Cairan Tubuh
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“You might be able to survive for weeks without
food, without water you would die in a matter of
days”

AGUSTINA RAHAYU
MAGDALENI




Sasaran pembelajaran
* Menjelaskan kompartemen cairan tubuh

« Menjelaskan konstituen cairan ekstraseluler dan
Intraseluler

« Menjelaskan regulasi keseimbangan osmotik dan
pertukaran cairan antara intra dan ekstraseluler

« Keseimbangan elektrolit




BERAPA BANYAK CAIRAN TUBUH KITA?

Banyaknya tergantung pada usia, jenis kelamin
& kadar lemak tubuh

Dewasa Dewasa

Pria Wanita

80% 70% 952%
0 0 60% — 0

Bayi Anak-anak Manula




Kompartemen Cairan Tubuh
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 Total = 40 L (laki-laki dewasa 70 kg), 60% BB

— Intra sel =25 L,40%BB
— Ekstra sel =15 L,20%BB
* Interstitial =12 L,80%CES
* Plasma = 3L,20CES
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Total body mass (female) Total body mass (male)

Total body
fluid
213
Intracellular
fluid (ICF)
Extracellular
fluid
80%
113 I
Extracelular g
fluid (ECF)




A TABLE 15-1 Classification

of Body Fluid
LLLRLRRNRNY]

Volume  Percentage Percentage

of Fluid of Body of Body
Compartment (in Liters) Fluid Weight
Total Body 42 100 60
Fluid
Intracellular 28 67 40
Fluid (ICF)
Extracellular 14 33 20
Fluid (ECF)
Plasma 2.8 6.6 4

(20% of ECF)

Interstitial 11.2 26.4 16
Fluid (80% of ECF)
Lymph Megligible MNegligible Megligible

Transcellular Megligible MNegligible Megligible
Fluid




Fungsi Air

* Regulasi suhu
* Pelindung dari benturan
* Lubricant

* Reactant

« Pelarut

* Transport




Komposisi Cairan Tubuh
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Elektrolit
Non elektrolit

- Urea s

w
- Glucose * kaTION
- 02, CO2

Cl-

Na*
PO4?%

K+
HCO;

Ca?*
SO,*

Mg?2*

J Asam organik

(Sitrat,Laktat)

Protein
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Plasma Interstitial Intracellular
fluid fluid
(skeletal muscle)
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INTRACELLULAR

EXTRACELLULAR /
FLUID FLUID

HE = 142 mEqg/L """ 10 mEqg/L T
K¥ e 4 mEqg/L ------ =—---- 140 mEqg/L
Catt ——mmmmmmmeee 2.4 mEq/L ---
¥ I R — 1.2 mEq/L ----+
] i 103 mEq/L --f§-----
HCO,~ ------mn-- 28 mEq/L ----4
Phosphates----- 4 mEqg/L ------ -
= 1 mEqg/L ------
Glucose --------- 90 mg/dl ------g-----
Amino acids ---- 30 mg/dl ------g-----

Cholesterol
Phospholipids > 0.5 g/dl--------
Neutral fat

(5 mEq/L) \._(40 mEq/L)




POTENSIAL MEMBRAN

FPlasma membrane

ECF

K+

Na*

ICF

KT .

F Relatively large net
diffusion of K
outward establishes

_an Eg, of =90 mV

Sl No diffusion of A~
A \ across membrane

+ | ++++++++

and associated

Cl™

>Na*<

i Relatively small net
diffusion of Na*
inward neutralizes
some of the

potential created by
L KT alone



—— Phospholipids — 280 mg/dlypummmmmmmnmnn

—Cholesterol — 150 mg/dI|

Meutral fat — 125 mg/dl

/Glumse - 100 mg/dl

Urea — 15 mg/dl
Lactic acid = 10 mg/dI|
Uric acid = 3 mg/dl

Creatinine — 1.5 mg/d|
E EEiIirubin - 0.5 mg/dl

Bile salts — trace




Fungsi Elektrolit

1. Kofaktor enzym : Ca ?*, Mg %%, Zn?*

2. AKksi potensial pada neuron dan sel otot :Na*, K*

3. Sekresi dan kerja hormon, neurotransmiter : Ca?*

4. Kontraksi otot : Ca®*

5. Keseimbangan asam/basa: HCO;,HPO,*,H,PO,,
Protein

6. dwamsport aktif sekunder : Na, K, glukosa

s : Na*, K*, HCO,;,HPO,,H,PO,,Protein



Shift of Body Fluids Through Different
Compartments

IIIIIIIIIIIIIIIIIIIIIIIIIII TR e nenenennennn

SaIM& Physiology fourth edition McGraw Hill




Perpindahan Cairan Tubuh

R RN RN RN RN RN

Perpindahan cairan antara kompartemen interstitial dan plasma
berbeda dengan perpindahan cairan antara kompartemen
Interstitial dan intraseluler

