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Introduction

Osmoregulation is essential to aguatic
vertebrates, All vertebrates have body surfaces that are
exposed To the environment and are permeable ‘o water, In
aquatic vertebrates these surfaces can bé gills, skin,
buccal membranes, gut and cloaca, For animals in fresh
water the main problem is overhydration of the btody, For
animals in brackish water the problem is reversed, the
body tends to become dehydrated, Some animals such as
sea turtles and marine birds avoid dessication by drinking |

sea water and excreting the excess salt through specizl

4

(V)
0
(D

organs, ©OThers, such as the elasmobranch fishegs, incre

thelr body osmolality above the osmolality of gea water |
with the readily available small molecules of urea and

trimethylamine oxide (Prosser et al,, 1990),

Deyrup {1964) has noted that more information
1s needed about water balance and osmcregulation in
amphiblans, ©One urodele that i1s common in the Ozarks and

is easy to work with is the hellbender, Cryptobranchus

. — sk, b AP Sl S -

alleganiensis, Exposure of the hellbender to hypertonic

medla, and then measuring selected serumn constiiuents

should yleld wvaluable information about comparative




Review of the Literature

The function of the kidney of fresh water
amphibians 1s to remove excess water from the animal's
body (Nobie, 19543 Deyrup, 1964), Water normally enters
the skin by osmogis, When the animals are exposed 1o an
osmotically dehydrating environment they must either
increase their bedy osmolytes or loose body water £0

the outside {Readle, 1957),

In this review blood constituents will be

e wdeoperd <Jull

organized teocgether without regard to animal speciles,

Gordon (1962) studied a euryhaline tcad, Bufo viridils, ¢

from Southeast Asia which 1s able to survive saliniti
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of 500-A00 milliosmols by increasing its body osmo
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mainly Na and €1~ ., The sodium and chloride accounted

for 84% of the increase in plasma osmotic pressure, The
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plasgma Na' for B, viridis in fresh water was 129 meg/1,

In L0% sea water the plasma sodium was 199 meg/1l., In
50% sea water the plasma sodium was 249 megq/1, the

lacsma chloride was 219 meq/1l, and the plasma osmolalily
§

"

was 549 milliocsmols, Cordon, Schmidt-Nielsen and Kelly

(1961) found a similar change in snother euryhaline

-
anuren, Rana cancrivora, They found thzt the plasma Na j

in this animal was 125 mec/1l in fresh water, and 191 meq/l

for animals in 50% sea water,
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It has been shown that sodium and chloride
penetrate the skin of amphibians less quickly than water
does (Deyrup, 1964), This occurs as long as the medium

concentration is above a low minimal level which is

about 10 meq/1 for salt depleted Rans ecculenta
individuals (Krogh, 1937b). Even so, sodium ions pass
inward at rates of 20-100 times the rate of movement in
the outward direction in isolated frog skin., 1In these
circumstances there is a constant accumulation of sodium
ions, and accompanyling anions,’mainlyichloride,'from the

ambient medium (Krogh, 19372),.

The main nitrogenous waste products of

gy
O
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amphibians are ammonia and urea, The aguatic lzrvs

amphibians excrete ammonia, At metamorphosis m
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become ureotelic (Deyrup, 1964), This partially enzbles
the animals to adapt tc a terrestrizl 1life (Noble, 1654),
Since ammonia is.highly texic a ready supply of water must
be available to remove if, Because the water supply nust
be unrestricted the ratio of ammonia excreted to urea
excreted in the adult correlates nicely with the animal's

habitat, Cragg et al, (1961) has shown that the more
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>

aguatic tne‘animals are, the larger'the percentage of
waste nitrogen excreted as ammonia. (Table 1),

