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Lecture 4. Electrolyte

B =H| 4 ZF (Total Body Fluid, TBF)
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Lecture 4. Electrolyte

B SH| Y2 (Total Body Fluid, TBF)

Total body mass (female)

Total body mass (male)

(a) Distribution of body water in an average lean, adult female and male

D John Wilsy & Sona, Ing.

(b) Exchange of water among
body fluid compartments




Lecture 4. Electrolyte

B =H| 4 ZF (Total Body Fluid, TBF)

S NN MHZ52 60%

@ MZ=ZLHH (Intracellular Fluid, ICF) : M| & 2| 40%

@ M= | (Extracellular Fluid, ECF) : M&2| 20%
1) M| ZtE M (Interstitial Fluid. ISF) : H1&2] 15%
2) @& (Plasma) : M&2| 5%
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Lecture 4. Electrolyte

Lymph Capillaries in the Tissue Spaces

-éf‘ !\

Tissue cells

J

Lyrmph capillary

Tissue spaces

Arteriole —

Tissue fluid ‘




Lecture 4. Electrolyte

m Ao ot

Blood flow

Capillary

Capillary Microcirculation

x Interstitial fluid
Hydrostatic pressure

-_ Osmotic pressure

«~— Venous end

Figure 2. Fluid exchange occurs across capillaries according to
hydrostatic and colloid osmotic pressures maintained between the
extracellular and intravascular compartments.




Lecture 4. Electrolyte

Lymphatic fluid (lyrmph)
returns to

e

Blood plasma TR

Lymip hatic
capillary

cell

Interstitial
Blood flow from artericle fluid

into capillary

IFOP =

Key:

BHF =Blood hydrostatic pressure

IFHF = Interstitial fluid hydrostatic pressure
BCOP = Blood colloid osmotic pressurs
IFOP = Interstitial fluid osmotic pressurs
NFF = Net filtration pressure

1 mmHg

Met filtration at arterial end of
capillaries (20 liters per day)

Blood flow from capillary
into venule

Met reabsomption at venous end
of capillaries (17 liters per day)

Met filtration = (BHF + IFOPF) = (BCOP + IFHP)
pressure (NFP) .
Prassures promating Pressures promaoting
filtration reabsorption
NFP = (35 +1)— (26 +0) NFP = {16+ 1) - (26 + 0)
=10 mmHg = -9 mmHg
Result Met filtration Met reabsorption
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Lecture 4. Electrolyte
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Lecture 4. Electrolyte

B Tl E (Electrolyte)

- HHO M| Hof LB

go|=2 =0[2
Na* 142mEq/L Cl- 103mEqg/L
K* 5mEg/L HCOy 26mEqg/L
Cat*? 5mEq/L Protein 16mEg/L
Mg+2 2mEg/L F714¢ 6mEg/L
HPO,? 2mEq/L
SO,? 1mEg/L
A 154mEg/L A 154mEg/L

2

JO|2dt S0|=22| X0|7F 10mEq/L 0] &0|H T & 0| O|Lt.




Lecture 4. Electrolyte

B Tl E (Electrolyte)

- ICFQ} ECF AIO|Q| Mo{lA =& X}O|

8= ICF ECF
Na 16.0mEq/L 140.0mEg/L
K 100.0mEg/L 4.4mEq/L
Cl 52.0mEq/L 104.0mEq/L
HCO4 19.0mEqg/L 26.0mEq/L
Ca 0.5mEq/L 5.0mEq/L
F7| 014t 2.5mEg/L 3.2mEg/L




Lecture 4. Electrolyte

W et EEe HollE HEael

- 22 (Hemolysis)

-> Mot o Al 2+t LHO|| ChEfe 2 Zo RO = K f %QQE "=
- 249 (Congestion = Hemostasis) : &7|LF Z&0) g%
-> 28 Al 2| tiAEEQl CO,(=HCO;) 7t B7t5 PEH oloj e} == 9|

=0|2 2YE TO[5t7| fI5 C- 7t €+ HE Ol
SOl CIF ZA, CO,(=HCO5) 37t
7| 85
-> Ol CO,(=HCO;)7t t7| S22 Z0t7} F0[20] FZF5{X[11 0|0 rrhat
Cl-g8+0AM g2 2 0|
SOl ClIF 37t CO,(=HCO;) HA
- NE2NY

> 20| BB Al YD o EHE 7 O WYOR K 83
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= INE

-> Plan tube, SST tube




Lecture 4. Electrolyte

Bl Sodium (Na) & Potassium (K)

