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ABSTRACT 

Doubl e isotope dilu t ion methods are described fo r th e 

isol~tion an r1 quan tit ation of aldost eron e and corticosterone 

in t he nlasm a of the Bu llfrog , Rana cate sbeiana . 

fhe procedure empl oys descending paper chr omatogr anhy 

ano is acc ur ~te for measu r ement of small quanti t i es of 

ste roids . In t hi s as say , t he aldosterone level in~ 

catesbe iana pl asma was found to be approximately . 7 micro­

gr ams ner cent , wh ile t he cortic ost e rone level was approximately 

. 5 mic rog r ams per cent . These apparent l y high values may be 

att ribut able to h i ph pl as ma ACTH l eve l s as a resul t of st r ess 

pr i or t o sacrificing the spec imens. 



' I VEST GA I' HlN IN ro THE OCCURRENCE Cl F ALDOSTERONE AN D 

C()RTICOSTERONE I N THE PLAS ·1A OF RANA CAT.ESBEI AN 

------

A Thesis 

Presented to 

The Graduate Committee of 

Au stin Peay State College 

In Parti a l Fulfillmen t 

of t he Requirements for the Degree 

· Ec1u c at ion ~:aste r of Ar ts in -

by 

Ebe r Jane Sine 

August 19 , 1966 



ACKNOWLEDGEMENTS 

I vish to gr at efully ackn owledge the assis tance and 

encou r agement of my major pr ofesso r, Mr . Charles N. Boehms . 

Fur t he r acknowledgemen t i s ext ended t o Mr . David Snyder f or 

t he reading of t his manus cr ipt and for continual encour a e­

ment and assis tance t hroughout t he invest i gation . The c on­

s t r uctive c r itic isms and contributions of my minor professor, 

Dr . Harold Pryor, are gre atly appreciated. 

I gr e atly appre c i ate my former employers', Dr. Gr ant 

Liddle and Mr. Donal d Isl and of t he Endocrine Divis i on of 

Vander bilt Univer si t y Medi cal School, interest in my work. 

\'Ji t hont the f ac ili t i es made avai lable to me through tb em, 

t he s cope of t hi s nroblem woul d of necessity have been much 

more limited . 

Enc our agement from other Austin Peay St ate Col le ge 

Biology DeDart rnent staff members and t he interest of my 

fellow student s have be en very reassuring , and are gr eatly 

annreciat ed . 

I es pec i ally wi s h t o t hank my parents and my brother, 

1 t a l ar ge number of t he s pecimens us ed wh o he l ped me col ec 

in t h i s s t udy . 



TABLE OP CONTENTS 

CR\ PTER 

INTRODUCTION . . . . . . . . I • 

II . REVIEW OP THE LITERATURE • . 

. . . . . 

III . METHODS AND MATERIALS 

RESULTS ••••...• 

DISCUSSION AND CONCLUSI ONS 

. . . . . . 
IV . 

v. 
VI . SUMMA.RY 

BI BLI CGRAPIW • 

. . . . . . 

. . . . . . 
APPEN DIX •• . . . . . 

. . . . . . . . . . 
. . . . . . 

. . . . . . . . 
. . . . . . . . . . 

. . . . . . . . . 

PAGE 

1 

3 

4 

18 

20 

23 

24 

26 



LIST OF TABLES 

T1 \.BLE PAGE 

I . Paner Chromatography Systems Used in Assay of 
Peri phe ral Pl asma Level of Aldos t erone and 
Corticosterone .•••••..•... .. . . 10 



LI ST c,p FIGURES 

FIGVRE P GE 

1 . Characterization of Al dosterone • • . • • • . . • 7 



CHAPTER I 

INTRODUCTION 

Investigati ons of adrenoc ortical 
secretions have 

indic ated a phylogenetic 
relationship of the bi osynthetic 

path ~ays of these c om_pounds 
in var i ous vertebrates. Such 

is suggested for example by the ·d "f 1 enti ication of identical 

adrenocorticoids in Amphibia and Mammalia (Bern and Nandi 
' 

1964; Jones~! al., 1962; Jones il ~-, 1959; Philli ps and 

Bellamy, 1963). However, qualitative and quantitative 

attempts t o measure amphibian adrenocorticoid secretion 

have been limit ed in s cope and involved difficult procedures. 