There is alcso a relationship between the
degree of cecrnification of the skin and the route of

ammonia excretion, In Necturus the skin plays a major

—_
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Table 1, Correlation of habitat ‘o mode of nitrogen
excretion® |
- % N EXCRETED AS
| SPECIES HABITAT _ AMMONTA ;
sSalamandra salamandra Terrestrial b,7 |
Triturus cristatus Terrestrial b,0 E
Ambystoma mexicanum Aguatic | 61,9
Xenopus laevis Aquatic 62,2
Xenopus tropicus Aguatic 61.7
Hymenochirus spp, Aguatic 78,0
Piva pipa Aquatic 92.5
Rana esculenta Semiaquatic 9, L .
Rana temporaria Terrestrial 3,2
Hyla aborea . - Aboreal b, 6 ;
Bufo bufo Dry terresirial i, 8 {
Bufo calamitsa Dry %erréstrial 5:7
Crocodylus niloticus Aqﬁatic 85.5
Caiman crocedilus Acquatic V2.2 |
| ~ . - e
“from: Cragz et al, (1961)
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role in ammonia excretion, The blood ammonia in Necturus

was only 0,7 mg/100 ml, the urinary ammoniz was

of the total ammonia was excreted by the kidney, The
mudpuppy 1s neotenic and the skin has not metamorphosed,
The absense of a cornified epithelizal layer of skin allows
an easier exit for ammonia than‘the'cornified;skin of most
amphibians (Fanelli and Coldstein, 1964), On the other

hand, Ralinsky and Baldwin (1961) found that the aQuatic

Xenopus laevis excreted 86% of the total ammonia through
the kidney, The blood ammonia was 0,05 mg/100ml, and

the urine ammonia was 6.1 mg/100ml.

In the euryhaline frog Rana cancrivors the

blood urea nitrogen in fresh water was 23,2 mg/100ml, PBut
in 50% sea water the BUN was 162 mg/100ml (Gordon et al,,

1961)., Urea makes up 5-10% of the plasma osmotic

pregsure in Bufo viridis (Gordon, 1962), 1In Xenopus the

blood urea nitrogen was 0,17 mg/100ml and the urine urea
nitrogen was 19,35 mg/100ml (Balinsky and Baldwin, 1961).

Forster (1954) found that in the Louisgianz
bullfrog the urine urea concentration eguals the plasma
urea concentration over a wide range of plasma ures

concentrations, In Rana temporaria and Bufo bufo the

injection of NaCl solutions into the dorsal lymph sacs
caused an antidiuretic response, Injections of urea

however, caused diuresis {(Eliassen and Jgrgensen, 1951),

10,1 mg/100ml (Fanelli and Goldstein, 1964), But only 10%

1
|
{
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In toads there is also some indication that the clearance
of urea is greater than the glomerular filtration rate
(Carlisky, Botbol and Lew, 1967), This may be due to
active secretion of urea by the renzal tﬁbules.

Vogel et al,, (1967) felt that this secretion of urea
might be coupled with the reabsorbsion of sodium,

In aquatic amphiblans the plasma must be
hypertonic to the external environment or dehydration will
occur, For animals exposed to hypertonic media the
maintenance of the plasma osmotic pressure'becomes

especially important, The serum osmolality of B. viridis

SRv—_ gL N R P Y

in fresh water is 290 milliosmols, In 50% sea water the
serum osmolality increases to 560 milliosmols, The urine
osmolality also increaseé, 1t approaches, but never
exceeds, the serum osmolality (Cordon, 1962), Rana

esculenta individuals exposed to €,8% NaCl (139 milliosmols

had a serum osmolality of 268 milliosmols, The scrum
osmeolality for this animal in fresh water 1is 210
milliosmols, The urine remained hypotonic to the serum,
The urine osmolality in fresh water was 25 miilliosmols,

in 0,8% salt water it was 168 milliosmols (Mayer, 1969).
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Materials and Methode

Specimens of the hellbender, Cryptobranchus

alleganiensis, were collected from the Niangua river

below Bennett Springs, Migsocuri, They were collected
during the summer, fall and winter of 19?0,.and whe
spring of 1971, They were caught by turning large flat
rocks in 2-4 feet of water, As the rocks were turned the
animals were carried into a dip net by the current or
gently scooped into the net by hand, If they were not
unduly frightened they were easily caught,

The animals were transported to the laboratcry
in moist cloth bags, They were plzaced in styrofoam
coolers or ?rOpylene mouse cages containing 3-5 liters
of tap water, The animals were kept at room temperature
(18-25 ) tnroughout the experimént. The wafer Was
changed once a day, or more if necessary, during a 7-10
day acclimitization pericd, It was usually necessary
becauge the hellbenders would regurgitate crayfish and

smaell fish during the first few davs of captivity,

After this acclimitization periocd a control serum sample

was drawn and the animals were vplaced in the experimental
gsolutions,
The experimental solutions were eilther NaCl

or sucrose, They were mixed in 5,5 gallon (U, S.) {(about

L L b
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24 liters) propylene jusgs, The osmolality of each

