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Acid-Base balance |

Overview of the Respiratory
regulation of acid-base balance

Physiology Lecture 21

Dr. Waleed R. Ezzat

Lecture Objectives:

= Define the meaning of buffer systems.

= Recognize the chemical acid-base
buffer systems of the body fluids. Intra
and extracellular buffers.

" Understand the overview of the
respiratory regulation of acid-base
balance
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Introduction:

* Precise H* regulation is essential because the activities of
s*>*—almost all enzyme systems in the body are influenced by H*
concentration.(pu)

®* Most acids and bases in the extracellular fluid involved in normal
acid-base regulation are weak acids and bases, such as
(H,CO;) acid and (HCO;™) base. < oLt o

®" The normal arterial blood [H*] is 40 nEqg/L which is equivalent to
pH of 7.4, whereas the pH of venous blood and interstitial fluids
Is about 7.35. ~— 2 ysh & Pl

= Intracellular pH is slightly lower than plasma pH because cell
metabolism produces acid.

H* Concentration (mEq/L) pH

Extracellular Fluid

e Arterial blood « 4.0 x 10> e 7.40
* Venous blood » 45x 105 = 7.35
* Interstitial fluid e 45x%x 103 * 7.35
Intracellular fluid 1x103to4 x 10-5 6.0-7.4
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3 Systems that regulate the [H*] in the body
fluids to prevent acidosis or alkalosis:

1. Chemical acid-base buffer systems (acts
immediately to combine with an acid or a base to
revent excessive changes in [H*]). Chemical
uffer systems do not eliminate or add H* to the
body but only keep them tied up until balance can
be re-established.

2. The respiratory center which regulate the removal
of extracellular fluid CO, (the second line of
defense)

3. The kidneys which can excrete either acidic or
alkaline urine (the most powerful of the acid-base
regulatory systems)
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= Two types of acids are produced in the body;
volatile and nonvolatile acids

1. Volatile acids is CO, which combines with H,0O to
form the weak acid H,CO, which dissociates into
H* and HCO;". The enzyme carbonic anhydrase
is present in most cells and catalyzes the
reversible reaction between CO, and H,O.
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9& nvolatile acids are also called fixed acids such
as H,S0O, (from protein catabolism) and
*phosphoric acid (from phospholipids catabolism).

Other fixed acids as’ketoacids, lactic acid, and
*salicylic acid may be produced in incomplete

fatty acid oxidation as in uncontrolled diabetes
_&9;_\% - — - 3 asl
mellitus, starvation, and alcoholism. 7

Nonvolatile acids are buffered in the body and are
then excreted by the kidneys.

Norwolakile Acids —, fixed Acids —y  5te QL dason
HpSOy = Swifuric. Acid
Salicdlic. Acd = Aspirir\
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®" The chemical acid-base buffer system is
composed of extra and intracellular buffers

1. Extracellular buffers
+ CO,/HCOy (the major)

CO, + H,0 5 H,CO, 5 H* + HCOy

HCO." 3 concentradion of HCOy
pH=6.1+ lugﬂﬂﬂﬁjm Henderson-Hasselbalch eq.
TR Parbial Pressune o # i)

- Phosphate [H,PO,/HPO,?] (the minor). However, it is
most important as a urinary buffer LSt 3

H,PO, s H* + HPO,2

2. Intracellular buffers

« Organic phosphates (such as AMP, ADP, ATP, and
DPG)

» Proteins (such as the hemoglobin which is the major
protein buffer)

?hosPl\o.k,__, UﬁmrJ Buffer—, e Beopbp awp HCOZT/ (07 Csuins Kidntas 2dGudd b N q.sd_.:fjfguh_;-.;&
Renal tubule
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The Respiratory System

55501 oo\ .
Pulmonary expiration of CO, balances intracellular metabalic
formation of CO, and the Pét}z of the extracellular fluid.

Whenever [H*] increases above normal, the respiratory system
Is stimulated, and alveolar ventilation increases. This
mechanism decreases the PCO, in extracellular fluid and
reduces [H*] back toward normal.

1[H*] — Ttalveolar ventilation

L
|PCO,

Respiratory system acts as such as a typical’ ne%tnm
:m&aaﬁ-gﬂm[ﬁr of hydrogen ion ﬁ;:nmm n. The gain is

about -1 to -3 (50 to 75%

The buﬁerin%pc}w&r of the re Plraiury system is 1-2 times as
reat as the buffering power of all other chemical buffers.