- Na: ME2|o| 20|
S K MIZEL ol 20| = JHE FE Yol
- Na & K9_| 7|3

@ A|7:|_I|- :L__gl_(_)_l Xr;ILXLE

@ MKl Moz 2ofd 7Al

-> Na : 136~147 mEqg/L
-> K : 3.5~4.8 mEqg/L




Lecture 4. Electrolyte

B Sodium (Na) & Potassium (K)2| X M &
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B Sodium (Na) & Potassium (K)2| X M &




Lecture 4. Electrolyte

B Sodium (Na) & Potassium (K) CHA}
- R g3 22 gdd0| /X &t
- 2| -QFX[EIA -2 = AHEH (Renin-Angiotensin-Aldosterone System)

Renin-angiotensin-aldosterone system

Legand
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i - m wie Stmulatory
" 2 sigral
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i
- Kidney
|ur-g= ' : K - - !... Inhititony signal
Liver I pemmm Tubular Na* Cl
- Sunface of pulmonary ( i@ | reabsorption and K- Clr=fre e R ACCON
ardd rensl endotiheliom: ‘f
ACE o excretion. H;O rfl:en'tmn H.0 = o Bictive transport
I ] T
0 i = = =k PAssive IrANLHO
. i : o Adrenal gland: |.
¥ . cortk
Angiotensinggen = Angiotensin | elangistensin Il]== === == - Aldosterone
k T Water and salt
iy retention. Effective
Decrease in L R circulating volume
renal perfusion | 2 o increases. Perfusion
(juxtaglomerular e @ Arteriolar of the jumlnmerular
apparabus} v N == RS T vasocanstriction, apparatus increases.
' A Increase in blood i
.: L pressure iarice: :
n L] R 1
. ]
' @ _ :
' S & ADH secretion i
L i,
] Pituitary glamsd: : :
- pastenar labe @' :
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Lecture 4. Electrolyte

B Sodium (Na) & Potassium (K)2| QA= o|9]

- &K

-> Na : 136~147 mEqg/L
-> K: 3.5~4.8 mEqg/L

N K

- {7150l - Pl El RO

- =835 (CHF) - iARE 27HE|S
Hypo- |- A&7|50[4 - YEt e YR AHZE BV

- T MEFS7t - Cushing syndrome

- Addison disease - THE, A}

- W LEAHE S5 |- 8dd 2t

- Cushing syndrome - ME7|50]4
Hyper- | - oot & - Addison disease

- 9835 - OlgEl ZE(H )

- Mt=oF Na A 3 - CHAHE AT
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B Sodium (Na) & Potassium (K) 58

FEa A
-> Na : Yellow color
-> K : Violet color

o]
o]

- XS HE =AY (Atomic Absorption Spectrophotometer, AAS)

- O| 2 M Ei M =
-> Na: Fo|d=(mtitS
-> K : Valinomycin 2 7

)

—1
=

TREx

il S E
Na (Sodium) Yellow
Li (Lithium) Red
K (Potassium) Violet

Ca (Calcium)

Reddish orange

Cs (Cesium)

Blue

Cu (Copper)

Blue Green




Lecture 4. Electrolyte

B Sodium (Na) & Potassium (K) =H
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Lecture 4. Electrolyte

Bl Chloride (Cl)

- QIN|Off EXHot= 80|=2 &5 7t& FE 0|2

- M= 20| A Nalt &HH "HE= =l
-> %“8 Na &= 2} 719| oo SLTICE

- SEIMO|Z2(HCOS) 2| 40| et s =7F #HBEC} (Chloride shift)
-> Hco3 HAoHH 7SoH"' HHS ol O 7t o2 RELO =42 24
-> HCO, 375tH oA 2 ol - 7 €+ 2 °°'EI01 S8 B4

- 7|5
@ MeHo| M| E 2dabd 74
@ Mol +-HY| B FA|
® Mol A F& Al

HoK] 1 98~110mEqg/L

AL O |O|
o 11—

-> =7} - CHAFE Acidosis
-> A - AR Alkalosis

0

IIIQ




Lecture 4. Electrolyte

B Chloride (Cl) &%

- GAAT A, AAS =8 27}
- Chloridometer2!O| L}

EH

Cl =t
- Schales-Schales & - X H

>> Serum (Cl) + Hg(NOy), ---

32 083t o2 MEYHIH

— - =1 =

————— — HgCl, + NO; + Hg*?

