Bio& 242:
Unit 2 / Lecture 3
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Volume of Body Fluid in the
different body compartments
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(a) Distribution of body water in an average lean, adult female and male (b) Exchange of water among
body fluid compartments
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Comparison of Electrolytes in Plasma,

Interstitial Fluids and Intracellular Fluids
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Daily Water Balance
Under Normal Conditions
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Pathways Through Which Dehydration
Stimulates Hypothalamic Thirst Centers

—
v

Decreased Increased blood Decreased
flow of saliva| | osmolarity blood volume
¥ v ¥
Dry mouth Stimulates Decreased

an osmoreceptors in blood
pharynx hypothalamus pressure
v
Increased
renin release
by juxta-

giomerular
cells of kidneys

¥

Increased
angiotensin Il

/ formation

Stimulates
thirst center in
hypothalamus

v

Increases thirst

v

Increases body
water to normal
level and relieves
dehydration

© John Wikey & Sons, Inc,

Relationship Between Sodium Intake,
Water Balance and Hormones

Increased intake of NaGl

¥

Increased plasma concentrations
of Na* and CI'

v
Increased osmosis of water
from intracellular fluid to
interstitial fluid to plasma

¥

Increased blood volume

Increasg.-d stretching of Decreased release of renin
atria of heart by juxtaglomerular cells.

] +
Increased release of Decreased formation of
atrial natriuretic peptide angiotensin |1

\| Inci

reased glomerular || |Decreased release of
filtration rate

aldosterone

| =™

Reduced reabsorption of
NaCl by kidneys
¥
Increased loss of Na*and CI-
in urine (natriuresis)
12

Increased loss of water
in urine by osmosis

¥
Decreased blood volume
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Series of Events in Water Intoxication

Excessive blood loss, sweating,
vomiting, or diarrhea coupled with
intake of plain water

v

Decreased MNa’ 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

Conwvulsions, coma, and
possible death
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Role of ADH in Water Balance

PROXIMAL CONVOLUTED TUBULE RENAL CORPUSCLE
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PRINCIPAL GELLS IN LATE DISTAL
TUBULE AND COLLECTING DUCT
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Al andol POT, tubular i s sl Water 0% finsanion of water
isotonic 1o bload (300 mOsmViter). channels stmulated by
ADH)
Na® 1=4% {sodium pumps)
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of Henle]
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Secending imb)
5 20-0% (symporters in INTERGALATED CELLS IN LATE DISTAL
ascondng lmb) TUBULE AND GOLLECTING DUCT
ar 35% (symporters in
g esbsorpion (1 o) o
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Urea wariable {recycling from Secretion (Inta urine) of
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hypotonic (100=150 mOsm/liter). homeostasi (H* pumps)
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e Low blood osmotic

@ High blood osmotic
pressure inhibits

pressure stimulates

hypothalamic hypothalamic
osmoreceptors osmoreceptors

Osmoreceptors
o Osmoreceptors I
activate the hypothalamic
neurosecretory cells
that synthesize and

1
[ ibiti "
i o Inhibition of osmo
(]
[
release ADH v ¥

receptors reduces or
stops ADH secretion

o Nerve impulses
liberate ADH from
axon terminals in
the posterior
pituitary gland
into the
bloodstream

ADH

)

o Kidneys retain Sudoriferous Arterioles constrict,
more water, (sweat) glands which increases
which decreases decrease water blood pressure
urine output loss by perspiration

from the skin
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Summary of Hormones Involved
in Water Balance

PROXIMAL CONVOLUTED TUBULE
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Increased
atrial distension ANP release

HOMEOSTASIS
DISTURBED

ECF volume increased
by fluid or fluid and
salt gain

o Dehydration,
Na* deficiency,
or hemorrhage

'

o Decrease in
blood volume

'

0 Decrease in
blood pressure

o Increased renin

Liver okngioteminogen

«—
0 ¢ o Increased
angiotensin |
ACE o 0
Increased Increased
—_— angiotensin I ddosteore T
Lungs (AGE = Angiotensin
converting enzyme)
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l cortex
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RESTORED
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@ Increased blood
volume.