24 liter lot of water was checked with a freezing point

depression osmometer (Advanced), The osmolality of the

Vo #srwr BN —

experimental solutions was increased every four days as
shown in Table 2, At the end of each four day period a
serum sample was drawn, One group of animals was placed
directly into 250 milliosmol salt water, Blocd samples
were drawn at 0,55 1,53 43 83 193 303 L48; 70 and 96
hours, '

The animals were offered earthworms on <the
first day in an experimental solution, but not on the
other three days,

The KWellbenders were anesthetized in 0, 3%
Tricaine (Sigma), The osmolality of the anesthetic. L
solutlion was adjusted to the osmolality of the experimentall
solutions with Nacl Oor sucrose,

Two ml of whole blood were drawn by aortic .
punciure, 1t was aliowed to clot and {the serum was
removed, Urine samples were obtained by.blédder
puncture with a 21 gauge needle, If the tests were not
periormed within twoe hours the serum was frozen at‘

-10 C,

Blood urea nitrcgen, blood ammonia nitrogen,
urine urea nitrogen and urine ammonia nitrogen were
measured colorimetrically using the urease method of

Searcy et al, (1G61),
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Fig. 3. Comparison of urine urea nitrogen and blood s

urea nitrogen, All animals in sucrose,. i
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Sodium and potassium of both the serum and
urine were measured simultaneously on a flame photometer
(IL). Serum and urine osmolality were measured elither in
2,0 or 0.2 ml aliquots‘with an Advanced osmometer,

Serum protein was determined with é protein fefraotometer
if the guantity of serum available was small, or with
biuret reagent (bovine albumin standard) if there was
sufficient serum,

Serum proteins were applied in 3 microliter

aliguots to polycellulose acetate strips. Electrophoresis

was performed for one hour at 400 volts, Beckman HR
buffer, {(Tris-Barbital-Sodium Barbital, Gelman Ingtrument

Co.), pH 8.6, ionic strength 0,75 was used., The strips

were stained in ponceau G, cleared 1n methanol-acetic acid,

and scanned in a Gelman densitometer, Percentage area
under the curve Tor albumin and globulins was measured
with a planimeter,

Six animals were sacrificed immedlately alter
collection, They were exsanguinated, A two ml serum
sample was used to determine calclium;j inorganilc
phosphorus; glucose; BUN; uric acid; cholesterol; Total
protein; albumin; total bilirubin; alkaliné phosphatase;

lactic dehydrogenase; and serum glutamilc oxalacetic

transaminase on an SMA 12/60 autoanalyzer.
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Results

The data presented 1n this section are the

combiﬁed data from both the NaCl and sucrose solutions,

Using Duncan's new multiple range test (Duncan, 1955)

no significant difference was noted between the salt and

sucrose water baths,
The mean blood urea nitrogen concentration

for hellbenders in tap watér (G milliosmols) is

1.4 mg/100ml, This value increases to a mean of 33,6

mg/100ml for animals in 266-273 milliosmols water

(Fig., 1), The urine urea is normally low. For animals

in tap water it is 0,6 mg/100ml, As the osmolality. of

the water 1lncreases the urine urea also increases to a

mean of 12,7 mg/100ml, (266-273 milliosmols water)

(Fig, 2). There is a direct relationship between

the urine urea nitrogen and the blecod urea nitrogen

(Fig., 3).

Ammoniz ig normzally found in the blood onl
) Y

in trace amounts. However, the urine ammonia nitrogen

is high, 17 mg/100ml for animals in tap water, As the
water osmolzlity increases 1o 266-273 millicemols the
urine ammonia decreases to 3 mg/100ml (Fig, &), There

1s an inverse relationship between the urine ammonia N

excreted and the blood urea nitrogen (Fig, 5). The

11
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Fig, 1. Effect of increasing water osmolality on blood
urea nitrogen., Key 1o water osmolality in milliosmols,

C=9; 1=30-~32 2366—803 3

H

89-91
1

-

6=169-182; 7=189-202; 8=21

0N
)

