Lesson 1
Water, pH and buffers
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H,O fundamentals — y
: ’
* The fundamental molecule of life R
* 60-95% of living human cells is H,0 s
* 55% in intracellular fluids T \ Cartngs |
e 45% divided between: :

* Plasma (8%)
* Interstitial (between cells) and lymph (22%)
* Connective tissue, cartilage and bones (15%)

\" Bone
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Lymph (from Latin, lympha) is the fluid that flows through the lymphatic system, a system composed of lymph vessels
(channels) and intervening lymph nodes whose function, like the venous system, is to return fluid from the tissues to the

central circulation
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H,O fundamentals

* In biochemistry:
* Transport medium across cell membranes
* Body temperature maintenance
* Solvent in the Gl and excretion system



H,O fundamentals

* Healthy humans

* Daily water intake/loss = 2L

* Intake --> 45% from liquids, 40% from food and
15% chemical reactions

* Loss —>50% urines, 5% feces and 55%
evaporation from lung and skin



H,O fundamentals

* Water balance must be preserved:

* Loss >> intake --> dehydration
* |Intake >> loss --> edema
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Water dissociation and pH
ThepHScaIe
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'\ Baking soda

. H20< > Hy0* + OH
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EE:

Mfk

H;0*] =[OH] --> neutral
* [H;O*] > _OH_ --> acidic
* [H;0*] = [OH"] --> basic

= [H3O+: X [OH] = 1014 (25°C) < o |
* In human body @ 37°C-->K, =2.4 x 1014 ACID NEUTRAL

* In pure water --> [H;0*] = [OH] = 1077 (25°C)
* pH =-log[H;0"] --> in pure water pH =7
* In human blood @ 37°C --> pH =7.4 --> [H,0*] =3.98 x 108

* pK,, = -logK, = 14
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Weak acids and bases

* In biology we have only weak acids and bases (incomplete dissociation)

CH;COOH + H,0 <--> H;0* + CH,CO0O" NH; + H,0 <--> NH,* + OH"
CH;COO conjugate base NH,* conjugate acid

K, = [H;0*][CH,CO0]/[CH;COOH] Ky = [NH,*1[OH]/[NH;]

pK, = -logk, pKy = -logk,

K, x K, = K, = 1014 --> pK, + pK, = 14



Buffers and pH control

* A solution that contains a conjugate acid-base pair of any weak acid or
base in relative proportions to resist pH change when small amounts
of either a (strong) acid or base are added is a buffer solution

acid base

A + H* — HA HA + OH— A + H,0

@° & S o 0 ¢

)\ A

Add acid (H*) Add base (OH)




l[dentifying common physiological buffers

e Stomach pH =1-2
* Gl tract pH = 8-9
*BloodpH=7.4

* Blooo
* Blooo
* BloocC

* BloocC

P
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< 7.2 --> pathological condition = acidosis
< 6.8 --> death
> 7.6 --> pathological condition = alkalosis
> 8.6 --> death
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l[dentifying common physiological buffers

e Respiratory acidosis * Metabolic acidosis

* |nefficient expulsion of CO,, increased
concentration of H,CO,, impaired-respiration
pathologies (pneumonia, emphysema, asthma)

* Decreased concentration of HCOy, results
from various kidney diseases, uncontrolled
diabetes, or vomiting of non-acid fluids

RESPIRATORY ACIDOSIS

METABOLIC ACIDOSIS

e Headache

| can’t catch

* I Muscle Tone,
my breath.