Most such attempt s have been made wi thin t he last decade 

(Gorbman, 1964). 

Procedures used in the identification of amphibian 

cortic oid compounds have included interrenal incubation 

wi th the identification of hydroxylating enzymes (Hanke and 

Weber, 1964), labeling of corticoid precursors (Crabbe, 1963; 

Kraul i s and Birmingham , 1964), and spectrometric and fluor­

metric an alyses of urinary, pl asma, and in vitro extracts 

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

~t al. , 1959 ). The lack of microchemical techniques suit­

able for me as uring minute quantities of hormones in the 

Small total bl ood volumes of the individual blood, and t he 
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spec i mens , have im posed limitations 

on previous studies . 

The s pecific nur pose of this investigation is to 

is olate , 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 tl 

al., 1961), and the availability and size of the s~ecies. 

The in vitro studies indicated the principal adrenocorticoids 

to be aldosterone and corticosterone (Carstensen tl al., 

1961), suggesting that these woul d also be the adrenocorti­

coids detectable in Rana catesbeiana plasma. 

The biochemical techniques utilized in this investi­

gat ion included t he extraction and s olvent- partitioning of 

fractions taken from l arge quantities of pooled plasma. 

Radioisotone double dilution and descend ing paper chromato­

gr aphy we re employed in isolation, identification, and 

quantifi cat ion of the compounds. 



CHAPTER II 

REVIEW OF THE LITERATURE 

Macchi (1 956 ) foun d t hat adrenocorticosteroi ds were 

present in in vit ro medi a of adren al incubates of R. 

cates beiana , as s ho vn by t he pres ence of blue tetrazolium­

r educ ing s ubstances. In a similiar study, Carstensen et 
-

al. ( 196 1 ) s howed that aldosterone and corticosterone were 

t he on l y 6.
4
-3-ketosteroids produced in s i gnificant amounts. 

Fur t hermore, i n the presence of purified adrenocorticotro~hic 

hormone (ACTH), the rat i o of aldosterone to cort i costerone 

was appr oxi mately 4 :1. This was the firs t animal in \vhich 

al dosterone was demonstrated to be t he princi pal adreno­

corticoster oi d by i n vitro studies. 

Ot he r s pecies of Ranidae in whi ch pos i tive identi­

fic at i ons of adrenocorticoids have been made are the larval 

fo r ms of R. s ylvatica and~- pi pien s (cortisol and possibly 

cortic osterone), ( Dale , 1962 ). In vitro studies of R. pipi ens 

Of corticosterone and 18- OH­have demonst r ated the presence 

deoxycor t i cos terone (Macchi, 1956). 

Of t h1· s data, and t he avai labi li t y of On t he basis 

f h Specimens, a s tudy was designed t he s nec ies and size o t e . 

adrenocort i c oi ds ( spe c i fic al ly to de tec t and measur e t he ma j or 

aldos terone and corticost erone 
Of R. cat esbei ana . ) i n the pl asm a 



CHAPTER II I 

METI ODS AND MATERIALS 

Te r minology 

Becaus e of t he vast amount of hormone research that 

has been conducted on mammals by workers in different 

count ri es , and the sometimes poor communication existing 

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

t he same compounds have evolved in some cases. Names most 

wi dely acce oted in the United States, such as cortisol and 

Kendall's letter compounds, as desi. nated in The Chemistry 

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

t hesis. Groups of steroid compounds, pituitary secretory 

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

s i gnated by Klyne (ibid.), and Williams (1962). 

Terminology us ed in biochemical techniques is as 

des ignated by Williams (ibid.), and Sunderman and Sunderman 

(1960). 

and 1· dent 1"fication of s peci es is accord­Classification 

ing to Conant's A Field G1ide to Re ptiles~ Am_hibi ans 

(1950). 

For synonymy of S
teroid terminology , see t he Arpendix. 