Air, lon, bahan terlarut kecil dapat bergerak bebas dari plasma
(pembuluh darah) melewati celah endotelial
— Tekanan hidrostatik kapiler mendorong cairan dari plasma ke interstitial

Protein di plasma menimbulkan tekanan osmotik koloid atau
tekanan onkotik
— Tekanan onkotik menyebabkan masuknya air (dari interstitial) ke plasma

Arterial end capillary bed : tek. Hidrostastik > tek.onkotik->
cairan ke interstitial

Venous end capilary bed : tek onkotik >tek.hidrostatik - cairan
Interstitial ke plasma



Forces at arteriolar end Forces at venular end
of capillary of capillary

Initial lymphatic
vessel

* Qutward pressure * Outward pressure
i 37 e . Po 17
n 0 itial fluid |— == 4 0
IF - o —— ——| Interstitial dejﬁ e IF 3 0y
(ultrafiltration) (reabsorption)
* Inward pressure * Inward pressure
25 Pr(1)  me(0) 25
T g EiRg g
P 26—\
Net outward pressure Fol87) Tp (25) T (29) Pe(17) Net inward pressure
of 11 mm Hg = of 9 mm Hg =
Ultrafiltration pressure From arteriole To venule Reabsorption pressuy

All values are given in mm Hg. Blood capillary




> Tidak semua cair intravaskuler masuk kembali ke vena,

->sisa dialirkan melalui aliran getah bening

=>akhirnya dimasukkan kembali ke dlm sirkulasi darah.

Gambar 4b. NFT dan Aliran Limfatik



DINAMIKA PERMEABILITAS KAPILER
(STARLING FORCE) :

P e e e e e ey

1. TEKANAN HIDROSTATIK KAPILER (P,)

2. TEKANAN HIDROSTATIK INTERSTITIAL (P)

3. TEKANAN OSMOTIK CAIRAN INTRAVASKULER
()

4. TEKANAN OSMOTIK CAIRAN INTERSTITIAL (T1;)

NFP = (P — Py) - (T, — )

NFP = NET FILTRATION PRESSURE



TRRERRRRRnnnnnen
Interstitial fluid

Tissue cell

\}/ Anchoring filament
{ Opening
Endothelium of

lymphatic capillary
/ Lymph

B FIGURE 14-24 m Details of a lymphatic capillary.




> Tidak semua cair intravaskuler masuk kembali ke vena,

->sisa dialirkan melalui aliran getah bening

=>akhirnya dimasukkan kembali ke dlm sirkulasi darah.

Gambar 4b. NFT dan Aliran Limfatik
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« Akibat gangguan keseimbangan
air dan elektrolit
 Penyebab :
— 1 tekanan hidrostatik : hipertensi
— 1 permiabilitas kapiler : inflamasi

— | tekanan onkotik : | albumin
pada gangguan liver >akumulasi
cairan interstitial, | tekanan
darah, hambatan aliran darah

— Obstruksi limfe : pengangkatan
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Movement of body fluids

« Diffusion — movement of particles down a
concentration gradient.

« Osmosis — diffusion of water across a selectively
permeable membrane

« Active transport — movement of particles up a
concentration gradient ; requires energy

24
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Start with: Hypertonic solution Hypotonic solution




KESEIMBANGAN e outpul

2,500 mL/day 2,500 mL/day

CAIRAN

AR LA RRR RN

e Cairan Masuk:

— Minuman (60%) dan makanan Nt
— Air metabolik atau oksidasi
(10%)

« Cairan Keluar :
— Urine (60%) dan feces (4%)
— Insensible losses (28%),
keringat (8%)

Sweat 100 mL

Urine
1.500 mL
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WATER GAIN WATER LOSS

2500 ™ Miatabolic water Gl tract (100 mL)
(200 mL) Lungs
(300 mL) NI
2000 —
1500 —
Volume of
water (mL)
1000 —
500 —