0=233-240;

)

10=249-259; 11=266-273, N stands for a group in NalCl,
S stands for a group in sucrose, Vertical line indicates
range, horizontal line indicates mean, open box 1s the

standard deviation, closed bcx 1g the standard error,

Numbers indicate the sample size,

b=127-136; 5=151-152;
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Fig, 4, Effect of inereasing water osmolallt

smmoniz nitrogen, Key to water osmolality in milliosmols,

C=9; 1=30-32; 3=89-913 g=151-152; 7=189-202;

0=2733-2403 11=266-273, All animals in sucrose, Vertvical

1ine indicates range, horizontal line indicates mes&an,

open box 1s the standard deviation, closed DboX is the

standard error, Numbers indicate the sample size,




Fig, 2, Effect of increazsing water osmolality on urine
urea nitrogen, Kev to water osmolality in milliosmols,
C=9; 1=30-32; 3=89-91; 5=151-152; 7=189-202;
0=233-2L0; 11=266-273, All animals in sucrose, Vertical
line indicates range, horizontzal line indicates mean,
closed box is the standard deviation, open box is the

gstandard error, Numbers indicate the samule size,
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Flg. 5., Comparison of urine ammonia nitrogen and blood urea nitrogen, All animals

in sucrose,




Fig, 7. Comparison of urine sodium and serum sodium, All animals in sucrose,
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hellbender is ammeniotelic at low water osmol@lities and

ureotelic at high water osmolalities (Table 3),

The serum sodium 13_102 meq/1 for animals in !
tap water, This valué increases to a mean of 130 meg/1
for animals in 266-273 milliosmols water (Fig, 5). The
urine sodium concentration is inversely proportionzl to
the serum sodium concentration (Fig, 7}, The urine sodium
concentration décreases as the water osmolallity incresases
(Fig. 8).

The serum osmolelity reflects the increases
in serum osmolytes such as sodium and urea, Animals in

tap water had a mean serum osmolality of 200 milliosnols,

Cryptobranchus in 266-~273 milliosmol water had a mean

L

serum osmolality of 239 milliosmols (Fig., 9), The i

hellbenders are hypertonic with resvect to the external

environment up to about 230 milliocsmols, After that they

« by —p—— -

are isotonic, or nearly so, with the external

environment,

-

Of the 25 milliosmol increase in serum
osmolélity, socdium accounts for 25 milliosmols, and |
urea accounts for 6 milliosmols, The serum potassium
showg no significant change over the range of experimsntal
solutions used,

The serum proteins showed no significant

AL a—

change in the albumin to globulin ratio over the range

of osmolalities used in this problem, The A/GC ratio was
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Fig., 6. Effect of increasing water osmolality on serum o
sodium, Key to water osmolality in milliosmols,

0=9; 1=30-323; 2=66-80; 3=89-91; =127-136; 5=151-152;
6=1609-182; 7=189-202; 8=210-213; 9=233-240;

10=2049-259; 11=266-273, N stands for a group in NaCl,

g gtands for a group 1n sSucCrose, Vertical line indicates
range, horizontal line indicates mean, Open pcx 1s the
standard deviation, closed box 1s the standard error,

Numbere indicate the sample size,




Fig, 8, Effect of increasing water osmolallty on urine
sodium, Key to water osmolality in miiliosmois,
C=9; 1=30-32; 3=89-91; 35=151-152; 7=189-202;

A1l animals in sucrose,

0=233-240; 11=266-273,

Vertical line indicates range, horizontal line indicates

mean, closed box is the standard error, open box 1s the

standard deviation., Numbers indicate the sample size,

3
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Discussion

The hellbender, Cryptobranchus alleganiensis

-t

can regulate its blood osmolality up to about 230
milliosmols, It then becomes an osmoconformer up to

about 250 milliosmols, This is approximately 25% sea

water, Part of this increase comes from an increase in ¢
the blood concentration of the small organic molecule

of urea, However, the increase in urea azccounts for

only 6 milliosmols of the 38 milliosmol total increase in
serum osmolality, The value of 33 mg/100m1, although it

is much higher than the value for animals in fresh water,

‘may not be a true physiological uremia, Mammals, for

instancé, can tolerate 150-200 mg/100ml blood urea

nitrogen without permanent damage (Prosser eb al,, 1950),

The eurynhaline frog Rana cancrivora has urea values of

162 mg/lOle in 50% sea water (Gordbn et al,, 1961), Even
though they are not treated in this thesis,‘questions'
about even the low value of 33mg/100ml affecting the
oxygen binding cavaclity of hemoglobin and denaturing SOme
enzymes must be asked, If the hellbender was affected in
this way it was not apparent. .