An i mals 
Male and fem al e Bu llfrogs, R. cate sbei ana, were 



collec t ed f rom ponds in Hous ton , St 5 

ewart and Montgomery 
counti es , Tennessee . Additional s~ · 

c imens f r om t he Louisiana 
coas tal plain we re obtained t hr ough Car oli"na 

Biol og ical 
Suprly Comnany . These latter animals were cons iderabl y 

larger t han t he s pecimen s taken i n Tennessee and differed 

further in being ver y me lan istic and heavily patterned with 

dar k brm·m blotche s . Indi victua l weight s of t he Tennessee 

an i mals rang ed from 72 to 379.5 grams. It was not possi ble 

to obta i n meaningful weights f or the Louisiana animals be-

caus e t hey had been force-fed, and they were sacrificed as 

soon as possible to prevent dehydr ation which would have 

resul t ed in a nossible accompanying decrease in total blood 

volume. However, all Louisi ana animals were estimated to 

we i gh f our hundred grams or more and to have been s ix inc hes 

or more i n snout to vent length. 

Collect i on and Preliminary Treatment of Blood 

All specimens were ane s t hi zed with et hyl ether and 

blood volume collected by decapitation the t otal peri phe r al 

1 blo od into centrifug e t ubes con­anrt dr ain age of peri phera 

taining he oarin as an antic oagul ant. A l ar ge an i mal yielded 

m1.llilite r s (ml) of wh ole bl ood or t hre e approximate l y f i ve 

ml . of plasma . b . d yielded a tot al of Al l s pecimens com ine 

-60 ° centrigr ade '·'h ich was s t or ed at 190 ml . of plasma, v• 

until an ~lys is was made. 
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Drn1hle Isoto e Dilution Me thod 

The me t hod of measurin~ 
aldoSt e rone in this investiga-

tion approximates Pe terson 's c1964 ) method 
for Peripheral 

nl asma in man , and the me t hod used b 1 1 Y sand at Vanderbilt 
Univer s ity ( pe rs onal communication) · th , 1n e measurement of 

the 3-oxo-conjugate urin ary metabolite of aldost erone. 

Essentially , t he me t hod is one f d bl · o ou e isotope dilution 

involving solvent - partitioning and extraction and descending 

chrom atogr aphy. 

This procedural me thod was tested by a tri al r un 

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

chrom atogr aphy sys tems and the anproxim ate amo 1nt of H3 

(tritiated) compounds to be added. The recovery rate was 

approximately t en ner cent for aldosterone. 

In a dou ble i sotope dilution method a known amount 

of the same compound that is to be me as ured may be added 
. Cl4 

in the tritiated form and t he D ring acetyl at ed wit h • 
3 

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

was added to the sample mixture and the D r ing acetyl ated 

at the 21 posit i on with acetic anhydride-1-C- 12• Changing 

the compound fr om monoacet ate to diacetate and bacl- to 

,~as 1·nstrumental in purification of the mono ace t ate form "' -

compound ( Figure I) . 

i·n purific ation of f ree cortico­
The method emnl oyed 
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OH CHzOAc 

I I 
0--...cH CO 

AczO 
Pyridine 

D-Aldosterone 
Aldosterone monoacetate 

OAc CH
2

0Ac 

I I 
0-CH CO 

OH CH
2
0Ac 

I I 
0-CH CO 

Hydrolysis) 

Aldosterone diacetate Aldosterone monoacetate 

Oxidation Product 

Figure 1. Characterization of Aldosterone. 
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s teron e was also tes ted by t · a ri al run with human pl asma. It 
was dif f icult to obtain a ure compound due to acetylation 

of impuriti es , and four chr omatography systems beyond acety-

1ation were found necessary. 

The reference standards used in this investigation 

are lis t ed in t he Appendix. 

Before fraction ation, the total plasma volume (190 

ml.) was pre-extracted twice with four volumes of n-hexane. 

The hexane was discarded and the remaining pl asma volume 

careful ly measured. This plasma (185 ml.) was extracted 

twice with four volumes of carbon tetrachloride (hereafter 

designated as Fraction II). The pl asma volume was again 

measured (177 ml.) and extracted with six volumes of di­

chlororne t hane (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 
3 

. te (cpm ) of n-aldosterone-1,2-H 
thousand counts per minu • 

f t . n (l,OBZ ml.). A duplicate 
were added to thi s rac 1o 

f or scint illation counting. 
aliquot was dried in a vial 

wash ing. 
The fraction was washed first with ope-tenth 



9 

volume of . lN sodi um h d y r oxide , then one - ten t h volume of 

distilled wat e r , and final l y · wi t h one-tenth vol ume of one -

tent h ne r cent acetic acid . The remaining volume (1,032 ml.) 

was t hen evanorat ed to dr yness with a Buchler Flas h Evapo-

r ator ( temper atur e maintained belo'"r O 
• " 40 centr1grade). 