Inputs to
internal pool

Input from external environment
(through ingestion, inhalation,
absorption through body surface,
or artificial injection)

(Inside body)

Storage depots within
body (no function
other than storage)

‘1

Internal pool
(extracellular fluid
concentration) of a

substance

Reversible incorporation
into more complex
molecular structures
(fulfills a specific function)

Qutputs from
internal pool

Excretion to external environment
(through kidneys, lungs,
digestive tract, or body surface,
e.g., sweat, tears, sloughed skin)

)




Gangguan Keseimbangan Cairan
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Water and
Solute

Water Only

Hipervolemia

L0SS

Hipovolemia




Mekanisme Pengaturan Keseimbangan
Cairan Tubuh

R AR

Antidiuretic Hormon (ADH)
Thirst mechanism

Aldosteron

Sympathetic Nervous System




Dehydration

Hydration and &+ '-
Dehydration

; — Low fluid intake
T —_.

@ —Receptors in the
) hypothalamus
e 1 osmolalitas plasma -
. Low b_lood volume
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permeable
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ADH merupakan salah satu factor memengaruhi
reabsorpsi air

0

':
Y

Water deficit T T LT

|

1‘ Extracellular osmolarity

l Cismorecepiors

+ ADH secretion
(posteror pituitany)

|

T Plasma ADH

1

H-O permeability in
.TA distal tubules,
collecting ducts

l

4 HyO reabsorption

!

- ¥ H,0 excreted




Cross-section of
kidney tubule
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v Blood volume/

DEHYDRATION —> accompanied by > #Osmolarity- -
¥Blood pressure >
CARDIOVASCULAR RENIN-ANGIOTENSIN RENAL HYPOTHALAMIC l
MECHANISMS SYSTEM MECHANISMS MECHANISMS  Hypothalamic
I-IJ l l osmoreceptors
LIJ Carotid and aortic @ Atrital VOI:amet'd
baroreceptors Il receptors; caroti
> ® iy @ YFlowat | [ycrm and aortic
LIJ 7 \_cells macula densa ® baroreceptors
'~ Volume Hypothalamus
Renin conserved

!

!

IAngiotensinogenI | 4 ANGI I

DEHYDRATION

HOMEOSTASIS

|

4 Rate 4 Force

v Parasympathetic | | 4 Sympathetic
output output
Heart
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v
l Arteriolesl:

Vasoconstriction

Y
4 Peripheral
resistance

4 Cardlac 4 Blood
()@ ()|
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v Aldosterone

Dlstal
nephron

¥Na*
reabsorptlon

A
@ ®: Thirst

- - - - - - - - - - - - - - - - -

~

4H,0 intake

A,

[ 4H0

reabsorption
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¥Osmolarity



Dehydration
Mekanisme Haus ‘:’:. :s./ \n:m

blocd osmolamy blood pressure

AL
PRRREERE R Renln
e Mulut dan farlng kerlng > A&'mc \ / Angiotensin |
pusat haus hipotalamus St,mu,ales S,,mu,a ¢l
e 1 osmolalitas plasma - . TN RN

Reduces

osmoreseptor hipotalamus sa..vm.on
« |volume&tekanan o,ymm
darah->renin—->angiotensin Thirst
lI=>pusat haus hipotalamus S?S.?ﬁf’
A l&gestlon
water
Coo!s’{ >stends |short-term
moistens mouth stomach | inhibition

and intestines | of thirst

—|Long-letm

-inhibition

Rehydrates i
biood ok

-
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_ PO e e e nnnnnnennn
Rasa haus: sensasi subjektif
Pusat haus terletak di

hipotalamus dekat dengan sel

penghasil vasopressin. osmolaritas (H20 terlalu sedikit
Sekresi vasopressin dan rasa —> sekresi vasopressin dan rasa
haus umumnya dipicu secara haus ditambahkan - reabsorbsi
bersamaan. H2O di tubulus distal dain

koligentes - pengeluaran urin
berkurang & H20 dihemat -
asupan H20 secara bersamaan
dirangsang




Hypotension Hyponatremia Hyperkalemla
jH.O | Na* tK* | K"

Peranan Aldosteron

PEEREERR R e el

 Hypovolemia - | Tekanan
darah-> sel JG ->renin

|

* Angiotensin |l - cortex x dsl' ioedback
adrenal> aldosteron = T i
DCT & DC - Na'*/K* l
ATPase activity T> K* A Biianersen

secretion T,Reabsorbsi Na =~

Increases K'