The excretlon of urea in Crvvicbranchus appear:s

to follow the pattern of the Louisiana bullfrog studied

by Forster (196L), There is one significant difference,




Fig, 9., Effect of increasing water csmolality on serum
osmolality, Key to water osmolality in milliosmols,
(=93 1=30-32; 2=66-803; 3=86-91; lez?-ljég 5=151-1523
6=166-1823; 7=189-202; 8=210-213; 9=233-240;
10=2049-.259; 11=266-273, N stands for a group in NalCl,

g gtands for a group in sucrose, Vertical line indicates
the range, horizontal 1ine indiczstes the mean, open box
is the standard error, closed box igs the standara

deviation, Numbers indicate the sample size,
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In the frog the plasma urea concentration must be greater
than 15 mg/100ml for the urine uresa concentration +o
equal the plasma urea concentration, In the hellbender |
the excretion of urea increases as the RUN inoréases, no
matter what the blood concentration is, This indicates
that there 1s no active or facilitated transport into or
out of the renal tubules,

Ammonia 1s the predominate nitrogenous
egcretory product of the hellbender in fresh water, Since

this animal is totally agquatic this is to be exvected,

Ammonia is formed in the kidney of Necturus (Fanelli and

Goldstein, 1964) and is activly secreted into the acid

urine of the tubules, It has been sugested by Cragg et 2l, |

(1961) that this could aid in the retention of univalent

)

ions by simple exchange, This possibility seems remote in

Cryptobranchus under these experimental conditions, As

the amount of ammonia excreted decreases the amount of

sodium excreted alseo decreases,

The hellbender is ammoniotelic in fresh water, |

But as the osmolality of the water increases the animal

becomes ureotelic, This switch in the mode of nitrogen

excretion resembles the switch that occurs in the estivating

South African jungfish, Proicoterus (Prosser et al,, 1950),

(N

The mechanism for this switch igs not kxnown, It

definitly has selective advantage in situations where the

N

avallabllity of water 1s resitricted, The fact that this
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0.39., The serum protelns did show the effects of
repeated sampling. The total protein decreased from a
[mean of 4,0 gm/100ml at the time the first sample was
drawn to a mean of 2.8 gm/100ml by the time the seventh
sample was drawn 24 days later, This represents a
decrease in the total serum osmolality, but the exact
amount of decrease 1ls not known,

A summary of the data from the animals placed

)

into 250 milliosmols NaCl is given in Table 4, All the |
, o i

changes in serum constituents take place in 96 hours, The
blood urea nitrogen increases after 1,5 hours, The urine
ammonia nitrogen shows a decrease after 8 hours, The
urine ureaz ﬁiﬁrogen increases after 19 hours, And the
serum sodium increases after 8 hours,

The results of the analysis of the six serum

samples by the SMA 12/60 autoanalyzer are seen in

Table 5, WMost of the values for the Rellbender are
lower than the accepted values for humans except the [
enzymes and the inorganic phosphorus, The serum calcium

falls within the accepted mammallian value,




o | i W 1 - | PR i 2 omiee - veve: Lrter 1+ Y | il RS Lom e < Loaetisgidl- o J1H)

