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CHLORIDE

= Chloride ions are th

= The normal blood plasma chloride ions concentration

= Chloride ions moves relatively easily between the extracellular and intracellular
compartments D
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POTASSIUM

= Potassium ions are
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Normal heart Heart with ventricular fibrillation
Ventricles
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Normal heartbeat Ventricular fibrillation
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BICARBONATE

- Bicarbonate ions are the/SecoRAOSHprevAlenT extracellularanions.

= Normal blood ilasma of bicarbonate ions concentration is—

&‘))8” Bicarbonate ions)concentration increases as blood flows through systemic capillaries
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© As blood flows through pulmonary capillaries, however, the concentration of
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= The intercal)ated cells of the renal tubule can ei
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CALCIUM

= The most important regulator of calcium ion concentration in blood

plasma iSparathyroicshormone (PLH): = = * -
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MAGNESIUM
* In adults, about 54% of the total body magnesium is part of bone matrix as magnesium salts.
- The remaining 46% occurs as magnesium ions in intracellular fluid (45%) and extracellular
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ACID-BASE BALANCE

which
- R IR A\ VI
. QGA-Base HalaNCe p¥ oy NoMoskdSts 1) R,

mechanism for the disposal of hydrogen ions would cause hydrogen ions in body fluids to

rise quickly to a lethal level. ;‘U
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ACID-BASE BALANCE
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THE ACTIONS OF BUFFER SYSTEMS




Sul borsysloy 57\ |

PROTEIN BUFFER SYSTEM
- (1¢is fhe most abundant butfer in intracellular fluid and blood plasma)
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PROTEIN BUFFER SYSTEM

through the systemic capillaries, carbon dioxide
(CO2) passes from tissue cells into red blood cells,
where it combines with water (H20) to form
carbonic acid (H2CO3). Once formed, H2COs
dissociates into hydrogen ion and HCOs3-. At t
same time that CO:2 is entering red blood cells,
oxyhemoglobin (Hb-Oz) is giving up its oxygen|to
tissue cells. Reduced hemoglobin
(deoxyhemoglobin) picks up most of the hydrog
ion. For this reason, reduced hemoglobin usually is
written as Hb-H. The following reactions
summarize these relationships:

H.CO. —>» H' + HCO,

H.0 + CO,

(entcring RBCs)

sl A\ T

M Hydrogen ion Bicarbonate ion

Hb-O,
Oxyhemoglobin
(in RBCs)

—> _H,CO,

Water  Carbon dioxide

+ HW — b-H
Hydrogen ion
(from carbonic hemoglobin

acid)

o 67 Vol s &

—
+ 0,
Oxygen
(released to

tissue cells)




CARBONIC ACID-BICARBONATE BUFFER

. : SYSTEM

LV\ /L-C ° ()3) Leleos)

© The carbonic acid-bicarbonate bufter system is based on the bicarbonate ion
(HCO352)) which can act as a weak base, and carbonic acid (H2CO3), which can

act as a weak acid. As you have already learned)/HCO3=is a'significantanion™

—m&@j

v Because the kidneys also synthesize new HCO3- and reabsorb filtered

HCO3-, this important buffer is not lost in the urine (CICHSIGINCRGCSSROND
dhydregenicithe HCO3- can ﬁmctiog as a weak base and remove the excess
hydrogen ion as follows: AL VEET S FEIRY RTINS TN
H*™ + HCO, ——» H,CO,

Hydrogen ion Bicarbonate ion Carbonic acid

(weak base)
o 3 S

(Hgeey




CARBONIC ACID-BICARBONATE BUFFER

SYSTEM

v Then, H2CO3 dissociates into water and carbon dioxide, and the COz2 is
exhaled from the lungs. Conversely, if there is a shortage of hydrogen ion, the
H2CO3 can function as a weak acid and provide hydrogen ion as follows:

NN —_—

H,CO, —» H' + HCO,
Carbonic acid Hydrogenion  Bicarbonate ion




PHOSPHATE BUFFER SYSTEM

v The components phosphate buffer system are the
‘phosphate and

the one for the carbonic acid-bicarbonate buffer system. The
components of the phosphate buffer system are the ions dihvdro-
gen phosphate (H,PO, ) and monohvdrogen phosphate (HPO,*").
Recall that phosphates are major anions in intracellular fluid and
minor ones in extracellular fluids (see Figure 27.6). The dihydro-
gen phosphate ion acts as a weak acid and is capable of buffering
strong bases such as OH . as follows:

OH

Hydroxide i
Eslmng base '1?

-

Monohydrogen

(weak base)




PHOSPHATE BUFFER SYSTEM

The monohydrogen phosphate ion is capable of buffering the H”
released by a strong acid such as hydrochloric acid (HCI) by act-
ing as a weak base:

(weak base) '\
Qﬁ )

v Because the concentration of phosphates is highest in intracellular fluid, the
phosphate buffer system is an important regulator of pH in the cytosol. It
also acts to a smaller degree in extracellular fluids and buffers acids in
urine.

(weak acid)




EXHALATION OF CARBON DIOXIDE
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CO, + H,0 H,CO, H° + HCO, =\ dicotiate abe
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EXHALATION OF CARBON DIOXIDE

CO, + H,0 H,CO, H® + HCO,
Carbon  Water Carbonic Hydrogen Bicarbonate
dioxide acid ion ion

v With increased ventilation, more CO2 is exhaled. When CO:z2 levels decrease,
the reaction is driven to the left (blue arrows), hydrogen ion concentration
falls, and blood pH increases.

v If ventilation is slower than normal, less carbon dioxide is exhaled. When CO2
levels increase, the reaction is driven to the right (red arrows), the hydrogen
ion concentration increases, and blood pH decreases.




