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ABSTRACT

Double isotope dilution methods are described for the
isolation and quantitation of aldosterone and corticosterone

in the nlasma of the Bullfrog, Rana catesbeijana.

I'he procedure emnloys descending paper chromatocranhy
and is accurate for measurement of small quantities of
steroids. In this assay, the aldosterone level in R.
catesbeiana plasma was found to be approximately .7 micro-
erams ner cent, while the corticosterone level was approximately
.5 micrograms per cent. These apparently high values may be
sttributable to hich plasma ACTH levels as a result of stress

prior to sacrificing the specimens.
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CHAPTER T
INTRODUCTION

Investi i
gations of adrenocortical secretions have

indicated a phylogenetic relationship of the biosynthetic
=

pathways of these compounds ip various vertebrates. Such
is suggested for example by the identification of identical
adrenocorticoids in Amphibia and Mammalia (Bern and Nandi,
1964; Jones et al., 1962; Jones et al., 1959; Phillips and
Bellamy, 1963). However, qualitative and quantitative
attempts to measure amphibian adrenocorticoid secretion
have been limited in scope and involved difficult procedures.
Most such attempts have been made within the last decade
(Gorbman, 1964).

Procedures used in the identification of amphibian
corticoid compounds have included interrenal incubation
with the identification of hydroxylating enzymes (Hanke and
Weber, 1964), labeling of corticoid precursors (Crabbe, 1963;
Kraulis and Birmingham, 1964), and spectrometric and fluor-
metric analyses of urinary, plasma, and in vitro extracts

(Caligaris and Astrada, 1963; Carstensen et al., 1961; Jones

et al., 1959). The lack of microchemical techniques suit-

able for measuring minute quantities of hormones in the

blood. and the small total blood volumes of the individual
’ (o8



specimens, have imposed limitations on brevious studi
. udies,

The s % 3 ;
€ specific nurrose of this investication is to

isolate, identify, and quantify aldosterone and cortico

sterone in the plasma of the Bullfrog, Rana catesbeiana

This animal was selected for this investigation on the basis

of previous studies in which the principal adrenocorticoids
had been identified in vitro (Macchi, 1956; Carstensen et
al., 1961), and the availability and size of the specie;j
The in vitro studies indicated the principal adrenocorticoids
to be aldosterone and corticosterone (Carstensen et al.,
1961), suggesting that these would also be the adrenocorti-

coids detectable in Rana catesbeiana plasma.

The biochemical techniques utilized in this investi-
gation included the extraction and solvent-partitioning of
fractions taken from large gquantities of pooled plasma.
Radioisotone double dilution and descending paper chromato-

graphy were employed in isolation, identification, and

quantification of the compounds.



CHAPTER 17
REVIEW OFp THE LITERATURE

Macchi (1956) found that adrenocorticosteroids were
present in in vitro media of adrenal incubates of R

catesbeiana, as shown by the bresence of blue tetrazolium-

reducing substances, 1In g similiar study, Carstensen et

al., (1961) showed that aldosterone and corticosterone were
the only Aﬁ-3-ketosteroids produced in significant amounts.,
Furthermore, in the presence of purified adrenocorticotronhic
hormone (ACTH), the ratio of aldosterone to corticosterone
was approximately 4:1. This was the first animal in which
aldosterone was demonstrated to be the principal adreno-
corticosteroid by in vitro studies.

Other species of Ranidae in which positive identi-
fications of adrenocorticoids have been made are the larval
forms of R. sylvatica and R. pipiens (cortisol and possibly
corticosterone), (Dale, 1962), In vitro studies of R. pipiens
have demonstrated the presence of corticosterone and 18-OH-
deoxycorticosterone (Macchi, 1956).

