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ABSTRACT 

THE USE OF SEP-PAKR CARTRIDGES IN ALDOSTERONE 

DETERMINATIONS USING HIGH-PRESSURE LI QU ID CHROMATOGRAPHY 

Linda Montevideo Bennett 

Master of Science 

Youngstown State University, 1982 

Aldosterone is a steroid which is essential to 

life. Bec ause of its clinical si gnificance, it is i n1po rt::1.nt 

that ::1n accurate method be utilized wh en assay in g its level 

in urine. Most clinical laboratories have used RIA 

procedures when analyzing urines for this steroid. One of 

the non-isoto~ · procedures investigated for the determination 

of aldosterone is high- pressure liquid chromato graphy. Pri or 

to the ac t ual quantificati o n of this steroid by HPLC , i t 

must be ext racted fr om the ur ine and h ydrolyzed. This has 

usually been accomplished by tedious , ti me - co nsuming methods . 

The purpose of this research was to devise a p r ocedure 

~1i~ would quickly and comp letely extrac t aldosterone from 

urine specimens , while at the same time , eliminating i nte rferring 

c ompou nds . This s tud y utilized Waters Associates , In c . 

Sep - Pak silica and c18 c artridges. By utilizing the ~~ 

car tridg es in sequence, undesirable components , such as 

ur inary , pigments can be re moved. Recovery o f aldostero ne 

standard added to unhydrolyzed rand om urine was 53- 73% . 
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Operating parameters include a reverse-phase c18 column and 

a q~eous acetonitrile as the mobile phase. 

Difficulties arose after acid hydrolysis of the 

urine sample was completed. There appears to be some type 

of problem occurring which pr~vents the extraction of 

aldosterone by these Sep-Pak cartridges under the 

lll 

particular operating parameters used. Suggestions for dealing 

with this problem are discussed. 
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CHAPTER I 

INTRODUCTION 

A. Biochemistry of Aldost=rone 

The adrenal g lands, one located on the top o f each 

kidney , have the function of secreting numerous steroids . 

These steroids, which have• the cyclopentanoperhydrophenan

threne ring ( See Figure 1 ) 1 as a part of their chemical 

structure , can be further subdivided into 3 groups: the 

lucocorticoids, t he minera l corticoids and sex hormones .
2 

Fi gure 1. -- Cyclopentanoperhydro phenanthrene Rin g 1 

Of the mineralcorticoids , whose main func t ion is 

the control of electrolyte and fluid balance , aldosterone 

( CAS Re g istry Number ( 52 - 39 - 1] ) 3 is the most active. 

For a more in depth discussion on the adrenal cortex , the 



reader i s directed to various texts on biochemistry and 

physiology . 2 '
4 

The structure of aldosterone ( A 4
- Pre gnen - 18 - al -

11 ~ , 21, diol - 3,20 -dione - (ll➔ J.8) - lacto1) 5 was first 

elucidated i n 1954 by Simpson , Tait;Wettstein , Ne herJvonE uw , 

Schindler and Rei c hstein6 , and can be seen in Figure 2, 4 

4 
Fi g ure 2 .-- Aldosterone 

When aldosterone is in solution, there ex ists an 

equi librium between the aldehyde structure and the he miace ta l . 

( See Fig ure 3 ) 4 , 7 The hemiacetal for m is fav o red. 

H 

( ) 

0 

4 7 
Fi~ure 3 . -- The t wo eauilibriurr1 fo r ms of 3ldost er one . ' 



3 . 

B . Mode of Action 

Aldosterone is secreted by t he zona g lomerul o s ~ 

f 
. 2 

of the outer layer o the adrenal g land known as the cortex. · 

Its secretion is regulated by numerous factors , including ACTH, 

somatotropin, plasma sodium and potassium concentrations and 

probably the most influential , the renin- ang iotensin system .
4 •8 

Numerous studies 2 , 4 , 9 have shown the importance of 

Ang iotensin II as a major re gulator of aldosterone secretion. 

The primary re gulating sites at which the Renin-An g iotensin 

system controls the production of aldosterone are ce llular 

receptors for Ang iotensin II and are l ocated in the adrenal 

zona g lomerulosa . 9 Concentrations of Ang i otensin II as low 

as 3 x 10 - 1 1 M elicit sign i f icant increases in aldosterone 

product ion. 

10 Studies by Bravo et al have demonstrated the presence 

in urine of a g lycoprotein fraction called ASF ( Aldosterone 

Stimulating Factor ) . It is thought that its site of acti o n 

mi ght be at the stag e where cholesterol is converted to 

pre gneno lone or o f the latter substance to pro g es t erone . I t 

was also shown that ASF and An g i o tensin II act at differe nt 

receptor sites b y the inability of a specific An g i o tensin 

II antag onis t to inhibit ASF- induced aldo stero ne p r oduc t i o n . 

Once f o rmed, how does aldos t erone act i n t he cell? 

The existence of hi g h - affini ty nuclear recept ors for aldo s -

terone was firs t demonstrated by 

This work was la te r supported by 

7 1 
Edelman e t al- in 1963 . 

8 Sharp e t al . The rece p t o rs 



a..ppear to be proteins.
8 

It has been determined that the 

binding sites are present in target t issue (including kidney , 

salivary, sweat g lands and the colon), but absent from non

target tissue . 8 

Other experiments have shown that with no aldosterone 

present, the receptors can be locat~d in the cytoplasm of the 

cell, but on binding with the steroid, the resulting aldos~ 

te rone -re ceptor complex attaches to the nuclear chromatin,
11 

This induces the synthesis of proteins (AIP , Aldosterone -

12 Induced Proteins ) in the target cells, The part i cipation 

of DNA in chromat in acceptor activity has also been demonstra

ted .1 2 Figure 4 shows a representation of a mineralcorticoid 

target cell. 8 

of AIP . 

There are 3 possible t heories as to the functions 

12 
One postulation is called the "Sodium Pump" Theory. 

The term "sodium pump " refers to the energy -requiring mechan

is m which ejects sodium ions from the ce ll a g ainst an 

oppoiing gradient while simultaneously effect in g the reentry 

f t . . 4 o po assium ions . The theory states that the sodium pump 

is directly activated by a ldost erone . The steroid may serve 

to either increase the number of pumps or ac tivate those 

which already exist . 12 At the present , there is not enou gh 

evidence to support this idea. 

Th e second theory , known as the " Metabolic Theo r y ,: 

suggests that the supply of ATP is re g ulated by AIP 1

8 ,12 

It was demonstrated that aldosterone --med iated c hanges in 

sodium transport depend on an acetyl Co A precursor . The 
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first hypothesis was that at least one of the enzymes invol

ved in the Tricarboxylic Acid Cycle was stimulated by aldos

terone, And in fact, it was later shown that the activity of 

several mitochondrial enzymes, namel y citrate synthase, 

g lutamate dehydrogenase, malate dehydro genase and cytosolic 

g lutaniic-axaloacetic transaminase were increased when aldos-

t d .. t d 8,ll,l2 erone was a minis ere , Citrate synthase responds 

the most strong ly, The increased activity of this enzyme 

c an be seen ma x imally in the renal medulla which contains 

. ii l2 nep hrons most responsive to aldosterone, ? This find-

ing was supported by the ' work which showed that a gents 

(such as Spirolactone, seen in Figure 5, a potent aldosterone 

antagonist) 13 which block this activity, abolished the incre-

8 11 12 ased enzyme activity dependent on the aldosterone, ' ' 

The third hypothesis, the "Permease Theory 11l 2 

i mplies that the AIP facilitates the passive sodium e ntry 

across the apical plasma membrane (apical referring t o c ells 

14 
lo cat e d in the apex , or bottom tip of the g land) , there by 

all owi ng g~eater acc e ss of so dium to p ump s i t es, 8 ,ll,i 2 

Studie s done with Amphotericin B (s t ruc t ure sho wn i n Fi gure 

6) 13 , an antibiotic, supports this postul a ti on.
8 

---~ 

0 
, S - CCH

3 

Fi gure 5 .-- Spi r o l actone
13 



0 

H 

COOH 

Fi gure 6 .-- Amphot eri cin B13 

Other work involving isolated toad bladder ce lls incubated 

with aldosterone we r e f o und to contain more sodium t han 

paire d controls. There have been several recent studies 

which support th is n Permease Theory ". B, ll , l 2 However, 

more detailed ana l y sis, involving proteolipid synthesis 

I • 

and chang es i n divalent i on content o f the a p ical membrane 

must be made before a final determinati o n as to the validity 

of this hypot hesi s can be made. 