Figure 27.7 Negative feedback regulation of blood
pH by the respiratory system.

@ Exhalation of carbon dioxide lowers the H*
concentration of blood.

CONTROL CENTER Return to homeostasis
Doran - e when response brings STIMULUS
roup in the (o ! concentration back . '
group . to normal Disrupts homeostasis
i oy by decreasing
oblongata o m
Output Nerve impulses ' CONTROLLED CONDITION
, Blood pH (increase in H* concentration)
t'L =
EFFECTORS = "‘ I \
e — i
. -
. " -:- \’s_‘;r. , \
i L«: | Sé I RECEPTORS
; Central ' J ' \
= = I chemoreceptors 1 h Peripheral
in medulla | | chemoreceptors
Contracts more forcefully / oblongata _ .;' in aog'tic anc}
and frequently so more c - s - carotid bodies .
CO, is exhaled Q o~ \ (=)
Y 4 e ‘
RESPONSE -
As less H,CO, forms and fewer H* \
are present, blood pH increases
(H'concentration decreases) Input Nerve impulses ‘
g



TABLE 27.3

‘ Acid—Base Balance

Mechanisms That Maintain pH of Body Fluids

MECHANISM
Buffer systems

Proteins

Carbonic acid-

bicarbonate

Phosphates

Exhalation of CO,

Kidneys

COMMENTS

Most consist of a weak acid and its salt,
which functions as a weak base. They
prevent drastic changes in body fluid pH.

The most abundant buffers in body cells
and blood. Hemoglobin inside red blood
cells is a good buffer.

Important regulator of blood pH. The
most abundant buffers in extracellular
fluid (ECF).

Important buffers in intracellular fluid
and urine.

With increased exhalation of CO_,

pH rises (fewer H'). With decreased
exhalation of CO,, pH falls (more H' ),

Renal tubules secrete H' into urine and
reabsorb HCO, 5o it is not lost in urine.




ACID-BASE IMBALANCES

< The major physiological effect of| acidosis)i
> ]
Ny
atwon po
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- The normal pH range of systemic arterial blood is between 7.35 and 7.45. . '~ 7~ %

L)

 alkalosis (or alkalemia) s a condition in which blood pH i higher than 7.45, %' D 7

<+ The major physiological effect of|alkalosis, by contrast; is overexcitability in both the
~Neurons condﬁﬁ pulses r@’ ively, even

when not stimulated by normal stimuli;

SR olel qiivabon Lie ey Oe

% Acidosis (or acidemiallis a condition in which blood pH is below 7.35.
N



ACID-BASE IMBALANCES

v Change in blood pH that leads to acidosis or alkalosis may be countered by
compensation, the physiological response to an acid-base imbalance that
acts to normalize arterial blood pH. Compensation may be either complete,
if pH indeed is brought within the normal range, or partial, if systemic
arterial blood pH is still lower than 7.35 or higher than 7.45.



ACID-BASE IMBALANCES:

RESPIRATORY ACIDOSIS
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o Inadequate exhalation of CO:2 causes the blood pH 6\5

o Such conditions include pulmon edemaﬁ
ﬂr
_MWW do ol Rl N condirons @

ex ow ®i Co C&C,\ QXQ()g\S
o If the respiratory problem is not too severe, the kidneys can help raise the

blood pH into the normal range by increasing excretion of hydrogen ion and
reabsorption of HCOs- (renal compensation).

© The goal in treatment of respiratogl_géi/g\%gjs—
In addition,
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ACID-BASE IMBALANCES:
RESPIRATORY ALKALOSIS

 The cause is the increase of pH (hyperventilation). 510/ ¢ TH/u/ =20 <o

AN 2

o Such conditioi—s;i nplzlude

o ——

o Again, renal compensation may bring blood pH into the normal range if the

kidneys aret\ﬁ)lg&gm’gﬂgﬂdecreage_ excretion of hydrogen ion and reabsorption of

HCOs-. ™\ HR Qifu

- Treatment of respiratory alkalosis is-ained atifcreasing thelevel of COzifithen
“body.1One simple treatment is to have the person inhale and exhale into a

2.7 . . . .
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ACID-BASE IMBALANCES:

METABOLIC ACIDOSIS

- (Thercauses thelblood pHitoidecrease) — ' -\ =
 Three situations may lower the blood level of HCOs= ' o % s o

@@5 = & 2 LIS

(1) actual loss of HCOs, such as may occur with severe diarrhea or renal

- dysfunction. fenal dys fuch oo c:k\q{/\w(cy b= loss oS HEs
2 jatiomofanacidrotherd | . nketos
proteins. exfebon of W 3o BN o D o e s

o If the problem is not too severe, hyperventilation can help bring blood pH into

the normal range (respiratory COMH)- @ (1)
2=

o Treatment of metabolic acidosis\=
-
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ACID-BASE IMBALANCES:
METABOLIC ALKALOSIS
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o Respiratory compensation through hypoventilation may bring blood pH into
the normal range. Treatment of metabolic alkalosis consists of@giving fluid
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