On the basis of this data, and the availability of
the snecies and size of the specimens, a study was designed

to detect and measure the major adrenocorticoids (specifically

osterone) in the plasma of R. catesbeiana.

aldosterone and cortic



CHAPTER 111

METHODS AND MATERIALS

Terminology

Because of the vast amount of hormone research that

has been conducted on mammals by workers in different

countries, and the sometimes poor communication existing

between these workers, as many as three or four names for

the same compounds have evolved in some cases. Names most

widely accepted in the United States, such as cortisol and

Kendall's letter compounds, as desicnated in The Chemistry

of the Steroids (Klyne, 1960), have been used in this

thesis. Groups of steroid compounds, pituitary secretory

products, and steroid-acting drugs are referred to as de-

signated by Klyne (ibid.), and Williams (1962).
Terminology used in biochemical techniques is as

designated by Williams (ibid.), and Sunderman and Sunderman

(1960).

Classification and identification of species is accord-

inc to Conant's A Field Guide to Reptiles and Amphibians

(1950).

For synonymy of steroid terminology, see the AppendixX.

Animals
T -
R. catesbeiana, were

Male and female Bullfrogs,



collected from ponds jin Houston
?

Stewart and Montgomery

Counties, Tennes cL.
» ‘€Nnessee. Additionaj srecimens from t —_p
€ Louisiana

coastal plain were obtained through Carolina pj logical
' - O0logica

Supnly Comnany.

dark brown blotches. Individual weights of the Tennessee
animals ranged from 72 to 379.5 grams. It was not possible
to obtain meaningful weights for the Louisiana animals be-
cause they had been force-fed, and they were sacrificed as
soon as nossible to prevent dehydration which would have
resulted in a possible accompanying decrease in total blood
volume. However, all Louisiana animals were estimated to

weigh four hundred grams or more and to have been six inches

or more in snout to vent length.

Collection and Preliminary Treatment of Blood

All sprecimens were anesthized with ethyl ether and
the total perinheral blood volume collected by decapitation

and drainage of peripheral blood into centrifuce tubes con-

tainine heparin as an anticoagulant. A large animal yielded

approximately five milliliters (mlL) of whole blood or three

ml, of plasma. All specimens combined yielded a total of

0 *
190 m1. of plasma, which was stored at -60 centricrade

until analysis was made.



Double Isotone Dilution Method

tion approximates Peterson's (1964) method for peripheral
ra

plasma in man, and the method used by Island at Vanderbilt

HEiveTsey (petsonsl communication), in the measurement of

the 3-oXo-conjugate urinary metabolite of aldosterone.
Essentially, the method is one of double isotope dilution
involving solvent-partitioning and extraction and descending
chromatography. |
This procedural method was tested by a trial run

using 100 ml. of human plasma to determine running rates in

chromatoeranhy systems and the apnproximate amount of H3

(tritiated) compounds to be added. The recovery rate was
approximately ten ner cent for aldosterone.
In a double isotope dilution method a known amount

of the same compound that is to be measured may De added

. 4 14
in the tritiated form and the D ring acetylated with C* .

In this procedure a known amount of D-aldosterone-1,2-H

was added to the sample mixture and the D ring acetylated

at the 21 position with acetic anhYdride'l’C'lz' Changing

the comnound from monoacetate to diacetate and back to

: 1 f1 1 of the
monoacetate form was instrumental 1n purification

compound (Figure I).

The method emnloyed in purification of free cortico-
e meth
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Figure 1. Characterization of Aldosterone.
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sterone was also tested by a trial run with human plasma It

\4 1 "‘. -
was difficult to obtain a pure compound due to acetylation

of impurities, and four chromatography systems beyond acety

lation were found necessary.

The reference standards used in this investigation
are listed in the Appendix.

Before fractionation, the total plasma volume (190
ml.) was pre-extracted twice with four volumes of n-hexane.
The hexane was discarded and the remaining plasma volume
carefully measured. This plasma (185 ml.) was extracted
twice with four volumes of carbon tetrachloride (hereafter
designated as Fraction II). The plasma volume was again
measured (177 ml.) and extracted with six volumes of di-

chloromethane (hereafter designated as Fraction I).

