Table 14-1 Composition of extracellular fluids of representative animals”
Osmolarity Ionic concentrations (mM)
Habitat* (mosM) Na* Kt Ca2t Mg2t ClI- SO2- HPO42~ Urea

Seawatert 1000 460 10 10 53 540 27
Coelenterata
Aurelia (jellyfish) SW 454 10.2 9.7 51.0 554 14.6
Echinodermata
Asterias (starfish) SW 428 9.5 117 49.2 487 26.7
Annelida
Arenicola (]ugworm) SW 459 10.1 10.0 52.4 b3t 24.4
Lumbricus (earthworm) Ter. 76 4.0 2.9 43
Mollusca
Aplysia (sea slug) SW 492 9.7 133 49 543 28.2
Liligo (Sqllid) SW 419 20.6 11.3 51.6 522 6.9
Anodonta (clam) FW 15.6 0.49 8.4 0.19 117 0.73
Crustacea
Cambarus (crayfish) FwW 146 3.9 8.1 4.3 139
Homarus (lobster) SW 472 10.0 15.6 6.7 470
Insecta
Locusta Ter. 60 12 15 25
Periplanta (cockroach) Ter. 161 7.9 4.0 5.6 144
Cyclostomata
Eptatretus (hagfish) SW 1002 554 6.8 8.8 23.4 532 e 2.1 3
Lampetra (lamprey) FwW 248 120 3.2 1.9 2.1 96 DT 0.4

* The osmolarity and composition of seawater vary, and the values given here are not intended to be absolute.

The coml'l)osition of body tluids of osmoconformers will also vary, depending on the composition of the seawater in which they

are tested.

t SW = seawater; FW = freshwater; Ter. = terrestrial.

Sources: Schmidt-Nielsen and Mackay, 1972; Prosser, 1973.



Table 14-1 Composition of extracellular fluids of representative animals”
Osmolarity Ionic concentrations (mM)
Habitat® (mosM) Nat Kt Ca2t Mg2+ CI- SO,2~ HPO,2~ Urea

Seawatert 1000 460 10 10 53 540 27
Chondrichthyes
Dogﬁsh shark SW 1075 269 4.3 3.2 el 258 1 L. 376
Carcharhinus FW 200 8 3 2 180 0.5 4.0 132
Coelacantha
Latimeria SW 181 51:3 6.9 28.7 199 355
Teleostei
Paralichthys (flounder) SW 37 180 3 i 160 0.2
Carassius (goldfish) FW 293 142 2 6 3 107
Amphibia
Rana esculenta (frog) FwW 210 92 3 2.3 1.6 70 2
Rana cancrivora FW 290 125 9 98 40

80% SW 830 252 14 297 350
Reptilia
All igator FW 278 140 3.6 5.1 3.0 111
Aves
Anas (duck) FwW 294 138 3.1 2.4 103 1.6
Mammalia
Homo sapiens Ter. 142 4.0 5.0 2.0 104 1 2
Lab rat Ter. 145 6.2 3:1 1.6 116

¢ The osmolarity and composition of seawater vary, and the values given here are not intended to be absolute.

The composition of body fluids of osmoconformers will also vary, depending on the composition of the seawater in which they

are teste<]l.

t SW = seawater; FW = freshwater; Ter. = terrestrial.

Sources: Schmidt-Nielsen and Mackay, 1972; Prosser, 1973.



Table 14-2  Electrolyte composition of the human body fluids

Serum Interstitial fluid Intracellular fluid (muscle)
Electrolytes (meq-kg~1 HyO) (meq-kg=1 Hy,O) (meq-kg=1 HyO)
Cations
Na™ 142 145 10
K+ 4 4 156
Ca2* 5 3
Mg2+ 2 26
Totals 153 149 195
Anions
Cl— 104 114 2
HCO4 27 31 S
HPO,2~ 2 95
50,2~ 1 20
Organic acids 6
Proteins 13 59
Totals 153 145 180

Note: Some of the ions contained within cells are not completely dissolved within the cytosol, but may be partially
sequestered within cytoplasmic organelles. Thus, the true free Ca2* concentration in the cytosol is typically below the overall
value given in the table for intracellular Ca2*. Failure of anion and cation totals to agree reflects incomplete tabulation.
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Evaporative water loss of

Table 14-3 . .
representative animals
under desert conditions
Water loss
Species (mg+cm~2-h~1) Remarks*®
Arthropods
Eleodes armata 0.20 30°C; 0% r.h.
(beetle)
Hadrurus arizonensis 0.02 30°C; 0% r.h.
(scorpion)
Locusta migratoria 0.70 30°C; 0% r.h.
(locust)
Amphibians
Cyclorana alboguttatus 4.90 25°C; 100% r.h.
(frog)
Reptiles
Gehrydra variegata 0.22 30°C; dry air
(gecko)
Uta stansburiana 0.10 0°C
(lizard)

® r.h. stands for relative humidity. Where not indicated, relative humidity is not
available.

t The cactus mouse and African oryx are desert animals and employ various
water-conservation measures. Thus their evaporative water loss is much less
than that of humans.