& air T € stabilisasi '““i’"’"” s’“r“"
volumeé&tekanan darah _ Lesshar More K ___
hingga air dikonsumsi |

Supports existing

fluid volume and

Na* concentration

pending oral intake



I
s E— P cell of distal nephron Interstitial
SEIIRT fluid
= ?C S
Lumen ..
of distal -
tubule V /
'Q-O‘/
9Translation and V—— Aldosterone
protein synthesis receptor
<«—New
channels o Newpumps G@
Proteins modulate
& <«— existing channels and pumps.
K* secreted *"_H‘\ i - \v
> o ATP
Na* —>» Na*
reabsorbed

A O
Aldosterone

/

O

K'l'
@)

Na*

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
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‘ Aldosterone combines
with a cytoplasmic
receptor.

Hormone-receptor
complex initiates
transcription in
the nucleus.

New protein channels
and pumps are made.

Aldosterone-induced
proteins modify
existing proteins.

e Result is increased
Nat* reabsorption and
K+ secretion.



Sympathetic Nervous System

L I R R R R R R R R R R R R R i

 Hypovolemia = |TD RN
> baroreseptor di oy
arcus aorta, arteri
karotis - batang otak

- 1 impuls simpatis
ke ginjal

— Kontriksi arteriol =
|GFR = |urine

— Renin = aldosteron =
Treabsorbsi Na

 Intake cairan - |
stimulasi baroreseptor

Angiotensin Il

release




Summary of Factors That Maintain Body Water Balance

FACTOR
Thirst center in
hypothalamus

Angiotensin Il

Aldosterone

Atrial natriuretic
peptide (ANFP)

Antidiuretic
hormone (ADH),
also known as
vasopressin

MECHANISM

Stimulates desire to
drink fluids.

Stimulates secretion
of aldosterone.

By promoting urinary
reabsorption of Na™
and CI™, increases
water reabsorption
Via OSMmosis.

Promotes natriuresis,
elevated urinary
excretion of Na™
(and CI17),
accompanied by
waler.

Promotes insertion

of water-channel
proteins (aquaporin-2)
into apical membranes
of principal cells in
collecting ducts of
kidneys. As a result,
water permeability of
these cells increases
and more water 18
reabeorbed.

EFFECT

Water gained if thirst
15 quenched.

Reduces loss of water (110NN

1N urine.

Reduces loss of water
in urine.

Increases loss of water
in urine.

Reduces loss of water
in urine.



Peran Reseptor V0|ume Atrium- Rt ennnnnnnnenn
Kiri

- memantau tekanan darah Peran Angiostensin Il
yang mengalir yang
mencerminkan volume CES.

angiostensin Il = merangsang

Tekanan darah arteri & volume sekresi aldosteron + bekerja
CES/plasma |, rasa haus dan langsung pada otak untuk
sekresi vasopressin dihambat. menimbulkan rasa haus dan
Penekanan asupan H,O, disertai merangsang vasopressin untuk
oleh eliminasi kelebihan volume meningkatkan reabsorpsi H,O

di ginjal

volume CES - memicu
sistem rennin-angiostensin-
aldosteron




T
CONVERTING ENZYME

L 4

| ANGIOTENSINOGEN

ANGIOTENSIN ||

Vasoconstriction

Increased Na+ and
H,O reabsorption




Overview of Movement Across
Membranes

R R e

@ERGY REQUIREME@

/ , 3 ’
Requires no energy Requires energy
other than that of from ATP
molecular motion |
L y
Diffusion Y
Endocytosis
\
) ) Secondary creates Primary ERCGyIosts
Simple Facilitated active concentration active
Ey
Molecule Mediated transport Uses a
goes through requires a membrane-bound
lipid bilayer membrane protein vesicle

4

A

!

PHYSICAL REQUIREMENTS




Diffusion

e e nnnnnnenenny

« Passive & down a concentration gradient
« Stops at equilibrium
* Rate factors: membrane, temperature, distance, & size

Extracellular fluid
Membrane Lipid Molecular Concentration
surface area solubility size outside cell
Q% A

thickness
Composition Concentration
Intracellular fluid Concentration

inside cell  :5-16: Fick’s law of diffusion



Facilitated Diffusion

« Uses transport proteins
« Passive Diffusion to Equilibrium

High glucose = ) )
concentration &y [Glucose],, = thgh [Glucose]

out Q

[Glucose]
stays low

Facilitated diffusion brings glucose into Diffusion stops at equilibrium, when the glucose
the cell down its concentration gradient. concentration inside and outside the cell is equal.