C. Clinical and Biolog i cal significanc e 

Aldoste r one has bi o lo g ical fun ct ions wh ich are vit al 

to surv i val . It is r e s pons ible for ma i nta i n i n g a constant 

electrolyt e balance and blood vo lume b y inc rea sing r eabsorp 

t ion of sodium by the k idne y . This is due to the fact that 

Plasma sodium concent ra t i on is d i rect l y p r opo r tional to blood 

Volume a nd urinary excret i on o f wa te r . At the same t i me , 

WILLIAM F. MAAG LIBRARY 
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pot.assium ion excretion is increased. 13 

The action of aldosterone is primarily on the 

distal convolu t ed kidney tubules, and t o a lesser e xtent , 

on the c o llect ing ducts and the prox i ma l co nvo lut e d tubul e s ~ , l3 

This steroid also controls sodium trans por t in t he swea t 

g lands,s mall intestine, salivary g lands and colon. 13 

If an individual maintains a constant overproduc

tion of aldosterone (aldosteronism), h ypertension may resul t , 1 

Aldosterone can be determined in biolog ical fluids. 

The principi} metabolites of aldosterone found in the uri ne 

are tetrahydroaldosterone and aldosterone-1 8- g lucuronic 

a c ict. 15 , 16 Free aldosterone makes up ab o u t 3 % of the tot al 

urin ary aldosterone.
16 

By performing aldosterone assays, a clinician ma y 

diagnose Conn's Syndrome or prima.ry hyperaldosteronism, a 

dysfunction of the adrenal g land which cause s in c reased 

aldo s te r o ne secretion , Overproduction ma y also be a resul t 

of ext ra a drenal diseas e , or sec ondary a l doste r o nis m. 

By correlating the aldo s t erone l evel wi th c lin i cal 

symp toms, t he phy sician may then be able t o t reat t he 

dis o r der. 

D. Curren t Method s o f Analys is 

The most widel y a ccepted method in the c li n i ca l 

labor ato r y f o r pl asma or ur in e a l dostero ne determinat i on s 

is rad i o i mmunoassay ( RIA) . 1 
By i njectin ~ rabbi t s wi th 

aldo s te r one-3- carb oxy - methox i me - 18 ~21 - d i acetate coup led 



with bovine albumin, a highly specific antisera to this 

steroid has been developed,~17The aldosterone-conjug ate 

9 . 

can then be radioactively labeled with 3H at carbons 1 and 2 

of the aldosterone molecule, and then used in the steroid 

analysis. 17 The methods utilizing tritiated aldosterone 

do not lend themselves well to the routine clinical labor

atory, however, because most laborator~~s do not possess 

liquid scintillation counters, 

Recently, a method has been developed by Diagnostic 

Products which uses aldosterone tagged with radioactive 

iodine ( 125 r) instead of tritiated aldosterone. 18 , 19 When 

questioned about the method of antibody formation and 

aldosterone iodination, the manufacturer would not divulge 

the information, claiming it was a trade secret. With this 

method, competition between endogenous aldosterone and 

radioactive labeled aldosterone for an aldosterone-specific 

antibody takes place. The free aldosterone is separated 

from the bound portion by using a substance such as dextran 

coated charcoal. The radioac t ivit y i n either the bound or 

unbound portion is counted and the counts per minute are 

16 is compared to known standards, ' 

The normal aldosterone values found by this met h od 

are as follows: plasma (standing position) - 4-31 n g / d LiS 

urine- 6-25 p g /24 hlS 

Studies were done on the precisi on of t his 

method. 19Within - the-run and run-to-run pre cision values 

for Plasma and urine are shown in Table i. 19 



TABLE 1. 

PRECISI ON FOR THE ANALYSIS OF SERUM AND URINE 
ALDOSTERONE BY THE USE OF I ODINATED ALDOSTERONE 

n * Mean SD CV 

-Within- run 
Serum 20 121. 0 6 . 8 5 . 7 
Urine 19 12 . 8 O. 4 - 3 . 4 

Run - to - Run 
Se r um 26 38 . 8 6 . 5 1 6 . 8 
Ur i ne 10 159.9 20 . 8 13 .0 

* . 
n = number of samples analyzed 

#S D= Standard Deviat i on 

@CV% = Coeffic i ent of Variation ( Relat i ve SD) 

Recove ry of a l dosterone showed 102 . 2% r ecovery for 

serum and 104 ~0% f or urine , which i s excellent . 19 

10 . 

This met hod st ill has certai n drawbacks . Two 

ext ract i on steps of the urine are necessary p rior to ana l y sis , 

wi t h one e xt ra ct i on requiring mechanical r ot at i o n f or 10 

minutes and the second requiring me chan i cal rotation for 

60 minutes . In additio n , t he hydrolysis step requires a 

24 h incubation peri od at r oom tempe r ature . 

E . Statement o f t he Pr ob lem 

Because o f t he i mpo r t ant r o l e aldosterone p l ays in 

elec t r o l yte balance , and hence , ma i ntenance of no r mal blood 

Pressure . i t is extreme l y desirable t hat a Pap id, accurate 

method for i ts determination be devel ope d . 



As previously stated , the routine laboratory can 

measure this mineralcorticoid by RIA . However, in most of 

the procedures utilized, the sample must first be extracted 

to remove interfe ring substances . This p reliminary step is 

certainly an undesirable feature in that it is time - consuming . 

In addition , the extraction rnaynot always remove undesirable 

compounds , so that cross - reactivity between the aldosterone 

antibody and non - aldosterone components occurs . This would 

result in falsely elevated aldosterone levels . 

Due to this , other research has been under t aken to find 

a faster, more accurate methodology for aldosterone determina

t i o n. Recen tly , there has been work in the area of Hig h 

Performance (or Pressure) Liquid Chromato grap h y (HPLC) . 

When this has been used , results have been 0xtremely promising. 

However , most methods still requiretedi o us extraction 

procedures . 

It - ·1s the objective of this research to re mo ve in t er 

ferin g urinary substances , namel y , urina r y p i gments , fr om 

samples prior to t he HPLCdetermina t i o n of aldosterone. This 

was accomplished by the use of Water A~sociates c1 g and s ili ca 

Sep - Pak cartridges . The quantifica t i on o f urinary aldosterone 

levels was a lso investi g ated. 

F . Hi g h Performance Liquid Chromat og raphy 

When referr ing to liquid c hrom a t og raphy , one is 

speakin of a c hromatographic technique in wh ich t he mov i ng ~r 



.J..<- • 

mobile phase is a liquid. The mobile phase passes through a column 

which contains imnobile packing material coated with a liquid known as the 

t t . . ha 20 s a ionary p se. 

The components (solutes) of interest ::ll'e dissolved in a 

liquid compatible with the mobile phase and ::ll'e then placed at the top 

of the chromatographic column. Because of the small p::ll't i cles used for 

the stationary phase, high pressure must be applied to the column 

to move the sample mixture through . While flowing through the column, 

the sample is separated into its component p::ll'ts. The extent of sep::ll'

ation depends on the interaction which occurs between the solutes, the 

mobile phase and the station::ll'y phase. 

One of the characteristic features in a chromatographic 

sep::ll'ation is differential migration, That is, the different components 

of a sample move through the column at different rates in order for 

sep::ll'ation to occur. This is the result of the distribution of the 

sample molecules between the rrobile phase and the station::ll'y phase . 

The more t i me a sample molecule spends in the station::ll'y phase,tbe . 7-onger it 

will take to move though the column. 21 

Another important feature in a separation is the spreading of the 

sample molecules along t he column . As a component moves through the column , 

there is a difference in the migration rate of the individual molecules 

caused by physical pr ocesses . These physical processes include the 

following:l ) eddy diffusion, which is due to the multiple flow paths that 

the solvent follows between different p::ll'ticles within the 

column. 

