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ABSTRACT 

THE ENZYMATIC SYNTIIESIS OF ALDOSTERONE GLUCURONIDE AND ITS 

DETERMINATION BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Gracy Elias 

Master of Science 

Youngstown State University, 1986 

This thesis describes the development of a possible 

[iroc edure for the synthesis of aldosterone-18-glucuronide. 

Al dosterone is a steroid which is clinically important. 

Al dosterone-18-glucuronide is not available commercially. 

Without a pure standard, it is difficult to isolate the 

synthesized product using HPLC. The various procedures for 

g lucuronide formation in the literature were studied and 

u s e d in this research. 

Aldosterone and UDPGA in the presence of the enzyme 

UDPGT from rabbit liver in Tris buffer at pH 7.4 incubated 

at 37°c for one hour gave a positive result. To separate 

t h e products from the reactants, HPLC was used. HPLC 

se parate d the reactants from the newly found product. The 

ne wly found product was collected from the HPLC at its 

r e tention time and found that it was an acid-labile 
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c onjugate of aldosterone because it released aldosterone 

wh e n hydrolyzed at pH 1.0 at room temperature. The UVmax 

of this compound was found to be different from aldosterone 

and glucuronic acid. However, the test for glucuronic acid 

af t e r hydrolysis of the synthesized aldosterone conjugate 

u s ing HPLC gave reasons to think that the synthesized 

p rod uct might be a Tris complex of aldosterone-18-

g lucuronide. Suggestions for further work are discussed. 
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CHAPTER I 

INTRODUCTION 

l\. Definition and S true ture of l\l tlos te ro 11 "=~ ,rnd 
Aldosterone-18-glucuronide. 

The adrenal (suprarenal) glands, which ar e located 

~; 111 1e rior to each kidney, produce numerous steroid s . They 

l 

Ii cu e t il e common cyclopentanoperhydrophenanthrene ring (Fig. 

L) as a part of their chemical structure (1). 

C D 

A B 

F ig . 1 Cyclopentanoperhydrophenanthre11e rin '.J (1) 

Th e se steroid hormones contain up to 21 c._n bon 

: 1bJ 111 ::; (C 21 steroids) numbered as shown in Fig. 2 (J.). 
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Aldosterone is one of the steroids produc e d by the 

ud1enul cortex. Aldosterone exists in three forrns as shown 

in Fig. 3 (2). 

l\ldosterone is present in solution mainly in the 

L i:-1 u to111er ic forms B and C, where the aldehyde group is 

µrutected by hemiacetal/ketal formation (2). 

Fig. 2 Common features and numbering systems of 

:; l c roids. 

One of the two major urinary metabolites of 

,.tl<.losterone is aldosterone-18-glucuronide. The other 

111 c tabo 1 i te is tetrahydroa ldos terone g 1 ucuronide ( 3, 4) • 

'I'l1 c structure of aldosterone-18-glucuronide is shown in 

Fiq . 4. 



A. Aldehyde B· Hemiacetal c. ll e miketal 

Fig. 3 

Fig. 4 

() 

I 

Tautoineric forms of aldosterone (2). 

Cll Oll I 2 
c=o 

Structure of aldosterone-18-glucuronide 
(hemiacetal tautomer). 

3 
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The conjugation of glucuronide moiety to 

aJdosterone is through the hydroxyl group on C 18 in the 

ll -111iaceta l form. Conjugation through the 20 position when 

a .L dos t e rone molecule is in the 18, 20 cyclic hem ike ta l form 

is unlikely (4). 

B. Tissue Origin of Aldosterone and Aldosterone 
g lucuronide 

Histolog ically, the adrenal cortex is su bdiv ided 

i nto three z ones. Each zone has a different cell ular 

ar rangemer1t and secretes different groups of hormones. The 

ou l. e r zone , ca ll e d z ona glornerulosa, is arranged in arch ed 

l oops or rou nd balls. They primarily secrete a gr oup of 

li o rmones that are called mineralcorticoids. The mic1c1le 

7. o ne , zona fasciculata, is arranged in long, straig ht 

c ords . It s e cretes mainly glucocorticoid hormones . The 

i nn e r zone, the zona reticularis, contains cords of cells 

tll;:i t branch freely. This zone synthesizes mostl y sex 

hormones (g onadocorticoids), chiefly male hormon es called 

a ndrogens (5). 