@ Inkidneys, increased Na®
and water reabsorption;
increased K* sacration
into urine
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Changes to Sodium Balance

Electrolyte

Cause

Symptoms

Hyponatremia

Low Sodium

(<130 mEg/1)
Normal Range:
(135-142 mEqg/1)

Decreased intake

Increased loss through vomiting,
diarrhea, aldosterone deficiency,
Diuretics

Muscular weakness

dizziness, headache,
hypotension,
tachycardia, shock,

coma

mental confusion, and

Hypernatremia
High Sodium

(> 150mEq/1)

Dehydration, excessive sodium
intake, or excessive sodium in
intravenous fluids

Intense thirst,
hypertension, edema,
agitation, convulsions

Summary of Hormones Involved
in Sodium Balance

PROXIMAL CONVOLUTED TUBULE

Reabsarptior ) o iersc
Water

RENAL GORPUSCLE
o Dehydraticn,
Na' deficiency,
or hemorrtiage
© posmain O esasatios
blood volume pressure
Q Decrease in Juxtaglomerular
_—
blood pressure cells of kidneys
PRINCIPAL CELLS IN LATE DISTAL
“TUBLILE AND COLLECTNG DUCT
¢ @ Vasoconstriction @ Increased blood
(5] of arteriles volume
4 Incrsased renn
Adrenal
Liver Okngiotensinogen l cortex
@ 4 @ Increased
; K in
extracellular
@ 0 Increased fuid
INTERGAATED GELLS NLATE DTl ] angotensin |
Reabeorpt
] ACE @ Inkidneys, increased Ne"
e 0 | J “} and water reabsorgtion;
§ — [T Increased | incrsased K secration

Secretion (i
H Lungs (AGE = Angiotensin
converting enzyme)
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angiotensin Il aldosterone

into uring
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Increased

Osmoreceptors
stimulated

HOMEOSTASIS
DISTURBED

Increased Na*
concentration in ECF

thirst

— | ADH release water loss
g Increased Increased

Decreased urinary

water gain

Additional water
dilutes ECF,
volume increased

HOMEOSTASIS
RESTORED

'

Changes in Chloride Balance

Electrolyte Causes Symptoms
Hypochloremia Excessive vomiting, Muscle spasms,
overhydration, metabolic alkalosis,
Low Chloride aldosterone deficiency, | hypotension, muscle
(<95mEq/l) congestive heart failure | tetany, and shallow
Normal Range respiration
(100 — 108 mEq/1)
Hyperchloremia Dehydration, excessive | Lethargy, weakness,
intake, severe renal metabolic acidosis,
ngh Chloride failure, hyperventilation
(>112 mEq/1) hyperaldosteronism,
acidosis
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Summary of Hormones Involved
in Chloride Balance

er
cat

Roabe

Water

Na®
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DISTAL CONVOLUTED TUBULE

0 Dehydration,
Na' deficiency,
orhemorhage

'

@ Decrease in
blood volume:

'

Q Decrease in Juxtaglomerular
—_—
blood pressure cells of kidneys
9 Increased renin

[ Liver @,\ngmensimgen —wl

m Increased blood
pressure
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of aterioles voluma
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corex
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—

U AR—
ACE @ In Ié\dme'ys, mcgeaeeﬁ h.a'
Ot L O |, i
Lungs (ACE = Angotensin
converting enzyme)
Changes to Potassium Balance
Electrolyte Causes Symptoms
Hypokalemia Excessive loss through | Muscle fatigue and

Low Potassium
(<2 mEq/1)

Normal Range:

(3.8 -5.0 mEqg/1)

vomiting and diarrhea,
decreased intake,
hyperaldosteronism,
kidney disease

flaccid paralysis,
mental confusion,
polyuria, shallow
respirations,
arrhythmias

Hyperkalemia
High Potassium

(>8 mEq/1)

Excessive intake, renal
failure, aldosterone
deficiency

Irritability, nausea,
vomiting, diarrhea,
muscular weakness,
ventricular fibrillation
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Summary of Hormones Involved
in Potassium Balance

0 Dehydraticn,
Na' deficiency,
or hemorrtage

'

0 Decreasein
blood volume

'

DISTAL CONVOLUTED TUBULE

PRINCIPAL GELLS IN LATE DISTAL
TUBLILE A CTING DUCT

A

INTERGALATED GELLS N LATE DISTAL
TUBULE AND GOLLEGTING DUGT

ACE

@ Decrease in Juxtaglomenular
—
blood pressure cells of kidneys

Liver angioten;inogen _Nl

0y ¢

@ Increased blood
Ppressure

@ Vasoconstriction @ Increased blood
6 of arteridles volume.