2) mobile phase .mass transfer refers to the concept t hat those 

sample molecules traveling the closest to the edge of the 



flowpath travel slower than those molecules 

which travel down t he center of the flowpath 

3) stagnant mobile - phase mass t ransfer refers to 

the nonmoving mobile phase contained within the 

pores of the stationary phase which g ives a de gree 

of undesirable band broadening 

4) longitudinal diffusion refers to the tendency 

of sample molecules to diffuse randomly in all 

directions . 21 

The sample molecules eventually travel the lengt h of 

the column from which they are carried to the detector, where 

a signal is sent to the recorder and results in a chroma-

togram. (See Figure 7) 21 The sample elutes from the column 

in such a manner that it forms an approximate bell - shaped 

curve on the chromatogram . Each compound leaves the column 

at a characteristic t i me which can be used in its identifica

tion . The retention time (tR) is a measure of time from 

when the sample was first injec ted onto the column to the 

21 time when t he band maximum leaves the co lumn . This can 

be seen on the strip chart recorder . A typ ical chromato gram 

shows nearly complete separation o r resolution be tween the 

peaks. The resolution ( Rs) of two adjacent bands is g ive n 

by the equation: 21 

R = 
s 

( 1 ) 

Where t d 1 qn t 2 refer to the tR values of bands 1 and 2 ; 
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are their band widths, which are measured at t he 

points of-inflection. ( See Figure 8 ) 21 Better separation 

is indicated by large r R values while smaller R values s s 

are found with poorer separation. Changes in resolution 

can be achieved in several different ways. These include 

changing the composition of the mobile phase and/or 

stationary phase; changing the column leng th or the solvent 

flow rate through the column. 21 
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CHAPTER II 

REVIEW OF THE LITERATURE 

Because of aldosterone's role in the maintenance 

of elect rolyte and water balance in the human body, there 

has been extensive research to find a chrom9.tog-raphic method 

to accurately quantify it in body fluids. 

Adding to the difficulty is the fact that this 

steroid is present in such small quantities: the normal 

1 
urine rang e is 2-26 µ g/2 4 h, while in the p lasma, its 

level is found to be normally 0.3-2.5 ng/dL in the recum-

b t . t. 1 en posi ion. 

There have been reports on this subject , wi t h all 

of t hem involving ext rac tion and hydrolysis as part of th e 

procedure, which can be very time - consumin g , complex and 

expensive. 

A. Gas - Liquid Chromato graphy 

.L I " 

Scandrett, Wilson and Ross 23 J es c rfued a method f o r 

isolating aldostero ne and its metabolit e tetrahydroaldos te r one 

from both plasma and urine. The s~mp les g re extra c ted wi t h 

Amberlite XAD - 2 resin, followed by fur t her pu rifi cat ion b y 

iquid chromat ogr ap hy with LH-20 resin columns . The ste p 

l'1or t GL ° C anal y sis involves separa t i o n by t hin layer 

hromatography, a pr ocedure which causes minimal dama g e and 



structural alteration to the steroids. Heptafluorbutyryl 

gamma-lactone derivatives of tetrahydroaldosterone and aldos

terone were formed and a chromatogram by GLC obtained. 

The recovery for this method, as measured by added 

radioactivity was 51,5 ±7 ,. 4% for aldosterone and 48.7± 8.3% 

for tetrahydroaldosterone. The low recovery is indicative 

of a need for further investigation into this procedure , to 

find out exactly where the aldosterone is being lost. 

Another procedure for evaluation of urinary steroids 

24 is described by Shackleton and Whitney. This method 

incorporates Sep-Pak c18 cartridges for extraction of urinary 

steroids. 

Steroid conjugates from the Sep-Pak extraction of 

unhydrolyzed urine were hydrolyzed enzymatically and the 

freed steroids were extracted. Methyloxime-trimethylsilyl 

derivatives of the steroids were prepared and gas chromato 

graphic separation was performed . 

This method was compared to Amberlite XA D-2 extractions 

and also to ethyl acetate extractions. The Amber lite XAD -2 

extractions gave far poorer recoveries than did both the Sep-Pak 

and ethy l acetate extractions. 

Recovery studies f or Sep - Pak extraction of enzyme 

hydrolyzed urines , each containing a known amount of 

trit1ated aldosterone metabolite, showed excellent resul ts . 
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With the first mL of methanol passed through the cartridge, 

95 - 99 % (n=6) of the aldosterone was recovered. 

Graef, Furuya and Nishikaze 15 , in a time-consuming 

procedure~ used Amberlite XAD-2 for extraction of urinary 

steroids, followed by enzymatic hydrolysis of conjugates 

with ~-g lucuronidase . Further purification is obtained by 

extraction with various organic solvents, including methylene 

chloride . This is followed by thin layer chromatography, 

after which, the area containing aldosterone is scraped 

off and extracted. Gas-liquid chromatography is 

performed . The per-cent recovery for this method is 

76 ± 6 (n=8). 

B. High-Pressure Liquid Chromatography 

DeVries, Popp-Snijders, De Kieviet and.Akkerman

Faber25 describe an HPLC procedure for urinary aldosterone 

employing acid hydrolysis, and extraction which is followed 

by further purification by thin layer chromatography. The 

aldosterone is quantified by normal - phase HPLC , using 

prednisolone as the internal standard. 

The recovery for this study was 63 ± 9 % ( n=215). 

The loss of aldosterone can be probably aitributed to the 

3 thin layer chromatography extractions. In comparing 

this method to GLC, the C. V. for the HPLC procedure was 16% 

(n=215) with a lower detection limit of 5 nmoles/24 h, with the 

c.v. for the GLC being 22% (n=71) and a lower detection limit of 

lO nmoles/24h. The HPLC procedure was found to be more sensitive. 



.Schoneshofer and Du l ce 26 use gradient elution in t heir 

HPLC purification of 19 urinary steroids, including aldosterone, 

prior to immunoassay. There were different parameters utili zed 

in this particul ar research, totalling 7 different systems . The 

systems were composed of different column packing s and solvents 

for gradient elution. With gradient reverse-phase chromato

graphy, using methanol and water as the mobile phase, adequat e 

separation of steroids was obtained. As t he steroids elut e 

from the column , they are fractionated by a time - re gulated 

sample collector . The steroids are then quantitatively assayed 

by RIA. The authors do state that due to their low concen

trat ions and strong interferences by non-specifically ultra

violet absorbing substances, urinary steroids other than cort isol 

and estriol are difficult to assay by HPLC alone . 

Aldosterone is one of the steroids assayed 

in adrenocortical extracts by Ballerini and Chino1 . 27 

The HPLC s y stem utili zed a chloroform- met hanol gradient 

during t he normal phase ~aalysis and wa t er-acetonitrile gr adien t 

during t he reverse - phase chromatograph y . Goo d se paration o f 

aldosterone from the o t her steroids was obtained. No rec overy 

resul t s were g iven . Though the authors do not g ive an 

extrac t ion pro cedure, this method would p r obabl y be a pp licable 

to urine assay s if in t erfering subs t ances are re mo ved prio r 

to HPLC. 

O'Hare, Nice, Ma gee - Brown and Bullman 28 were able t o 

use a dio xane - water gradient to separa t e aldosterone fr om t he 

Other 1 po ar adrenal stero ids . Reverse-phase c hroma to grap hy , 



with a 25 cm Zorbax - ODS column was used in their research. 

Reardon , Caldarella and Canalis 29 describe a method 

for the analysis of serum cortisol and 11-deoxycortisol by 

reverse-phase liquid chromatography. Recovery was determined 

by the addition of 100 ng cortisol and 100 n g 11-deoxycortisol 

to the serum prior to extraction . The results were 96±3 % 

( n =9) and 105±l % (n=l7),respectively. A comparison study 

with RIA was also performed. There was good correlation 

between the two methods , with the exception of cortisol 

determinations after metyrapone stimulation. The concen

trations dete rmined by HPLC were 50-90% lower, possibly due 

to the lack of specificity of the RIA procedure . That is, 

the antisera in the RIA procedure may have been " cross 

reacting" with substances other than the cortisol, thus giving 

falsely elevated results. This HPLC procedure did incorpor

ate a m~hy lene chloride extraction step. 