Chr omatogr aphy of D-aldosterone-l,2-H3 and free aldo­

ste r one in Syst em I . The dried fraction \as eluted with 

approximat ely t hree ml. of water-washed dichloromethane t 

t rans f erred to a d i s posable tube, and dried under a dry air 

st r eam i n a hood . The dried materi al was eluted with three 

drons of re distilled (100 per cent) ethanol and s ix drops 

of wat er-was hed d ichloromethane and applied to Whatman #3 MM 

chromatogr aphic paper with Compound E (cortisone) and Com­

oound F (c ort i sol) side standards. The paper was allowed 

to equ i l i brate f or two hour s and then developed in System 

I (Tabl e I ) for five hours. The s ampl e stri p was sc anned 

with a vanQ" uard Automatic Chromatogram Scanner and t he area 

between E and F elut ed at the r adioactive peak with met hanol 

(100 pe r cent), ( one ml. pe r s qu ar e centimeter). The in­

solubl es we re cent rifuged and t he methanol dried in a ground-
. t am The t ube was 

gl as s s toope r ed tube under dry airs r e • 

Chlorl
.de des i cator overnight to insure 

nlace d in a c al c ium 

complet e dryness . 



TABLE I 

Pt PER CHROMATOGRAPHY SYSTEMS USED I N A SAY OF rERIPHERAL 
PL SMA LEVEL OF ALDOSTERONE AND CORTICOSTERONE 

System Number 

I a System 

System IIR , Sa 

Sys tem E- Ivb 

System E2Rb 

System CDMWc 

d System P- 20 

d 
Sys t em P- 21 

Component s of Sys tem (v:v r atios ) 

benzene: me t hanol: wat er (4 : 2 :1) 

cyc l ohexane : benzene : me t hanol: 
wat er (4 : 2 :4 :1) 

iso-oc t ane: t-but anol: methanol: 
water (12:5:3: 2 ) 

iso- oc t ane: t - but anol: wat er 
(500 : 250 : 400 ) 

c yclohexane: dioxane: me t hanol: 
water (10 :5:10 :1) 

cyclohexane: benzene: me t hanol: 
wa t er (5:10 :10 :2) 

cyclohexane: benzene: met han ol: 
water (2:2: 2 :1) 

a . 

b . 

Bus h Syst ems (Bush, 1961) 

Eberlein Systems ( Bush , 1961) 

Vanderbilt Un iversity ( personal c. Don ald Isl and , 
correc nondenc e ) 

11 Un ivers i t y (person al d . Ra l nh E. Pe t ers on, Cor ne 
cor res hondence) 

10 



11 Acety l a tion . 

t hree icrocu ries pe r 

was us ed to acetyl ate 

(0 . 05 1 . ) and ace t i c 

Acetic anhydride -c l 4 ( . 
concentrat ion of 

mil limole , t went y per cent in benzene) 

t he s teroid . Red i stilled pyr idine 

anhydr i de - c
14 

(0 03 1) • m . were added to 
t ne dr y tube in a nit rogen at mo s phere. Th 

e top was se aled 

and t aped ann the r eaction allowed to pro ceed at room temper-

atur e for f our hour s . Simultaneously , fifty micr ogr ams of 

corti sol were acetyl ated wi t h t he s ampl e to determine the 

snec ific activity of t he acetic anhydride-c14 • Acetylation 

was st opned by t he additi on of one ml . of t wenty per cent 

ethanol . The et hanol was extr ac ted into t en ml . of di ­

chl or ome t hane , and was hed t wi ce wi th one - half ml . of dis ­

tilled wat e r . The dichl oromet hane was t hen dr i ed under a 

dry air stre am i n a ground- glass stoppe red tube. 