$Reflexes

* Hypoventilation — Hypoxia

e lBP (Confusion, TDrowsiness)
g * Rapid, Shallow ® Drowsiness, Dizziness, i
: Reeplratlons Disorientation * Hyperkalemia Respirations
. Compensatory
5 ol BP * Muscle Weakness, {Muscle Twitching ( ikt A
| Hyperreflexia »
e e 5Skin/Mucosa Fale to B e Causes:
2 Cyanotic * Causes: ’ Too much H'(acid) TH* Production
9 £ ~\\ Respiratory Depression Flushed | Too little Bicarb (zig;zf’:';)
L ® Headach | \neethesla, Skin o LH* Elimination
GaAACHE Overdose, tI1CP) (Vasodilation) b (renal failure)
: Airway Obstruction 4HCO. Production
* Hyperkalemia 1 Alveolar Capillary ¢ Nausea, (ée“l:xj{i')‘atlon. liver
Diffusion (Pneumonia, Vomiting THCO. Elimination
* Dysrhythmias CE Gy RRISR RE] (diarrhea, fistulas)

Retention of

(TK) CO2 by Lungs
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l[dentifying common physiological buffers

* Respiratory alkalosis * Metabolic alkalosis
* Excessive CO, removal, decreased concentration * Increased concentration of HCOj, results
of H,CO;, hyperventilation excessive vomiting of stomach acid
RESPIRATORY ALKALOSIS METABOLIC ALKALODIS

* Confusion Sy i
e Seizures ¢ Dizzy, Tirritability

¢ Lethargy & Confusion
® Dysrhythmias

o e 3 * Nausea, Vomiting,
(Tachycardia from4K")

Diarrnea

o Deep, Ra pid

Breathing ¢ Light Headedness

N
"

* Compensatory
* Nausea, Yomiting Hypoventilation

i * Causes:

* Causes: R
Hyperventilation bicarbonate) . |
¢ (Anxiety, PE, Fear) <k: ;

Mechanical Ventilation

* Hyperventilation

e Tachycardia r

e lor Normal BP

o TAnxiety,
\Y Seizures

® Tremors, Muscle Cramps,
Tingling of Fingers & Toes

* Hypokalemia (4serum Ca™)

CO, from Lungs

* Numbness
& Tihgling of Extremities

&-ﬂ’ ©2007 Nursing Education Consultants, Inc.
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l[dentifying common physiological buffers

* PROTEIN BUFFER SYSTEM

* Protein buffer system helps to maintain acidity in and around cells

* PHOSPHATE BUFFER SYSTEM
* Phosphate buffer helps to maintain intracellular and urine pH

* BICARBONATE BUFFER
* main extracellular buffer, main blood buffer
* Helps in controlling CO, levels --> CO, + H,0 <--> H,CO; <--> H* + HCO;"
* Coupled with CO, (blood) <--> CO, (lungs)



Buffer action and the pH of blood

* Normal blood pH =7.4
* Kept at this value by the buffering action of HCOj', resulting from these two parallel
physiological equilibria:

* CO, +H,0 <-->H,CO4
 H,CO;<-->H*+ HCO5

* Ko = [H*][HCO;]/[CO,)* = 7.95x 107 --> pK,, = -logK,, = 6.1

* Rearranging:
[H*] = Keq X [CO,]/[HCO;] —-> log[H*] = logK,,, + log ([CO,]/[HCO;] -->

-log[H*] = -logK,,- log[CO,]/[HCO;] --> pH = pK,, + log[HCO5]/[CO,]

*[H,0] =55.6 M = const = included in the K, value



Quiz time

* A patient suffering from acidosis had a blood pH of 7.15 and a CO,
concentration of 1.15 mM.

* If the reference range for pH = 7.4 are:

[HCO5] =22.0—-26.0 mM (average = 24 mM)

[CO,] =1.20 mM

and pK,, for the bicarbonate buffer = 6.1

* Q1. What was the patient’s bicarbonate (HCO3-) concentration?

* Q2. What are the implications of this value to the buffer capacity of
the blood?



Quiz time

R1.
pH = pK,, + log[HCO37]/[CO,] -->7.15=6.1 + log[HCO57]/(1.15 x 1073)

10105 = [HCO;7]/(1.15 x 10°3) --> [HCO;] = 12.9 x 103 --> [HCO;] = 12.9 mM

R2.

Normal [HCO;] average value = 24 mM --> [HCO;] in patient lowered by
11.1 mM --> severely impaired buffer capacity --> any further, small acid
production will have serious consequences for the patient
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