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The clinical significance of the determination of 

steroid hormones and their metabolites in urine or in plasma 

is a means of evaluating adreno-cortical functions. Theim

p ortance of mea surin~ aldo s t e rone in R clinic a l lP-bor a tory 

li ns in aidin r th e phy s i c ian in t hA rl io~nori ~ an d treatmAnt 

of patients with excessiv e s e cretion of al do~terone~ 

Measurement of aldosterone pre e ents a technical chel

len ge because of t h e minute q uantities of aldo s terone norm

ally p resent in body fluids. 

The pur~ose of this investigation was to develop a pro

totype method for the determination ·of human urinary aldoster

one by high-pressure liquid chromatograp hy (HtLU). 

The author proceeded to devise an HPLC method for routine 

clinical evalu a tion of aldost e rone by attempting to eliminate 

as many of the tedious, manual t i me-consuming , extraction and 

sep a r a tion steps as possible. 

The pre liminary s t eps of th is pro c edure are modifica

t ions of th e ~a s -l i ou i d chrom8t o ~raphy mAt hod ~ as rl es cri be d 
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The specimens for the arwlyses were 2_4-h urine col

lections. 

Extraction, purification and separation, and finally 

quantification are carried out on duplicate 100-mL aliquots 

of a 24-h urine specimen. 

By varyinP; the parameters of reverse-phase H~ LC, a 

method for th e determination of' human urinary aldosterone was 

developed. 

The chromnto r-ram<:! re c orned, of' p11rp aldo Pterorn:i fltand

ard and pure r teroi d r, tend a rdq w>,i ch mi rr.ht in terfer0 with a ln o

s teron e determination, are evidence th a t good res6lution end 

symmetrical peaks can be obtained using r everse-phaFe lfrLC. 

Chromato grams of urine extracts were obtained, also, 

which showed a peak with an unresolved shoulder, at the same 

tH as Wc! S obtained with pure aidosterone. 

The loss of aldosterone was determined in triplicate 

by ad din~ no aldosterone, 5 g , 26.7 g , and 53.4 g of pure 

aldosterone stock standard respectively, to 100-mL aliquots 

o t 2~'s ~lass-distilled water. Each 100-mL aliquot of water 

wa s then treated ~s ~ urine specimen, following all the requir

e ~ steps. The percont recovery was 64-71~ . 

Some modification of th~ procAnure dPveloped, plus 

f urth e r experimen t ation by varying HPLC ri:ir8me tE> rq flho 11l0. 

p roduce a simple , r ri p i.d det<1rmin Rt.ion of llrini=iry a1rlosteronA 

by Hl LC . 
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CHAPTER I 

INTRODUCTION 

Aldosterone is a steroid hormon8 secrPted by the 

adrenal_ cortex, · a ductless gland of the endocrine system. 

Steroids are biologically active or ganic compounds that 

resemble cholesterol chemically and that contain a hydro

genat~d cyclopentanophenanthrene ring system. Hormones are 

chemical compounds formed in the ductless glands of the 

endocrine system, secreted into the blood or tissue fluids 

and transported to other parts of the body where they act 

upon target tissues or organs. The glands of the endocrine 

sys tam exert their activity as_ an integra tad sys tam rather 

than as separate glands; impairment of the function of one 

gl~nd may cause changes in function or response of other 

glands. 

The enrlocrine system consists of the followin~ ~l8nds: 

anterior and posterior pituitary, pineal body, thyroid, 

parathyroid, thymus, adrenal cortAx and medulla, pancreatic 

islets of L~n gerhans, and g onads (te s tes, overies), and the 

placenta. (See Figure 1).
1 

Ono of the major functions of hormones is to main

tain a dynamic steady state of the chemical composition of 

Plasma and interstitial and intracellular fluids for the life 

and growth of the organism. Hormones act as regulators of 

1 
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Body 

Jhymus 

Ovaries 

Figura 1. Endocrine glands. (Approximate location in 
man.) 1 . 



meteboli sm , reproduction, an~ stress responses. 2 

Endocrine meas urements per fo rme d in the clinical 

labora tory a r e a valu able . aid t o tbe clinician in identifi

cat ion of c er tain pathologic conditions asso ci a ted with 

increa se d or de crea s ed a mounts of hormones or their metabo

lite s in blood or urine relat ive to a nor ma l level. 

A. Physiological Background 

3 

'l'he adrenal glands (L. ad, near + renes, kidneys) are 

two sma ll yellowish masses of tissue~ located at the superior 

_i;o le of each kidney. Ea ch gland weighs about 6 grams. The 

adrena l gland is composed of two distinct parts: the cortex 

or outer l ayer and the medulla or inner l aye r. (See Figure 

2 , drawin ~ from Fi _rrn re 28-5) .3 The cortex and medulla differ 

in dev e lop ment a nd function. 

The acrenal cortex is ess0ntisl to life and has as 

its function tb e mointenance of homeostasis. The adrenal cor

tex produces three types of st~roid hormonf~: (1) Glucocorti

coi ds: steroids which protect a ca inst s tres s and h ave dis

ti nct effects on protein, fat an d carbohydrate metabolism, 

i nclu cl ing promotion of glucone o r:::enesis, promotion of liver 

glycogen deposition, elevation of blood glucose concentra

tion.s , 1::1nd include the compounds cortisol, cortisone, corti

ce s terone and 11-dehy drocorti cos terone; ( 2) r--l inera locorti-

coi ds : steroids which h ave distinct effects on ion trans

p ort by epitheli a l ce lls, re s ulting in sodium cons e rvation 

and loss of potassium, include tbe comp oun ds a lnosterone 
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and 11-deoxycorticosterone (DCC); (J) Andro gens: steroids 

wbicb are biologically active and s timulate development of 

secondary sex characteristics a nd include testosterone, 

dehydroepiandros terone ( DiiliA), ond andros tene di one. 4,5 

The adrenal cortex consists of three separate zones: 

(1) Zona glomerulosa, the outermost and thinnest zone, upon 

which adrenocorticotropic hormones (ACTH) exerts only a 

s mall effect, produces mineralocorticoids; (?) Zona fascicu

late, the central and thickest zone, and (J) Zona reticu

laris, the inner zone, · both of which produce glucocorticoids 

and andro gens and are dependent upon adrenocorticotropic 

bormone (ACTH) for the maintenance of their structure and 

function. (See _Figure 2, drawing from Figure 28-5). 3 

The discovery of the function of the adrenal cortex 

which ultimate ly led . to t h e di~covery of aldosterone began 

in the middle of thB nineteenth century. An excellent sum~ 

mary of the long and arduous steps which led to the discovery 

of aldosterone from bovine adrenal extract in 1953 bys. A. 

Sim1:; son ~ al, 6 can be found in the monograph, Aldosterone, 

by Edith Glaz end Paul Vecsei.7 

B. Chemical 3ackground 

1. 3 tructure of Steroid Hormones in General 

Steroid hormones have in common a cyclopentanoperbydro

phenantbrene nucleus consistin ~ of a cyclop8ntane ring (D) 

fused to a phenanthrene syst~m (rin Gs A, B, and C). The 

carbon atoms a re ide ntified by a st~nd e. ra numbPring system, 



6 

by n u :r1bers 1 to 21. In the absence of functional groups, 

ea ch c a rbon atom is bonded to h y drogen and/or carbon atoms. 

Un s a tura ted steroi d s have one or more double bonds. Angular 

me thyl group s (18 and 19) are attached to carbon atoms 10 

an d 13. Substituent groups may be found in positions 3, 11, 

an d 17. ( See F i gure 3). 8 

Steroid hormon es may be clas sified and grouped accord

ing to the numbe r of carbon atoms in the compounds; cortico

s t e roids, includi n g pro ge steron~s, have 21 carbon atoms; 

andro ge ns, 19 c a rbon a toms; and e s tro ~e ns, 18, carbon atoms. 

The pa rent hydroc nr b on of each--re s pe ctiv e ly, pregnane, 

androst a ne, estrane--is used as the ba sis for systematic 

nami ng . ( See F i gure 3).8 A detaile d discussion on nomencla

tur e can be found elsewhere.9 

2. 

J 

Steroid nucleus 

3 

5 0(-a n dr ost a ne 

't 

_5<l('-pre gnane 

'1 :s t, 
H 

5o<- e stra ne 

'"' 

Figure J. Basio nucleus of steroid compounds. 8 



7 

2. i.\.l dosterone 

Aldosterone, 11.8,21-Dihydroxy-3,20-dioxopregnen-4-en-

18-al, is the major and most potent mineralocorticoid that 

re gul a tes electrolyte and water meta bolism in the body. 

Aldosterone was crystallized from adrenal extracts by Tait, 

Simpson and their colleagues 10 in 1953 and, in 1954, they 

were successful in establishing the chemic :::i l formula. It 

w1-1 s f ound th a t al dosterone, unlike other known corticoste

r oids, uniqu e ly possessed an aldehyde group (-C~~) in 

position ei r,hteen instead of the usual (-cH
3

) group. Aldo

ste rone wa~ shown to have the following tautomeric structure 

with the equilibrium favorin g the hemiacetal form: 11 

0 

Aldehyde Hemiacetal 

Aldo s t erone .is, under normal physiological circum~tances, 

synthe s ized in t he glomerulosa cells of the adrenal cortex. 

c. I3i os yn thes is 

The ma jor corticosteroids--viz., cortisol, cortico

sterone, and a ldo s terone in man--are secreted by the adre nals 

WILLIAM F. MAAG LIBRARY 
YOUNGSTOWN ~T/ITC I lk111,,-,-..,_, _ _ • 



at the rate of approximately 10 to 30 mg , 2 to 4 mg , and 

JOO to 400 ~ g/24-h, respectively.12 

According to Tietz, 1 3 the use of radioactive acetic 

8 

ac i d an d choleste rol for the study of in vivo and in vitro 

steroidogenesis _has produced radioactive steroid hormones, 

l ending support to the concept that both compounds are · pre

cursors of steroid hormon es. The adrAnRl cortex is able to 

Qynthesi~e chol0s t0rol v s well os to r Pmove it from the circu

lation. This choles t e rol i :1 then available for conv e rsion 

into steroid hormones. Conv e rsion of cholesterol into ster

oid hormones involves many enzymatically g ov e rned chemical 

r e ac tions. 

~he principal steps involved in the major biosynthetic 

pathways for adrenal steroids may be ~een in figu~e 4. 14 

According to Wi lliams, 
14

· t be conversion of pregneno

lone io aldosterone by the zona g lomerulosa involves a 

seri es of enzyma tic a lly re gulated steps similar to those 

involv e d in the synthesis of c6rtisol but with three impor

tant aiffe r ence s. The zona r~lomcrulosa lacks 17~-hydroxylase 

and proceeds to the 21-hydroxyl ,, r:e reaction, undr-ir i:toe s 11,8-

hydrox y la tion, a nd some of this st0roid if! a ctAd on by 18-

hydroxyla~e to form 18-hydroxycorticoste rone , and then by 

18-hydroxy-st e roid dE'hydro i;enase to form aldos t e rone. The 

enzy me, _18-hydroxysteroid dehydro ge nas e , is found only in 

the zona g lorneru los a , and this is the reason that only the 

zona glome rulosa bas the c~pacity to synthesize aldosterone. 

Tietz1.5 broadly classified the different enzymes parti-



cipe ting in steroidogenesis i n to the following functional 

g roups. 