For a previous review of literature on HPLC of 

urinary aldosterone, the reader is referred to Komara . 30 
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CHAPTER III 

MATERIALS AND APPARATUS 

A, Solvents and Reagents 

Distilled, deionized and filtered water, redistilled 

ovar potassium permanganate and NaOH , was used for the 

preparation of all reagents and solvent systems. 

Solvents and reagents were p repared or used as 

described below. 

Met hanol ( Fisher- Scientific Company, Fairlawn, 

New Jersey ,HPLC grade), further purified prior to use by 

passing through a Waters Associates c18 Sep-Pak cartridge . 

Methylene chloride, acetonitrile (Burdick and 

Jackson Laboratories,Inc., Muskegan, Michig an, 'distille~ 

in g lass'), used without further purification . 

Dimethylsulfox ide CDMSO,J,T. Baker Company, Philli9s 

burg , New Jersey) , was used without further purification . 

Hydrochloric acid and ni t ric acid (Fisher- Scientific 

Company, Fairlawn,New Jersey,ACS grade); concentrated HN0
3 

was used to make up a 6!:i HNo
3 

solution; concentrated HCl was 

used to make u p a 2N HCl solution . 

Charcoal (Cent ral Scientific Company) , was dried 

by heati ng at 100° C overni ght . I t was used in the a ttem9t 

to remove p i gments from urine . 



Sephadex LH-20 (Pharmacia Fine Chem i cals, Pis~ataway , 

N. ·J.);was utilized in the urine extraction p rocedure. 

Acenapthene and uracil (Eastman Kodak Co ., Rochester, 

N. Y.) -were used to determine the number of theoretical plates 

(N) in the c18 column. 

Nitrogen and argon (Airco, Inc., New York, N,Y,2 were 

used to evaporate solvents from the samples. 

Sodium hydroxide pellets (Mallinkrodtj Paris ~ 

Kentucky; Analytical Reagent 2 were Ltsed to prepare a 2N solut 1·on . 

Drierite (W.A.Hammond Drierite Co., Xenia, Ohio) 

was used as the dessicant in the detector. 

B . Steroids 

The following steroids were obt2ined from Sigma 

Chemical Company (St. Louis, Missouri) 

1. D-aldosterone ( L. 4
-Pregnen-18-al.,....ll /J , 21-diol-

3,20 dione-(11) 18)-lacto1) 5 Absorption Maximum; 240nm 33 

2 . Co rtisol ( 11 f., , 17-. , 21 - Trihydroxypre g n -4-en e -

3,20-dione ) 5 Absorption Maximum: 242 nm 33 

3. ~-Estradiol (J.,3,5 (10)-Es t r ::1 - t ri ene 3,17 f!,-dio l) 5 

Absorpt io n Max i mum; 225 nm and 280 nm . 33 

4. Corti c osterone ( A 6- Pre g nene - 11 /j , 21-dio l-3, 2 0 -

dione ) 5 Absorpt ion Maximum: 240 nm . 33 

5 . Est r i o 1 ( .A 1 ' 3 ' 5 ( 1 O ) - Est r a t r i en e - 3 , 1 6 .,1- ,.1 7 ~ -
tr101)5 8 33 Absorptio n Maximum : 2 0 n m. 

6. Estrone ( 4 l,3,S(lO) _Estratri e ne-3-ol-17-o ne) 5 

Absorp·t· 33 ion Ma xi mum; 283 - 285 nm. 

C: .J • 



7. Reichstein ' s Substance S (ll - deoxy - 17 - hydroxy 

cort i costerone)5 Absorption Maximum : 242 nm . 33 

8 . 11- Deoxycorticosterone c - 21, Hydr oxypregn - 4 - ene -

3,20 - dione ) 34 Abso r ption MAx imum : 2 40 nm . 33 

9 . Tetrahydrocortisone (3 .l ,17.c , 21 Trihydroxy -

5 fl>- pre gnene - ll , 20 - dione)34 

10 . 5-(' - Pregnan - 3 ~ , 20 .£ - diol 

,11. Pro gesterone (4 - Pregnene - 3,20 , dione ) 5 

Absorpt ion Maximum : 240 nm. 33 

12. Prednisolone ( 11 /J , 17.,(.. , 21 - Trihydroxy - ~ l, 4 -

pregnadiene - 3, 20 dione) 5 Absorption Max imum; 242 nm . 33 

All steroids were stored in a dessicator at 5~ c . .. 

Stock solutions were prepared with pure methano l 

and stored in the freezer. 

Crystalline aldosterone stock solution : 5mg/dL Methano l. 

All other stock steroid solutions contained 10 mg/dL . 

Venoject tubes , borosilicate, silicone coated , 

13 x 75 mm for co llection of Sep - Pak eluate; Dispo sable 

scintill ation via ls, 20 mL capacity, used to hold samples 

( Ki mble, Teruma , Ma ryland ) . 

Gr ound g lass equipment was used for the distillation 

of wa te r. 

Samplei were dried in a Multi - Temp Block #209 3 

(D. ab - Line ·· rnstruments , Inc . ) with either ar € on o r nit r o ~en , 

epe ncting on availab ilit y, carr ied thr ou g h a Silli - Vap TM ~n 



(Pierce, Rockford,Ill.) 

High - pressure liquid chromatography was carried 

out with a Beckman, Model 110-A Pump, Isocratic Liquid 

Chromatograph, Model 330. (Beckman Instruments, Fullerton, 

California) 

Sargent Welch, Model IP pH meter (Sargent-Welch 

Co., Cleveland,Ohio). The recorder used was also by 

Sargent-Welch, Mo4el DSRG-2. 

Microliter syringes (Hamilton), in 10 µL, 25µ1, 

50 µLand 100 µL sizes, were used to inject samples int o 

the HPLC. 

Column: A µBondapak c 18 column with the dimensions, 

3.9mm x 30 cm, is packed with octadecylsilane (functional 

group) which has µPorasil ( very polar, fully porous, silica 

particles) as its inert support. The particle size is 

lo . 24 microns. 

A guard column, packed with c 18;corasil (.37.,..50 µm 

particles ) as its packing, was inser ted between the samp le 

valve and the p Bondapak c 18 co lumn. Its fun c tion is to 

protect the analytical column by capturing components o f 

the sample which are strong ly retained and thus prevents 

contaminat ion of the analytical co lumn. The packing of the 

guard column was replaced at re gular intervals, This is 

easily accomplished because the packing is of a pe llicu l ar 

nature and is eas ily tap-filled in to the guard co lumn . 21 



Sep-Pak cartridges, c18 and silica packings, 

(Water~ Associates, Milford, Mass achusetts) were used to 

extract aldosterone from urine samples. 

Gelman filters (Ann Arbor, Michigan 48l062 were 

used; a 25 mm filter with a 1. 2 pm pore was utilized to 

remove particles from the solvents while a l3 mm filter 

with a .2 pm pore was used to remove particles from 

samples. 

A 10 mL g lass syringe was used to pass urine samples 

through Sep-Pak cartridges and Gelman fil ters prior to 

injection into the HPLC unit, 

Altex-Hitachi, Model 110-1- Spectrophotometer was 

used as the detector. This is a variable wavelength 

detector. 



CHAPTER IV 

'EXPERIMENTAL 

e 
A. Sep-Pak Cartridges 

Prior to this investigation, treatment of urine 

samp les with various organic solvents was the principal 

means of aldosterone extraction. With the introduction 

of Sep-Pak cartridges, there appeared to be a new means 

for aldosterone extraction. 26 The Sep-Pak cartridges 

utilized in this research were prepacked with either 

silica or octadecylsilane (c18 )-silica. With the use 

of these cartrid~~s,, one is able to isolate a narrower 

range of compounds than possible by extraction procedures 

alone. 35 

The Sep - Pak cartridges operate on the principles 

of liquid chromatography, enabling one to separate different 

compounds or different groups of compounds according to 

their diffe rences in po larity. 

The typ e of Sep-Pak employed will vary with the 

type of sample one is working with. One would use the 

Sep-Pak c18 cartridge when the samp le is dissolved in an 

aqueous, polar solution, as opposed to the use of silica 

Sep-Pak when a non - polar organic solvent contains t he 

dissolved cons t ituent of interest. 