Primary Active Transport: Pumps Products
Uses ATP to move Rroducts

S RN RN R RN RN AR RN RN TRERRRRnnennnennnnnnn

*Up a concentration gradient

ECF

ATP

/ 4 %

O
3 Na* from
ICF bind ICF
|

with Pj from ATR.

rotein changes Protein changes
nformation. conformation.

g é 3 Na* released [ﬁ/
bind into ECF




) (a) Lung:rn n«;; zwfoers;tim :nu?:g:ﬁ;ir‘::uid
Secondary Active pee [
Transport:
FOERERRRE R e el

Uses Kinetic Ener

Nat-glucose
symporter

of [lon] y

(b) o

Na* binding creates
a binding site for

glucose .
* Co transports @ ’

* [lon ] restored . T

- US|ng ATP Glucose binding

changes carrier
conformation

)

(d)

Na™ releasad into
cytosol.
Glucose follows.

Figure 5-25: Sodium-glucase symporter




Vesicles in Membrane Transport

* Move particles , Large molecules
 Phagosome, Phagocytes

* Endocytosis and Exocytosis: VacuoleTransport
— Pinocytosis: non-selective
— Receptor mediated: specific substrate




¢ Ligand binds to membrane receptor. Extracellular fluid

9 Ciotyioss ¢ Receptor-ligand migrates to clathrin-coated pit. J
Transport vesicle
and cell membrane
fuse (membrane Clathrin- e Endocytosis
i coated pit
A
‘ Clathrin ’
% )
®
NN -
2 Vesicle loses
Transport vesicle clathrin coat.
with receptors moves | Kaicomeinatbatncd
to the cell membrane.
Receptors
To lysosome ? and ligands |
or Golgi «+— separate. 3
apparatus Intracellular fluid
Endosome

0 Ligands go to lysosomes
- or Golgi for processing.

—. Figure 5-28: Receptor-mediated endocytosis and exocytosis



Glucose
Movement of different solutes across cell membrane

Vander Physiology eighth edition McGraw Hill



Increased | . Decreased urinary

. ADHrelease,  water loss
KeS el m b a.n g an Increased | “ | Increased
. | thirst ‘ | waterAggiqr
Elektrolit '
LEELEEEERRREnng §03moreceptors§ :
. .. B stimj{lated Additional water
Sodium memegang posisi / coliatis Mmvesent]
sentral dalam cairan dan
. . HOMEOSTASIS
DISTURBED -
keseimbangan Elektrolit _DISTURBED . il
'BESTORED

90-95% zat terlarut di PoRREIRn S
dalam CES (kation |
terbesar CES)

kontribusi 280 mOsm dari  HoMEOSTASIS

~~{HOMEOSTASIS
Normal Na*

\concentration’ :
in ECF

HOMEOSTASIS

_ RESTORED
300 mOsm konsentrasi o ucraasuI N
zat terlarut di CES 1L |
. 7 | Water IossE en
satu-satunya kation yang (osmereceptors ok iehised |
: inhibite - o o
menimbulkan tekanan " A
osmotik ~ e
ADH release .| water loss

r . ‘
Decreased @ Decreased
thirst ¥ | water gain



Regulasi Keseimbangan Na*

R RN RN RN RN RN

* 65% sodium di dalam filtrat direabsorpsi di PCT,;
25% di Ansa Henle

« Kadar normal 136 — 145 mEqg/L

* Dipengaruhi oleh :
— ADH meningkatkan absorbsi air di DCT
— Aldosteron meningkatkan reabsorbsi Na di DCT

— ANP (respon dari regangan atrium<1 TD) meningkatkan
eksresi Na dan air, menghambat produksi angiotensi Il

— Estrogen,meningkatkan rabsorpsi NaCl di ginjal
— Progesteron, menurunkan reabsorpsi sodium
— Glukokortikoid = meningkatkan reabsorpsi Na 2>edema



Regulasi Keseimbangan Na*

P e

Perubahan kadar sodium plasma mempengaruhi:

- Regulasi air : volume plasma, tekanan darah,vol. CIS dan
Interstisiil

- Konduksi impuls saraf dan kontraksi otot

Hipernatremia : 1Na plasma - Na masuk ke interstitial
diikuti air > TNa interstitial - sel krenasi