1. Hy drox yl a ses. Thes e enzymes catalyze the substi

tution of the hydroxyl group (-OE) for hy drogen (- H) and 

require besides oxy r_ en, -~TADr H as cofactor. The reaction is 

irrev e rsible; 

H 
ail 

H-C-H 

I 
20C=O 

l 
D 

21- Hydroxylase 

.ii CH OH 
I 2 

.2.0C=O 

~ 

9 

2. De s mola ses. These enzyme s split off the side 

cha in, and a g n in oxy gen is required a nd l!ADPH is the required 

cofactor: 

2.IC H .ZICH 

20IJ 
R-C-i- ( CH2 } 2 CH ( CH3) 2 

1!2 
,tAOPH, Oz_-,, 
~0.2...? .. 
Oesmola.se 

iQI 
3 

R-CsO + 

Chole sterol Pregnenolone Isocaproic 
aldehyde 

3 •. . Dehydrogena se s. ~'he se enzymes cs ta lyze the trans

f e r of h y dro f e n (ox i dat ion Dn d re duc t ion) a nd require as 

cofactor e ithe r ; fA D+ or UADP + ( oxidized or reduced form, 

depe n di nr on the rli re c t ion of t h e r e action). Th e r ea ction 

is u s ua lly rev e r s ible: 

0 

-N--A-D..,.,+.....-o_r_I_: i-i D_P_+ ____ •_ p ~7 ·-Dehydrogenase 

( I~ADh or NAD.fH 
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HO ~ . HO 
20 o<-HYDR0XYC.H0tESTEA.OL 200C,.22. DII-IYOA.GCYCHOL E5TEROL 

HO ~ 
b,.

5
- PR.£6NENOLONE PR06ESTEfWNE 

i~ 

HO 
OEHYDROISOANOROSTERONE 

0 

I. liJ°'- - HYOA.0XYLASE. 

2..20,2.~-DESMOL/\SE. COMPLEX 

3. 3,6ol-OH\YDROGE N/\5[ 

'I. 17-INOP.OXYLASE. 

5 .. V-HYOROXYLASE 

"· llt3-HYDROXY LASE 
7.18 · HYDROX.YLASE 

8.18-DEIWPROGENASE 

9. 17 -DESN\OLASE. 

HO 
ESTP.ADIOL-17,8 

5 

0 
ALDOSTE.RONE 

t . Fi gure 4. Major bias yn t h e ti6 pathµry s for edrnnel 
; hcroids, (From Te mp l e , T. E ., Bnd Lirl ~le, G.W.: Ann. Rev. 

armacol. 10:199, 1970). 14 . 
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4,. Isor.ie rase s. These enzymes catalyze the rni s ra tion 

of a double bona. 

HO 

0 

4 
Pre gnenolone 

j L> 5-3,8-Hydroxys t eroid dehydrogena se 

AS-Ke tos t e roid ) 
isome r a se 

0 

Aldost erone secretion is influenced by a variety of 

fa ctors, indirectly by AGTIJ via corticosterone in biosyn

the sis, primor .ily by the reniri-anr, iotensin sys tern, by plasma 

potassium concentration and plasma sodium concentration.16 

By regulating aldoste rone production, the renin

an~iotensin system is a major physiolor ic mechanism that 

controls bod y fluid volume. ( Se e Fiaure s 5 and 6). 17 

Accor~ing to Latner, Cant a row Rnd Trumper, 18 increa s ed 

e l do2t e rone se cretion .re s ults from sodium r e striction, in

cre a sed sodium loss caused by diur e tics, potar sium admini

s trat ion, he morrha ge a nd de hy drat ion, reduc t ion in p lasma 

Volume, inj e ction of ang ioten s in a nd assump tion of the up

ri ;J , t p osition. 

r ot a s s ium dep letion, sodium ad ministration, increas e 

in Pl asrna volume and assump tion of tlrn h orizontal position 
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Fi~ure 5 • The interrelationship of the volume and potassium feedback loops on 
aldoste rone secretion. Integration of siRTials from each loop determinPs the level of 
aldosterone secretion. Heparin and heparinoids inhibit elno~terone secre tion throu~h 
cytochemica 1 a 1 tera tions in the zone glom,rulosa. ( Modified fro-:n Wt l liams, G. H., and 
Dluhy, R.G.: Amer. J. Med. 53:603, 1972.) 6 
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PLASMA • ANGIOTENSIN-I _______ ~ • ANGIOTENSION II 
ANGIOTEN SIN OGEN 
(-ALPHA 2 GLOBULIN) 

EFFECTIVE 
PLASM J ---c~---
VOLlW~ 

RENIN 
(AN ENZYME RELEASED FROM 
RENAL Jlf.lTAGLOHERULAR 
APPARATUS 

PLASMA CONVERTING 
ENZYME- OR A 
PRIM.ARY PULMONARY 
CIRCULATION 
PHENOHENON 

VASOCONSTRICTION 

SODIUM RESORPTION~----- DIRECT STIMULATION OF 
( DISTAL TLTBULE) ADRENAL \HTH SE_CRETION 

OP ALDOSTERONE 

16 Figure 0 • The renin-angiotensin system and aldosterone .• 
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r e sults in decre ased aldoste rone 8ecr P. tion. 

The renin- 8n ~ioten~in 8yctem is be lieved to be the 

pre f omina nt med iator of chan ~e s in aldost e rone secretion in 

r e sponse to tre 8e v nrious s ti muli. 19. 

D. Transport 1 _Ee t F.? bo li s m1 Excretion 

Aldostero ne formed by the adrenal cortex is quickly 

bound tn the adrenal vein onto the surface of red blood 

cells and plasma protein molecules. 20 Aldosterone binds 

only weakly to transcortin, a pla~ma glycoprotein and is 

transported primarily by albumin. 

Aclrenocortical steroids are inactivated by enzymes 

which introduce oxy gen or hydro gen atoms at one or more 

positions. These compounds are then conju gated in the liver 

to f orm wa ter-soluble derivatives which are excrete d in the 

urin e . 21 

The liu er is tre mF jor or ra n for inaetivati~g steroids 

by t he enzymf tic r e duction of the 4-5 double bond to form t he 

dir1ydro de riv a tiv es . 'i'bese de riv a tives are quickly reduced 

to t he tetrahy dro derivatives by enzymat ic reduction of the 

3-oxo group to a 3-hydroxyl group. (See Figure 7.) 22 The 

tetrahydro derivatives are then conju gated with g lucuronic 

acid, formin g wa t er-soluble products ~hich are quickly ex

creted by the kidneys. 

Aldosterone, in addition to formin g tetrahydroaldo

sterone 3- glucuronide in the liver, is conjugated at the lJ 

Po sition to form aldosterone l8- Glucuronide both in the liver 



HO,, 

3~-5~-Tetrahydroaldosterone 

CH,OH 
I 
C=O 

~Ho'' 

ALDOS'r r: RONE Jo(-_5o<-Te trahydroa ldos terone 
ll~,21-Dihydroxy-3,20-
dioxopregn-4-en-18-al 

HO 

3,8-.5,S-TP tra hydroa ldos ·tP.ronfl 

Jfi-5«-Tetrahydroaldosterone 

Figure 7. The chief urinary metabolites of 
aldoste rone.22 

1.5 
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and i n the kirlne ys. Aldo ~te ron e l A-glucuroni de is v ery wa ter

s olu bl e a nd i s quick ly e xcrfltA d in t o t hEl 11rine . It ca n be 

clea ve d by a cid, but not by .8-glucuron~da ~e, 23 yi e l d ing free 

a ldos terone, a fact used to f a cilitate the clinical measure

ment of ur inary a ldosterone. 

E . Biologic a l Effects a nd Clinica l Significance 

Al dos t e rone, the 110s t yo ten t and the most useful miner

a locorticoid, has distinct e f fects on ion transport by epi

t he li a l ce lls, resulting in electrolyte homeostasis. 24 

Aldosterone, at the cellular level causes movement of K+ ions 

f rom intracellul ar to extracellular fluid compartments in 

ex chan ge ·for Na+ and H+ ions which pa ss in opp osite direc-

t . 25 , ions. 

Enzymat ic e lly controlled· mA cbanism~ for transporting 

e lectrolyte s across cell membr a ne s are found in the epithelial 

tells of the renal tubules, ~we a t gl cnd s , and ~lands of the 

alime ntary s ystem. These sy s tems r e s p ond to mineralocorti

coi ds by cons erving sodium a nd chloride ions and by excreting 

bo ~ily po t as sium and hydrogen ions. Loss of mine ralocorti

coi d a ctivity ma y result in f a tal wastage of sodium ions and 

ret ention of pot assium ions. Normal amounts of mineralocorti

coids he l p the body to maintain electrolyte homeostasis • 

. :.... bnor ma lly hi gh amounts of mine r a locorticoids can cause 

pota ssium ion depletion and exce s sive sodium ion retention, 

lea din2 t o edema, hyp ertens ion, and suppression of renal 

Prod uction of renin. 24 
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Some of the alterations in serum electrolyte in the 

bypo-- and hyperadrenal cortical states are · illustrated in 

fi gure 8. 26 Healthy subjects on a normal sodium diet and in 

a s upine position for 2 hours have an aldosterone concentra

tion in the ran ge of 1 to 7 ng/100 rnL of plasma; after 

s t anding for 4 hours the aldosterone values range from 3 to 

28 n i;/1-00 rnL of . plasma. 27 

~levated urinary levels are found in p~imary aldo

steronism (Conn's Syndrome) and secondary aldosteronism. 

28 
The clinical features of primary aldosteronism in-

clude hypertension, muscular pains, polyuria, cramps, weak

ness 8nd tetany. Laboratory test re ~ults include low plasma 

p otassium with s lightly elev a ted sodinm, alkal emi a (increased 

pE of t he blood, irrespective of ch8nges in the blood bicar

bo-n a t e ), suppresse d pla s ma r ~rrin activity, 8 nd nonsuppressibie 

aldosterone se cretion. The ma jority of patients with Conn's 

syndrome have a n aldosterone-producJng adrenocortical adenoma 

(APA ), about 20 percent may have nodular hyperplasia and very 

f ew had been reported to have carcinoma of the adrenal cortex. 

3e condary ald osteronism, clinical and physiological 

conditions in which aldosterone levels are high in the ab

scence of APA include, nephrosis and cardiac failure with 

sodium retention, cirrhosis of the liver with ascites, preg

noncy increasing to term, potassium loading , and .salt 

dep l eti on affecting extracellular fluid compartments. 

Decreased aldosterone levels are f ound in patients 

With h . . 
ypoaldo8te ronism, byp omine ralocorticism. Selective 
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hypoaldosteronism occurs if there are disturbances of aldo

st erone biosynthesis, metabolism and disturbances in the reac

tivity of targe t c ells to aldosterone. 29 

"!1i'xed" forms of a l clo,,te ronic:m include Cushing' s syn

drome because it is a disease showina the symptoms of min era

locorticism; congenital adrenal hype rpla sia, because it is 

ba s ed upon c ert a in steroid va l ues f ound in this condition as 

11 1 .. 1· JO vre a s on some c irnc a sympt oms. 

F. 3tate u1ent of the l' roblom 

The clinical significance of elevated and lowered 

concentrations of aldosterone in various clinical conditions 

presented earlier, stresses th0 need for the determination 

of 1;1 l cos terone in the clinical laboratory. The importance 

of ~1oasuring aldosterone lies in Hiding the physician in the 

~ia gnosis and treatment of patients with excessive secretion 

of 8l doGterone. Continuous overproduction of aldosterone 

r~sults in sodi11~ ret ention, potas~ium los~, and ulti ma tely 

hyp Art ension. Continuous exce r ~ive secrAtion of e la oPtP ronA 

re s ults from adrena l di s ease (pri ~e ry al~os t Pronism) due to 

sin gle or multiple adenoma s, adrenal ca rcinoma, or bilateral 

hyp ,r p lasia. I::xtra-adrenal diseases (second a ry aldosteronism), 

such os congestive cardiac f a ilure, the nephrotic syndrome, 

or cirrhosis with ascites, are pathological conditions in 

Which the rise in &ldosterone secretion, is secondarily in

duce d by patho genic factors, either chronic or acute, which 

act upon the sensitive re ;-_ula tory me chanis nis of al dos teroEe 
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production. 