Impairment of lung function such as in emphysema can cause
respiratory acidosis. Here the kidneys become the sole
remaining physiological mechanism for returning pH toward
normal.
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Air passages; trachea — bronchi — (branching) — f-.m
respiratory bronchioles = end branches of "bronchial

Al
Thoracic cavity; lungs are surrounded by pleural
membrane (double membrane with lubricating fluid

in between), situated inside rib cage and above

diaphragm—— <a\3\ pusdh
sapnrapin 8 .-

Sites of gas exchange; alveoli are the sites of gas
exchange = outpouchings gs of wall of respiratory  __
bronchioles (alveolar sac looks like a bunch of
grapes). Alveoli have large total surface area (about
the size of a tennis court); each alveolus is
surrounded by a web of capillaries
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" Increase size of thoracic (chest) cavity — negative
i Rressure so that air is "pulled” into the lungs when
- we inhale (air pressure inside lungs is lower than
atmospheric pressure)

®* To increase chest cavity size:

1. Use "intercostal” (rib) muscles to pull ribs up and
out (expanding rib cage; mainly occurs only
during deep breathing)

2. Contract diaphragm muscle to "flatten"” dome
(this is the major means of inhaling when at rest)

* To decrease chest cavity size: relax diaphragm and
rib muscles P

" Inhaling involves muscle contraction; exhaling is
normally passive (muscles relax)
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Gas exchange and transport

= Diffusion is rapid between alveoli and lung capillaries; gases
diffuse down their concentration gradients

= Note: "concentration” refers to the amount of gas that IS
actually dissolved in the blood = "partial pressure”. This does
not include gases complexed with Hb or carried in the form of
carbonic acid. W, Hemogebin

= Partial pressure of oxygen (PO,) is high in alveoli, low in
pulmonary arteries — oxygen diffuses into blood; partial
pressure in body capillaries is higher than in tissue fluid —
oxygen diffuses out of body capillaries

= Hb can pickup four molecules of oxygen = oxyhemoglobin
(HbO,); strength of binding is fairly weak, depends on patrtial
pressure of oxygen. Hb releases oxygen rapidly where
oxygen pressure is low as in the tissues

= 70% of carbon dioxide is carried in blood as carbonic acid:
23% is carried bound to Hb {carhammnhemnglnbm}
q:' e & VAN "\P j*-"\ g)\o.sg QS& ' -
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ALVEOLAR/CAPILLARY BARRIE
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s oripherd Chanorceptors 1. Rt arc "T_‘.h'-ou oy
L Corobid Sinuses (Corotid Bodies) D
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The Respiratory System (cont.)
Control of respiration

= Nervous system controls rate and depth of breathing; the
respiratory center is located in the medulla oblongata. It
sends periodic signals to the diaphragm causing it to contract
(10 -14 times per minute at rest)

= Respiratory center monitors blood PCO,, PO, and blood pH
by chemoreceptors: when blood carbon dioxide goes up,
rate and depth of breathing increase pLSC

/—§
= Breathing faster and deeper causes the lung to get rid of more
carbon dioxide — slow breathing (= negative feedback)

" *Peripheral chemoreceptors are found pn'rng_rgy in the carotid
sinuses (carotid bodies) and the aortic archCentral
chemoreceptors are found on the medulla oblongata

= The Eeripheral chemoreceptors monitor plasma PCO., pH,
0 2

and 5

= Central chemoreceptors primarily monitor pH of cerebrospinal
fluid. These receptors are the major control of respiration
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The Respiratory System (cont.)
Control of plasma pH

Changes in respiratory rate and depth can result in changes in
plasma pH

The respiratory system can correct and regulate the plasma pH.
This occurs when there is a change in plasma pH that is not
initially caused by the respiratory system itself

Metabolic acidosis is typically caused by ingestion of too
much alcohol |; cohol is metabolized to acetic acid), excessive
loss of HCO, iffdiarrhea™accumulation of excegs lactic acid
during Exer-:lse or shock, and the production of’acidic ketone
bodies as a result of Starvation or in'Biabetic crisis W T /PRy

In response to metabolic acidosis, the respiratory rate and
depth will rise as the body atlarnpts to "blow off" CO,. Ridding
the body of CO, will help raise the plasma pH==> \-\3?er Vendilakion

Metabolic alkalosis is typically caused by E:H.GEE;EWE vomiting,
excessive ingestion of Elr"ltEICIdE- ﬂ-!‘ cunstrgatlun H*y

In response to metabolic alkalnsls ‘respiratory rate and depth
will be slow and shallow. This will enhance retention of CO, and
production of H* and thus will lower pH

14
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Test Question:
/_,.}?)'\d’i‘-

Q. A patient with paralysis of the respiratory muscles
suffered from an increase in PaCO,, from 40 to 60
mmHg and an increase in the concentration of (07
hydrogen ion in arterial blood from 40 mEq/L (pH T
7.4) to 50 mEq/L (pH 7.3). As a result, which of the  FHL
following would happen?

A. The plasma HCO, would decrease. x
B. The pH of the urine would incrg-,a’se,decrea.se,

C. The buffering capacity of plasma proteins is
diminished. x

@ The central chemoreceptors would be stimulated.

E. The peripheral chemoreceptors would be inhitsited .x
stimuloded
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