To obtain maximum retention of the desired sample 

onto the Sep -Pak, one should introduce i t onto the cartridg e 

in a '!weak .solvent" as is practical . (See Fi gure -9). With 

c18 cartridges, this would mean water, whereas, with the 

silica Sep-Pak, one would use an organic solvent, such as 

~ethylene chloride. 

Because of the nature of the packing material, non

polar compounds would elute before polar compounds when usin ~ 

silica Sep -Paks because the silica is highly polar, and 

has a higher affinity for such _ constituents. On the other 

hand , the non-polar characteristids of the c18 cartridges 

would allow for the elution of the polar compounds prior t o 

those of a lesser polarity. 

Waters Associates, Inc. have published a chart 

(See Figure 10) which demonstrates possible solvent-Sep-Pak 

combinations. 37 

Figure 11 shows the polarity spec trum of the Sep - Pak 

cartridges . Assuming that one knows the polarity of the 

comp ound of interest, one would prepare samples for analysis 
( 

as f ol l ows : 35 

After placing the sample on the Sep - Pak c18 

cartridge , compounds of hi g h polarity would be eluted by 

washing with a po lar s o lvent. One must c hoose the polar 

Solvent which will not elute the compound o f inter~st . 

The next step involves the removal o f the c omp ound 

of interest by washing the cartridge with a less -po lar 

Solvent. Extreme ly non - polar compounds re ma in on the cart 

l'idge. 

c'.O. 
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When emplqy~ the Silica Sep-Pak, and after introducing 

the sample onto the cartridge, one would remove low 

po larity compounds by washing with a non-polar solvent. 

Again , the solvent should be chosen so that the compound 

of interest is not removed in this step. Next, desired 

components can be eluted by washing the Sep-Pak cartridge 

with a more polar solvent. Extremely polar compounds will 

remain on the cartridge. A typical elution guide can be 

seen in Figure 9 . 35 Table 2 shows gu idelines suggested by 

Waters in choosing Sep-Paks and solvents. 35 

B . Experimental Organization 

. 25 - 28 30 It has been shown by previous research ' 

that after long extraction procedures, atdosterone can 

be isolated from urine and quantified by HPLC. 

With this investigation, the author attempts 

the extraction of urinary aldosterone by the use of Sep - Pak 

..JC... 

cartridges. In doing so, less time as well as l e ss re agents 

are required than in conventional extraction procedures. 

Once extracted, the aldos t erone is analyzed by 

an HPLC system utilizing a variable wavelength detect or. The 

basic setup for an HPLC system is shown in Figu~e 12 . 20 

The first step in this research was to determine 

Which solvent mixture to use in order to elute t he aldos 

terone fro m the Sep - Pak c
18

, then selectively varying 
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the composition of the eluting solvent in order to elute 

aldosterone without eluting othe r und es irable urinary 

components. 

1, Urine Sample Co llect i o n 

a) Samples co llected for the determination o f urinary 

aldosterone were 24 h specimens~ The collections consisted 

35. 

of A. M t o A.M. s pecimens. The urine sampl es were pooled, 

mixed,and the total volume was measured and recorded. The 

containers consisted of cleaned and dried brown g lass bot t les. 

The preservative used for the collection was l gm b oric 

acid per bottle. The normal rang e f o r 2 4 h excreti on of 

aldosterone: 2-26 p g/24 h . -1 

b) To a 10 mL aliquot of a 24 h urine specime n, ..10 /J.L 

of working aldosterone solution (10 ng/µL) is added. This 

aliquot and anothe r 10 mL aliquot o f t he same 2 4 h urine 

s pecime n are taken a nd to each is added 2 . C mL o f 2 N HCl 

38 which bring s the pH to a value o f 1.0-1 .5. Th e samples are 

hydrolyzed at r oom tempe ra tu r.e , in t he dark , for 8 h. 

c) The hydro ly zed urine samples are t h en extracted 

With prepared Sep - Pak cartridges as f o ll o ws : 

Each aliquot of ur ine is passed th r o ug h a prepared 

Sep-Pak c18 . The cartridge is washed wi t h 10 mL o f distilled , 

de ioni ze d water. Thre e (3) mL of pure methy l ene c hl or i de 

(CH2Cl 2 ) is passes t hro ugh the c
18 

car trid g e . Th is eluant is 

Collected i n 5 mL sil i conize d tubes . 

Th is eluan t i s then pas s ed th r ou g h a Sep - Pak silica 



cartr idge which has been previously washed with 15 mL of 

CH2c1 2 . The solution which elutes through the Sep -Pak is 

co llected in siliconized tubes . Three (3) additional mL 

of CH2c1 2 are passed through the Sep - Pak silica to ensure 

that all the aldosterone has been eluted. 

36. 

d) The eluted sample is evaporated to dryness under 

nitrogen at 37°c. 

e) The dried sample is reconstitut ed with 100 µL 

of acetoni t rile-water (50:50,v/v). 

f) The dissolved sample is injected into the 

HPLC chromatograph . 

h) Detection of UV absorbing components is 

accomplished with a 240 nm de t ector coupled to a recorder. 

C. Methods and Procedures 

1 . Estimation of Aldosterone in Urine 

A me t hod utilizing HPLC is u s ed in the estimation 

of aldosterone . The amount of aldosterone present in t he 

sample is based on peak area. The peak area is calculated 

by the following equation21 

area = height x width at ½ hei ght 

The peak area is used to determine t he concentrat i on of 

aldosterone by interpolation from a standard curve . 

( 2 ) 



CHAPI'ER V. 

RESULTS AND DISCUSSION 

With high-pressure liquid chromatography, it is important 

to determine how well the system is working, in particular, the column . 

One method of checking the efficiency of the column is by determining the 

capacity factor, k'. The k' value provides an estimate as to how well 

20 a solute is being retained by a column. The k' value can be found by 

the equation21 

(3) 

.JI • 

where tR is the retention time of the sample and t 0 is the time for the mobile 

phase ( or other unretained) molecules to move from one end of the column 

to the other. 21 Ideally, the k' value should lie between 1.5 and 5 .o. 20 

'Ihe capac i ty factor fo~ this column was determined to be 4.3. 

Another method used in determining column perfornBnce is by 

calculat ing the number of theoretical plates (N) . The more plates in a 

column, the better the separation . N can be determined from the equation22 

(4) 

Where V is the retention 
R 

N = 
25(~Rr 

vol ume and Wis the peak width at 4.4% of t he peak 

height . (See Figure 13) 22 The number of theoretical plates, N, 

determined for the 1 d 4 389 co umn use ,were , . Minimum number according t o 

th
e manufacturer was 3,000 . N_·_ was det ermined in the c1g column by 

Utilizing .01 M solution of acenapthene as a marker and appl ying t he 
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5 t method.~2 ( Ref er to F,quation 4 ) . The resulting chromatogram can 

be seen in Figure l4 . Once N was determined, t he retention times (tR) 

of different stand:ITds could be determined . The pgrameter s used were: 

Column: Waters Associates, Inc ., )l Bondapak c18 column; 

l ength: 30 cm; diameter: 3.9 mm ID, preceded by a gu:ITd column. Packing 

consisted of monomolecul:IT layer of organosilane perlT13.Dent l y bonded to 

µPorasil wit h p:ITticle size of 10 microns. 

Mobile Phase: Methanol : water (55:45,v/v) 

Temperature: Ambient 

Flowrate: 1 .0 mL/ minute 

Detector: U.V.: 240 nm; Sensitivity: .05 AUFS (Absorbance 

Units Full Scale). 

Ch:ITt Speed : .5 cm/minute 

A working standgrd solution of aldosterone (10 ng/.µL) was 

used to determine the retention time. The chromatogram obtained is 

39. 

shown in Figure 15 . The retention time of aldosterone is 7. 3 minutes and 

the peak is symmetrical . 

When cornp:ITing different studies, i t i s mor e useful to use the 

term VR rather than tR . VR can be calculated by the following equation21 

VR = tR (F) (5) 

Where tR i s t he retention time and Fis the flowrate. The VR for al dos

terone for the p:ITameters utilized was 7 . 3 mL . This value is in agrrement 

With VR values determined in previous studies . 30 , 37 , 38 

The retention times of v:ITious steroids which might interfere 

With the aldosterone determination :ITe found in Table 3 . The experimental 

identical to those used for aldosterone. 
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TABLE 3 

Steroid 

Aldosterone 

Estriol 

Cortisol 

Corticosterone 

Estrone 

~-Estr3.diol 

11 - Deoxycorticosterone. 