Fraction I

Fraction I contained the aldosterone and was analyzed

by the following steps:

Addition of isotope. Approximately twenty-six

thousand counts per minute (cpm.) of D-aldosterone-1,2-H

were added to this fraction (1,082 ml.). A duplicate

. st i £in
aliquot was dried in a vial for scintillation coun Ze



volume of 1N sodium hydroxide, then one-tenth volu f
- me o

distilled water, and finally with one-tenth volume of
of one-

tenth ner cent acetic acid. The remaining volume (1,032 ml.)
, L]

was then evanorated to dryness with a Buchler Flash Evapo

rator (temperature maintained below 40° centrigrade)

Chromatography of D-aldosterone-l,Z-H3 and free aldo-

sterone in System I. The dried fraction was eluted with
anproximately three ml. of water-washed dichloromethane,
transferred to a disposable tube, and dried under a dry air
stream in a hood. The dried material was eluted with three
drons of redistilled (100 per cent) ethanol and six drons

of water-washed dichloromethane and annlied to Whatman #3 MM
chromatographic paper with Compound E (cortisone) and Com=-
nound F (cortisol) side standards. The paper was allowed

to equilibrate for two hours and then developed in System

I (Table 1) for five hourS. The sample strip was scanned
with a Vancuard Automatic Chromatogram Scanner and the area
juted at the radioactive peak with methanol

between E and F €

(100 per cent), (one ml. per square centimeter). The 1n-

solubles were centrifuged and the methanol dried in a ground-

" . The tube was
slass stonpered tube under dry air stream

. . A to insure
slaced in & calcium chloride desicator overnight

complete drynesSSe



10

PAPER CHROMATOGRAPHY SYSTEMS USE

PLASMA LEVEL OF ALDOSTERONE AND CORTICOSTERGNE

;
System Number Components of System (v:v ratios)

a
System I benzene: methanol: water (4:2:1)
a
System IIR,S Ccvclohexane: benzene: methanol:
water (4:2:4:1) '
b 5
System E-1IV 1S0-octane: t-butanol: methanol:
water (12:5:3:2)
b g
System E2R 1S0-octane: t-butanol: water
(500:250:400)
c
System CDMW cyclohexane: dioxane: methanol:
water (10:5:10:1)
d
System P=20 cyclohexane: benzene: methanol:
water (5:10:10:2)
d
System P-21 cyclohexane: benzene: methanol:

water (2:2:2:1)

a. Bush Systems (Bush, 1961)
b. Eberlein Systems (Bush, 1961)

¢c. Donald Island, Vanderbilt University (personal
correcnondence)

d. Ralrh E. Petcrson, Cornell University (personal
corresnondence)



Acetvlation, b

Koot )
cetic anhydrlde_cl4 (concentration of
threc microcuries per millimole, twenty per cent in b )
enzene

was used to acetylate the Steroid. Redistilleq pyridi
Iridine

(0,05 ml1.) and acetic anhYdride-C14 (0.03 m1.) were added t
‘ 0

the dry tube in a nitrogen atmosphere. The top was sealed

and taped and the reaction allowed to proceed at room temper

ature for four hours, Simultaneously, fifty micrograms of
cortisol were acetylated with the sample to determine the
snecific activity of the acetic anhydride-cl4. Acetylation
was stopned by the addition of one ml. of twenty per cent
ethanol. The ethanol was extracted into ten ml. of di-
chloromethane, and washed twice with one-half ml. of dis-

tilled water. The dichloromethane was then dried under a

dry air stream in a ground-glass stoppered tube,

Hydrolysis. Ninety-five per cent ethanol (0.1 ml.)

and 0.5 ml. of an acid mixture (.222M hydrochloric acid,
.053M potassium chloride in water) were added to the dry
tube. Care was taken to elute all dried material from the

sides of the tube and the reaction allowed to proceed for

i was
thirty minutes at room temperature. The reaction

stonped by the addition of one-half ml. of distilled water,

i e. The
which was extracted with ten ml. of dichloromethan
5 '. - 1f mln Of
dichloromethane was washed twice with one-ha



12
distilled water, transferr
- ed to a dis
posable tube and dried

under a dry air stream.