Hydrolysis . Ninety- five per cent ethanol (0 . 1 ml . ) 

and o.s ml . of an acid mixtur e (. 222M hydr ochl oric acid , 

. chl or1·cte 1·n wat er) wer e add ed t o the dr y . 053M pot assium 

tube . t aken to elute all dr ied material fr om t he Car e was 

and t he r eact ion allowed to pr oceed for sides of the tube 

t hir t y minutes at room temper at ur e . The react ion was 

f ml . of dis tilled water , stonped b - the add ition of one- hal 
of di chlorome t hane . The 

whi ch was ext r acted wi th ten ml . 
twice with one - hal f ml . of 

dichlo romethane was washed 
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distilled ·at e r , trans fe rred t 0 a dis posable tube and dried 

unde r a dr y air stream. 

Chr omat og ra12hy of Aldosterone Monoacet ate in System 

11- S. - The s ample was e l ut ed with t hree drops of redistilled 

ethano l and s ix drops of dichloromethane and apr, lied to 

Wh at man #2 pa per with aldosterone-21-acetate internal 

standar d and 17 d... OH , 11-ketoprogesterone (HKP) side standard, 

and developed eighteen hours in System 11- S (Table I). The 

samnle strip was scanned and the ultraviolet s pot and radio­

active peak area elut ed with methanol . The methanol was 

evapor ated i n a long ground-glass stoppered tube and later 

placed i n t he calcium chloride desic ator for one hour to 

insure complete dryness . 

Reac etyl ation . Redistilled pyridine (0.2 ml . ) and 

redi s tilled acetic anhy dride (0.1 ml .) were then added to 

The reaction was allowed to proceed sixteen 
t he dr y t u be . 

o d Acetvlation was stopped by the 
hour s at 30 centrigra e. 1 

t 
r cent ethanol . The ethanol 

addit i on of one ml . of t wen Y pe 

f ml . 
of dichloromethane . The 

was ext r acted i nto f i teen 
t wice with one- tenth vo lume of 

dichlor omethane was was hed 
t ted b" part i al ct r ying . 

1 me concen ra , · 
water and t h e samnle vo u to a dis Dos able pointed­

The sam 1> l e vrns t hen t r ans ferred . d r a dry air st ream . 
1 dr i ed un e 

bott rm tube and complete Y 



Chromatography of Al dos t er one n· iacet ate in Sys tem 
II-R. The s amp l e was 1 t - e u ed as prev · i ously with et hanol-
dichlorome t hane and apnlied t o Whatman #1 pape r wi t h al do-
ste r one diacetate as · an int er nal standar d and adr enosterone 
as a side st andard 'Th • e pape r was al l owed to equ ili brate 
f or one hour and then dev 1 d e ope appr oximately six hours in 

System II -R (Table I) . The samnle was sc anned and i s ol ated 

by r adio ac tive peak and u l t raviol et l i ght and t hen elut ed 

wi th me t hanol and dried in a gr ound-gl ass stoppered tube. 

Hydrol ysis. An et hanol-acid hydrolysis was carried 

out as be f or e ( see page 11). 

Chr oma togr anhy of Al dos t erone Monoacetat e i n Sys t em 

P- 21. The sampl e \,,;as applied to Wha t man #1 paper with 

et hanol - dichloromethane usin~ an al dosterone monoacetate 

in t erna l s tandar d and 17 o( OH , 11-ket opr oge s terone as a side 

standar d . The pape r was equilibr ated f or one hour and 

allowed to deve l on anprox i mat e l y five hours i n Sys t em P-21 

(Table I ) . The s ample was scanned and iso l ated by radio­

active peak an d u l t r aviolet light and t hen elut ed wi t h 

) One - f 1"f t h cf t he tot al v ol ume (0. 6 
me t hano l (t hr ee ml •• 

t . and dr i ed in a s c i ntil l at or 
ml . ) was removed for coun 1ng 

13 

coun t in p.- vial . 
. amount was dried in a ground-

The remaining 

tube Unde r a dry air stre am . 
gl ass s tonrie red 
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Oxidation . Ch · rom1um tr ioxide (one microgr am pe r ml . ) 

in redi s til l ed gl ac i al acet i c acid (0 25 1) • m . was added to 
the dried samnle . Th e r eaction was all owed to proceed for 

five minu t es at r oom temper ature t h , en stopped by t he ad-

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

trac ted int o ten ml. of dichloromethane. The di chlor o-

met hane was was hed t wice with one-half ml. of distilled 

wat e r and dried under a dry air stream. 