e

R _
*seseyjusaed UT USATE UBSW 89Ul JO UOILBIASD PIEPUBLS &
 (2) s11 (0°'2) 1'mT (L°T) €€z 0'96
(2) 211 (6'0) 9°01 (L°T) 64T 0°'04
(Z2) 60T (7°1) 0°8 (0°2) 6'11 0*8H
(2) 40T (C°T) 6'9 (0'T) €°6 0°*0¢
(¢) 9071 - (071) £ (9°0) §°9 0°67
£*) 6°¢ (2) &7 (T) HOT (9°0) 9'1 (6°0) 9°'¢C 03
") §°¢C (2) 9T (1) 20T (£°0) 4'1 (£'1) #'¢ 0" 1
() 4T (T) TOT (6°0) T'1T (£'T) 4°2 G*T
(€) 81 (T) tOT (9°0) 1°T (6°0) 91 ¢*0
() 41 (T) 00T (6°0) 1°71 (4°0) §°1 0°0
T/bau TWQO T /3 ﬁmwmmPHG.m&ooﬁ\mﬁ cmmowpﬂg mMSOAle mEMHI_
ETUOUWWE JUTJI] fUNTPOS uNJIsS .WWMS SUTJIf] mmmﬁ UooﬂMt
‘G sTBNbe N  x*JdereMm
TOWSOTTTTIW 062 O3uUT Af308aTp podeTd sTBWIUR 101 senTea aUTIN pPuUB WNI2S UBBK *4 STAERJ




switch can occur rapidiy is shown by the data from the
animals placed directly into 250 milliosmol'wéter. The
changes all took place within 96 hours,

The serum‘sodium represents 80% of the total
increase in serum osmolality in the hellbender. The
sodium comes in part from the medium, for those animals
kept in sodium chloride, and by reabsorbsion from the
kidney or bladder for those animals kept inlsucrose.
Feeding the hellbenders also provided a source of
electrolytes and nifrogenous compounds, The animals
might have imbibed some s2lt water, but they were never
observed doing so, They probably observed some sodium
through the skin although the exact role of the skin is
outslide the scope of this thesis, The hormones involved

in the absorbsicn or reabsorbsion of sodium throeugh

the skin, kidney or bladder have been studied by several

investigators, The "amphibian wéter balance principle"
from the neurohypophysis (Jdrgensen, 1950), and the
adrenal cortical steroids (Dow and Zuckerman, 1938) are
implicated in salt and water balance, Jgrgensen, Levi
and Ussing (1946) found that neurohvpophyseal extracts
injected into axolotls increased sodium uptake through
the Skin.~ Heller (1941) first studied the water balance
hormcne from the neurohypophyvsis of amphibians., He

sald that this hormone is not the same as the

mammalian antidiuretic
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Mean values of various serum constituents as

Table 5,
measured by the SMA 12/60 autoanalyzer¥ N equals
6, |
Serum constituent - Mean value
. . N .

Calcium

Inorganic Phosphorus
Glucose

Blood Urea Nitrogen
Uric Acid
Cholesterol

Total protein
Albumin

Alkaline Phosphatase
Lactic Dehydrogenase

Serum Glutamic Oxaloacetic
Transaminace

Total Bilirubtin

9.4 (1.4) mea/1

5.3 (0.8)
56 (25)
1.4 (0,7)
0.4 (0,1)
86 (49)
3.0 (0,6)
0.4 (0,1)
224 (70)
265 (219)

145 (34)

0.1 (0)

mg/100ml P
mg/100ml |
mg/100ml N
mg/100ml
mg/100ml

g/100ml

g/100m1
microunits/ml

microunits/ml |

microunits/ml

me/100m.

*Stendard deviation of the mean given in parentheses, ;
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hormone,

The role of the adrenal steroids in
electrolyte conservation is far from clear, OCrabbe
(1964) found that injections of 20 micrograms of

aldosterone into Rana esculenta and Rana ridibunda, and

50 micrograms to Bufo marinus caused increased active

transport of sodium through the isolated skin and bladder,
Dow and Zuckerman (1938) reported a decrease 1n body
welght after administration of deoxycorticosterone

acetate (DCA) to the axolotl. This iﬁcrease was due to the
_loss of body water, Héwever, Hseih {(1950) found an

increase in frog weight after DCA injections, 1In Rana

piplens no effect was observed on water balance after

injection of DCA,’deoxyoorticostérohe glucoside, cortisone
or ACTH (Sawyer, Travis and Levinsky, 1950).

