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1L Buffering Systems

L Hale of Carbonic Agid

The bicarborase-carbonic acid buffer system is e Tody™s first e of defense
against chanpes i HY concentratis inall body Bulds,



HyCOy {earbonic achd) s o weak seid (hat cin partiadly dissocione imo 1 (free hydrogen
fond and MCOY (hicarbonaie). When an acid is added 1o the bicarbonate-carbonie acid
buffer system, the OO will combine with the excess 1 1o farm H000 When a base
is added, H:00; will combine with the excess OH- group 1o ferns H 0 snd HBCOY, This
process allows for only a small change in pi, rathier than deamatie pH changes scen with
strong acids or bases,

HaC0; == HY e HCOY

1. The Role of Hemoglobin

Budfering of whole blood is largely done by hemoglohin, Hemoglobin, once oxygen s
refeased, binds 1o hydrogen fons. '

The BBC membrane contains carbonle anhydrse, which allows €Oy to combing with
water 1o form HC0

CoeOximetryr measurement of various heroglobing and their Oy content;

Carbaxyhemoglobin (COHR] - Hemoglobin bound 1o CO;,

Deoxvhemoplobin (HHB) - Reduced hemoglobin, In this form
hemoglobin is able to aceept Os when iU ig
svailable,

Methemoglobin (MetHb) - Oxidized hemoglubin, Tn this form
heroglobin is unable to bind O because fron
i i ae oxid ored rather than reduced gate.

Oxvhemoglobin (0 Hhy - O reversibly bound 1o hemaglobin

1 Role of Phosphiate

‘The phosphate buffer system (HPO, P & HPOL) plays a role in plasma and erythrocytes
and is imvolved in the exchange of sodiun lon of hydropen ioa o the urine.

4. Role of Plasma Profoing

Most circutasting proteins bave & net negative charge so they are capable of bindlng
hydropen ons,

1§, Respiratory System

Respiration sflects the Mood pH by altering the rade of ventiiation (breathing rate) in an
effort to restore the bluod pH fo pormml, The respiratory gystem ean rapkily rogolate
blood pH tireugh hype- or yperventifatipn - thig iz catled the respiratory compient of
agldbase regulation. :



Inthe Lungs: H™ s carried by deoxyemoglobin in venous blood to the tungs,
There it combines with HCOy- to form HaCOy which dissociates inta HaO and
CO;. The CO; diffuses into the alveoli and s elintinated through respiration. The
inhaled O, diffuses from the alveoli into the blood and is taken \ up by the
hemoglobin, forming oxyhemoglobin which is delivered to the tissues in the
arterial blood. Because of this ¢ven exchange of gases, there is minimal effect on
H bakance.

HCO, is not removed h} the lungs at the rate of its production, it will accumulate
in the blood, causing an increase in HY concentration. 18 COs is removed faster
than its production, the H will decrease.

In the Tissues: Aerobic metabolism produces COs in the tssues, Tor dle reason
dissolved CO; (dC0;) is more concentrated in the tissues and easily diffuses ow
~into the plasma and RBC s, Inplasma, the COy cambines with carbonic acid
{HCGy) which quickly dissociates into H™ and HCOy. The freed HY is buffered
by plasma proteins and plasma buffers,

In the RBC: (O is handled in three ways, a small portion stays as dCO;y, some
combines with hemoglobin to form carbamino bemoglobin, but most of the €O,
combines with water to form HyCO4 (aceelerated by carbonic anhydrase) which
quickly dissociates,

Oy picked up from the lungs is snloaded from oxyhemoglobin at the tissues, The
bemoglobin then readily sccepts any 11, forming deoxyhemoglobin. As the
FICOs" congentration rises in the RBC, it diffuses out futo the plasma while CF
diffuses into the cell (Chloride Shift). In this way electroneutrality is maintained,



111, Renal Svstem

The kidney affects the blood pH by selectively excreting or reabsorbing hydrogen,
sodivm, chloride, phosphate, potassium, and bicarbonate ions in order to restore
equilibrium between the production and remaval of hydrogen fons. These processes help
determine the pH of both the blood and the urine.