The specimen for analysis is usually a 24-h urine 

coli e ction because it reflects diurn a l variations and any 

t emp orary changes th~t may occur in the patient, plus the 

aldost erone concentration is grAater in urine than in plasma. 

Urinary aldosterone i s excreted - in micro gram quanti

ti e s per 24-h output, t herefore, requires special procedures 

capable of detecting such s ma ll quant iti8 s with reasonable 

accuracy. ~:e thods for :-,1e usurin g urinary aldosterone are of 

the most comp lex and demanding nature. Tbey are ti111e -con

suming, laborious, complex, expensive, and be cause they re

quire special t e chnical skills and instrurnents, are not 

suit~ble for routine analysis in clinical laboratories. The 

methods based on the double-isotope d~rivative for mation31 

are extremely time-consuming , ·cornp lex, and expensive, there

fore, their ap plic a tion has be en limited to use in specializ~ 

and research l aboratories. A ra dioi mmunoassay3l was devel

op ed and appea r s to offAr a suitRble a nd reliable meth od for 

a routine l ahor c tory. _ 

The purpose of this inv Ps tigotion was to develop a 

new r.,e thod for t be de termi ...-,a ti on of bur,1an urinary a ld osterone 

utilizin 3 high v r•essure liquid chr omato cr aphy. Af ter re a ding 

about various me t hods for aldosterone estimation and the 

uu •;e rous problc :ns co nnec te d Hi th tbe m, the ta 3k of developing 

a new, r&pid and sil:1p le r.1e thod avpeare d insurmountable. 

Tb e author 1:1 ttemv ted to devise e1 simp le and. rapid 

', fi
th od of hi gh pres sure liquid chromato.:::ruphic determinat i on 
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of hu man urin ary aldos terone for routine clinical evaluation 

by attempting to elimin a te a s many of t he tedious, . manual, 

t i ~e - cons umin r. , extraction and 8ep a r a tion step8 as possible. 

At t hA t i me this inv 0~tigation W8 S und0rtaken, no 

',{ncwn .-11.<: tb od of hu l"19 n urinary a ldos terone estimation by 

· h i ch p r es s ure liquid chroma to r raphy had bAe n develo~e d. 

Since then, DeVri e s et al, demonstrated nor ma l phase HPLC 

can be us e d to a s say uri nary aidos~erone.32 

The preliminary steps involved in t he me thod used in 

thi s i n ve stigation are modifications of the eas-liquid chroma

to ~r avhic methods as described by Zack, Webster, and 

Ce rniauskas, 33 and Brava. 34 



CHAPT~:n II . 

m:vn~-:i, .. r CF TF-r;; LI Tr~RA TmL 

The n° t 0. r rnins tion of str> ro id horrr. o rn=i~ anr their 

ne t ::holites in ur ine or in pl ' -~'Tia p rov ·~ e:- a mr fl nS of r.i val-

uati n ;-· ao r ,.., no-cortic n l .functi. o n r . 

o l ~o~ t c rdne i n v or i ou 8 cl ini c a l cond iti ons and e l s o in t he 

~od e o f c :::in trol of t h e hor mone p roduc e d a lar ~e number of 

tne thodn of a ss ayin g aldosterone. 

Measure ment of aldo a t e rone ~ r e s e nts a technical cha l

l on, __ e be c ause of the :ni riute q uant.i ti es of a l d o s t e ro ue nor-

1ally p r es ent in body flui c:s •. 

All current me thods for th e de t e r mi n a tion of alnost or-

0110 i n urine include th e .followinr. r·eneral s t ep s: hydroly s is, 

extractior1, v uri ficat i on anrl s epo r o tion, anf final quantifi-
35 

cuti on . 

~v~r o l vri3 . Al doftAr on~ is rxc r n t e ~ in t hn urine a s 

1'"oluhlc c on j u :i-o t? fl , t ~ trar ;1 rJr osl rl:::i ~· t 0::ro n e )- r l11 cu:r.0'1i ~e end 

el c1 o r. t c rone IO - ::l ucuroni•a e . !l~/~ro l y,· i3 or u ,r F r- t 1..1 r- c01u b l e 

con ju ··c t es is n ocr- s r.-r1ry to o\ , t a i n fr e r a l:l o,t0 r0 one .for f' Sti-

!;ja tion . Ti,10 r,w t·. ho f s of h yrlro l y s i 2 or o a c i d h yc rolys i s and 

enzy. u1e 11 , nro l ys i s . In ac i c h y drolysis, a n u l i q u o t of a 24 - h 

U:r lne s~ec i t:ifl n i s nci difi ed to pl! 1, by :,1ea n~ of u s1,ec ifi c d 

22 
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c onc entra ti on of a 111inCJ ral c:1cid (b ycfr ochlori c or sulfuric) 

r,nd Dllowed to st a nd 2ti hour 2 a t roo:n te ~1rpera ture. In enzyme 

b ;_,·cl ro ly sis, an a liqu o t of a 2 i.t-h urine is a d justed by _ the 

a dc1 iti c n of u. buf fer to the 01, tima l pI1 for the enzyme u sed . 

__:\ n arequat o a n ount of the r espe ctive enzy rr.e '{J- <:T lucuroni daf:l e 

. 36 
t o h yr rolyze g lucosi duronates , but not the 18- qlucuroni de, 

8 n ,-4 s u l"f D ta s e to h yr r o 1 y z e s u 1 f' a t e c on ju l7 a t e s ) i s a a r.' 0 d , an r 

th o t es t s riec i :·1An is incub8t~rl for 10 to 76 h our~ at a speci -
0 

fi e d temperatur e (~ .g., 37 C). 

Ex t r 8 c t i on • The h :' ..:i r o 1 y z 0 r. u r. i n e 1. ~ e :x t r a c t e d v-ri t-h 

s p eci fi e rl v~lumes of a n i m~ i~ c itla or •·e nic s olvPnt a spac i ~l ~d 

n u ., ·be r of times f .pr rn ;:; xj murn r 8 ro v0ry of alcl o s tnr one fr om th G 

urine . ~ l d oste ronc i s s li zhtly pol or ~nrl for it s extraction, 

r e l Dtiv e l y non- p ola r or ; un i c so lv en ts such as methy lene ch l oride 

on~1 chl orofo r ,11 are mo st su:i.t u. bl e . 

ruri fic a tion and 0epnrat i o ll . 1he solvent partition 

35 
·11c.; t r: od is us e 0 :' or p reli •,dn rJ ry purifi cation a n c1 separati on 

of c o~1p ound s of . int erest. '11he pooled or g ani c .solvent fractions 

con tBining a l dosto ron e ancl othe r urinary i:npuri ti e s are t r e at

e d with a basic so l ution (so di um bicarbonate, sodium carbonote) 

wh e r eb ' , t he E't ro n .r, l y acidic co~1p onen t s mi r rate in to t°bA eoue 

ous l a yor t o be discardc~. Phen o l ic E"teroi d s ar e e xtre c te~ 

:-h~•1:1i c o l t r:c hnicu c s fo r f'u rth e r p u-ri.fi n ,ti.o n o nr ~'' :) orati o n 

or t h,, :: o lvent ex tra c. ts a r c p:..qw r and column 1-J a r ti tion chr o-



•;·,ato ~r a p hy , ad sor p tion chrom~1 t or:sra phy (colu 11n anr! t.hin l a yer), 

q ua n t i fi c a ti ,n . I-'ietho d s f or the eq timation of aldo-

s t e ron e in urine ar e : colori1:J o tri c, f luororne tri c, va s chro

::rn to ,:::: ra phi c, an d radioisotop e wethod s (including double iso

top e d e riva t ive formation, and radioimmunoassays). It sho u ld 

be re-e r--:pbasized that u n til the develo1-1rnent of radioin:r:1ur10-

o.ssB y 1:: , t h e tri etbod s of e~· th.otion of aldo~terone in urine 

:nv1 in p l n s rri a · H~ r e not ::::ui t n ble for the routine clinical 

l a boratory because of their complex nsture. 

uri n 8 r ;-;,· l:l l o o ~ tf' r on e 18- ,:1 u c 1Jro ni c 8 P ' s t b<> f'irs t phy s ic o-

c b e 'll i ca l mo t b od dev e lo [, e ~ fo r t be d c t e r rdn:.tion of aldo s t e r

one . It wa s t h e 1,:e tl. od rn o~ t 1-v i c.1e ly u s ed u n til the ninete r. n 

• .L • 

SlX u l8 S. 

'. :Jdr o l y si s , ....:;x tr ac ti :.J ll ~rn d l uri .f ic r. tion o f t he .~xtra ct: 

An c. liquot of n 2L1-ll urine s pecimen is ocidi ~iec to 

· ;• 1, by me a n s of an i n or ~anic eci~ (h ydrochloric or s ulfuric). 

TI1 e cc i~ified uri n e Epc ci Men is al1.owe a to stand for 

?!1 to irs ond i. s th e n e x tract Pd t'r.r c P ·t i"'les with a '::l out 1/5 

volu --i1 e · of cr1lorof'orri. 
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The or c anic solvent fractions are -pooled and washed 

P it h 0.05 volume of cooled 0.1 .'J n aOU s olu tio n , then wjth 

0.05 11olurn.c o f 0 i~tillen i-rri ter. 'T'he wa .che c'l chlorofor~ 0x

o 
t r ac t ie d i~ti ll ed in vacu o at 50 C unf Rr nit ro gen or any 

o t her ine r t ~as at~o~phe~e . 

The or c r:n ic .Px tract i~ f11rt"her pvr i. fie ii bv c ,._,roms -

· ~~c:x t, t h0 ex tract i ~ chroma to graphed on wid e s trip s 

of ',-Jha t :nan pape r J o. 1, in io f'fa ron i I s for r.13mide-chloroform 

syste :1 (38° C, 30;~ for ma rn id c Lii:.; r e i_~n : tion). 1"i.ldosteron0 rni

r· rates wi tb cortisone in this syst e,n . After mie;ration, the 

a r ea con t a i ninG c ortisone and aldosterone i s detected by 

r.iean s of an vltr1:Jvio let larr:p (254 n m) a n c1 e. fluor e scent 

sc r e nn , also , by t h0 us e o f p ilo t strip s with aldosterone or 

cortison_e develor ed parall e l. i'. mixture o f ch loroform an n 

:netba riol ( f' : 2 ) i,, us e d to e lute tr e a r Aa of' paper contain i ng 

~elu t i on c on t 8 inin g 90 ~a rt ~ of 2 ~ JP OH i ~ a~fe d t o 10 pa rts 

of ~1 0.1 pe rcent s olution o f b lu e t ~tr a zo l ium an d thr-- rnixt ur e 

i~ fi l tere~ i r11e di Gt e l y befor e use. The strips a r e the n 

deve l -o ,.,e c hi t his so lution . .!..'. lui sh-violet fo r maz on s r ot s 

UlJl.; eEJ r wi trlin a sh ort ti :ne . Jed or blue tetr a zoliu rr1 o x idizes 

~-k c to ls, as we ll eR • l ~o ses and k c to se s, and t he reby iD re 

~ucca t o an in tens e l y colorc~ p i ~m~nt calle f a diformazon. 
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The t 0s t is more sensitive than ~ehlinr's or Tollen's tA8ts 
~8 

for th A above types of componnn:::i. · 8 Arnj auanti. tati ve Pfti ma-

t ion is C8rrie r out U8in r, specified amounts of a do f' tr->rone 

r efe r Pnc e stHna Brd 8 r un in parPl] e l. Th e chromator ram is 
0 

he ate d in a 90 C ov en, for app r ox i..111 a t e ly 20 rn·i.nute ::,1. The 

chroma to gr 8m is removed fro ~ th f> ov e n 8n r'l i8 exposed to 

ultraviolet li ght of 350-360 nm which produces with a ldo

s t e rone a bright yellow fluorescence. A second semiquan

tit a tive det c.rminati on can be made fro111 this reaction which 

is characteristic of the ~4-3-keto structure ("soda fluo-
39 

rescence reac.:tion" described by Bush in 1952). The limit 

of s ensitivity in soda fluor e scence and blue tetrazolium 

reaction by semiquantitative visual e~ timation on the paper 

i s ap proximately l.Oµ f-3 . No percent r e covery was giv·en. 