Dehydration does not appear to play a major

- rana g,

role in the response of Cryptobranchus to hypertonic

media, If simple dehydration were cccuring all serum
constituents would increase in about the same ratiosg,
,r
This 1is not the case, The serum sodium shows a percentage |

increase of 27%. The blood urea nitrogen increases

25 times and the serum potassium shews no change, Likewise

with the urine, if it were merely becoming more I

-

concentrated, 1t would be unlikely that one constituent

would increase while tTwo others decresased, |

The serum pvroteins show the effects of reveated

j
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sampling with the same animal, The blood proteins are not
replaced quickly, Since blood proteins exert an osmotic
1 pressure continued bloocd collecting will lower serum

osmolality., Cryptobranchus shows the typical larval

protein pattern of a low albumin to globulin ratio, An
increase in albumin or globulins would increase the serum |
osmolality, but this did not happen, |
The results of the analysis by the SMA 12/60
autoanalyzer are interesting, All the values except the
enzymes, calcium, and inorganic phosphorus-were below
the normal human values, The intestinal mucosa contains
acid phosphatase, I% has been shown that in humans
intestinal parasites can cause an increase in acid
phosphatase (Cohn and ¥aplan, 1%66), There were many
intestinal nematodes in the Hellbenders from the Nlangusz
river, This might account for the increase in acid
phosphatase, The increases in the other enzymes must go

unexplained for tThe present,




01

summary

o

The hellbender, Cryptobranchus alleganiensis, |

1s able to regulate its body osmolality up to ébout

230 milliosmols, Tt then becomes an osmoconformer up to
about 260 milliosmols., There are increases in several
body osmolytes,

The blood urea nitrogen increasges from a mean

of 1.4 mg/100ml in tap water to a mean of 33 mg/100ml for
animals in 266-273 milliosmol water,

The serum scdium increases from 2 mean of

102 meq/l for animals in tap water to 130 meq/1 for

animals in 266A-273 milliosmol water, The urine sodium

concentration decreases indicating some method of sodium

retention in the hellbender, There is no significant |

change in the serum or urine potassium concentrations,

——— A — . B

The percentage c¢f total nitrogen excreted as
ammonia dec¢rezses as the water osmolality increases, This
indicates a change from ammoniotelism to ureotelism,

The serum osmolallty 1ncreases from a mean :
of 200 milliosmols for animals in tap water To a mean |
of 239 milliosmols for animals in 266-273 milliosmol
water,

The serum proiteins are larval., There is no

change in the A/2 ratio throughout the experiment, The




searcy, R, L., G. S, Gough, J., L. Korotzer and L, M.
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J. Med, Tech, 32:255-262,

Vogel, P.,, R. Gunther and M, Xurten, 13687, Investigations
on the sodium dependence of the renal tubular
secretion of urea in Rana ridibunda, Pflugers.
Arch, Cesamte, Physiol, Men, Tiere., 295(1):
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total protein declines throughout the experiment,

A survey of 12 serum constituents was made by
an autcanalyzer, Most values for the hellbendef were less
than the normal valueé for”humans; The enzymes 1DH,

SGOT and alkaline phosphatase were elevated,
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Appendix B
Animals placed in

Sucrose solutions
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Appendix C
Animals Placed Directly

into 250 milliosmol NaCl Solution
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Appendix D
Values Obtained from

Electrophoretograms
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Animal Water® Percentage Percentage Albumen to
Number QOsmolality Albumen Globulin ~Globulln ratio |
e - ettt
C115 9 40 60 .67
C116 9 38 62 . 61
Cl1g& 9 43 58 7y
ciz2 | 9 30 - 70 A3
66 2l 76 .32 4
| 175 25 75 . 33
c123 9 30 70 53
Cl24 G 26 | 74 | . 35
Cl25 9 28 72 | « 39
ciz7 9 24 76 . 32
129 | 20 80 .25
| 2173 38 62 . 61
128 Q 25 75 .67
€129 9 29 71 )
Cl32 9 28 72 « 39
80 23 . 77 . 30 |
127 B 81 e 23
256 3C 70 g
C1u2 9 14 86 | 16
90 25 75 e 33
CiL43 9 24 76 ¢« 32 |
30 31 69 o H5 |
90 40 60 .67
2573 17 83 e 20
C163 9 21 79 27
39 25 75 « 33
238 29 71 A1
268 20 80 25 |
Cl164 9 22 78 . 28 |
89 34 66 . 52 |
238 24 76 . 32 :
268 17 873 . 20 |
e —— e — — — —rewacnd
“ milliosmols
Percentage values obtained from elecitrophoretograms




Appendix E
Values Obtained fTrom

SMA 12/60 Autoanalyzer
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