Tetr3.hydro c ortisone 

5-~-Preg n3.n- 3~ ,20.C.-diol 

Progesterone 

Rei chste ints Substance S 

Predniso lone 

Retention Time 
( m±nutes )_ 

7,3 

8 . 2 

9.8 

15,3 

27.5 

28 

25.8 

> 30 

> 30 

> 30 

15 . 5 

I 9. 5 i . 
I 

I 
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43. 

Of the different steroids chrornatographed, estriol was the only 

one which did not give good separation from aldosterone. However , by 

decreasing the flowrate to 0.5 mL/minute, good resolution was obtained. 

'This is shown in Figure 16. Prednisolone was used as the internal stand

ard for this research. It is a compound which is not normally found in 

urine; if present, it is due to exogenous origins. It can be separated 

from aldosterone.
24 

'The obtained tR, using original operating parameters, 

was 9.5 minutes. 'The value (tR for aldosterone/tR for prednisolone) should 

be constant for every HPLC run if the column is functioning properly . For 

parameters utilized in this research, this value should be .77. 

Once the desired retention times were determined, a standard 

curve for the aldsterone was run. The area under the peak was determined. 

The 9JT10unts used were 30,50,100,150,200 and 250 ng. Table 4 shows the 

areas for each :3l11ount. 'The standard curve for aldosterone is presented 

in Figure .17. 'The standard curve appears linear to about 150 ng 

aldoste_rone, which differs from Komara ' s30 results ., which were linear to 

267 ng aldosterone. This could be due to problems encountered with the 

injector,including a damaged 0- ring seal. The difference in wavelength 

used (240 nm vs 254 nm) could also be a contributing factor. When doing 

a determination on urine specimens~ the standard curve will be used to 

calculate the 9JT10unt of steroid present in the S9IT1ple. 

A. Use of Sep- Pak Cartridges 

A problem encountered early in the research involved the methanol 

USed. It appeared that upon evaporation of 2-3 mL of rnethanol,the residue 

contained a substance which interfered with t he aldosterone peak. 

Through variQus procedures, it was found that the unidentified 
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1. 

PEAK IDENTITY 

1. Aldosterone 
2. Estriol 

2 . 

0 2 6 · 8 10 12 14 16 18 Time (minutes ) 

Figure 16.-- Chrorratogr3JTJ. of 7 pL of 1 :1 mixture of 3.ldosterone 
3.nd estriol. Column : ),1Bond3.p3.k c18 ; Mobile ph3.se : Meth3.nol
water (55 :45, v/v) ; Temperature : Arnoient; Flowr3.te : 0 .5 mL/rninute ; 
Detector : W (240 nm) ; Sensiti'vity : .02 AUFS ; Chart Speed : 
1 cm/minute . 



TABLE 4. 

AREAS FOR ALDOSTERONE STANDARDS* 

A ldosterone Amount .. 2 Are::1 (mm ) 
(ng) 

30 24 

50 36 . 

100 76 

150 120 . 5 

200 195 

·250 259 .4 

*Or i g in::11 Ope r::1 t ing 
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FIGURE 17 . -- ALDOS'T'ERONE S11ANDARD CURVE . Colwnn: µBond3.p9.k c18 ; Mobile ph:3.se : 
55% 3.queous meth:3.nol ; [11lowr::J.te : 1. 0 mL/minute ; Detector : lN \ 240 run) 
Se nsitivity : . 05 AlJFS ; Ch:3.rt Speed : ri.5 cm/minute . 
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interfering substance could be removed by passing the HPLC 

grade methanol through a Sep - Pak cartridg e . 

Recovery stud ies were now performed using 100 mL 

47 • 

of a random urine spiked with 100 ng aldosterone . The c18 

Sep - Pak c artridge was prepared accordin g to the manuf~turer ' s 

instructions and the urine sample was passed through the 

cartridge . The Sep -Pak was washed with 5 mL of deionized 

wate r. This was followed by 2 mL of purified HP LC g rade 

methanol. The fraction eluted with the methanol was collected . 

A ye llow color was noted . The methanol was evaporated 

under nitroge n at 37° C and the residue was dissolved with 

100 uL of mobile phase (55 :45 methanol - water , v/v) . Eig hty 

micro li ters of the reconstituted sample were injec ted into t he 

HPLC system . The c hromatogram obtained showed an extremely 

larg e peak which comp l etely overshadowed the re g i on where 

aldosterone is normall y found . (See Fi gure 18) . This peak 

was probab ly due to the urinary p i gments . 

The new prob lem now encountered was the removal o f 

the urinary p i gm8 nts which co - elute from t he c18 Sep - P3k 

with the aldost e rone . 

The nex t l o g ical step appeared to be to det ermine 

exactly what concentration of methanol was needed to 

comple t ely e l ute the aldosterone fr om t he c18 Sep - Pak while 

at the same time allowing the pi men t s to remain on t he 

cartridg e . Three hundred nano grams o f aldostero ne in 100 mL 

or deionized wa te r were passed thr o u _ h a ~repared c
18 

Sep- Pak . The same cartridg e was then serially eluted 
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FIGURE 18 . -- Chrorra.togr:3.ITl of C Sep- Pak treated urine . ~olurnn : 
Ju-Bondapak c18 ; Mobile phase : ~tha.nol- water ( 55 :45 ,v/v) ; Flowrate : 
1.0 mL/minute ; Detector : W (240 nm) ; Sensit~vity : .05AUFS ; Cha.rt 
Speed : ~5 cm/minute . 



by varying con cen t ra t ions of methanol - water , ran g ing fro m 

100% water to 100% methanol in 5 % increments . I t was 

found that 5 mL o f S5% aque ous methanol co uld comp letely 

e lute the a l dosterone while not eluting as muc h p i gment as 

pure methanol. The cartridge was wash e d with 2 5 % me t han o l 

which eluted some o f t he pigment , but not t he ald o stero ne . 

However, enoug h pi g me n t was eluted to c ause in terference . 

It was als o f o und t hat by using a l owe r methanol concent ra tion , 

suc h as 40% aqueous met hanol , one would elute urinary 

substances whic h afte r evaporati o n , wou ld precipitate up on 

addition of the 55% aqueous me t hano l mobile phase . Pt gmen ts 

were also eluted with the weaker methano l so lu tion . 

Othe r methods were investig a te d to determine a sa t is

f:3.ctory means o f re r10 ving the pi gment . Th e urine S3.mple w3s 

passed t hroug h a charcoal column, but the pigments were not 

r emoved . 

Differen t concentrati ons o f methanol as the mob ile 

phase were t ri ed . With this method , th& p i g ments still over 

shadowed t he a ldoster one peak . In addi tion , wi t h de c r eas in g 

streng t hs of methano l, t he tR of a ldoste rone was considerably 

increased. 

Another app r oac h to t he p r oblem was to use a ~o lvent 

other than methano l to remove t h e aldos te r o ne fr om the Sep - Pak 

cartr idg e . A less po lar solvent, ac eto n i t rile , wa s chosen . 

(Refer to F i gur e 1 0 ) . However , even di l ute aqueous aceto 

nitrile eluted suf fi cient p i gment to cause interference wi th 

the chromato g ram . Anot her l e ss polar solvent , methylene 



chloride, was used in the s3IT1e fashion. Again, some pigment wa.s 

removed from the cartridge so as to completel y obliterate the 

aldosterone peak when chromatographed . 

Another method for obtaining resolution is to use a different 

type of column packing . It was decided that an attempt would be made t o 

separate pigments from aldosterone by utilizing a phenyl column. )lBondapak 

phenyl has been used in steroidal applications. 41 This packing is made 

by chemically bonding a phenyl group t o pPorasil at 10 % by weight. It is 

a reverse-phase .packing. It is used when samples have st rong polar groups. 

The phenyl column was positioned prior t o the c18 column, 

thereby increasing N md hopefully producing separat ion. This procedure 

did not accomplish the resolution of the aldosterone and pigment 

peaks. 

