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""" Major fluid compartments of the body
Total body water
Volume=40L

60% of body weight
I

Intracellular fluid (ICF)
Volume=25L
40% of body weight

I
Extracellular
fluid (ECF)
Volume=15L
20% of body weight
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Bio Med lab Electrolyte Composition of
BIESHA, Interstitial Fluid, and lintracellular Fluid

160

[ Blood plasma m Nat+ K+
. Interstital fluid
Intracellular fluid _ 120 Cl-
$
Na* Sodium l:', - HPO4--
K* Potassium ‘g
=
Ca2* Calcium % 80
Mg2* Magnesium % -
HCO3~ Bicarbonate g Proteins- Anions
" F 40
cr Chloride —
HPO42- Hydrogen - Mg++ SO4--
phosphate
-
SO42- Sulfate Ca
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Bio Med lab

v
wr Pl9aL22 or DECOD?
B
Injec %

Normal saline =0.9% NaCl=9 gNaClin1L

MW (NaCl)=58.5

(9 g/L)/(58.5 g/mole) =0.15 mole/L = 150 mM/L
D5SW = 5% dextrose in water = 278 mM/L



- Acids and Bases
[H ]

[OH ]
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Bio Med lab
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Comparator Indicator Strips
~ PH5.0-pH 9.0
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Bio Med lab

pH Examples of solutions

0 Battery acid, strong hydrofluoric acid
Hydrochloric acid secreted by stomach lining Seas waler
Lemon juice, gastric acid, vinegar Baking soda

Grapefruit juice, orange juice, soda Great Salt Lake, milk of magnesia

Tomato juice, acid rain Armeniz selition

5 Soft drinking water, black coffee Soapy water
6 Urine, saliva Bleach, oven cleaner
“Pure” water

Liquid drain cleaner
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AZmA pH’s of common substances

Bio Med lab
Basic

A

14

13

12

11

10

pH neutral 7

\/
Acidic 0

— Concentrated lye

— Household ammonia

— Baking.soda

— Pancreatic juice
Blood

— Water
Milk

— Urine

— Coffee
— Orange juice

— Vinegar

| Lemon juice
Gastric juice

— Battery acid

Normal and abnormal
pPH ranges of blood

A

8.00

Death

> Alkalosis

7.45 —

7.35 —

} Normal

6.8

> Acidosis

Death
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Bio Med lab

Strong Acids -Weak Acids

(a) A strong acid such as (b) A weak acid such as
HCI dissociates H,CO; does not
completely into its ions. dissociate completely.

® 2013 Pearson Education, Inc.
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Lawrence Joseph Henderson

(June 3, 1878, Lynn, Massachusetts — February 10, 1942, Cambridge, Massachusetts) was a physiologist,
chemist, biologist, philosopher, and sociologist. He became one of the leading biochemists of the early 20th
century.
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Bio Med lab Karl Albert Hasselbalch
(1 November 1874 in Aastrup, Denmark — 19 September 1962) was a physician and
chemist.
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Henderson—Hasselbalch equation

A

IJH — pKEL + lﬂ'gln [HA]
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oH=6.1+1.3=7.4
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Arterial Blood Gas (ABG)

ABG

Normal range

0,CT

pH
PaCo,

PaO

2

HCO

3

0,Sat

15-23% per
100 mL of blood

7.35-7.45
35-45 mmHg

80-100 mmHg
22-26 mEq/L
95-100%

g |
b

Cleveland
Clinic
©2022
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Buffer
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Henderson—Hasselbalch equation

A

IJH — pKEL + lﬂ'gln [HA]
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Bio Med lab

Titration
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10
8 |
pH A, :T buﬁe;ed
half-equivalence : reglolns
4 pdint : :
2 |- } l

ol 110
0 .5 1 1.5
equivalent fraction of base added
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AmMmino acids
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Alanine
14.0
12.0F
CO(?
10.0F H2N—|—H
CH=
8.0r T DT 5.0 =) pH = 10
pH i @ CO2
6.0F  Brilin 6.0+ HaN——H
40k ’ o ) T 4.0 CH3
K, 1=2,3¢ -
[— 4 2 D_ @ C02H [_|H.-._~ D
it ' H3N—|—H
8888 ) , . CH=
0.0 0.5 1.0 1.5 2.0 2.5 ;

pH < 2
Equivalents of OH”
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Titration of an Acidic Amino Acid