Hiponatremia = |[Na plasma - sel membengkak
Penyebab hipernatremia :

- Tkeluarnya air tanpa Na* (1 keringat)

- ftintake Na™* tanpa air

Gejala dehidrasi & disfungsi sistem saraf non
spesifik : pusing, letargi, kejang, T

TNa plasma - haus, urine |



Fluid Volume Regulation
and Na+ Concentrations

-

-
-
-~

Increased blood
volume and
atrial distension

ek

HOMEOSTASIS
DISTURBED

ECF volume increased
by fluid gain or fluid
and Na* gain

“

ligh Volume

L

HOMEOSTASIS
DISTURBED

by fluid loss or fluid
and Na* loss

Low & |

ECF volume decreased

blood pressure

MNP release -

' Increased renin

"1~ secretion and
angiotensin Il |
activation

~ Increased

.  Decreased

| ADH |
> release

. aldestercne —_—
release U
. Decreased ' — \\\_M'x,
" ADH release | — AR
~N e 7
7. Decreased D-cr-.ud| Inn'?nul r“"‘:'i““"
71 thirst " water intake Y, Y,
4! _ " |waterloss | Na“loss |
.'(.-.:-'I:
e
-f._{ f'r- J‘r.
HOMEOSTASIS S e
RESTORED ~ —
ThomeosTAsis -
RESTORED \, SN “*x,\
NN
Increased Decreased Increased
urinary urinary water
Na® retention water loss intake
'H ‘){a {,—\\'
.-f_.-'/ Fat | ok :Iu .I._p-a
. aldosterone -~ ' 'y
¥ release y ,—-—f—
) . - Increased
[ et //’ : thirst l
" Increased | — L7



Relieves . .
- > | Na” load in body

Relieves ;
L » | Arterial blood pressure

) \ 8

/
l l
L

R2n2

| Excretion of Na* and
accompanying CI™ and fluid

) _

B} See Figure 14-12 for details of mechanism.

B} See Figure 14-16 for details of mechanism.
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Excessive blood loss, sweating,
vomiting, or diarrhea coupled with
intake of plain water

v

Decreased Ma™ concentration of
interstitial fluid and plasma
(hyponatremia)

v

Decreased osmolarity of
interstitial fluid and plasma

v

Osmosis of water from interstitial
fluid into intracellular fluid

v

Water intoxication (cells swell)

v

Convulsions, coma, and
possible death




' Kontrol Jumlah Na* yang difiltrasi ‘m"""

2’

Kontrol GFR menyesuaikan jumlah
Na* yang difiltrasi setiap menit.
GFR secara sengaja diubah untuk
mengubah jumlah garam dan
cairan yang difiltrasi sebagai
bagiag.dari respons refleks

Kontrol Jumlah Na* yang

Faktor utama yang mengontrol
tingkat reabsorbsi Na* di tubulus
distalis dan saluran pengumpul
adalah system rennin-angiotensin-
aldosteron yang sangat kuat -
mendorong reabsorbsi Na* dan
dengan demikian retensi Na* -
meningkatkan retensi osmotic H,O
- menyebabkan ekspansi volume
plasma + tekanan darah arteri.



Regulasi Keseimbangan K*

P e

Kadar plasma 3,5 - 5 mEg/L INTERNAL K* BALANCE

Terutama intraseluler, kadar
ekstraseluler dari diet dan
Intraseluler (membran sel lebih
permiable terhadap K > Na)

. .
Bertanggung jawab terhadap 3 we,ow‘"’ N’
volume intraseluler (osmosis -

( ) N ORR ﬁ4gows_\

— 1 K*CES - sel membengkak, Y -
muatan intrasel menjadi lebih
negatif - | potensial
membran instirahat, konduksi

Impuls saraf, kontraksi otot, l
Irama jantung A i
— | K* CES - hyperpolarisasi & Acid-base

“no responsiveness”



Regulasi Keseimbangan K*

P e e e e e ey

* Hiperkalemia - intestinal cramping, diare,
restlessness, perubahan EKG - kelemahan otot,

paralisis, kondusi jantung lambat, cardiac arrest

* Hipokalemia - |exitabilitas neuromusculer,

Kelemahan otot rangka, cardiac disritmia = henti

nafas

e 90% K*direabsorbsi di PCT dan Ansa Henle

 K* tidak direabsorbsi di DCT—> ekskresikan di urine

— 1K* plasma - sekresi aldosteron - sekresi K* DCT- 1
K* urine

— |K* plasma - K*yang tidak diresorbsi tetap keluar
bersama urine <€ 1 intake K

—————



The relation between potassium and
hydrogen ions in the plasma

R RN RN RN RN RN RN RN RN RN RN

. Berperan pada Ky Vg
keseimbangan asam N N .
basa (K* keluar sel g <, | Tl B
digantikan H* untuk AGPR SYPIR
keseimbangan muatan \
listrik sel) i S e