Sephadex IB-20 was used in the attempt to remove urinary 

pi gment prior to HPLC. Two slUITies were prepared, using pure 

methanol in one and pure meth~/ lene chloride EJ.s t he sol vent f or the other. 

Again , in both inst ances, resolution between aldosterone and urin3.rY 

pi gments was not obtained . 

Waters Associates produces silica Sep- Pak in addition to c18 

Sep- Pak . It was decided to attempt to remove the urine pi gments 

by i ncorporat ing the silica Sep- Pak i nt o t he extraction pr ocedure . 

Ten ( 10 ) rnL of acid hydrolyzed randnm urine was passed 

through a pr epared c18 Sep- Pak , which was t hen washed wi t h 10 mL 

of water . Then pure methano:i. was passed t hrough t he mini - column . 

The el uant w2s collected i n a siliconized tube and in turn was passed 



through a silica Sep - Pak . The p i gments have a g reater 

affinity for the met hanol than for the silica packing and 

hence are not removed from the met hanol eluent . 

Eluti o n was a t tempted using a di f f e rent solvent , 

pure methy lene chlor i d e . Aldosterone is very soluble in 

methylene chloride. The silica Sep - Pak was prepared by 

passing 15 rnL of methylene ch loride throug h it, as sug g e s t ed 

by the •Waters Company . The procedure undertaken was as 

follows : 10 mL of hydrolyzed urine was passed th rou gh 

a prepared c18 Sep - Pak . It was washed with 10 mL of wat e r. 

This was fo llowed by the addition of 3 mL of HPLC g rade methy -

lene chloride . Two layers of solvents resul t , with the 

aqueous solution over laying the methylene chloride . Care 

must be taken to remove all o f the top layer before 

passing the lower, org anic layer thr o u gh the silica Sep - Pak 

because water can inactivate the silica packin g . When the 

water - free eluent was passed throu g h a silica Sep - Pale, th e 

resulting s o lution was pig ment - free. He nc e , th e pi gmen t s 

have a g reater affinity for the silica t han for the me t h y l e n e 

chloride . 

Once it was rec o g n iz e d tha t t h e i nte rferinv pi gme nts 

coul d be removed , t he sa me p rocedur e as desr ibed was perfo r me d 

agq in . This t i me, however , 2 urine samp les were used, o n e 

spi ked with 2 50 n g o f aldosterone and t h e ot h e r uns p i ke d . 

The resul t ing s amp l e s wer e evapora t e d unde r N
2 

a t 37°c a nd 

re consti tute d wi t h 100 µL o f mobile ph~se . Th e ope ra t ing 

Parame te rs we r e t ho se o ri g i~a ll y us ed . I t was discovered tha t 
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upon performing HPLC on the samples, there was an extremely 

large peak eluting at the same time as the aldosterone . When 

an evaporated residue of methylene chloride was reconstituted 

with mobile phase, wh ich was then chromatographed , this large 

peak was present . The peak was determined to be caused by 

a methylene chloride contaminant. 

The next step undertaken was to change the mobile 

phase so, that good separation could be obtained . Instead 

of the 55% methanol, 50:50 acetonitrile-water was used . 

Acetonitrile is less polar than met hano l. Due to this , the 

aldosterone should be eluted a t a different time than the 

methylene chloride contaminant , and upon experimentation , 

this was found to be the case. The rest of the operating 

parameters remained the same . Under these conditions , the 

tR of aldosterone was found to be approximately 3 . 8 minutes . 

There was no interference fr om the methylene chlor ide 

contaminant . (See Figure 19). However, it was found that 

with t his mobile phase , there was poor resolution between 

aldosterone and prednisolone, such that the prednisolone 

could no longer be used as the internal s t andard. A new 

internal standard utilized would have to have a polarity 

similar to aldosterone ; it additi on, it should not normally 

be found in human urine . The internal standard should also 

absorb in the ultraviolet re g ion . Mo st importan t l y , it must 

have a distinctive peak from aldosterone when chroma to graphed . 

A re cove ry study was undertaken to determine the 

efficiency of the system . Two hundred nanog rams o f aldosterone 

Were added to 10 mL of water . This was passed t hrough a 
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?i gure 19 .-- Cnromatogram of aldos terone e lute d with 
methylene chloride . Column : µ Bondapak c18 ; Mo bi l e phase : 
Acetonitrile - water (50 : 50 ,v/v) ; Flowrate : 1 . 0 mL/minu te ; 
Detector : UV (2 40 nm) ; Sensit i vity : . 05 AUFS ; Chart 
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prepared c18 Sep-Pak; the c18 Sep -Pak was then eluted with 

3 mL of CH 2c1 2 . The collected fraction was then passed 

through a prepared silica Sep-Pak. The eluent was co llec ted, 

evaporated, reconstituted with mobi le phase and chromato

graphed . When compared with a non-extracted 200 ng aldo

sterone standard, the per cent recovery was determined to be 

59% . This recovery is slightly l ower than DeVries et ai 25 , 

63 ± 9%, while Komara 1 s 30 work showed slightly better recover

ies, ranging from 64-71 %. Both of the studies mentioned 

involved more tedious extraction procedures than this research. 

One source for the low recovery in this research mi ght be 

the utilization of non-siliconized g lassware ih preparing 

the aldosterone solution. This may have resulted in the 

aldosterone adhering to the g lass surface, and thereby , 

being unavailable for extraction. 

Three 10 mL aliquots of a random, unhydrdyzed 

urine were each spiked with 200 ng aldosterone. At the 

same time, 3 additional 10 mL aliquots of urine were extracted , 

wit hout the addition of aldosterone standard. All 6 urines 

were extracted in the method previously described . The 3 

urines with added aldosterone showed a peak with a tR of 

4.1 minutes. The recovery ranged from 53-73%. The unspiked , 

Unhydrolyzed urines showed no peak at the same retention 

time . In addition, there was abso l utely no interference 

from the urinary pigments with this method. (See Figures 20 

anct 21). By combining the sequential utilization of c18 a nd 

Silica Sep - Pak with appropriate eluting sol;ents, one is able 
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FIGURE 20 .-- Rando m ine wi t h 200 n g aldoster o ne add ed . 
The sample was e x tra ed wi t h Sep - Pak c1 R and silica . o lu mn : 
µ Bondap ak c

1 
; Mo bi phase : Acetonitr1Ie - wa te r (50 : 50 , v/v) ; 

Flowrat e : 1 . BmL/minute ; Detector : UV (2 40 nm ) ; Sensiti v i ty : 
. 05 AUFS ; Char t Speed : 05 cm/m i nute . 
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FIGURE 21 . -- Random r ine with no aldosterone added . The 
sample was ex t racte d wi th Sep - Pak c1 g 1nd silica . Co lu mn : 

µ Bondapak c1R; Mo b il e phase : Acetonitri l e - water (50 : 50 , v /v) ; 
Flowrate : 1 . 0 mL/minute ; Detector: UV (240 nm) ; Sensitivity : 
. 05 AUFS ; Chart Speed : ~5 cm/mi nute . 



to remove any contaminating pigments with minimum time 

and effort. 

Ur i ne samples co llec ted over a 24 h period were 

· obtained from 5 subjects. Each specimen was preserved with 

1 gm borate. The urines were filtered and measured. The 

total volumes of each are shown in Table 5. 

TABLE 5. 

24 HOUR URINE SPECIMENS 

Subject 

A 

B 

C 

D 

E 

24 h ~rine Volume 
(mL) 

1760 

920 

1200 

1560 

740 

Two, 10 mL aliquots were pre pared from each urine. 

To one of the aliquots of each urine was added 100 n g aldos 

terone . The other aliquots had no aldosterone added. To 

each aliquot was added 2 mL of 2~ HCl t o obtain hydrolysis. 

The pH of the solution is in the rang e of 1.0-1. 5. The 

hydrolysis was a llowed to proceed for 8 hat room temperature . 

Subject D and Subject E's urines were ext racted as previously . 
described. There was no interference from urinary p i gments. 