Bicarhonate concentration is controlled mainly by the kidneys; this is the nonrespiratory,
ar metabalic component of acid/base regulation.

IV. Assessin

r Acid/Base Homeostasis

Hendersor-Hasselbalch eguation:
A = pronton aceceptor (HCOy)

pll = pK + log cA- HA = proton donor (H;CO3)
¢HA Py = pH at which there is an equal

concentration of protonsted and unprotonated jons

This equation expresses the acid/base relationship in a mathematieal formuia.

- Under normal eonditions the ratio of bicarbonate to carbonic seid is 2011, resulting ina
pH of 7,40,

Evaluation of'a patient’s oxygen status is possible using the partial pressure of oxygen (pOy),
measured along with pH and pCO4 in the basic blood pas panel

Blood Gases consist of the foltowing anslytes: _
pH: Huwdrogen ion concentration, used (o evaluate acid/base status,
pCO,: Partial pressure of carbon dioxide, used to evaluale acid/base statos,
ptdy Portial pressure of oxygen, used to evaluate respiratory ability and oxygen status,
s0)y: Saturated oxypen - the amount of oxygen bound to hemoglobin (can be
determined by direct analysis or by caleulation).
HCOy s Bicarbonate, wsed to help determive metabolic or respiratory disorder.

Asterial Blood Gas Components and basic Referenee Ranges:

Arterial o Nenous
pH 7.35-7.45 7.33-7.43
pC Oy 3545 : 38-5G mmHy
pO: - BiREI0 30-54 numobL
sy =95% ' 60-85%

HCO 2326 2327 mmaokL,



A change in the pCO; level is termed a primary respirstory acidosis or alkadosis.

A change in the HCOy level is termed a primary metabolie acidosis or alkalosis.

Mixed inetabolic and respiratory disorders are alse common,

The body is constantly trying o muaintain a normal pH level (20:1 ratio), so any imbalance will
cause an equal response in order to compensate for the imbalance, The body does this by
altering the fimction not primarily affeeted by the pathologic condition. When compensation is
not adequate, a secondary compensation will come about through the primary source of the
disorder,

V., Acid/Base Disorders

i~

Acid/Base disorders are caused by a shift in the acid/base balance from the normul
20:1 bicarbonate to carbonic acid ratio (pH 7.4} maintained in vive and expressed
mathematically by the Henderson-Hasselbaleh equation.

Primary Metabolic Acidosis: Decrense in bicarbonate (<22 mmol/1) resulting in 3

decrensed pH. Caused by diabetic ketoacidosis, starvation, renal disease, ‘dﬁd exXeessive
loss of bearbonate from diarchea or fistuba.

Expected Resulis: pH Low
pCO, Normal to Low
O Low

Primary compensation is through hyperventilation helping to remove CO; through the
lungs, The ascid/base ratic  will returz to normsal, if this mechanism is not enough to
restore pH Tevels secondary compensation will be through the kidney {ihe original
source) 1o correet the ratio by retaining bicarbonate,

Primary Respiratory Acidosis: Deerease in €O level (<23 mmol/L) resuliing in a
decreased pH. Caused by kg discases, emphymma pneumonia, and congestive heart
failure all leading to hypuvmi:lﬂi ion.

Expected Resulls;  pH Low
pCO, THgh
HCOy Normal to High

Compensation occurs through the kidney by increasing the exeretion of 1+ and ingreased
reabsorption of HUOY,



3.

Primary Metabolic Alkalogls: An increase in bicarbonate feading to an increase in pH.,
Caused by ingestion of increased nse of antacids, cxeess vomiting, nagsogastric suctioning
or profonged use of diurctics.

fxpecied Results: pH igh

pCO; Narmal to High
HCOy High

Compensation is through the respiratory center, hypoventilation increases the retention of
COs.

Primary Respiratory Alkalosis: An increased rate of respiration leads to excessive
elimination of CO; by the lungs and an increase in pH. Caused by drugs, wpeud}ly
sakicylates, faver, hysteria, PE, and cystic fibrosis,

Expected Results:  pH High
pCO, Low
HCOy Nomal o Low

Compensation is through the kidueys by excreting hicarbonate and retaining H'.