Incrsased renin
Adrenal
cortex

@ ﬂ @ Infreesed
«—

K'in
extracellular
0 Increased fluid

angiotensin |

@ In kidneys, increased N&™

O L O |, e
Lungs (ACE = Angiotensin
converting enzyme)
Changes in Calcium Balance
Electrolyte Causes Symptoms
Hypocalcemia Hypoparathyroidism, Numbness and tingling

Low Calcium
(<4 mEq/l)

Normal Range:
4.5-5.3 mEqg/l)

increased loss,
decreased intake,
elevated phosphate

of fingers, hyperactive
reflexes, muscle tetany,
bone fractures,
laryngeal muscle
spasms that lead to

asphyxiation
Hypercalcemia Hyperparathyroidism, | Lethargy, weakness,
excessive vitamin D, anorexia, nausea,
High Calcium Paget’s disease vomiting, polyuria,
(>11 mEq/1) itching, bone pain,

depression, confusion,
and coma
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Summary of Hormones Involved
in Calcium Balance

€D High level of Ca™* in blood @ Low level of Ca** in blood
stimulates thyroid gland stimulates parathyroid gland
/' parafollicular cells to release principal cells to release

1]

©) CALCITRIOL stimulates
increased absorption of
Ca®" from foods in the

@

gastrointestinal tract, which p
increases blood Ca”" level b
)s
.
o PTH also stimulates o PARATHYROID HORMONE (PTH) e CALCITONIN (CT)
the kidneys to release
CALCITRIOL
o PTH promotes release of e CALCITONIN promotes
Ca®" from bone matrix into deposition of blood Ca®"
blood and retards loss of into bone matrix, which
Ca®" in urine, which decreases blood Ca®* level

increase blood Ca®* level

s N A
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Maintaining Body pH Balance
"
[ier] [Ecr]

Protein c‘;‘;’}:ﬁ"

buffer bicarbonate
systems, buffer

including system

CYTOPLASM @
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Increased Increased pH
PCO2 HOMEOSTASIS {more basic)
Decreased 40-45 mm Hg 7.35-7.45 Decreased pH

PCO2 (more acidic)
if if
PCO2 PCO2
rises falls
pH drops PCO2 falls;
acidosis alkalosis
develops develops

pH rIses,T
alkalosis
develops develops
CARBONIC ACID-BICARBONATE
BUFFER SYSTEM BICARBONATE RESERVE

+

H‘lv

€O+ HO L Wi ﬂl:
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Fixed acids or

organic acids:
add H*

O+ HO <mmm '“"Hmf" | W4

Heo, [<— H'é':'_ (1 NaHCOs

Changes to pH Balance - Acidosis

Condition Definition Causes | Compensation
Respiratory Acidemia Hypoventilation | Renal: Increased
Decreased Blood due to excretion of H+,
H emphysema, increased reabsorption
P pulmonary of HCO3-PCO2 will be
(<7.35) . high (>28mEq/l)
Normal Range edema’ a.ll' Normal Range
7.35 t0 7.45 obstructions 24.28mEq/l
Metabolic Acidemia Loss of HCO3- | Respiratory:
Decreased Blood diarrhea, Hyperventilation
pH ketosis, renal will decrease PCO2:
(<7.35) dysfunction HCO3- will be
lowered (<24mEq/1)

4/21/2010
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Summary of Systems Involved
in pH Balance

PROXIMAL CONVELUTED TUBULE
"Reabsorption (inta blood) of fitersd;
Wotor 6% fosmosi)
na 88 feodum pumps
Symporiere, antporars)
© 5% (dftusion)
Glugese 100% {symporters and
e ated Sfton
Aming acids  100% (symporters and
feciiaind Sffusion)

cr 0% (iftusion)

HEO; 80-60% fFeciitated
diflusion)

urea 0% (gifusion)

Ca™* Mg varlable (diffusion)
Secretion (into Uring) of:

H variable (antiporters)

N varisble, increasss in
acidoss (antiporters)

Urea varisble (dffusion)

Crestining  small smaurt

At and of PCT, tubuiar flud i stil
sotonic o bioad (300 mOsmiter},

LOOP OF HENLE
Reabsorption (inta blead) of:

Water 15% fosmosis in
duscending limo)

Na® 20-3% (symporters in
sscending lmb)

> 20-30% feymporters in
ascending b

cr 35% (eymportars in
ascending imb)

HEO; e i
difusion)

oG vatae (dHuson)
Secretion (into urine] of

Urea stle (rycling from
Colecting dut)

At and of laop of Herle, bubular fluid s
hypstonic (100-150 mOsrmiter).
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Incrlaa::d

respiraf

rats lowers
Pco

€O, +HO

RENAL CORPUSCLE
Glomarular fitration rae:
05125 miimin 1 fluid that s

SR

Filtored substancos: water and ak
solutes present in blood (except
proteins| including ons, gheose,
amino acis, creatinine, urc acid

DISTAL CONVOLUTED TUBULE
Roaabsorption (into blood) of

Watsr  10-15% fosmosie)
= % (symporters)
& 5% (symportors)
e variable (atimulated by

parathyroid hormone)