Chromatogranhy in System E2R. The s ampl e was eluted 

wi t h et hanol- dichloromethane and appl i ed to Wh atrnan #1 paper 

with cortisol s ide standard. The paper was equilibrated for 

one hour and allowed to develop six hours in Sys t em E2R 

(Table I ). The sample was scanned and isolated by radio­

act i ve peak and ultraviolet s pot and t hen eluted with ethanol 

(ninety-f i ve per cent). One-half of the total volume was 

dried i n a counting vial. 

in/2' 

be 

i n 

Seven milliliters of scin t ill ator count­
Counting . 

adde d to each dried aliquot of sample to 
soll·t i on were 

3 14 
wer e t hen made 

c oun t ed . Ten minute coun t s for H and C 

a Tr i - Carb Li quid Scintilla tor Counter. 

Fr ac t i on I I 
· d the "d frac t ion conta1ne 

The c ar bon tetrachlor1 e 



corticos t eron e anct was an alyzed by t h f . e ol l ow1ng st eps : 

15 

Add ition of i s otope. A 
ppr oxi mate ly t welve thousand 

counts per minu t e of cor ticos t er one H3 
- were added t o this 

f r ac t ion . A duplic a t e aliquot - was dr i ed in a vial fo r 

s cinti l l a t i on counting . 

Was hing . The f ract i on was washed f irst with one­

t en t h vo lume of .lN s odium hydroxide , t hen one-tenth volume 

of di stilled wat er, and f1"nally ·th t w1 one- enth volume of 

one - tenth pe r cent acetic acid . The tot al volume (fifteen 

hundred ml . ) was then evapor ated to dryness . 

Chromato~r aphy of Corticosterone-H3 in System P- 20. 

The dried fr act i on was elut ed with water - washed dichloro­

met hane , t ransferred to a dispo sabl e tube , and dried under 

a dr y ai r s t r e am . The dried ma terial was eluted with 

ethanol - dichloromethane and applied t o Whatman #2 paper 

with c ort i c osterone and tetrahydr ocorticosterone side 

s t and ar ds . The pape r was allowed to equilibr at e fo r one 

hour and t hen deve loped i n System P- 20 (Table I) for four 

hour s . The s ampl e st r ip was sc anne d and t he r adioactive 

The me t hanol was dr ied i n a 
peak elut ed wi th me t han ol . 

and then desic ated for six hour s 
ground- gl ass stoppere d tube 

t o i nsur e c omplete dr yness. 
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cetylation . Th 

e sam r l e was acetyl at ed by t he ad-

dition of r edi s t i lled pyr i di ne (O.OS 
ml . ) and acetic an-

hy ctride -c14 (0 . 03 ml.) in a ·t 
n1 r ogen atmos phere . The top 

was s e al ed ann the react ion allowed t o procee d t went y- fou r 
hour s at 30° centrigrade. Acetylation was s topped by t he 

add ition of one ml . of t wenty pe r cent et hanol. The ethanol 

was extract ed i nto ten ml. of dichloromethane, and washed 

t wice with one-half ml. of d i st1·11ed water. T he di chloro-

met hane was th en dr i ed under a dry air stream in a dis posable 

tube. 

Chr omatography Systems After Acetylation. Purifi­

cation of t he acetyl at ed compound was obt ained by applying 

t he s amDle to Whatman #2 paper with c orticosterone acet ate 

side and i nternal standards and developing t he pane r in t he 

f ol l owing s equence of s ystems (Table I); CDMW (twelve hours), 

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

one - half hours). 