— Asidosis (1 H* CES =2 A=
pertukaran H* masuk sel, “.20% b o 8t
K*keluar >1 K* CES) ARG O

— Alkalosis (| H* CES > +*lae. = a. o
pertukaran H*keluarsel, =~ % A\ 4
K*masuk - 1 K* CIS)

(b) Alkalosis ———p |2ading |0 =y Hypokalemia
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penyuntikkan insulin dapat membantu

mengoreksi hiperkalemia sekresi katekolamin, khususnya

epinefrin - menyebabkan
perpindahan kalium dari cairan
ekstrasel ke intrasel, terutama
oleh aktivitas reseptor -adrenergik




» Aldosteron Meningkatkan ambilan
Kalium ke dalam Sel

f K+ intake

l

Plasma K+
concentration J,

ly f Aldosterone

K* secretion I
+ Cortical collecting

tubules

l

+ K+ excretion

Aldosteron yang merangsang eksresi kalium




» Abnormalitas Asam-Basa Dapat Menyebabkan Perubahan
Distribusi Kalium.

Asidosis metabolic, =2 meningkatkan kensantrashkalm @kstias b
sebagian dengan cara menyebabkan kalium hilang dari sel.

Alkalosis metabolic 2 menurunkan konsentrasi kalium dalam cairan
ekstrasel.

» Pengaturan Sekresi Kalium oleh Sel Prinsipalis

Faktor-faktor utama yang mengatur sekresi kalium oleh sel prinsipalis pada
tubulus distal bagian akhir dan tubulus logentes kortikalis

(1) aktivitas pompa natrium kalium ATPase

(2) gradient elektrokimia unuk sekresi kalium dari
darah ke lumen

M3) permeabilitas membrane luminal terhadap kalium.




> Kerja Berat Dapat Menyebabkan Hiperkalemia dengan Melepaskan
Kalium dari Otot Rangka.

TR e e e e e e e e ey

» Kenaikan Osmolaritas Cairan Ekstrasel Menyebabkan
Pendistribusian Ulang Kalium dari Sel ke Cairan Ekstrasel.

» Sekresi Kalium oleh Sel Prinsipalis di Tubulus Distal Bagian Akhir
dan Tubulus Koligetes

» Lisis Sel Menyebabkan Peningkatan Konsentrasi Kalium Ekstrasel.

: Sel Interkalatus Dapat Mereabsorbsi Kalium Selama Kehilangan
Kalium.

w



Homeostasis Ca?*

P e e

Kadar normal 9 — 11 mEg/L
— 1Ca?* : cardiac disrytmia = cardiac arrest
— |Ca?*: spasme otot = tetani otot pernafasan - respiratory arrest

Ca?* 99 % ditulang (garam kalsium), 1% CES

1Ca?* - calsitonin dari kelenjar tyroid - tulang (menghambat
osteoclast, stimulasi osteoblast) > |Ca?*plasma &
pembentukan HPO

1Ca?* & hormon Paratiroid :

— tulang :taktivitas osteoclast-> 1Ca?* ,HPO,* ke plasma
— Ginjal :
 freabsorbsi 1Ca?* ,Mg?* dan |reabsorbsi HPO,*- - tkadar fosfat
urine

» Aktivasi pro hormon vitamin D - calcitriol = 1 absorbsi Ca®* ,Mg#*
HPO, %> dalam GIT
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| ased
Calcitonin mechanism cmonln Decreased breakdown of bone matrix by osteoclasts results in
The parafollicular cells of the secretion by the the decreased release of Ca?* from bones.
thyroid gland detect '2"," parafollicular
increase in blood Ca™* levels. cells results. * Decreased breakdown of bone matrix by osteoclasts results in
the decreased release of Ca®* from bones.
PTH mechanism Decreased PTH * Decreased reabsorption of Ca** by the kidneys results in
The parathyroid gland cells secretion from increased Ca®* loss in the urine.
detect the increase in blood the parathyroid * Decreased synthesis of active vitamin D by the kidneys results
Ca2+ levels. glands resuits. in decreased Ca?* absorption from the small intestine.
. A decrease in blood Ca®* levels occurs because fewer
Blood Ca® levels increase. Ca?* enter the blood than leave the blood.
Blood Ca®*
Bc':?’d increases R o (e -\‘ Blood Ca?*
(normai (pormal range) | o
range) Blood Ca®*
decreases
> An increase in blood Ca®* levels occurs because more
— | Blood Ca® levels decrease. | Ca?* enter the blood than leave the blood. i
PTH mechanism Increased PTH * Increased breakdown of bone matrix by osteociasts results in