2. 'r)ou ble Isotope D0rivative 'ethod 

'Th r. c'louhle i ~otope r:'lP. rivAti vP mfltl-orl of' Kli.m'l n Ann 

Ji n 
:Pe :·e rson (1960 )' · ser->me d to be t h r, me th on mo9t wi.-'1Ply em-

ployec'l for t b'3 e 2tima ti ori of a l rl o :-: t i=> rone t11 1t i l thp a dvent 

of ra dioi mmunoassa y. Thi~ me t h o~4l r epe nrl r on the ece~yla

tion 6r aldo ste rone wi th tri t ium--laboled acetic a nhydride 

of known sp ec ific activity to p e r .r1it recov e r~· 0 1' an aldo

s terone de riv a tive of s1Jecific a ct i vi ty. Addition of l L+c 

isotoi;e-labeled aldosterone diacet ate early 'in the proce

dure pe I' tr1its calculation of aldosterone concentration p resent 

initially. Before tho final product cun he measured, pur1fi

cation with thre e pope~ chroma to graphic systems, along wi t h 
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an ·oxidation step is require d . ~Then workin g with labeled 

r ea gents, great care must be taken to check specificity and 
3 14 

the . H/ C ratio must be constant on the final chromi tograms. 

Norma l rans es at the Bio- Scien ~e Laboratories are be t ween 2-

26 _,..<,< R per 21t - h urine output. ra t.-~ n nts sh 01Jlo hnv e a r.equa te 

s 6rl ium intake anr an aci ~ifi r d urinA (pH 3-5) collection is 

r cquire·a, to in f: ure Pt a"' ility of elc'lo:a t Pron e • Trie tePt pro

c ~du r c r e quires three weeks t i me f or c6mpletion. 

3. Hadioim111unoass a y For Al do~terone 

1tccording to Waldha_usl, Ha ydl, and l•'rischauf,42 all 

of the radioimmunoassay methods then reported used ~aper 

chroma to grc11Jhy or time-con~uming extruction procedures and 

oxidation · steps for the estimation of aldosterone. 

They developed a metho'd for the determination of 

ur i nary aldosterone usin~ Ser-hadex LH-20 chromatography ann 

radioimmunonssay. Ten mL of urine WE' r e userl for an alysis. 

The purificatidn o~ aldosterone consisted of hyc'!rolysis at 

pH 1.0, me thylene chloride Axtrac tion, anr column chroma-

11, to gr aph y on Sephr~8X LH-20. Rerouery of r n~8n 4- C-D- ~l~o-

sterone waf. Li -~ . 7±7 .1 (2SD) 1, .for 60 experiment I?. Th8 extrac

tion wa s follow P.d by r a dioi :n ,;u noas s ay 1-1 naly !ci r: of aldoste.rone 

using sheep antiserum versus aldosterone, i.e. anti-aldo--
ste~one serum diluted 1:250,000 with borate bovine serum 

albumin me thiola te buffer ( BBSAM). 'l'he sensi ti vi ty of the 

overall assay was 1.6,,t<g aldostorone, the accuracy 92±3.4%. 
The coefficient of variation within one assay was 14% fo~ a 
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given sampl~ (n=l9) and 20% for multiple assays. Seventeen 

healthy indivi~uals on an uncontrolled diet had aldosterone 

excretion values of 9.S±J.6,µ-g (SD) per 24 h. They processed 

20 samples in a period of three workin~ days excluding acid 

hydrolysis. 

The Bio-Science Laboratories now h e ve adopted the 

ra c ioimmunoassay procedure of Drewes, Demetriou, and Pille ggi ~ 

The method involves purification by extraction, followed by 

acid hydrolysis and reextraction, and chromatography to re

move naturally occurring steroids in potentially interfering 

levels. Hadioimmunoassay involves the specific binding of 

aldosterone in competition with 3tt-aldosterone to an anti

aldosterone antiserum produced in sheep. Normal range at 

Bio-Science Laboratories: 2-26,µg per 24 h. Res-ults . can 

be exp e cted in approximately one week.44 Walsh et al have 

described a non-chromatographic RIA procedure for urinary 

a ldos terone. '-1-5 

4. Gas -Liquid Chromato~raphic Determination 
Of Aldosterone In Human Urine 

Leung and Griffiths46 developed a method for the 

determination of human urinary aldosterone using Amberlite 

XAD-2 column chroma tography for isolation of aldosterone from 

hu man urine and quantification by gas chroCllatography. An 

a liquot of a 24-h urine specimen is acid-hydrolyzed, then a 

standardized quantity -of 14c aldosterone, 3000 counts/min, 

is added to the urine. Aldosterone is eluted from the Amber

lite XAD-2 c.olumn with methanol and purified by Silica-gel 
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thin-layer chromato,i;rraphy (TLC). A stable pamma-lactone 

derivative of alnosterone is forme d by oxidation with per

iodic acid and the derivetive is i~olatAd by TLC. An aliquot 

is removed to measure the added radioactive aldosterone 

tracer and the remainder is q uantificated in a gas-liquid 

chromatograpp using a flame ionization detector. The column 

consisted of a 6 1 xl/8" diameter U-shaped glass tube packed 

with 3% SE-30 on 100/120 mesh gas chrom Q. The sensitivity 

of the .method is approximately l~g/L of urine, and the 

precision is about 10% in the normal range. The accuracy is 

between 95-99% and allows sufficient reliability for clinical 

applications where the necessary equipment is available. 

Total recoveries of aldosterone may ran ge from 55-7cit but 

e ach sample is accurately monitored by the addition of 4-14c 
aldosterone. 

Zack, 1tfe bster ann ·cerniau~kas47 developAd a ouantita

tive gas-liquid chromatographic method for aldo~terone in 

human urine. Their method involves acid hydrolysis of dupli

cate aliquots of a 24-h urine specimen, methylene chloride 

extraction of the urine followed by oxidation of aldosterone 

in the extract with periodic acid to aldosterone gamma-lactom. 

Gas chromatography is performed on a SE-52 column using tem

perature programming to elute aldosterono as a single peak. 

Aldosterone assays were performed on urines from twelve nor

mal young adults using this procedure. The mean for this 

group ±1sn was 16.9±8.7 ~g/24 h (corrected for recovery). 

The median was 14.8 ,'f'g/24 h. The 95~ limits ±2s.D. for this 
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procedure is 0-34.,,'-<g/24 h. The range of the corrected values 

observed in this group is s. S-33.0_,;',(p;/24 h. The averarse re

covery was 84t of 5~g of pure alrlostarone added to 100 mL 

of water which was then subjectEd to this procedure. 

S. Hir-:h-FrP.s :- 11re Liquid Chroma to~raphy 

It must be emphasized th a t at the time this researc-h 

project was un dertaken, no method for the determination of 

human urinary aldo s terone using high-pressure liquid chroma

tography (HPLG) had been reported in the literature. 

Siggia and Dishman48 reported an analysis of steroid 

hormones using high-resolution liquid chromatography. In this 

report, they dealt with the development of column packings 

which have a high separating power for various polar and mod

erately polar steroids. Repre~entative members of several 

classe s of steroid hormones were separated on a variety of 

columns under different conditions. The effect of the solid 

supp ort on tbe reversed phas e liru i d-liouid partition chroma

t op-raphy of the ~e E' t e roid:c- w-'J !" :c--t udierl. Und8r a rz iven set of 

chroma to gr hphic conrlitionr an ~ ate ~iven inlet presPure, im

proved s eparations of synthetic mixtures o! Pteroids were ob

tained using a combination of licuid-liquid partition and li

quid -solid a ds orption effect ~ . 

Wortmann, Schnabel and Touchstone 49 developed a me

thod for the quantitative determination of corticosteroids 

from human s e ru :11 by hi gh-pressure liquid chromatography. In 

this me-thod, cortisol, cortisone . and aldo~terone were sepa-
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rated as a group. Human s e rum was subjected to a methylene 

6hloride extraction procedure, followed by separation and 

quantification on reversed-phase column packing material, 

Si l- ~~ -8P by hig-b-pressure l io ui,~ chroma top-raphy. Sil-X-RP is 

thP trade name f'or the colu ·• n packirn:z obta:i.ned from Perkin

Elmer, whose pa~ticlAr werp coated _wi·th oct PdRcyl dichloro

silane ·as the s t a t i on ery pha se . Redioartive rortlsol was Rdd

ed to the blood prior to ex t raction an ~ a n aliruot counted in 

a li quid sc i ntillation counter before sa mple injection into 

t he chromatograph. This was done for the purpose of calculat

it1 _s 'i~ 1·e covery of the extraction i, rocess. An avera ge recovery 

of 06% resulted. Radioactive cortisol was injected with and 

without the biological material and the portion representing 

the cortisol peak was collec t ed for the determination of the 

recovery f ro '. ,1 t he liqllid column. An average recovery of 93% 

was obtained. The collecte rl radioactive and non-radioactive 

s tand ards were identified by thin-layer an rl paper chromato

~raphy in different systems. 

T'h :i. rty sP.ru -r. s 1:1rnpl ""~ of h r, althy per~ ons we rr ... anr.ilyz e d 

usi nr· this method. The av era r.: e valu1:3 for t h " cortisol, corti

sone, and al (los terone ~roup wBs 16. 31~,:,: per 100 mL of rernm 

with a sta ndard deviation of 2.10 e na a stand · rd error o~ 0.38. 

'l'.be Hvera ge precision valu e repres enting one thirrl from 10 niL 

of serum was 0. 54.? g. '11he averuge stanc1-rd deviation of all 

tlie triv li ca te determinations was 0. 05, indi cu tlng good r e

Produci bi li ty an d pr·ecision. 

After tbe present res-earch projec.:t was completed, the 



one and only report found in the literature on the use of 

high-pressure liquid chromatography for the assay of human 

urinary aldosterone was that of DeVries, Popp-Snijdersr 

DeKieviet and Akkerman-Faber.3 2 
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DeVries' method involves acid hydrolysis, methylene 

chloride extraction, washes with aqueous sodium hydroxide and 

saturated aqueous so d ium chloride solutions, dryin ~ over 

sodium sulfBte, filtration, ev ap or Rti on enn dryinp: under nitro

r.-e n. The r e sidue i s oiPsolven in 2 mL o f 701, me t hirnol in 

wBt or and wa8hed with toluene. The W8 Ph e c1 solution is f'plit 

into two equal parts, and 10_),(~ of eldos terone is added to 

one portion to correct for loss of material. The residue is 

dried und e r nitrogen and purified by TLC three times. The 

solvent systems are: (1) chlorofor~-methanol-woter (90:10:0.8);. 

(2) e thyl acetate-methanol-wat~r (85:15:1);. and (3) benzene

acetone-water (70:J0:0.5) (twice in succession on the same thin

layer plate). Prednisolone (5-lOµ g ) is added to tbe eluate 

as internal standard and quantification of aldosterone is per

formed by normal phase HPLC on a 250x2.2 mm SI-10 HicroPak 

column (Silica p;el, particle size 10_,µm). The solvent used 

is 1. 5~ methanol in chloroform; flow-rate is 70 mL/h, which 

correspond s t oe pressure drop of 1100 p.P.i •• ThP recovery· 

was 6 3 .1 ± 9.4% (n=215). 