Chromatography of Aldosterone Monoacetate in System

II-Se. The sample was eluted with three drops of redistilled
cthanol and six drops of dichloromethane and aprlied to
Whatman #2 paper with aldosterone-2l-acetate internal
standard and 17 OH,11-ketoprogesterone (HKP) side standard,
and developed eighteen hours in System II-S (Table I). The
sample strip was scanned and the ultraviolet spot and radio-
active peak area eluted with methanol. The methanol was
evaporated in 2 lone ground-glass stonnered tube and later
nlaced in the calcium chloride desicator for one hour to

insure complete dryness.

Reacetylation. Redistilled pyridine (0.2 ml.) and

redistilled acetic anhydride (0.1 ml.) were then added to

the dry tube. The reaction Wwas allowed to nroceed sixteen

nours at 30° centrigrade. Acetylation was stopped by the

addition of one ml. of twenty per cent ethanol. The ethanol

was extracted into fifteer n1. of dichloromethane. ahe

: : = 1ume of
dichloromethane was washed twice with one tenth VO

The samnle was ther transfe

o 1T streame.
bottem tube and comn]etelv dried under 2 dry ai



sterone diacetate as an internaj standard and adrenosterone

as & Side standard, The paper was allowed to equilibrate

for one hour and then developed aprroximately six hours in

System IT-R (Table I). The sample was Scanned and isolated

by radioactive peak and ultraviolet 1licht ang then eluted

with methanol and dried in a ground-glass stoppered tube

Hydrolysis. An ethanol-acid hydrolysis was carried

out as before (see page 11).

Chromatogranhy of Aldosterone Monoacetate in System

P-21., The sample was applied to Whatman #1 paper with

ethanol-dichloromethane using an aldosterone monoacetate
internal standard and 17X OH,1l-ketoprogesterone as a side
standard. The paper was equilibrated for one hour and
allowed to develon anproximately five hours in System P-21

(Table 1), The sample was scanned and isolated by radio-

active peak and ultraviolet light and then eluted with

methanol (three ml.). One-fifth of the total volume (0.6

ml.) was removed for counting and dried in a scintillator
: ; nd-

countine vial. The remaining amount was dried in a grou

ir stream.
rlass stonrered tube under a dry air
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Chromium R

. oL trioxide (one microgram per ml.)

in redistilled glacial acetic »
a

cid (0.25 ml.) was added to

the (1rje(A ) £ L] , i D
(o9 was I / e(! (9]

five minutes at room temperature, then Stopped by the ad
HE ad=-

dition of one-half ml. of twenty per cent ethanol, and ex-

tracted into ten ml. of dichloromethane. The dichloro

methane was washed twice with one-half ml. of distilled

water and dried under a dry air stream
L]

Chromatocranhy in System E2R. The sample was eluted

with ethanol-dichloromethane and applied to Whatman #1 paper
with cortisol side standard. The paper was equilibrated for
one hour and allowed to develop six hours in System E2R
(Table I). The sample was scanned and isolated by radio-
active neak and ultraviolet spot and then eluted with ethanol

(ninety-five ner cent). One-half of the total volume was

dried in a counting vial.

Seven milliliters of scintillator count-

Counting.

inc soluvtion were added to each dried aliquot of sample to
3 14
be counted., Ten minute counts for H® and C  were then made

in a Tri-Carb Ligquid scintillator Counter.

Fraction 11

on contained the

The carbon tetrachloride fract1



| 15
corticosterone and was analyzed by the followi t
ing steps:

Addition of isotope,

Approximately twelve thousand

counts per minute of corticosterone-H3 were added to this

fraction. A duplicate aliquot was dried in a vial for

scintillation counting,

Washing. The fraction was washed first with one-

tenth volume of .1IN sodium hydroxide, then one-tenth volume
of distilled water, and finally with one-tenth volume of
one-tenth per cent acetic acid. The total volume (fifteen

hundred ml.) was then evaporated to dryness.