. | Parathyroid gland cells detect |__ | secretion from the increased release of Ca®* from bones.

the decrease in blood Ca?* the parathyroid * Increased reabsorption of Ca** by the kidneys results in
levels. glands results. |~ | decreased Ca?* loss in the urine.

* Increased synthesis of active vitamin D by the kidneys results

Decreased in increased Ca®* absorption from the small intestine.
Calcitonin mechanism
calcitonin
- Parafollicular cells of the - | secretion by the
thyroid gland detect the parafollicular | — Increased breakdown of bone matrix by osteoclasts resuits in | __

decrease in blood Ca2* levels. the increased release of Ca** from bones.

cells results.
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PTH mengatur konsentrasi kalsium plasma melalui 3 efek
utama

1) dengan merangsang resorpsi tulang

2) dengan merangsang aktivasi vitamin D, yang meningkatkan
reabsorpsi kalsium intestinal

3) dengan meningkatkan secara langsung resbsorpsi kalsium
oleh tubulus ginjal

PTH - reabsorpsi kalsium disegmen tebal asenden ansa Henle dan
distal, yang mengurangi ekskresi kalsium dalam urin, dan

ksimal, reabsorpsi kalsium biasanya bersamaan dengan
atrium dan air.



Kontrol Ekskresi Kalsium oleh Ginjal

y [Ca]
Vitamin Dy
f activation fPTH
Intestinal Ca™ Renal Ca™ Ca™ release

reabsorption reabsorption from bones




Regulation of Blood Magnesium
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Increased blood levels of Mg?* exceed More Mg?* remain in the AHLGER L
the ability of the kidneys to reabsorb |—> filtrate and are
Mg?* from the filtrate. eliminated in the urine.
[ Blood Mg?* levels increase. Blood Mg?* levels decrease.

\

Blood Mg?*
Blo&c_l increaseg B'°2$' H’VH Blood Mgz*
normal (e al| [ homeostasis
Bl * Signt s maintaine
rango) Sood Mg’ Tange) [
[ Blood Mg?* levels decrease. ] ’ Blood Mg?* levels increase. ]
As blood levels of Mg?* decrease, the Increased Mg?*
efficiency of Mg?* reabsorption from |—— reabsorptlon decreases

the filtrate in the kidneys increases. Mg?* loss in the urine.




Regulation of Blood Phosphate
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Increased blood levels of More phosphate ions
phosphate ions exceed the ability of |—— remain in the filtrate and
the kidneys to reabsorb phosphate are eliminated in the urine.

ions from the filtrate.

/ )

[ Blood phosphate ion levels increase. ] [ Blood phosphate ion levels decrease.

Blood \

Blood phosphate  Blood Blood
phosphate phosphate vaé‘v—{ phosphate
ions increases ions { - ion
(normal Blood (normal an—{ homeostasis
range) phosphate range) / is maintained
ion decreases /
Blood phosphate ion levels decrease.] [ Blood phosphate ion levels increase.
As blood levels of phosphate ions Increased phosphate ion
decrease, the efficiency of phosphate reabsorption decreases
ion reabsorption from the filtrate in " phosphate ion loss in
the kidneys increases. the urine.
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PTH dapat berperan penting dalam mengatur
konsentrasi fosfat melalui dua efek:

1) PTH meningkatkan reabsorpsi tulang, sehingga membuang sejumlah
besar ion fosfat kedalam cairan ekstrasel dari garam-garam tulang.

2) PTH menurunkan transport maksimum untuk fosfat oleh tubulus
ginjal, sehingga sebagian beasr fosfat tubulus terbuang dalam urin.

panpun PTH plasma meningkat, reabsorpsi fosfat tubulus
An dan lebih banyak fosfat diekskresikan