PRINCIAL CELLS INLATE DISTAL
ULE AND COLLEGTING DUCT

Reabsorption (o blood) of

Water  5-8% (insertion of water
channels smaatedby
ADH)

et 1=4% (sodium purps)

Urea variable (recycling to loop.
of Honle)

Saeretion {into urine) of
K variabla amount 1o
adjust for distary intake
(leakags channeis)
Tuula ideaving the collectng dt
s dite when ADH level s low ar
e v A v

INTEACALATED GELLS IN LATE DISTAL
TUBULE AND COLLECTING DUCT

Reabsorption (into blaod) of

HOO:  vartie amoun,cepencs
toew) on H* sectetior
(antarters)
Urea i S
nle)

Sacretion (\ma um) p
variabla amounts to.
mainiain acid-base
homeostasis (H" purps)

Addition
of H+

Transport of CO, Transport of O,

7% dissolved in plasma 1.5% dissolved in plasma
23% as Hb-CO, “w. 98.5% as HbO,
70% as HCOy4 ™

T Awveoli

//—" gu 02
7% 23% ( 5% 98.5%
Pulmonary
70% capillary
LY
HCO,
y Red Plasma
co, Eg’n"d EXTERNAL
(dissolved) RESPIRATION
To lungs @ To left heart
- o
Hie !
¥ <
To tight heart To tissue cells

INTERNAL
RESPIRATION
(b) o, Systemic

7% HCO," o) (dissolved) capillary
23 1 A

0% 1.59
oo [Mterstitial e
% [oF

Systemic
tissue cell
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BICARBONATE RESERVE

(uﬁgﬁe =

+ |(bical

The response to acidosis

Generation of
HCOa

KIDNEYS
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Hypoventilation

Increased Pco;

Mhﬁ

Normal
acid-base

balance %

Buffer systems other
than carbonic acid—
bicarbonate system
accept H*ions
Homeostasis
restored
Homeostasis
disturbed
Increased H*
production or
decreased H*
excretion
Homeostasis
| disturbed | Normal generation
Bicarbonate of metabolic acids
loss,depletion |[{_=
of bicarbonate
reserve

compensation

Respiratol

Increased
respiratory
rate

Stimulation of
arterlal and CSF
chemoreceptors
HCO; Respirato
uumpenuﬂrgn
Respiratory ||, 0 sation respiraory rate
dosis HCOy
% H*secretion;
generation

_Htions

| Renal compensation

Increased H*
secret

on
Increased HCOj
generation
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Changes to pH Balance - Alkalosis

Condition Definition Causes | Compensation
Respiratory Hypocapnia Hyperventilation Renal:. decreased
Increased Blood pH | due to oxygen excretion of H+,
(>7.45) deficiency, decreased
pulmonary reabsorption of
disease, anxiety, | HCO3-
CVA, aspirin PCO2 - (<40mmHg)
overdose HCO3- (<24mEq/l)
Metabolic Increased HCO3- Loss of H+ due | Respiratory:
Increased Blood pH | to vomiting, Hypoventilation
(>7.45) gastric HCO3- will be high
suctioning

Summary of Systems Involved
in pH Balance

PROXIMAL CONVOLUTED TUBULE

RENAL CORPUSCLE

Glomer ion rats:
10 ot

i

DISTAL CONVOLUTED TUBULE
Roabsorption (nfo blood) o

Waler  10-15% (oamosic)

= % (symporters)

INTEACALATED GELLS [N LATE DISTAL
TUBULE AND COLLECTING DUCT

Transport of CO,

7% dissolved in plasma

23% as Hb-CO,
70% as HCO,~

co,
(dissolved) cell

To lungs

k'S
¥

To tight heart

[

f

23%
7
<
%

//’"C(o o N

Transport of O,

1.5% dissolved in plasma
98.5% as HbO,

= Aweoli

1.5% 98.5%

Pulmonary
70% capillary
) LY
b Red /Nasma

EXTERNAL
RESPIRATION
(&)

To left heart

iy

-
To tissue cells

INTERNAL
RESPIRATION
(b) o, Systemic

7% HCO,~

(dissolved) capillary
Y
1.5%
Interstitial fuid / Systomic
O tissue cell
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gain of HCOy

BICARBONATE RESERVE

The response to alkalosis

KIDNEYS

U

Renal
compensation

HCO; secretion,
H generation
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Butfer systems other
than carbonic acid-
= Increased
release H*ions &

H ’ ntilation ///I Hun:l!ﬂorl R\
— — | —

Decreased Pco, H*gs;;r;:]on Respiratory
secretion compensation
Decreased
respiratory rate
Inhibition of
arterial and CSF
chemoreceptors

17