Chromatosraphy of Corticosterone-H° in System P=20,

The dried fraction was eluted with water-washed dichloro-
methane, transferred to a disposable tube, and dried under
a dry air stream. The dried material was eluted with
ethanol-dichloromethane and applied to Whatman #2 paper
with corticosterone and tetrahydrocorticosterone side

standards. The paper was allowed to equilibrate for one

hour and then developed in System p-20 (Table I) for four

hours. The sample strip was scanned and the EAllLOATHETR

peak eluted with methanol. The methanol was dried 1in a

ered tube and then desicated for six hours

ground-olass stopp

to insure complete drynesSe



1
Acetylation, 6

T
he sample was acetylated by the ad-

dition of redistilled nyridine (0.05 m1.) and ti
11, acetic an-

rdride-old _
bydrice-C (0.03 m1.) in a nitroecen atmosphere. The top

was sealed and the reaction allowed to proceed twenty-four

irs at 30° ; .
hours at 30~ centrigrade. Acetylation was stopped by the

addition of one ml. of twenty per cent ethanol. The ethanol
was extracted into ten ml. of dichloromethane, and washed
twice with one-half ml. of distilled water. The dichloro-
methane was then dried under a dry air stream in a disposable

tube.

Chromatography Systems After Acetylation. Purifi-

cation of the acetylated compound was obtained by applying
the sample to Whatman #2 paper with corticosterone acetate
side and internal standards and developine the paner in the
followine sequence of systems (Table 1); CDMW (twelve hours),

E-IV (five hours), CDMW (eleven hours), and E-IV (six and

one-half hours).

Alicuots of the sample were taken for

Counting.

following each of the above four systems. Only

countine

data from the last two systems were used in calculations.

Srecific Activity of Acetic Anhydride-1-C-14

cortisol (fifty microgra

dard ms) was dried in a
Standar



l;
( 1 Ce la.t
o / h
o3

at room temnrerature for twenty-foy

r hours, The cortisol

acetate was then apnlied to Whatman#p naper with tisol
Pan cortiso

acetate side standard and allowed to develop for eight
hteen

hours in System II-R, The cortisol acetate was easily seen

vnder ultraviolet light (245 microns) and this spot was
eluted and dried. The cortisol acetate was then applied
to Whatman #2 paper and developed in System E-IV for
fourteen hours. The ultraviolet spot was eluted with
methanol and dried. The dried material was eluted with
four ml. of ethanol and aliquots of 0.5 ml. and 1.0 ml.
were removed for a Porter-Silber determination in order
to determine micrograms per cubic centimeter (Pg/cc), and
0.05 ml, and 0,10 ml, dried in counting vials in order to

determine counts per minute per microgram (cpm/yg).



CHAPTER 71V

RESULTS

2
The H” ang cl4
C Were counteq in a Tri-Carb 14 id
1qui

cintillati 1
Scinti 1on Counter, Itg efficiency for c14 was

determined to be .2678 ang for H3’ 119. 11
g . € sample

crossover was calculated to be .4702
The plasma aldosterone and corticosterone

concentrations were calculated as follows (modified fro
m

Peterson, 1964):

C H-

X 100 ml.
M, - (z X C) T X w=r pTasma = Pe/100 mi.
extracted

c - 3 14 . . .
counts per minute C in counting vial

Hy = counts per minute H3 added to sample

Ho = counts pner minute H3 in counting vial

SC = specific activity of ciitisol monoacetate

in counts per minute C™° per microgram

Z & correction factor for crossover

The specific activity of cortisol monoacetate was
found to be 1,755 cnm/pg. Calculation of aldosterone level

it R. eatesheiana plasma after multiple purification 18 as

follows:



19

After Chromatonrahhy System P-21:

LR TLICR: ey x 082y 100
y , 177

= «759 pg/100 m1,
After Chromatozraphy System E2R:
50 26,082
= X 100
524 - (.4702 x 50) 1,755 X 77 = 699 pg/100 mi,

al P E = .
Calculation of corticosterone in R. catesbeiana plasma

after multiple purification is shown below.
Third Chromatography System After Acetylation:

38 11,361 100 _
197 = (.2702 x 38) X 455 X 1§y = 742 pg/100 ml.

Fourth Chromatography System After Acetylation:

19 11,361 100 = 478 pg/100 mil.
178 = (.2702 X 19) e * o183 b




CHAPTER v

DISCUSSION AND CONCLUSIONS

Evaluation of Procedure

Fraction I.