>> I}EFO| Hg*2 + Diphenylcarbazone(X|A[Qf) --------- — Purple
>> =28 AHESH| Z0 AXf= AP X Ri=C




Lecture 4. Electrolyte

Bl Calcium (Ca)

- QIH|Of] EXBt= Calciume 2F 98%7F QI4F & [Cas(PO,),1 2| HENZ 0| =Y

- Serum =°2| Calcium

@ FIHd, TH B AT (- 55%, FE|MEHR O|2MEZE =X
@ H|Fatd, cHe Aot @ 45%, Y20 0F Zotot AE

- MHMAK| : 9~11mg/dl (4.5~5.5mEq/L)

- ¥= Calcium =& &H

EAESRVN, 7l
HIIALM S22 _ 2 Caz &5 Al7]= Hormone
ree Parathrin (PTH) = = dSH7I= —
(Parathormone) Cas’/t,PLa Cadd, PSSt
ddd 2EZ . SIKF 12 ZFA AT =
Calcitonin ALY Caz 42A|7|= Hormone
(Thyrotrophin)

vitamin D caz7t, P57t Calla,paa
P (Phosphate) Cadl grH[ 2| 2HA| RUCE




Lecture 4. Electrolyte

Bl Calcium (Ca)

_ OIAI-I-IO'O'
Oo—1—l—

S 7} (Hypercalcemia)

= = =
2LdH 7|s2ts

(Hyperparathyroidism)
Vitamin D 2t
CHEY 243

Acidosis

BN 7|sXM5HS
(Hypoparathroidism)
Vitamin D 2 &
REZ

=82S

Alkalosis

B A FolArg

> EDTA AFS T AIR 27}

Ethylenediaminetetraacetic acid
(EDTA) chelates a metal ion

A (Hypocalcemia)
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B Calcium (Ca) &H

- AAS 53 7ts
- OCPCH : H|M &
>> Ca*? + OCPC(O-CresolPhthalein Complexon) A|<f __Al_k_ql_i_) Red (575nm)
27te|d0M 25 55021 BI-8dt= OCPCE EAM 2 ALE

>> Oxine : Mg?* A| 7, Aminoethanol borate Buffer (pH 11)
>> BT A CaCl,

10
-
e e~ i o= F 8 -
CALCIUM OCPC -
2 x 50 ml E
Py P Bl Mo 1od 854 1
1 Wi, 1 KRS RO
Eagi. 1 02720013 2 —
0 {4 DR 1] 12
f\mh C_hr.lm: L-:-hnr.:liam;!- 0 . . . .
i o — o 210 410 &M0 a0 1

Dilution factor
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B Magnesium (Mg)

O YEH= ol EX|
i

- OIH|0ff EXHSt= Magnesium 2F 60~65%7F Q1 At EFALA
LIHX|= 250 & 27% &0 6~7%, MZ2AH0| & 1% =
- Serum =2| Calcium
@ Fard, thel v Aot d - 75%, 72|
@ H|F1pd, Tl Astd - 25%, L2l
- &K 1.8~2.1mEqg/L
- @& Magnesium s =&

_> HjAd

>

Xl - Aldosterone

A4

B == e N |
> St AMEN, MM 7|5X5 Addisond
> A HEY MM S XIS 1 Ca'e S




Lecture 4. Electrolyte

B Magnesium (Mg) 57

- AAS 58 7=

- Xylidyl blue'd : H| A
>> Serum (Mg) + Xylidyl blue— Mg-Xylidyl blue Complex (Red, 540nm)
>> a5 52 0|20 HAHEO| U= + ULt

- Titan Yellow '8 : H|AH &
>> Serum (Mg) + Titan yellow + NaOH ---------- — Mg(OH), (Red, 530nm)

>> Polyvinyl alcohol : 28 Ot |




Lecture 4. Electrolyte

B 712! (Inorganic Phosphorus, IP, pi)

- PE Zotoh CHAol 37| At Btet= 0| =XHSHCt
-> S| ALt HIEAQID| 2 & CHALA O EXSI= QA AE IS =
-> DNA, RNA, ATP NAP £9| 52| 2EIO|E

> IATIE|EZ22I0|Lt AT DO|d2] 59| OIX| A

- tiaX el 27)2 gtgtE2 @It (H;PO,), HPO,%, H,PO, 2| 0|2
-> 85% : 0|2 (HPO,?, H,PO,)
@ pH 7401 M HPO,2: H,PO, = 1: 4
@ pH 7.4ECH A 0| HPO, 2= LA, H,PO, = BTt
® pH 7.42LCt 27}t2|0| M HPO,2& 7, H,PO, &
-> 0~ 15% : CHelap Aot

-> 5% : 23K
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B 712! (Inorganic Phosphorus, IP, pi)

-HEE =0 Ca2t Aot0] EXfetht

- PO M2 HE
@ AHXe =5, =
@ UL AZAH =M AKX 2| =202 5= 7A
® Call EHAPQF 224 E

HZIMM s 2271 Vitamin DO 9|3t & 2 BH=[}
- H&K] : 2.4~4.3mg/dl
_ OlAFXA OlO
o 1 —|l—
S7t A

