoA formation does not occur and NADH accumulates,
favoring the conversion of pyruvate to lactate through anaerobic metabolism.

e The accumulation of excess lactate in blood is an early sensitive and quantitative
indicator of the severity of oxygen deprivation (more than pH)

VI “ y



Decreased supply of O5 to tissue

Y

"/ Oxidative metabolism rate diminishes
* NAD+ J! J&i ¢
NADH accumulates (NAD diminishes)
Acytel co A formation dosnt occure*
e ket cvele  PYruvate converts to lactate Lactate
Jin ket ovele instead of acetyl-CoA - accumulates
Padhiowy N ipl <)) Much less ATP produced (depletion of ATP)
o L NP il
32 ATP Y
Intracellular ionic environment disrupted Cell death
(increased Ca and NE; Pecreased Kand Mg) >
N’
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e It is not regulated as with potassium and calcium “%”"(‘: : {:’»nqu bo
RBL( Conllef'l" "">>
e As oxygen delivery decreases below a critical level, blood lactate concentration rise .‘ weket
rapidly and indicate tissue hypoxia earlier than pH Cropef 252 sy 2) Mypokia & _ne LS
Ay )é.[qo.,( anoesokic) [aghuke ) > Luan
i

e The liver is the major organ for removing lactate by converting lactate back to glucose
by a process called gluconeogenesis U
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0 Clinical application

e Measurement of blood lactate are useful for metabolic monitoring in critically ill patients, for
indicating the severity of the illness, and patient prognosis

WQM‘Q‘E& é@@\o_/'e‘)\(ﬂs*c)é)/-n

There are two types of lactic acidosis: ok 335 Oejfg Ao

e Type Ais associated with hypoxic conditions, such as shock, myocardial infarction,

severe congestive heart failure, pulmonary edema, or severe blood loss—> oisle welix,
A AL R BC
O, N

e Type B is of metabolic origin, such as with diabetes mellitus, severe infection, leukemia,
liver or renal disease, and toxins (ethanol, methanol, or salicylate poisoning). ./
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= ae-9 Special care should be practiced when collecting and handling specimens for lactate
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Lactate

levels SLss—80
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‘3 Vein —3‘¢9.y~4
e A tourniquet should not be used because venous stasis will increase lactate levels

s, L2 s &w’jlp\c‘/\w uolein NS\ c_sey
ey ‘uf“‘ @ If a tourniquet is used, blood should be collected immediately and the patient should not

exercise the hand before and during collection —=f\>&2 <\ coe
' A “>>om.f\_opjemw\ )\Ny Plo\gmcf\.@o( C/ QMS_)\ A->L> Lo Lp}«u_p <
A B\ L Loim\\0y €0 po o) )ips lesd Jxudh) Jp\
VYN N’

e After sample collection, glucoscg IS converted to lactate by a way of anaerobic glycolysis

and should be prevented: — A O, |
-/ .\ /



Method

e Current enzymatic methods make lactate determination readily available.

e The most commonly used enzymatic method uses lactate oxidase to produce pyruvate
and H202.

Lactate + O, 2c@eoxidase | yoryyate + H,0,

e One of two couple reactions may then be used. Peroxidase may be used to produce a
colored chromogen from H202

H,O, + H donor + chromogen ferexidase |
OV N dess\ewo o colored dye + 2H,0 (E

o



Reference range

ENZYMATIC METHOD,

PLASMA
Venous 0.5-2.2 mmol/L (4.5-19.8 mg/dL)
Arterial 0.5-1.6 mmol/L (4.5-14.4 mg/dL)
CSF 1.1-2.4 mmol/L (10-22 mg/dL)




3 Anion gap (AG)

Callon odsbanion PEE LA Jﬁpﬁ\e

e Routine measurement of electrolytes usually involves only Na+, K+, Cl-, and HCO3-

e These values may be used to approximate the anion gap (AG), which is the difference
between unmeasured anions and unmeasured cations.

e| There is never a “Gap” between total cationic charges and anionic charges

e AG is useful in indicating an increase in one or more of the unmeasured anions in the
serum and also in the form of quality control for the analyzer used to measure these
electrolytes. N’ , ~
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e There are two commonly used methods for calculating the anion gap

AG = Na®™ - (ClI- + HCOy")

e With a reference range of 7-16 mmol/L

e The second method:

AG = (Na® + K*) - (CI- + HCO;")

e It has a reference range of 10-20 mmol/L y
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9 Anion gap (AG)

e An elevated anion gap may be caused by:
e Uremia/renal failure, which leads to PO4-3 and SO4-2 retention— &% bz o) &

Q«.««J; Jds @ Ketoacidosis, as seen in cases of starvation or dlabete{ N \oon k.uue>
e | ) C.\\ot(

anten (4-9!« Methanol 1=thano|| ethylene glycol poisoning, or salicylate
leebale e Lactic acidosis aCetafet Yy OYahahe $ Qo>

e Hypernatremia

e Instrument error

o



A 60-year-old man entered the emergency depart-
ment after 2 days of “not feeling so well.” History re-
vealed a myocardial infarction 5 years ago, when he
was prescribed digoxin. Two years ago, he was pre-
scribed a diuretic after periodic bouts of edema. An
electrocardiogram at time of admission indicated a
cardiac arrhythmia. Admitting lab results are shown
in Case Study Table 15-2.1.

Questions
1. Because the digoxin level is within the therapeutic
range, what may be the cause for the arrhythmia?

2. What is the most likely cause for the
hypomagnesemia?

3. What is the most likely cause for the decreased
potassium and ionized calcium levels?

4. What type of treatment would be helpful?

CASE STUDY TABLE 15-2.1
LABORATORY RESULTS

VENOUS BLOOD

Digoxin: 1.4 ng/mL, therapeutic 0.5-2.2 (1.8 nmol/L,
therapeutic 0.6-2.8)

Na': 137 mmolL

K*: 2.5 mmol/L

Cl : 100 mmolL

HCOs : 25 mmollL

Mg?': 0.4 mmol/L

lonffree Ca?*: 1.0 mmol/lL

Na  135-145
K 3450
Cl  98-107
HCO3  23-29
Mg  0.63-1.0

Ca/ionized 1.16-1.32