Count i ng . Aliquots of t he s ample were t aken fo r 

c ountin? fol l owing each of t he above four sySt ems . Only 

data from t he l as t two syst ems were used i n calcul ations. 

f A t . Anhydr ide-l-C-14 
Specific . c tivity o ce 1c 

) s dried in a 
St andard cor t isol ( f i f ty microgr ams wa 



r 0 1•nct - ~l ass s t op e r ect t ube and ac e t ,
1 > ated as t he s ampl es 

at r ooM te rn e r a t ur e f or t went y- fou r h . 
ours . The cor tisol 

acetate 'las t hen applied t o Whatman#2 naper wit h cor t i so l 

acet ate side s tandar d and al lowed to devel op for eighteen 

hnurs i n Syst em I I - R. The c ort i sol ace t ate was easily seen 

vnde r ultraviolet l i gh t (24 5 microns) and t his s pot was 

e l uted and dried . ,The cortisbl ac et ate was t hen applied 

t o What man #2 paper and deve l oped i n Sy s t em E- IV f or 

f ourteen hour s . The ul tr avi olet s pot was elut ed with 

me t hano l and dried . The dried material was elu ted wit h 

f our ml . of et han ol and al i qu ots of 0.5 ml. and 1.0 ml. 

were r emoved fo r a Porter-Silber deter mi nat ion i n order 

t o determine micrograms pe r cubic centimeter (pg/cc), and 

0 . 05 ml. and 0.10 ml. dr i ed in c ounting vials in order to 

det e r mine c oun t s pe r mi nu te per microgram (c pm/pg ). 
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CHAPTER IV 

RESULTS 

The H3 and c l 4 
were counted in 

a Tri-Carb Liquid 
Its efficiency for c14 

Scint ill at i on Counter. 
was 

determined t o he .2678 H3 and for , •1196 • 
The sample 

cros sover was calcul at ed to be .4702. 

The pl as ma a l dosterone and corticosterone 
concent r at ions were calcul ated as 

follows (modified from 
Pe t er son , 1 964): 

C 
H - (z X C) X 

0 

H· r C 

C = counts pe r 

H· 1 = coun t s per 

Ho = counts ner 

X 100 ml. 
vol. plasma 

extracted 
= pg/100 ml. 

minute c14 in counting vial 

minute H3 added to sample 

minute H3 in counting vial 

Sc = s pecific activity of C£!tisol ~onoacetate 
in c ounts per minute C per microgram 

z = correction factor for crossover 

The s pecific activity of cortisol mono acet ate was 

found to be 1,755 cpm/pg . Calculati on of al dost e rone level 

i n R. cates beiana pl asma a fter multi ple purification is as 

f allows : 



Af te r Chromatopranhy System p_21 : 

128 26 , 082 100 
X i , 755 X ID 

Afte r Chromat ograohy System E2R : 

50 
( . 4702 X 50) X 26 , 082 X 100 

1,1ss m 

19 

= . 75 9 pg/100 ml. 

= . 699 µg/100 ml . 

Calcu l ati on of cor t icoster one in~- catesbeiana pl asma 

after mu lt i pl e purific at ion i s shown bel ow . 

Thi r d Chr omatogr aphy Sy s t em After Acetyl ation : 

38 X 11 2361 X 100 = . 742 pgjl00 ml . 
197 - ( • 4 702 X 38 ) 1 , 75 5 m 

Fourth Chromatogr aphy Sys tem After ~cetylation : 

19 X 11 1 361 X 100 = .478 µg/100 ml. 
X 19) 1,755 m 148 - ( . 4702 



CHAPTER V 

DISCUSSI ON AN D CONCLUSIONS 

Eval uat ion of Procedure 

Fr act ion I . The procedure devised for measurement 
of the aldosterone in Fraction I is 

adequate and accurate 
for mi nu t e quantities . In rel ati on to reference si de and 

internal st andar ds , t he chromatog_raphy t sys ems used were 

ver ,7 effect ive in the separation and puri f ication of the 

free ald ost e rone . The over all recovery of the D- al do-

ster one-l, 2- H
3 

indicator, from it addition to Fraction I 

t hrough elution from the final chromatogram as aldosterone 

mono acet at e was approximately three pe r cent . 

The accuracies of the above methods depend on the 

purity of the labeled compound added, the r atio of the 

amount of l abeled compound to unlabe led compound , and t he 

precis i on of l abor atory tec hnique . The ratio of the amount 

of l abeled to un l abeled compound was small and thus did 

not contribute a significant error to the met hod . Calcu-

to add wer e based on as sumed l ati ons of counts per minute 

an d Cort1·cos terone concentr ations of less plas ma a l dosterone 
The p_urity of t he added t han one microe r am per 100 ml . 