The procedure devised for measurement
of the aldosterone in Fraction I is adequate and accurate

for minute quantities. 1In relation to reference side and

internal standards, the chromatography Systems used were
very effective in the separation and purification of the
free aldosterone. The overall recovery of the D-aldo-
sterone-l,Z-H3 indicator, from its addition to Fraction I
through elution from the final chromatocram as aldosterone
monoacetate was approximately three per cent.

The accuracies of the above methods depend on the
purity of the labeled compound added, the ratio of the

amount of labeled compound to unlabeled compound, and the

precision of laboratory technique. The ratio of the amount

of labeled to unlabeled compound was small and thus did

. Calcu=-
not contribute a significant error to the method

on assumed
lations of counts per minute to add were e

) tions of less
plasma aldosterone and corticosterone concentra

i f the added
than one microsram per 100 ml. The pugity

. 2 r cent.
nety-five pe
comnound was known to be greater than B J



The

tylation with cl4 i
acety N e was satlsfactory, but a large amount

of imhurities was also.acetylated, thereby requiring more
chromotography systems, which compounded the 1loss df added
g3 compound. An alternate brocedure could have included an
oxidation of the compound to 1l-dehydrocorticosterone after

develooment in the cyclohexane: dioxane: methanol: water

system (CDMW).

Conclusions Based on Values Obtained

These results demonstrate free aldosterone and free

corticosterone to be rresent in measureable amounts in

peripheral nlasma of R. catesbeiana.

Furthermore, the plasma collected from these animals

probably had a high ACTH level due to the stressful situation

under which the animals were maintained prior to sacrificing,

thus accounting for the apparently high values of alcpsiyeranc

: i is in agree-
and corticosterone obtained. Such a conclusion 1s 1n ag

i i in which a
ment with Cartensen's (1961) in vitro work in whi
in resnonse
fifteen-fold increase in aldosterone was shown in



to the addition of 13,
millicrams of adrenal incubate

In mammals, ACTH Stimulates the Secretion of a14d
aldo-

sterone from the zona glomerulosa of the adrenal 1th
y a ough

to a minor extent. 1In R. Catesbeiana, there is no zonation

of the adrenal cortex (Jones, 1959), This suggests a

siecnificant difference in steroid biosynthetic pathways

between mammals and R. catesbeiana.

One possible explanation could be the lack of a 17« -

hydroxylating enzyme in R. catesbeiana adrenals. Carstensen

(1961) states:

It is reasonable to assume that the 18-hydroxylating
reaction proceeds relatively faster in relation to
the other hydroxylating reactions in the amphibian
adrenal than in the mammalian, so that some of the
hydroxylating reactions which require TPNH as a co-
factor become rate-limiting, since it has been shown
that one of the functions of ACTH as it acts on the
adrenal is the generation of TPNH.



CHAPTER VI
SUMMARY

A double isotope dilution method for the determi-

ion of aldosterone and corticosterone in R. catesbeiana
natio )1

i scribed. The method is accurate
neriphefal plasma 1s de

these steroids.
nt of even small amounts of
for the measureme

Both free aldosterone and free corticosterone were

30

S 0 —

nh 1 o 18] 1= i v ibut-
eral plasma The apparen hlgh levels may be attribu
neri., I : |
| 1 oh asma evels hich
1 ACTH 1 1s due to the stress to w
5 G .
able to hlhl P

. ] i
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APPENDIX
Nomenclaturaj Synonymy

und Name
compound Name

Synonyms

17A0H, ll-ketoprogesterone * HKD

t ool *
Cortiso Kendallts Compound F
cortisone *

Kendall's Compound R
Corticosterone *

Corticosterone acetate *

Aldosterone, 2l-acetate *

Aldosterone Diacetate *

Adrenosterone *

Aldosterone monoacetate *

Tetrahydrocorticosterone *

Tritiated Aldosterone AldoH3
. 3

Tritiated Corticosterone BH

Adrenocorticotrophin Hormone ACTH

18-0H-Deoxycorticosterone

*
Used as reference standards.
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