2~ Of BUHAMI|sSRS
OFEAMEHN 485 5 S99
SU4MI|SK5HS
Vitamin D &=




Lecture 4. Electrolyte

B 7|2 (Inorganic Phosphorus, IP, pi) 578

- Fisk-Subbarow 2 (Molybdenum Blue ) : H| M

@© F=
>> Serum + Bloor & — Phospholipid &=

@42t & 4zt
>> Phospholipid + H,SO, — Phosphate & 2|

OF i
>> Phosphate + Ammonium molybdate(Z 24 X[) ------ — Phosphomolybdate
>> Phosphomolybdate + 1.2.4 ANSA(2t&X|) — Phosphomolybdeus

(Blue, 630nm)
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Bl Iron (Fe)

-AK el ojE AA T MY Mol Mol HE2 9 49, 62 & 3g B =X
- ML H EX{HE]
-> 24 70~ 75% : Hemoglobin , Myoglobin , Transferrin , Enzyme2| S Ef
>> Transferrin
* B-Globulin 22/0] ?|X|St= THeEHO|Ct
*lron (Fe)d SO0|HL =2 A= sHO| ULt
* Transferrin 100mg< Fe 120pgat 2SSOt
-> XA 25~30% : Ferritin , Hemosiderin2| R Ef
>> Ferritin
* M S XNYHEO|CH QI Aol of 25
* Apoferritin Proteint =¢/M|E O[F11 U2 &3li-d0[Ck
* MYLHIA M= (&=, 28, 8[&, .. 3)0 RULCE
* AY Ferritin?| s== MYULHIA M=o MEE= Ho| Y= HHYE
>> Hemosiderin

*=830|0t

* ML A M ZOf| 2F ERR ST

X
i
Ras
Ral
rot

1

o
1




Lecture 4. Electrolyte

H Iron (Fe) CHA}

Iron Absorption

Intestine

Duodenum/Upper Jejunum

Iron
Absorbed Fe3dt

2. lron stored in
mucosal cell
as ferritin

3. lronlostin
feces as cell
sloughs off

Mucosal
Cell Feces

Apotransferrin

|

Transferrin

7) =DMT1

(transporter)

GI]ID = Hephaestin

(oxidizes Fe)

@ =Ferroportin

(transport protein)

N

Hepcidin
(antimicrobial
protein from liver)
inhibits iron
absorption by
ferroportin
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H Iron (Fe) CHA}

Mechanism of ACD

Inhibits iron
absorption from

/ Intestines
e —) Hepcidin \

Inhibits iron
release from
macrophages in
bone marrow

Inflammatory Cytokine
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H Iron (Fe) CHA}

m—-
Microcytic,
Hypochromic €5
RBCs
Iron Quantitative Iron Deficiency Anemia
deficiency
Decreased Anemia of Chronic Disease
availability
Porphyrin Inhibition of Sideroblastic Anemias
Ring synthesis
Polypeptide |Absenceor Thalassemias
Chain inhibition of
synthesis




Lecture 4. Electrolyte

H Iron (Fe) CHA}

Morphology in Sideroblastic Anemia

lron Excess

Ringed Sideroblasts in BM

ERarviar S8 Bl ek e © 2007 J0C0 by BEursders, w0 #ren of Enve

Prussian Blue Stain

Pappenheimer
Bodies

<

Basophilic Stippling
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H Iron (Fe) &4HA 9|9

- TIBC(Total Iron Binding Capacity) = UIBC(Unsaturated Iron Binding Capacity)

+ Serum Fe
- H K|

-> & :80~180 ug/de

-> Q:70~170 pg/de

-> TIBC : 320 ~ 400 pg/de

-> UIBC : 90~250 ug/de

SEcl, Serum Iron UIBC TIBC

HA4Ed gy W 0 0
MAE=2Fd dld () W N\
ofd did 1 N\ N\
gdd bl T ! I}
4874 T — 7




Lecture 4. Electrolyte

H Iron (Fe) &7

pHOIAM S2CPESIE 2 Transferrin W B2 AHCHKNEIZE =&

L}
7(
- Matubara ¥ (Bathophenanthroline ) : H| Al

80 ~90°C 57t 7I'E

!
@ Serum + HCl ------- — Fe*3 R
@ TCA H|EHe | A EE|
3) Fe*3 + Ascorbic acid(ZHIX[) -------- — Fet2
@ Sodium acetateE H7}5t0] S35}
® Fe*2 + Bathophenanthroline('Z A4 A|2F) -------- — Red (545nm)

> SHRIA| : Ascorbic acid, Thioglycollic acid, Thiourea, Sodium sulfite (Na,SO,)

|2 EHAT| 2 nitroso-PASPE 0| &36t=

btV
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