• t five per cent . 
comround was known to be gre ater than nine y-



Fr act ion II. 21 

men t of cortic osterone was not as ade t 
The procedu re employed in t he me asure -

qua e as t hat used for 
aldos ter one . The fi rst elut i on fr om t he dried carbon t etra-

chloride fractj on woul d have been more e ff ic i ent had ethanol-

dichlororneth ane been used i ns te ad .of di chloromethane. 
The 

acetylation with c14 
was s atisf actory , but a large amount 

of i mour ities was al s o acet ylated , t hereby re quiring more 

chr omatography sys t ems, which compounded the loss of added 

H3 comoound . An alt ernat e proc edure coul d have i ncluded an 

oxidati on of t he c ompound to 11-dehydroc orticosterone af ter 

devel ooment in the cyclohexane: d ioxane: met hanol: water 

syst em (CDM~v) . 

Conc l usions Based on Val ues Obt a ined 

The s e results demonstrate free aldosterone and free 

be nre s ent i n rn easur eable amounts in c orticos te r one t o ~, 

periphe ral olasma of R. cates be iana. 

c ollected from t hese ani mals Furt he r mor e, t he plasma 

du e t o t he stress f ul situat i on probably had a hi gh ACTH level 

"'e r e ma i nt ained prior to sacrifi cing , unde r which t he animals " 

. h val ues of aldost er one t . for t he apparently h1g hus ace ount 1ng 

Su ch a conc lusion i s in agree­and cort i c osterone obt ained . 
· h a 

(1961) i n vitro wor k i n wh1c ment with Cartensen ' s 

1·n aldos t erone was s fifteen - fold increase 
hown i n re snons e 
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t o the adni tion of 13 . 3 internat· 

~ ional units of ACTH to 1,218 
milli~r ams of adren al incubate . 

In mamm als, ACTH stimul ates t 
he secretion of aldo-

sterone f r om t he zona glomerulosa of th d 
~ ea renal, although 

to a minor extent . In~- catesbeiana, there is no zonation 

of the adr en a l cortex (Jones, 1959). This suggests a 

s i ~nific an t difference in steroid biosynthetic pathways 

between mammals and R. catesbeiana. 

One pos s ible explanation could be the lack of a 17o<. _ 

hydroxyl ating enzyme in R. catesbeiana adren als. Carstensen 

(1961) s t ates: 

It i s re asonable to assume that the 18-hydroxylating 
reaction proceeds relatively faster in rel ation to 
t he other hydroxyl ating r eactions in t he amphibian 
adr enal t han in the mammalian , so that some of t he 
hydroxyl ating re actions which require TPNH as a co­
f actor become rate-limiting, since it has been s hown 
that one of t he functions of ACTH as it acts on t he 
adr enal is the generation of TPNH. 



CllAPTER VI 

SUMMARY 

A double is otope di lu t ion method for t he determi ­

nation of aldost e rone and c ort i c os terone in R. catesbeiana 

ner ipheral pl asma is described. The method is accurate 

f or t he measur ement of even s mall amounts of these steroids. 

Both free aldos terone and free corticosterone were 

shown t o be present in measureable amounts in R. catesbeiana 

pe r i pheral pl as ma. The apparent hi gh levels may be attribut­

abl e to h i gh pl as ma ACTH levels due to t he stress to which 

t he animals were subjected prior to sacrificing. 
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APPENDIX 

Nomenclat ural Syn onymy 

compound~ 

17 d-OH, 11-ket oprogesterone * 
cortisol * 

cortisone * 

Corticos terone * 

Corticosterone acetate* 

Aldosterone, 21-acetate * 

Aldosterone Diacetate * 

Adrenosterone * 

Aldosterone monoacetate * 

Tetrahydrocorticosterone * 

Tritiated Aldosterone 

Triti ated Corticosterone 

Adrenocorticotrophin Hormone 

18-0H-Deoxycorticosterone 

* Used as r eference standards• 

Synonyms 

HKP 

Kendall's Compound F 

Kendall's Compound E 

AldoH3 

BH
3 

ACTH 
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