Source: Hadley, 1972.



Evaporative water loss of

Table 14-3 . .
representative animals
under desert conditions
Water loss
Species (mg-cm~2-h~1) Remarks*
Birds
Amphispiza belli 1.48 30°C
(sparrow)
Phalaenpitus nutalllii 0.86 30°C
(poorwill)
Mammals+t
Peromyscus eremicus 0.66 30°C
(cactus mouse)
Oryx beisa 3.24 29°C
(African oryx)
Homo sapiens 22.32 70 kg; nude,

sitting in sun;
a5°C

* r.h. stands for relative humidity. Where not indicated, relative humidity is not

available.

t The cactus mouse and African oryx are desert animals and employ various

water-conservation measures. Tlll_lS their evap()rative water l()SS is ]]]ll(:ll less

than that of humans.
Source: Hadley, 1972.
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Production of metabolic water

Table 14-4 during oxidation of foods
Food
Carbohydrates Fats Proteins

Grams of metabolic 0.56 1.07 0.40
water per gram
of food

Kilojoules expended 17.58 39.94 17.54
per gram of food

Grams of metabolic 0.032 0.027 0.023

water per kilojoule

expended

Source: Edney and Nagy, 1976.
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relative to environment
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Sources of water gain and loss

Table 14-5
by the kangaroo rat
Gains L.osses
Metabolic 90% Evaporation and 70%
water perspiration
Free water in
“dry” food 10% Urine 25%
Drinking 0% Feces 5%
100% 100%

Source: Schmidt-Nielsen, 1972.
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Table 14-7 Balance sheet of pressures

(in mm Hg) involved

in glomerular ultrafiltration

Salamander Human
Glomerular capillary pressure 17.7 545
Intracapsular pressure — 1.5 —15
Net hydrostatic pressure 16.2 40
Colloid osmotic pressure — 104 —30
Net filtration pressure 5.8 10

Source: Pitts, 1968; Brenner et al., 1971.
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Relation between the molecular size of a substance and the ratio

Table 14-8 ) . . o k
of its concentration in the filtrate appearing in Bowman’s capsule
to its concentration in the plasma [filtrate]/[filtrand]
Radius from Dimensions from
diffusion coefficient X-ray diffraction [filtrate]
Substance Mol. wt. (nm) (nm) [filtrand ]
Water 18 0.11 1.0
Urea 62 0.16 1.0
Glucose 180 0.36 1.0
Sucrose 342 0.44 = I8 1.0
Insulin 5500 1.48 54 0.98
Myoglobin 17,000 1.95 e 0.75
Egg albumin 43,500 2.85 — 0.22
32
Hemoglobin 68,000 3.25 I 0.03
Serum albumin 69,000 3.55 [ 36 <0.01

Source: Pitts, 1968.
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@ Perfusion fluid is injected in oil column,
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Table 14-9 Some organic ions secreted by the
proximal tubule

Anions Cations

Endogenous Endogenous
Urates Dopamine
Hippurates E pinephrine
Oxalate N orepinephrine
Prostaglandins Creatinine
cAMP
Exogenous Exogenous
Furosemide Morphine
Bumetanide Amiloride
Penicillin Quinine
Aspirin Atropine

Chlorothiazides Isoproterenol
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25 ml seawater

0.225 L
02L )

ECF
volume

Time (min) —

(b) 9 Stimuli for salt )
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Table 14-10 Physiological acclimatizations that

accompany the movement of fish
to water of differing salinity

(A) From freshwater to seawater

1.

The proton pump that powers active uptake of NaCl
is down-regulated.

The rise in the flux of Na™ into the body raises plas-
ma Na™, stimulating an increase in plasma cortisol
and growth hormone levels.

Hormones induce the proliteration of chloride cells
and an increase in the infolding of their basolateral
membranes.

. The changes above cause an increase in the activity

of the Na™/K* pump and the secretion of NaCl.
Plasma Na™ levels return to normal.




Table 14-10

Physiological acclimatizations that
accompany the movement of tish
to water of ditfering salinity

(B) From seawater to freshwater

1.

The paracellular gaps between chloride and accessory
cells close in response to low external Na™ levels,
causing NaCl efflux to fall rapidly.

Plasma prolactin levels increase.

Prolactin causes the number of chloride cells to
decrease and the apical pits to disappear.

As a result, the activity ot the Na™/K™* pump falls.
Up-regulation of the proton pump returns the fish to
the freshwater condition.
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