DeVries et a1 32 compBred their pfl~ -l ia uid chromato ....- re

Phy method with the HlJLC method they bad developed. 

The results showed that for Hf LC, the coefficient of 

Variation (C. V.) was 16% (n=l25), with a lower .detection limit 
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of 1.00,µ i?/2!4 h (5 nmoleE/2/4 h). Compared to GLC, C.V. was 

22% (n=71), with a lower detection limit of 3.60~g/24 h (10 

n mole s /21~ h). lformal values were 6.J4_µg : . 4.54,,-'-<g/24 h 

(17. 6 : 12.6 nmoles/24 h) (n=l5), range l.80-16.2~g/24 h 

(5-45 nmoles/24 h). 

DeVries et a1 32 are now using successfully HPLC in an 

aldosterone assay of human urine for the final separation and 

quantification. 

O'Hare et alSO separated a mixture of polar adrenal 

steroid standards including aldosterone usin~ reversed-phase 

HlLC with dioxane-water ~radient. 

Ballerini et a1 51 also showed thRt sev en stAroids in 

adrenocortical extracts inrludin R aldos terone could be sepa

rated by HPLC by usin g ~ither a chloroform-methanol gradi~nt 

or1 a Sµm silica column or a w8ter-ac e:·tonitrile gradient on 

a 10 p m C18 reversed-phase column. This work supports the 

work of O'Hare et a1 5? 



CHAPTER III 

MATERIALS J\ND APPARATUS 

A. Solvents and Re ugPnts 

·All chemicals used were redis·tilled, reagent grade or 

of the highest purity available. 

Redistilled deionized water was used for the prep

aration of all reagents and solvent systems. 

Solvents and rea gen t s were prepare d or used as describ

ed below. 

Methy lene chloride, methanol, acetonitrile and acetone 

( Burdick and Jackson Laboratories, Inc., ~uskegon, 4 ichigan, 

' dist illed in glass', chromato~qual ity) wer 0 U~Ad w5thout 

fu r the r .purificat:i.on. 

Hydrochloric acid en ~ nitri c acid (FischPr Sc ie nt if ic 

Co r,pR ny, Fa ir Lawn, 1'lew J,, r,pAy, 1i CS r Pr "'e nt &era de); c on cPn

t r a ted hydrochloric acid W8f.: UEeo as suc;h EJnd ar: a 6N HCl 

s olution. Nitric acid was used to pre par e a 6N HN01 solut ion 
~ 

fur acld cleaning U . V . cells ·or tbe U.V. de tector, tubing 

and stainless s tee 1 f i 1 ters of the ti.P L(.; sys tern. 

Sodiu1n bicarbonate, sodiu111 dicbromate, sodium sulfate 

(anhy dro us), potassium hydro c en phthal8t8, dim~thylsul f oxide 

(Q .~O) , tol~ene (J.T. Baker Chemical Con~any, Phillipsburf , 

New Jersey, 1 Bbker a nalyzed') were used without further 

lJU rifica tion. 

34 
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Sulfuric aci d (Mathe son Scien~ific, Cleveland~ Ohio, 

ACS r e a r ent grade) alon~ with sod i um dichromate was used to 

prepare a "cleanin a solution" for gla s1> war e . 

Chlorofor m sp 0ctro- pr e de , - AC S , {~as tman Ko~a k Co~p a ny, 

Roch e st er, New York ) wns u ped wi th ou t r ur t h r~ pu r i fication. 

Dichlorodimethy l 8i l a ne (Ea r tma n Or aa hi r Che mi ca ls 

Di s t'll~ t i o n Produc t s I nrl uft r ie s, Roch PPt Pr, New York) alon g 

with tolu ene was u s ed t o p r epa r e a 2~ dicblorodimethylsil a ne 

s oluti on. 

Prep urified nitrogen (Airco I nc., New York, ·Ne w York) 

used to dry extracted urine specimens. 

B, St e ro i ds 

The followinF stero i ds (Si gma Che mical Company, St. 

Louis, ~o.,) were the purest q~ality obtainable, 95-9A~. 

1. n- "ldos t erone (anhydrous). .6 li- Pr e r:nen-1•1-a 1-:-11 , 21-

di ol-3, 20- dione. Abs orption ma Xj_mum: 2h0 nm. 

2. Re i c hs tein I s "Suh :=,t;an c P S". 11- De 8 ox y-1., - hy c'l rox yc or t i co

s t.er one. /\bf' orr, t i on mBxi murn : ?1 :2 n --i . 

3. De oxycorti c os t c-:, ron e . 21-Hycl r o:xy pr P. <"". n- )i -ene 3, 2-0-dion A. 

4. Cor t icosterone . 11/J, 21- Dihydrox ~ipre r.n-4-e ne-3, 20-~jon r- . 

5. 

Ab s orpt i on max immn: 2L10 nm. 

Es tradi ol. fJ Estradiol; estra:-1,3,5(10)-triene-3, 17j3-

di ol. J1. bsor1-, t i on 1,1 1::1x i t:ia: 22:; , 28 0 nm. 

6 • .t..s triol. ~s tra-1,3, .S (lO)-triene-3, l b~, 17,B-triol. 

Absorption r:1ax i1num: 280 nm. 
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7. Estrone. 3-Hydroxyestra-1,3,5(10)-triene-17-one. 

Absorption maximam: 283-285 nm. 

8 . Hydrocortisone. Cortisol; 11~, 17~, 21-trihydroxy-4-

pre gnene-3, 20-dione. (Applied Science Laboratories_ Inc., 

Houston, Texas). 

9. Progesterone. A4-Pre gnene-3, 20-dione. Ab~orption max

imam: 240 nm. (Appli~d Sci e n ce Laboratories Inc., Hous

ton, Texas). 

All the steroids were store d in a dessicator in the 
0 

cold at 5 c. 

Stock solutions of steroids were prepared with 

methanol as the solvent just before using. 

Crystalline aldo~ terone stock solution: 5 mg per 

100 mL methanol. Aldosterone working solution: 1:5 dilution 

in methanol of aldosterone st6ck solution. 

c. Apparatus 

All steroid solutions were prepDred from crystalline 

re are nts wei phed on a Mettle r H20 halance, ( Me ttle r Instru

ment Corporation, Princeton, New J P, r s ey). All rema inin g 

solutions were prepared from rea ge nts wei ghed on a Mettler 

H33 balance. 

Twelve-, fift.e e n- and three-mL pyrex conical centri

fu ge tubes, plain and graduated, with and ~ithout stoppers as 

Well as 15-mL round bottom centrifuge tubes were silanized 

With 2% dimethyldichlorosilane in toluene. 

All glassware _was chromic acid cle aned before silani-

zation. 
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For suction filtration, a 5OO-mL Buchner Funnel, a 

2OOO-mL suction flask, Hhatman filter paper -#541 and a water 

aspirator were llsed. 

Water wa s purifiAd by distilling an alkaline potassium 

permanganate solution using ground g las~ eouipment. 

A grid rack bar apparatus was ccinstructed to hold six

teen 5OO-mL or 25O-rnL separatory funnels for extracting and 

washing 24-h urine specimens. (0e0 Figure 9). 

For evaporation of extracts, a rotary evaporator 

(Buchi Instruments) was used. 

Extract drying was carried out with nitrogen forced 

on to the extracts through a Silli-Vap™ (Pierce, Rockford, 

Ill.) heated with a Multi-Temp-Blok (Lab~Line Instruments, 

Inc.,). (See Figure 10). 

The Beckman Model 76 p~ meter (Beckman Instruments, 

Inc.,) was used. 

Hi ~h-pressure liquid chromato~r Pphy WRS carried out 

with the Waters Associates High-PressurA Liquid Chromato~raph, 

(HPLC) Model ALC/GPC-5O2/4O1. 

The modular characteristics of the Waters' HPLC system 

allows use of a wide range of options and accessories, pur

chased with the basic instruments or added later. 

A schematic diagram showing the modules used for this 

research for varying HPLC parameters and. optimizing resolu

tion of desired components is shown in figure 11.52 

The elements of this HPLC system were, Solvent Reser

voirs, Magnetic Stirrers; initially: Septum, Valve/Loop 

sample injector; subsequently: U6K Injector, M6OOO Pump A 



Figure 9. Grid rack bar apparatus constructed to hold separatory funnels 
for extrBctions and washings of 24-h urine specimens. 

\.,.) 
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and Band their Electronic Units, Columns, Dual Detectors and 

their Electronic Units-UV a nd RI~Model ALC/GPC 202/R40l, 

recorde rs and waste res P- rvoirs. 

Chromato grams were initi a lly record e d with a Linea~ 

Iristrument Corp. Integrator Recorder, and ~ubsequently with 

a Houston Instrument OmniscribeT.M Two Pen Integrator Recorder 

(Houston Instrument). 

Columns: Initially, .Bondapak c
18

/corasil packed 

column, 2 mm IDx61 cm; particle size range; 73-50 microns, 

was used. Subsequently, a }{Bondapak C packed column, 4 mm 
18 

IDx30 cm, particle size of .10 microns, was used. 

Bondapak c
18

/corasil has a monomolecular layer of octa

aecylsilane (c
18

) chemically bonded to a pellicular (a porous 

crust supported by a solid g lass core) support. 

Micro Bonc'lapak c
18 

is ·a small p e rticl0 fully porous 

non-polar packing material consistin g of a monomole cular layer 

of octadecyltrichlorosilane for reversed-phase chromatography.47 

Milli~ore filters and filt Ar units were employed. 

h i llipore fi 1 tars-catalogue number FHLP02500, Millipore fi 1 te·r 

units-Millipore SwinneX-13 Filter Unit SxHA-013050.45 -10324, 

Millipore 20 cc plastic syringes were used to filter the 

urine extracts prior to injecting the urine extracts ·onto the 

HP LC columns. 

Injection of extracts into the HPLC was accomplished 

utilizing 1-µL; 10-J.<L; 25-HL; and 100-H'L Pressure-Lok Liquid 

Syringe s, (Precision Sampling Corp.). 

Hamilton Hi gh-pressure Microliter Syr i n Bes were also 

Usea for the injections. 



EXPERIMENTAL 

A. High-Pressure Liquid Chromatography 

1. Introduction 

In 1906, Michael Tswe tt, a Russi nn, dev e loped a new 

s epar a tions t e chn i nu e wh i ch h e t e rm"' rl " r hroma togra·phy~ 

Othe r men ha,re slowly added to our knowledge of chromatography. 

In 1952 Martin and Synge were giv e n the Nobel prize for 

their work done in paper chromatography. Historical mile

stones i~ liquid chromatography can be found elsewhere. 53 

Ghromatography basical~y involves separations based 

on specific interactions between sample molecules and the 

. . h 54 s t a tionary and moving pases. 

Liquid chromatography (LC) is a chromato graphic pro-

. h . • th . h . l' . d 54 S' 1 · . d cess i n w ic,1 e moving p ase is a - iqui • ince i qui 

chromato gr aphy sep·ara tions are based on solubility, 
55 

sampl e 

components mi Rrate throu gh the chromato ~raphic system only 

when they are in the mob i le phase. Composition of the mob i le 

Phase is o~ prime i mportance in t he f' "pa rat i on. 

In l i ouid chromRtogr aphy, t he -mobile pha :- e i P non

compr es::: ible.54 B~ce u :-- e diff us ion i n tr, ,., mob.i le pha :-- e i P 

ex t remely l ow, h i ~h- pre ~~ ure liquid chroma tography is pos

Sible . Re sistance to ma s s transfer in a liau id is v ery hi gh. 

42 
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Liquid chromato grapb y is a solubility based phenome

non, therefore, factors such as temperature, vapor p ressure, 

et c~, Hffect the separation only by their effect on solubili-
- 55 
ty and mobile phase viscosity. 