Aspartic Acid o
14.0 cos
12,0 12.0 O HN——H
pK32= Q.2 =+ C02 qu @
10.0k 0.0 HBN—|—H CO3
H-C
8.0} a.0- £od pH > 10
H -
PT ot 604  PHREY ol
DK33= 3-9 |:-i-:| 2
4.0 4.0 - @ CO2zH HaN H
1_ +
pKsl=2.1 H3N_'_H CHz
2.[]// pl=3.0 2.0 CHo CO5H
I
1 1 COZH pH 52.8
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Equivalents of OH"
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Bio Med lab

Titration of a Basic Amino Acid

Arginine CO, @
14.0 PKy3=12.5 COz@ HoN——H
12.0F 12.0 4 HaN (CH2)3
pI=10.8 (CH2)3 NH
100} 2 10.0 - ! A
. pK,%= 9.0 ' NH HN " NH2
8.0 8.04 HzN“gNH, PH>13
pH pH = 10.8
6.0 F 6.0 ~ o C02©
sk 40l @ COzH HsN—I—H
pKa1= 2.1 H3N+H (?H2)3
2.0 2.0 4 (CHz2)3 NH
1 \ NH H2N ,:_}:, NHZ
0.0 0.5 1.0 1.5 2.0 2.5 3.0 HaN"iz NH2 pH = 8
pH < 2

Equivalents of OH"
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wsesv The pl of different amino acids

_NH2
'&y\ ) O@ 0
HzN™"NH  NH30 @I
(CHz)g—H@ HSN H
H O CHa ,.
arginine pl=10.77 alanine pl=6.01
02 o

@ O I:-El =)

CH@ CH

aspartic acid pI=2.80 isoleucine pl=6.02
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e e o Main Biologic Buffers

1. Proteins: Albumin, Hb, Mb
2. Phosphate
3. Bicarbonate

Dr. Ansarihadipour www.dezazma.com
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Bicarbonate Buffer

CARBONIC
ANHYDRASE

(Spontaneous)

CO, + H,O =

> H,CO, < >~ HCO,™ + H*

Carbonic
acid

Dr. Ansarihadipour www.dezazma.com 32



HCO;

pH = pK, + Log

[H2CO3.
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pH = pK, + Log

i ipour www.dezazma.co

HCO; |

[PCO3]




DEZ....

CBlé g 0942 yio (slae 60 jlen S (yo2 5> CO2 55 )Lind
ol 0)S (g ST Gl 28 ©ligySas 0

T yloyd (il LT .2

Dr. Ansarihadipour www.dezazma.com 35



o olasol,

0,5 Vg (551 0.03 Jsleo CO2 jl aguz yin (o o .

A5 (50 AT Sai)yS Jawl

awl 6.1 Jaloo SuiwyS duwl PK .

Dr. Ansarihadipour www.dezazma.com

36



DEZL.. HENDERSON-HASSELBALCH

Bio Med lab

Digsocialian

Constan Bicarbonate (mmol/L}

HCO,]

1+ lo
pH =6.1 g’x‘pﬂﬂz\

GO, Solubility GO, Partial
Constant Pressure (mmHg)
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(i jgdawl (Gl

pH=6.1+1.1=7.2
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Respiratory Acidosis

S5 Gl
00 &\ IS @f
28 Gl 59N L paa
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Respiratory Alkalosis

O gl g st
540 43965 L) 39
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HCO3 | \

[PCO3]

pH = pK, + Log
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Metabolic Acidosis

CO2 ada 14y,
GJaush a8 1auls
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HCO; |/

pH = pK, + Log
[PCO>]
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Bio Med lab

Metabolic Alkalosis

pb il S 8 e
£ i)
S0 i ) ads
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Respiratory Acidosis and
Compensation
(Davenport Diagram)

Pcoz:SQ:ﬁmHg ’
' Pcoz=40mmHg )
: sz:Z?iﬁmHg
[HCOs] ottt 111+ .6\ A
(mM) | . 43 — =
Respiratory Nofmal o= 05 bt
Ac' sis g Re€piratory 1T
_~Alkalosis
pH
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Bio Med lab

[HCOa-]
(mM)

48
-

Respiratory Alkalosis
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Bio Med lab

Metabolic Acidosis

’ ' ’
—_—— et L] Metabolic alkalosis -

e
T ——
|

Metabolic acidosis_ ",

_,-‘O
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-~
o
2

-

/Pco2=40mmHg

pH
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Bio Med lab

Metabolic Alkalosis

/Pcoz=40mmHg

—— _ ___ __ Metabolic alkalosis

Metabolic acidosis_~,

- ——— g2

L
e
.
T —

pH
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AG or AGAP
Serum anion gap

(Na* + K*) = (ClI~ + HCO,")

Dr. Ansarihadipour www.dezazma.com
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AG

(Na*) - (CI- + HCO,™)= 20 mEq/L

Dr. Ansarihadipour www.dezazma.com
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