(See Figures 22 - 25 ) . Neither spiked nor unspiked hydrolyzed 

Urine samp les exhibited an aldosterone peak (tR = 4 . 1 minutes). 
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FI"UR 22 .-- Subjec t D' s urine wi t h 10 0 n 9.ldos te r on c 
9.dded . The sa p l e was ext rac ted wi t h Sep - P:3.k c78 ~nd 
silica . Column :· ~ Bondapak c1R; Mobi le phas e : Ac etoni t rile 
wa te r ( 50 : 50 , v/v) ; Flowra t e : I.O ml. / mi nute ; De tect or : 
UV ( 2 4 0 nm ) ; Sens it iv it y : . 0 5 A f.."5' S ; h 9. r t Spe ed : 
. 5c m/ mi nute . 
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FI GURE 2 4 .-- Chromatogram of Subject E ' s urine with 1 00 n g 
aldos te r oee added . The sample w~s extracted with Seo - Pak 
c

18 
and silica . Co lumn : p Bondapak c18 ; Mobile p hase~ 

Acetonitri l e - water (50 : 50 , v/v) ; Flowr ate : 1 . 0 mL/m inu te ; 
De tecto r : UV (2 40 nm) ; Se nsitivity: . 05 AUFS ; Char t Sp~ed : 
, 5 cm/mi nute . 
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FIG URE 25 .-- Chromatog ram of Subject E ' s urine wi t h no 

aldosterone added . The samp l e was extracted with Sep - Pak 
C1g and silica . Co l um n : p Bondapak c

18
; Mobile phase : · 

Ace t onitrile - water (50 : 5 0 , v/ v) ; Flowrate : 1 . 0 mL/m inut e ; 
Detector : UV:· (2 40 nm) ; Sensitivity : . 05 AUFS ; Chart Speed : 
· 5 cm/ minute . 
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Apparently , some unknown chemical reaction is taking 

place during the h ydro l ysis procedure , which is rendering the 

aldosterone incapable of reacting with the Sep - Pak cartridge . 

In their procedure , Shackelton and Whitney 26 used ~ g lucuron 

idase as their hydrolyzing a gent . Their recovery of aldosteron( 

was excellent , rang ing from 96 - 102% . It is a strong 

possibility that the acidic pH of t he hydrolyzed urine 

sample is the factor re::ponsible for the difficulty encountered 

in recovering aldosterone . When using c18 reverse - phase 

packing , it is recommended by the manufac t urer that all solutions 

used be in the pH range of 2- 8 . 22 The acid hydrolyzed urine 

is in the range of 1 . 0- 1.5 . This possibility should be 

further investigated. 

Another factor which could be contributing to the 

inability to recover a l dosterone is that it may be forming 

a complex with one of the solvents used . Shackelton and 

Wh itney 26 recommend the addition of · . 1% triethylamine to 

all alcohol extracts of urinary steroids to prevent methyl 

keta l formation. Since methanol is the solvent used in 

preparing the aldosterone stock solution, it may be advisable 

to add a few drops of the triethylamine solution to the 

aldosterone standard solution before using it. 
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CHAPTER VI 

CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 

This investigation produced a simple and quic k method 

for the removal of urina.·ry pigments. With this procedure, 

one is able to produce an a.ldosterone peak when spiked, un

hydrolyzed urine is extracted with c18 and silica Sep-Pa.ks. 

However, the opera.ting para.meters utilized, pH of the system 

in particular, do not allow for the quantification of the 

a.ldosterone level. By increasing the pH to a more ideal rang e 

(i .e. 2-8), it is felt that more favorabl e results can be 

obtained. 

A. Suggestions for Further Research 

It is really difficult to determine exactly what is 

happening to the aldosterone in the urine during the hydro l ysis, 

e specially with the use of only a UV det e ctor, 

Perhaps a.ldost~rone tagged with radioactive 3H mi ght 

be incorporated into future research. By utilizing labeled 

aldosterone , one mi ght be able to determine whether or not 

the aldosterone in the acid-hydrolyzed urine is being held 

by the c18 Sep - Pak. Perhaps , because o f some s tructural 

alteration during the hydrolysis, it is being bound 

by the silica Sep - Pak and thereby, not being eluted at all . 



Another factor to be considered is the method 

by which hydrolysis of the urinary steroid conjugate is 

obtained. Acid hydrolysis was used in this research , and 

it was after t his step in the procedure that difficulties 

arose in rec overing aldosteron e . 
25 . 

Devries et al ment i on 

in the i r paper the appearance of a should e r on the 

a l dosterone peak o f a urine extract . They attribute it 

to t he effects of TLC on the aldosterone , stating i t mi gh t 

be due to the shift in equi l ibrium between the tautomers 

of aldosterone . Perhaps it is due to the hydrolysis of the 

urine sample . If this is so , it is po ssible th a t the 

resulting tautomer would react differently , as in the ca se 

of t he Sep - Pak extraction. Another mean s of hydrolyzing 

b4. 

the urine sample , suc h as enzymatic hydrolysis, mi g h t be 

investig a t ed . Whitney and Shackelton 2 ~ use f- g lucuronidase 

as their hydrolyzing a gent , as do Scandrett et a1 23 . Grae f 

et a1 15 , h owever, repor t tha t incubatio n with --g l ucu r onidase 

results in s te roid destruction, espec ially wi th long 

incubati on periods . 

If t hi s would fail to r eso lve the p r o blem, another 

facto r to take into conside~ation is utilizat i on o f a 

diffe r ent means of de tection . It has been s hown by pr evious 

work 24 t ha t u rinqry a l dos te rone can be eluted fr om a c18 

Sep - Pak car tridg e us i ng 2 mL of pur e met hano l . Th e on l y 

drawback vtiththis is t hat urinary p i gments are also eluted . 

If detection ot her t han UV were employed, such as e l ectro 

c he mical or fluor ornet ric, then pe rhaps, the i nte r ference 

by t he non- aldos te r one uri nary subs tances coul d be eliminated . 



Whigham 40 has utilized a technique where aldosterone is 

first oxidized , then analyzed fluoromet ricall y by combining 

it with dilute sulfuric acid followed by the addition of 

methanol containing ferric chloride . I t ha~ a lso been 

suggested that steroids in ge neral can be mon itored by 

fluorescence after reacting it with Dansyl hydrazine .
41 

Another approach to deiermining aldosterone levels 

would be to utilize a specimen which would contain fewer 

interfering substances than urine , but wh i c h would simul 

taneous l y g ive information as to the in vivo production 

and metabolism of aldosterone. McVie et a1
42 

have done 

aldosterone analysis on human saliva . They demonstrated 

that there is good corre l ation between salivary aldosterone 

concentrations and urinar y aldosterone excretion. 

Ano ther factor to be considered in the HPLC analysis 

of aldosterone is t he effect of mobile phase . The Du Pont 

Company has devised an automated ins trument which allows 

o ne to improve c hromato graphic separati on 43 This 4- solvent 

system allows one to systematically optimize the composition 

of the mobile phase to achieve i mp r oved r e solu t i o n of 

sample components. The solvents are chosen on the basis of 

their rela t ive strength as proton accept ors, proton don o rs 

or dipole interac t i o n . To find the ideal mobi l e p hase 

composit ion , seven pre liminary ch r omato graphi c expe riments 

are run . By using 7 different mixtures of t he 4 solven t s , 

the best chromato graphic resolu tion is obtained .
44 

Fast et a1 45 have developed an optimiza t ion p r ocedure 

Which involves flow rate, column tempera t ure and gradie nt 
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shape. This research utilized a variable - size simplex 

search alg orithim. Simplex methods are those" in which 

a series of experiments is set up such that the reaction 

conditions f0r a given experi111ent 9.Te dict~ted by the results 

of the preceding experiments in t hat series. 1145 The 

variables investigated were chosen because they affect sep

arationby their effect on theoretical plates and capacity 

f::1.ctor. 

Another variable which can be investig ated is 

the solvent which is used to elute interfering subst~nces 

from the Sep - Pak cartridge prior to eluting aldosterone. 

In their work, involving a c18 mini - column, Zief et a1 46 

used acetone - water (20 : 80) to remove interfering substances 

from urine samples prior to HPLC . If undesirable components 

could be removed from the Sep-Pak cartridges in this manner, 

perhaps, the aldosterone could then be eluted with pure 

methanol. 
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