Hi gh-P r e ssure Liquid Chromatography is based on d evel

opments in · several are as: e q u ipment, sp e cial columns and 

c ol umn ·pa ck i n r s, technique, the ory, hi ah-pre s sure pumps and 
56 

se ns i ti v e dete c tors. 

Se l ec t i n r th e pro per r olvP n t , pAck i n ~ Pn~ ope ratin ~ 

con a it i ons u s u a ll y re s ult ~ i n ~oo~ ~e p e r Rtionr of s Pmp le 

comp one n t s. 

In mo s t ins t anc e s, g ood Fepa r ations are achieved by 

ma tching the polarity of the s Bmp le and the packing , and 

using a solvent which has a notiee ubly different polarity from 

t he packing . 

Waters Associates57 published a chart called the 

iluotropic ~eries which correlates the ap p roximate relative 

polar i ties of commonly used solvents with the relative polari-
58 

ties of the column pack i n g materials. (See Figure 12.) 

General sample-solvent interactions as a function of 

p ola rity in HP Lc59 are shown in Fi p.:ur0 13. 58 

Wat e rs Aqs ociates59 hav A deve loped a general guide as 

a be t t er ba s is for sele ctin rr t he c ol umn p ~r kin9 i f the nature 

and ty T-, e of func tiona l grou p!=! an rl molecular WAi p-ht o f th e 

samp le ar e known. (See F i gu r e 14. )59 

'rhe c hara c teri s tics a column mu s t h a ve t o achi e ve ,~ ood 

liqui d chromatograp hic separations are: (1) Ca p acity to r e-



i 
~ -
I» 
+l 
•rl 
H 
al 
~ 
0 

p... 

+l 
s:: 
Q) 

:> 
~ 
0 

Cl) 

100 1 Zluotropic Series Typ ical ~olvent-f acking 
· Combina tions 

50 

WATER Pola r i ty 

GLYCEBOL 
E!IBFll8AL 

MUHAN/ll 
AC ETON IJFIIL£ GLYCOL 

E.li!AWL 
Ail.IillJE a- PBQPOPANOI_ 

.lS.O.BllTANO L 
n-BIITANOL 

CXCLOHEX'ANOL I SOPBQPANOL 

MflL_ 

AM'l'.1 Al COHOL 

I 
I 
I 
I 
I 

-- r--1 
r 7r-7\ 1 
: 11 11 I 

I I I I I 
r---,r--71 I , ir-1 ti I I l~I 7r-, 
I ,, :1 11 I I I I I 

~I ti I! :1 . I 

~-~~I 11 I ~~ 
I I I I 

II 1 

10 
PYRIDINE 

: 11 
1.. ___ JI 

MfIHYL ~EIATE 
ETHYL A/1,EIA1E 

5 -1 n- BUTYl ACETATE rHt QB0EOR!v\ (SOBI !TYL ACETATE 
QIEIH::1'.L EIHE.6 

I 

: I 

L - - J 

~OL T81CHL08QfTHYLENE D11SOPBOPXI FtHER 

fIBILENE cAPMN Ul)ENE 

I 11 

tEIBACHiOOQITHYLENE I 11 : l,'i-(llQXANE L __ J L __ J 
CYCLQHE)(A}J~ TETRACHl DRIDE 

- H £XANE -OC.TANE o.E.C.&iE 

DllSOPf\OPYl ETHER 
Key ~ 

Zone of Most 
Frequent Use 

,---, 
t.__: Occasional Use 

Figure 12. Eluotropic Series and Column Packings Polarities.5
8 

I» 
+l 
•.-i 
H 
al 
~ 
0 

p... 

~ 
s:: 

•rl 
~ 
(.) 

al 

+="" 
~ 



COH\~E.NT A 

coMPQNE~ B 

INCREASING 
5Nr'PLE 
PoLARfTY I 

I 
I 

I / 
// 

// 

' 

I 

I 

/ 

/ 
/ 

Polarit~ 
Solv ent 

.Low Polarity 
/ .Solvent 

Increasing 

45 

Ge ne re 11 ~• 
us e d with 
Medium to 
Hi .r!h 
Polarity 
Packings 

Solvent Polarity 

COtfif'OHEf{T A I REVERSE PHASE I 
t!OMP0NEHT f> ,.__ _ _____. ___ ~ 

'-

' '\ '-

Incre a sing 
Solvent Polarity 

t NCRE'.ASI#.& 
SAMPLE. 
POLARITY 

'\ 

'\ 

'\ 
'\ 

'\ 

'-

' 

HitzB' Polarity 
Solvent 

~ol2rit y Solvent } 

Ge ne rfl 11:y 
use d with 
Low 
Polarity 
Packings 

Fi'gur.e 13. General Interactions B,etween Sample and 
Solvent as a Function of Polarity.SB 



r/) 

P-. 
~ o• · 

a 
i-l 
·-=I! 
z; 
0 
H 
8 
v 
z; 
;::> 
;i, 

rx.. 
0 

0:: 
-~ 
'.Q 
.,.> ... 

s z 

EYVROCARBONS AND 
DERIVATIV CS 

OXYG~NATED 
EYDROCARBCNS 

I #o Jo iP Ao 
P.H RX RNOz_ ~OR RC.-OR RC.-R RC.-H RC-NH!\ 

R.C:V.C.:RSE 
Ph.ASE 

I 
I 

L.C:AS T 
POLAR 
CONFOUNDS 

_/ 

PRCTON DCNORS IONIC c m,:J>OUNDS 

POLARITY OF FUNCTIONAL GRCTJPS 

RNtlz_ ROH Hz.O Ar0H RCO,H 
1\tJH / 
f\N 

/ 

/ 

/ 

Nucleoli des 

I 
I 

I 

1 FU~CTIO~AL GROu-P 

~ -m~-R-(4_ 

I ADSORPTION - -~ FUNCTIOhAL GROUPS I 
I L 3 FUNCTI ONAL GROUPS 

,,< 4 FUNC~IOI-i ii.L GROCFS 

/ / 5 OR MORE FUNC TIONA L GROL-P S 

I 7 
/ 

I ION 
EXCEANGE 

BONDED 
PEASE I 

I 
I :"!OST 

POLAR 
COMP OUNDS 

Figure 14. Adsorption vs. Bonded Phase Packings Polarity of Functional 
Groups in the Sample.59 

E-• 
...r...: 
(.') 

H 
-,l 
:..:: 
:t:: .. 
,J 
~ 
v 
-:::i 
i-l 
0 
~ 

CJ 
~ 

H 
:I) 

-~ 
-,l 
rr; 
0 
z; 
H 

.t:-
0' 



t ain samp les, (2) Separation of 88mpl e component~, (3) Effi

ciency of operation. 60 

The column capacity f a ctor is called k' and is the 

ratio of the component elution volume to the void volume 

expressed as: 

( 1) 

wher e V0 is the total unoccupied volume in a packed column, 

consisting of the volume between the packing particles (the 

interstit~al volume) and the porosity of the packing material. 

V1 is the Elution Volume of an adsorbed species. 

Small values of k' indicate that the components are 

littl_e retained by the column. Large values of k' improve 

separation but lead to longer r e tention timAs and widP.r peaks. 

Separation of sample components; the capacity factors 

of two components become a measure of the column's ability 

to s eparate them. This is expressed as the Separation Factor, 

0(, and is defined as: 

o( = V -V = k' 
2 0 2 

Ir the Separation Factor is unity, the peaks coincide and 

no separation has occurred. Theo<. values, if high enough, 

may provide good separation. 

(2) 

Efficiency of Operation: for good resolution, narrow 

baseline widths (lower k' values, minimum band spreading) are 



sought. The Theoretical Plate .Number, N, an empirical 

measure of column efficiency, is expressed as: 

(3) 

Where V=tff x flow rate; W=peak width at baseline. 

( 4) 

Where tR=retention time; W=peak wldth at ba s eline. 

The narrower the peak, the higher N, the more efficient is 

the column. 

Another factor, Resolution R, is the total measure of 

component peak separation at their apexes and at their base

lines. Components with R=l are 98% resolved .• 

½ (W
2 

+ w1 ) (5) 

Resolution may also be expressed in terms of k', and N. 

R = ¼ ( o<-1) (-{N) (k' \ 
0( k 1 + 1 / (6) 

The three important characteristics of a chromator ra

phic separation are: th~ Sepa ration Factor--«- 1, Effi-
o( 

ciency--(N) a nd Capacity (Retention Time)--k' 
'""k-.-1 ~+----1 • 

Gradient elution is a technique of changing the rela

tive concentrations of two mobile phase solvents during a 

chromato graphic sevaration. Gradient elution is an opera

tional tool for optimizing separation of many sample compo-
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nents varying widely in retention volume during a single run. 

Isocratic elution is a technique whereby elution of 

sample components is achieved with constant solvent composi

tion during the chromatographic separation. 

B. Experimental Organization 

When this investiP:ation was undertaken, no known re

port on the determinetion of urinary aldostArone by high

pressure liquid chromatography was found in the literature. 

Therefore, a prototype HPLC method for the determination of 

urinary aldosterone had to be developed. The author pro

ceeded to accomplish this by varying the parameters of high

pressure liquid chromatography. 

The flow system of this HPLC set-up consists of a 

res e rvoir, followed by · a fil te·r and a pumping system which 

contains a pulse damper. (See Figure 11.)52 The solvent is 

pumped through the filter and pumping system to the valve 

and loop injector, then flows through the septum injector to 

the separating column and detector, tben on to a waste reser-

voir. 

The Wa ters Model 660 Solvent Progre.mmer was used for 

Performing both gradient elution and flow pro~ramming chroma

tography. 

Solvent programming (gradient elution) is accomplished 

With the addition of a second pump. 

Solvent programming is used for rapidly screening a 

number of specific solvent compositions to optimize operating 
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conditions for a new liquid chromatographic separation. 62 

1. Experimental Protocol 

The preliminary steps for the determination of human 

urinary aldosterone by HPLC are modifications of the methods 

as described by Zack, Web~ter and Cerniauskas;33 and by 

Bravo. 34 

The initial procedure involved: 

a. Collection of 24-h urine specimens. 

b. Measuring the volumes of filtered 24-h urine 

specimens. 

c. To a 100-mL aliquot of a 24-h urine specimen, 0.5 

mL of aldosterone stock standard (10 _ug/mL) i~ added. This 

aliquot and a second 100 mL aliquot of the same 24-h urine 

specimen are taken and qoth are adjusted to a pH of 1.0 with 

concentrated hydrochloric acid and are allowed to stand for 

24 h. 

d. The hydrolyzed urine samples are transferred to 

500-mL separa tory funnels, extracted three times with 100-

mL portions of methylene chloride, and finally with one 50-

mL portion of methylene chloride. 

e. The sample extracts are combined and these com

bined extracts of the sample and the sample with added aldo

sterone are evaporated separately using a rotary evaporator 

at 37° C to approximately 25 mL. 

r. The concentrated extracts are transferred to 250-

rnL separatory funnels with four 10-mL portions of methylene 
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chloride, and then washed three times with 0.1 volume of 8% 
sodium bicarbonate and twice with 25-mL portions of glass

distilled water. 

g. The concentrated extracts are transferred to 3.0-

mL silanlzed conical centrifuge tubes and are taken to dry-
o 0 

ness under a stream of nitrogen at 35-40 C. 

h. The residues are dissolved with l mL of glass

distilled methanol taken from the draw-off valve of the HPLC 

system. 

i. The dissolved sample is injected into the HPLC 

chromatograph. 

j. Detection of UV absorbing components is accom

plished with a 254-nm detector coupled to a recorder with 

electronic integrator • 

. C. Methods and Procedures 

1. Urine Sample Collection 

Urine specimens for the determination of urinary aldo

sterone were collected under most of the conditions outlined 

63 in a personal communication received from Dr. H.E. Thompson 

of Youngstown Hospital Association (YHA), Department of 

Laboratories. They are as follows: 

a. "Salt-loading." Salt loading was omitted. Reason: 
This investigator is not a medical doctor and by 
law is not permitted to prescribe any chemicals. 

b. The 24-h urine collection: Usually A.M. to A.M. For 
example: At 7:30 A.M., patient voids and the urine is 
discarded. All urine subs~quently voided in the next 
24 hours is saved including the voiding at 24-h from _ 



the start. The collection is pooled, mixed and total 
volume measured and recorded. An appropriate aliquot 
is saved with refrigeration until analyses have been 
completed. 

52 

c. The containe~: Thoroughly cleaned, 4 L organic solvent 
brown glass bottles. 

d. "Pre~ervative in the container for 21~-h urine collections: 
YHA: 1.5 mL 6 N HCl;" 

Note: There will be bacterial growth in urine specimens 

· when held at room temperature without a suitable preservative. 

e. Stated normal ran~es for 24-h excretion of aldosterone. 
Bio-Science: 2-26 Mg; Laboratory Medicine Data (used 
by YHA): 4-22 },(g; . Zack~ al.,3J M±2SD; 0-25 µg. 

2. Estimation of Aldosterone in Samples 

Estimation of aldosterone is performed using the HPLC 

system. This is coupled to an Omniscribe 2-Pen integrator 

recorder which recorded the c}:lromatogram. Quantification 

of aldosterone is based on either peak height or total inte

f r.a t ion counts which is directly proportional to the mass 

of aldosterone injected. 



CHAPTER V 

RESULTS A.ND DISCUSSIO~ 

·First, it was determined whether a chromatogram of 

the old stock aldosterone standard containing 47.2 ,l(g/mL 

~ould be obtained. 

The initial HPLC configuration, as described in Chap

ter Four, was tised and the initial operating parameters were: 

Sample: Ald os terone stock standard. In ie c ted amount: 5 ,LIL. 

Column Length: 61 cm; outside diameter (0.D.): 3.18 mm; 

Packing: 

inside diameter (I.D.): 2 mm. 

Bondapak ci8/corasil Reverse-Pha~e. Particle 
size range. 37-50 micDons. 

Mobile Phase: Methanol:H 0 (50:50) 
' 2 . 

Temperature (Temp.): Reservoir-ambient; column-ambient; 
detector-ambient. 

Flowrate: 0.5 mL/min. 

Detector: UV; Wavelength: 254 nm; Sensitivity: 0.02 AUFS 
(Absorbance Units Full Scale). 

Chart Speed: 0.25 in/min. 

Amounts of aldosterone standard injected directly 

onto the column were 20 ,4L, 15 ),(L, 14 HL, 12 )(L, 10 ~L, and 

5 ~L, respectivey. It was determined that 5 ,£<L · injections of 

standards and samples would he the volume to inject, because 

most peaks obtained would ~emain on scale on the chromato~ram. 

The HPLC system a nd columns h~d been purchased a 

short time before this rese a rch was sterted. 

53 
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The polarities of the sample and packing as well as 

the solvent are important to the separBtion process. 

Waters Associates, 64 presented graphically an Eluo

tropic series and column packings polarities which is a 

useful means of rating the relative polarities of the sol-

vents used. (See Figure 12.) Methanol and water were 

chosen as the solvent because of their medium to high polari

ties, and because aldosterone and other steroid standards are 

soluble in methanol-water mixtures. 

The chromatogram obtained of a 5 ,4'L · injection of pure 

aldosterone stock standard is shown in figure 15. 

The shape of the aldosterone peak is symmetrical and 

the retention time is 3.8 minutes. 

Chromatograms of the steroid standards, for example, 

of aldosterone and the steroids that might interfere with 

aldosterone determination were recorded utilizing the ini

tial HPLC configuration as described in the experimental 

organization. 

Table I shows the retention timos obtained from the 

chromatograms recorded of the old and new pure stock aldo

sterone standards. Similarly, the ~etention times of other 

steroids that might interfere with aldosterone determination 

were obtained from their respective recorded chromatograms. 

Symmetrical peaks of all the steroids were obtained 

on the chromatograms recorded. 
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The chromatograms recorded are evidence that pure 

aldosterone and pure steroids that mi ght interfere with aldo

sterone determina tion can be obtaine d with good resolution 

using the HPLC system and the operational conditions 

described above. 

TABLI<.: I 

THE RETENTION TIHES OF PUHE STANDARDS 

Steroid 

Ald~steronea 
Aldo s terone b 
Corticosteronea 
Corticosteroneb 
Cortisol8 

Cortisolb 
Cortisolb 
Reichstein's Substance S 
Deoxyriorticosterone 
Estradiol 
Estriol 
Estrone 

a: Old stock standard 
b: New stock standard 

pL Injected 

5 
5 
5 
5 
5 C 

5 C 

3 
5 
5 
5 
5 s 

Retention 
· Time (min.) 

3.8 
3.8 
7.0 
7.0 
4.0 
4.3 
4.3 
4.3 

15.0 
2.0 
3.5 
2.13 

c: 5 ~L injection took peak 
off scale. 

Further evidence of this can be seen in figure 16 and 

17. 

The separation of a 1:2 mixture of pure aldosterone 

and cortisol, injected directly onto the column is shown in 

figure 16; the shape of both peaks is symmetrical. 

In addition to the initial HPLC modules,. the M-660 

Solvent Programmer for manually changing the solvent compo

sition; dual pumps designated pump A and pump B; J.(Bondapak c1e 
rev erse-phase column and the Linear Instruments integrator 

recorder were used. 
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The retention times for aldosterone and cortisol in 

this mixture now are 9.8 minutes for aldosterone and 12.5 

minutes for cortisol, respectively. The reason for the 

longer retention times for aldosterone and cortisol in the 

mixture is the decrease in particle size of the column packing. 

The change in the flowrate to 1 mL/min caused the 

need for a pressure adjustment. In order to prevent a pump 

malfunction, the pressure cannot exceed 2000 psig maximum. 

The separation of a 1:2 mixture of pure aldosterone 

and cortisol injected directly onto the column, · and using 

CH3CN:H2 0 (24:76), is shown in figure 17; the shape of both 

peaks is symmetrical. The retention times for aldosterone · 

and cortisol in this soivent mixture now are 14.7 minutes for 

aldosterone and 18.1 minutes for cortisol, respectively. 

The reason for the longer retention times for aldosterone -nd 

cortisol in the mixture is the mobile phase polarity increased 

due to the greater percent of water. 

The reason for the change in the mobile phase CH3CN: 

H2o (.24: 76 r was to decrease the pressure to prevent the HPLC 

down-time experienced with ctt3ott:H
2

o (50:50), and also, to 

prevent pump malfunction. 

However, in a busy clinical laboratory, the safety of 

personnel has to be considered, therefore, with methanol, 

being the less hazardous of the two reagents, the CH30H:H
2
o 

solvent was chosen. The filters on the pump and column had 

to be cleaned more frequently. A column can become plu~ged 

by Particulate matter in the sample end/or solvent building 
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2 

PEAK IDENTITY 

1. Aldosterona 
2. Cortisol 

1 

Fig ura 16. Chromato ~ram of seperotion of pure a1do
s terone ( 1) and cortisol ( 2) ( 1 : ·2) mixture. Column pa eking , 
MBondapak c18 Reverse-Phase; Mobile phase, CH 10H:H2o (50:50); 
Temperature, ambient: Flowrata, 1 mL/min.; Detector UV (254 
nm); Sensitivity, 0.02 AUFS; Chart speed, 0.25 in/min.; 
Inte grator, 3000 counts/min. 
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Fi gure 17. Chrom8topr em of ~Pp e re t ion of e 1:2 mix
ture of pure •a1do s t Arone and c orti ~ol. Column packing; ..L(Bonde-
Pak .c18 Reverse-Phase; Mobile phase, CH3CN:H 0 (24:76); Tem
~erature, ambient; Flowrate, 1 mL/min.; Dete6tor, UV (254 nm); 
/nsitivity, 0.02 AUFS; Chart speed, 0.2 in/min.; Integrator 

rnp lit ude , low. 



up in the inlet end-fitting filter. A plugged column will 

cause a high system back pressure. Therefore, the filters 

on the pump and the column inlet end-fitting were cleaned 

more frequently. 
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Further manual solvent programming was done to opti

mize the CH30H:H2o solvent concentrations and it was decided 

to use · cH
3

0H:H
2
o (55:45) in order to obtain better resolution. 

A. Standard Curve 

A standard curve was prepared u~irtg the HPLC ·configura

tion as described on page 37. (See Figure 11.) 

Volumes injected were 1-25 ,l(L of pure aldosterone 

standard. 

Three injections of each volume were made and each 

point on the curve represents·the average of the three . injec

tions. (See Figures 18 and 19.) 

The curve appears to be linear to 267 ng aldosterone. 

Using this standard curve, the amount of aldosterone found 

in urine specimens is determined. 

B. Subjects' Urine Specimens and Chromatograms 

A 24~h urine collection from subject A, a sixteen year 

old fema le, w~s prepared according to the method described in 

Chapte r Four and a urine extrect was obtained. A 5-,qL inJec

tion of this urine extract was made. Fi e;ure 20 shows the 

chromatogram of this urine extract with aldosterone stock 

st andard adde d (5 1-(g). 
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Figure 21 shows the chromatogram of a _5- L injection 

of this urine extract without the addition of aldosterone 

standard. 

Three 5- L injections of aldosterone stock standard 

(10.7 g/mL) were first chromatographed to obtain the reten

tion timefl. The retention time obtained on each chromatop;ram 

wa s 9.5 minutes. 

This r e tention time of pure aldofterone stAndard WBR 

used to comp a re the chromato .0ram of sub,iAct A's urine P.xtrRct 

with adderl aldoEterone stanct nr d an f at 9. 5 minutes a peak 

with an unr e solved shoulder was o btained. Thi s unresolved 

should e r may be a tautomer of ~ldosterone. 

32 . 
DeVries ~ al also obtained a . chromatogram of a 

urine extract showing thB aldosterone peak with a shoulder. 

They indicated the shoulde~ ii caused by the effect of TLC on 

a.ldosterone as illustrated by a cbron,atogram of pure aldoster

one after TLC. They further explained that possibly a shift 

in the equilibrium between tautomeric forms of aldosterone is 

responsible for this effect. 

The chromatorram of subject A's urine extract ~ith

out the ad dition of aldosterone standard showed only one broad 

p eak at 9.5 minute s . (1S8 ng alrlo~terone wF- s found). 

A 24-h urine collection from Pubject B, a 17 year old 

male, wa s prepared accordin g to the method described in 

Chapter Four and a urine extra c t was obtained. The chromato

grams of subject B's urine extracts showed peaks similar to 

those obtained for subject A's urine extracts. 
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The researcher did not realize at the time the experi

ments were carried out that the unresolved shoulder obtained 

with subjects A and B's urine extracts could be a tautomer of 

aldosterone. See page 7. The aldosterone standard -does not 

show a shoulder, only the e ldosterone extracted from urine 

at pH 1. Perhaps the acidification of the urine to pH 1 

promotes the tautomerism of the aldosterone, but, yet not ob

served in aldosterone in HO samples which were carried thro~h 
2 . ~ 

the experimental protocol. Therefore, experimenting with the 

HPLC parameters to separate the aldosterone peak and shoulder 

followed. 

The ctt3oH:H2o concentration was changed manually 

using subject B's urine extracts with and without aldosterone 

standard to see if the peak plus shoulder could be resolved. 

The best separation of the peak and shoulder was ob

tained with CH30H:H2o (46:54) concentration. 

Three chromatograms of pure aldosterone stock standard 

were always recorded before chromatop;rams of any urine extracts 

were obtained. The reason for this procedure was to deter

mine the retention times of the pure Rldostnrone stock stan

dard, then use this retention time to determine where aldo

ste rone would be located on the urine extract chromatogram. 

The retention times for pure aldosterone would be located 

on the urine extract chromatogram. The retention time for 

Pure aldosterone (16 minutes) increases as methanol concen

tration decreases. (See Figure 22~) 
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A second 24-h urine collection from subject B was 

prepared according to the method described in Chapter Four 

and a urine extract was obtained. All subsequent urine 

extracts obtained from subjects C, D, E, Rnd F were all 

prepared as described in Cha pter Four. 
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A chromato gr a m of subject B's urine extracts without 

added aldosterone stock standard showed better resolution of 

the aldosterone peak and shoulder and the retention time 

was 16 minutes. (See Figure 23.) 

A strange phenomenon occurred when a chromatogram of 

subject B's urine extract spiked with a 1 mL aldosterone 

stock standard (10.7 .t<g/rnL) was obtained. The chromatogram 

showed not only the resolved peaks but an additional un

resolved peak appeared at 16 minutes with the previously re

solved peaks at ll~ minutes and 15 minutes, respectively. 

( See Fi gure 2l+. ) 

A standard curve was· prepared using injection volumes 

of 1 ,l(L to 30 ~L of aldosterone stock standard (10.7 /(g/mL). 

Thre e injections of each volume were made a nd Aach point on · 

the curve represents t~e avera ge integrator counts of the 

three inje ctions. (See Figure 25.) 

The standard-addition me thod was used to corroborate 

the phenomenon observed in the chromatogram in figure 24. 

A third 24-h urine collection from subject B was 

Prepared, and the urine extracts were used to obtain chrorna

t ' 
ograms of the standard additions. 
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Three representative chromatograms are shown in 

fi gures 26, 27 and 28 using a 1:5 dilution (10.7 A'g/mL) 

aldosterone stock standard. 
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The volume of all injections was 5 uL. Fi gure 26 

shows a chromato ~ram of 53 ng pure aldosterone stock stan

dard. Figure 27 shows a chromatogram of subject B's urine 

extract without aldosterone standard added. Figure 28 shows 

subject B1 s urine extract with 5 .3 .1-'g aldosterone standard 

ad ded to the 100 mL urine aliquot. Figure 29 shows subject 

B's urine extract with 10.7/"'g aldosterone standard added to 

the 100 mL urine aliquot. 

Altogether, seven chromatograms of subject B's urine 

extracts containing different volumes of a 1:5 dilution aldo

sterone stock standard (10.7 ,4g/mL) were recorded as follows: 

TABLE lI 

CHROMATOGRAMS OF VALUES OBTAINED OF THE STANDARD ADDITIONS 

Retention 
Subject mL (10.7 J,(g/mL) ng found Time (tR) 

Subject B-°l 0.5 141.0 19.0 min. 
Subject B-2 o.o 53.0 19.0 min. 
Subject B-3 0.1 46.0 19.0 min. 
Subject B-4 0.3 52.0 19.0 min. 
Subj e ct B-5 o.6 114.0 19.0 min. 
Subj e ct B-6 o.8 162.0 19.0 min. 
Sub,ject B-7 1.0 17,2.0 19.0 min. 

The. chromatograms showed a progressive increase in 

the unresolved peak as aldosterone concentration was 

increased. 
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As previously indicated, three chromatograms of pure 

aldosterone were always obtaimid prior to obtaining chroma

tograms of urine specimens. The reason for obtaining the 

three chromatograms of pure aldo-sterone was to determine the 

tR, then using the tR obtained for pure aldosterone to deter

mine where _to expect the tR of aldosterone in the urine 

specimens. 

As the column was used the tR's obtained were longer. 

'I'his may be due to changing column characteristics such as 

contaminated filters, tubing, and reservoirs. 

The chromatograms of figures 26, 27, 28 and 29 all 

show longer tR's with tR of pure aldosterone now at 19 minutes 

instead of 16 minutes as seen in figures 22, 23 and 24. 

C. Method of Standard Addition 

In the standard addition method65 a known quantity of 

the substance being de termine d is added to a definite volume 

of the solution of unknown concentration. A dPtermination 

is made on the s cJ mple to be analyzed, then a measured quan

tity of standard is added to the s a mple, treated identically, 

and the measurement or comparison made. 

In this research, a chromatogram of subject B's urine 
., 

extract without aldosterone stan dard added, was recorded. 

_Six more chromatograms of subject B's urine extracts . 

containing different volumes of a 1:5 dilution aldosterone 

stock standard (10.7 µg/mL) were recorded and the chromato

grams were compared with the chrom~togram of subject B's 



urine extract without aldosterone standard added. 

The new standard curve was used to determine the 

quantity (in ng) aldosterone found. (See Figure 25.) 
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Furth~r examination of the chromato~rams obtained re

vealed the retention tim.es of aldof!terone standards and urine 

extracts increased as more chrornatogra~s were recorded. 

Baselines became so erratic at one· point, this re

searcher contacted the Waters Associates 66 to help determine 

the cause. 

It was suggested, ·2 .O mL dimethylsulfoxide ( DMSO) 

be injected once a week to strip the column of any large 

polar molecules, for example, proteins. 

As su ggested by the Waters Associates personnel, 

DMSO (2.0 mL) was injected onto the column, but the problem 

was not resolved. Therefore, ·all filters, tubing and the 

reference and sample cuvettes were cleaned with a 6N HNo
3 

(Nitric acid) solution. The distillation apparatus used to 

prepare the glass-distilled H2o used in this procedure, and 

all reservoirs were al8o clo.aned. This resolved the problem 

of erratic baselines. 

Before each urine extract injection, 2 mL of H 0 
2 

followed by 2 mL of methanol were injected onto the column, 

to clean the column. 

All this trouble-shooting resulted in reducing the 

retention times for aldosterone· standards and urine extracts 

to 15 minutes. 

Unfortunately, time did not permit to rerecord the 

aldoste.rone standards and urine extracts. 
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Twenty-four hour urine collections were obtained 

from: 

TABLE III 

Sub.ject Gonder Age (years) 

Subject-A 
Subject-B 
Subject-C . 
Subject-D 
Subject-E 
Sub.ject-F 

Female 
Male 
Female 
Hale 
Male 
Male 

16 y 
17 y 
51 y 
26 y 
46 y 
23 y 

All urine collections were prepared according to the 

meth~d described in Chapter Four and urine extracts obtained. 

The chromatograms of the urine extracts showed essen

tially the same results as obtained for subjects A and B. 

The loss of aldoster-one was determined in triplicate 

by adding no a ld os teron·e, 5 1-<Fl., 26. 7 -"g, and . .53 .4 .,t1g of pure 

aldosterone stock standard rerpectively, to 100 mL aliquots 

of 2X 1 s glass-distilled wat e r. Each 100 mL aliquot of water 

was then treated as a urine s pecimen following all the re

quired ste,ps. Twelve .determinations were carried out as 

outlined in Chapter Four. The percent recovery was deter

mined as follows: 

% recovery= mass of aldosterone fo~nd X 100 
mas~ of aldosterone introdu~ed 
into the sample 

No peak plus shoulder was observed. The percent 

recovery was 64-71%. 



CHAPTER VI 

CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 

A. Detection of Aldosterone Using HPLC 

The chromatogram obtained of a 5~L injection of pure 

aldosterone stock standard is shown in figure 15. 

The shape of the aldosterone peak is symmetrical and 

the retention time is 3.8 minutes. The operational condi

tions were described previously. 

The separation of a 1:2 mixture of pure aldosterone 

and cortisol, injected directly onto the column is shown in 

fi g ure l6, the shape of both peaks is symmetrical. 

Chromatograms of urine· extracts were obtained, which 

showed a peak with an unresolvPd shoulder, at the same tR 

as was obtained with pure aldosterone. 

Figures 15 and 16 and all subsequent chromatograms 

recorded, are evidence that urina~y aldosterone can be de

tected using l~LC. However, in order to suppress interfer

ences from matrix elements of a urine extract completely, 

further experimentation would be required. 

B. Problems Encountered 

No difficulty was encountered when pure aldosterone, 

aldosterone and cortisol mixture, and other pure steroids 

Were first injected onto the HPLC column. 
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Althou gh ~Bondapak c18 has a monomolecular layer 

of octadecyltrichlorosilane chemically bonded via Si-C bonds 

to Waters Associates' new small diameter ( 10 microns ·) 

packing material (µPorasil), and· their claim that the stabil

ity of these chemical bonds prevents bleeding and pooling, 

evidence of column deterioration was observed. 

· The retention times were not reproducible after only 

eight to twelve runs. 

Erratic baselines were observed on the chromatograms. 

It w.as suggested by the Waters Associates, that the 

column be· cleaned weekly by the injection of 2 mL of d;imethyl

sulfoxide (DMSO) to strip the column of protein_ build-up, 

also, to clean the UV cell. 

Cleaning the column with DMSO helped, however, the 

column had to be re generated l::iy injection of 2 mL .H20 followed 

by 2 mL CH30H after each urine extra ct wa ~ run in order to 

obtain reproducible retention times for a day's run. 

In order to prolong the life of the column, a pre

column or guard column may be desirable to be included be

tween the injection port and the analytical column, especia,11:y 

for biological fluids. 

Cleaning the UV Detector. reference and sample cells, 

as well as the tubing of all the modules with6N HNO - re-
3 

solved the problems .• 

High system back pressure occurred frequently by _the 

column becomin g plugged by particulate matter building up in 

the inle t ~nd-fitting filt er. 



Even though a U6K septumless injector was in the 

system, the column end-fitting filter had to be replaced fre

quently. 

The rese~voir had to be cleaned _frequ~ntly and the 

solvent changed. 

The reservoir filters and the inlet filter had to be 

cleaned frequently. 

C. Suggestions For Future Research 

At the time these experiments were carried out, dis

posable cartridges containing XAD-2 resin for purification 

of the urine samples were not available to this researcher. 

Further experimentation, for example, using the dis

posable XAD-2 column cartridges to extract and concentrate 

the urinary aldosterone from the individual specime ns, 

followed by the methods and procedures described in Chapter 

Four and further experimentation by varying HPLC parameters 

should produce more satisfactory results. 

DeV~ies et a1, 32 in their assay of aldosterone in 

urine by HPLC performed thin-layer chromatography (TLC) prior 

to HPLC to purify the urine extracts. 

This researcher did not use TLC because TLC would 

add another time-consuming step to the .procedure. 

Whitney et a1, 68 developed a single-step procedure 

for extraction and concentration of hydrophobic metabolites 

from pl~sma, ~erum, bile and amniotic fluids using disposable 

Sep-Pak C18 cartrid~es. 



83 

Further experimentation using Sep-Pak c
18 

extraction 

would be an extremely prudent course 6f action ~o take. The 

savings in time and solvents, combined with the •simplicity, 

high capacity, excellent efficiency and broad range or Sep

Pak extractions, would provide an exceptional tool for use 

in determining human urinary aldosterone by HPLC. 

Dr. Spiegel I s cornversation with. Joanne Whitney di~- . 

closed that 98% of radioactive aldosterone conjugates adsorb 

onto Sep-Pak C1~~ 

The development of the Sep-Pak c18 cartridges (Waters 

Associ~tes, Inc.) gives new hope for a simple and rapid 

determination of human urinary aldo~terone by High-Pressure 

Liquid Chromatography. 

Some modification of the procedure developed plus 

further experimentation by varying HPLC parameters should 

produce a simple, rapid determination of urinary aldosterone 

by Hl'LC. 
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