Aldosterone is the main mineralcorticoid r e spon

s J b l e for 95% of the mineralcorticoid activity. Mineral

~or ticoids regul a te salt and water metabolism. Th e other 

::1 i11 e ra l c orticoiLl is deoxycorticosterone ( 5) • Al thoug h 



a ldo sterone is formed in the adrenals, it is immediately 

1ne tabolized and converted into biologically inactive 

c o mpo unds. It undergoes metabolism in liver. But 

5 

til e liver as well as kidneys take part in the formation of 

a l<losterone-18-glucuronide (6). 

C. Physiological Function of Aldosterone 

Aldosterone acts on the tubule cells in the kidneys 

a nd ca uses them to increase their reabsorption of sodium 

and water. As a result, sodium ions are removed from the 

ur ine and returned to the blood. On the other hand, 

a l dosterone decreases reabsorption of potassiu1n. So large 

a 1nounts of potassium are lost in the urine. The sodium 

r e a bsorption leads to the elimination of H + ions, the 

. f + r e ten tion o Na , Cl , and HCO~ , and the retention of 

wa t e r (5 ). 

The control of aldosterone secretion is comp lex. 

Apµa rent l y , several mechanisms operate. One of these is 

th e renin-angiotensin pathway shown in Fig. 5. 

A decrease in blood volume from dehydra tion or Na 

de ficiency brings about a drop in blood pressure. The low 

blood pressure stimulates certain kidney cells, called 

juxtag lomerular cells, to secrete into the blood an enzyme 

ca lled renin. In this pathway, renin converts 



I 
Dehydra~ i<!1 or I 
Na+ def 1c1ency 

!
Decrease in I 
blood vo lLme 
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i-------1 
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1
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I . . 
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Fig. 5. Renin-angiotensin pathway (5). 
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~ngiotensinogen, a plasma protein produced by the liver, 

int a ngiotensin I, which is then converted into 

aw:iiotensin II by a plasma enzyme. Angiotensin II 

st imulates the adrenal cortex to produce more aldosterone. 

Al dosterone brings about increased sodium and water 

reJ b s orption. This reabsorption leads to an increase in 

e xtracellular fluid volume and restoration of blood 

J. r e ss ure to normal (5). 

D. Biosynthesis, Transport and Me taboli s m of 
Aldosterone 

7 

Radio-labeled investigations have shown that 

c1 c0 tate , cholesterol, pregnenolone, and progesterone are 

d ll pr e cursors of corticosteroids (1). In the biosynthesis 

of a ldosterone, it is generally believed that 

co ticosterone is hydroxylated at C1e, and dehydrogenation 

o f 18-Hydroxy-corticosterone gives aldosterone. This 

bio s ynthetic pathway is shown in Fig. 6 (1,6). 

Aldosterone formed by the adrenal cortex is ver y 

rap i.dl y bound in the adrenal vein onto the surface of red 

bl od ce lls and plasma protein molecules (7), espec ially 

a luu mi n. From the plasma, it enters the kidney and liver 

nd is metabolized into a variety of metabolites and 

.on :iuga tes (8,9). The aldosterone metabolites s ynthesized 

WILLIAM F. MA/\G LIBRA Y 
YOUNGSTOWN STATE U IVERSITY 



Fig . 6. 
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i n l i ver may be transported directly to, or even t ually 

reac l1 the target tissues via the enterohepatic circulation 

(10,11). The target tissue, the kidney, contains reduced 

me tabolites, neutral polar metabolites, carboxylic acid 

me tabolites and conjugates of aldosterone (11). The 

red uced derivatives are tetra and dihydroaldosterone (5), 

whic h are extractable with dichloromethane, and all the 

other metabolites mentioned above are very water-soluble 

"no ne xtractable polar derivatives" (NEPD) (12). The se NEPD 

inc lude conjugates (sulfates, disulfates, and glucuronides) 

as we ll as carboxylic acid metabolites, hydroxylated 

compounds, and other highly polar neutral metaboli t es. 

The principal metabolites of aldosterone 

s ynthesized in the liver are reduced in ring A and are 

excre ted in the urine as glucuronides (11). Fig. 7 shows 

t he principal metabolites in human urine and the percentage 

of to tal metabolites excreted in urine. The principal 

reduced metabolite of aldosterone has been isolated from 

huma n urine and identified to be 3 a. 5 f3 -tetrahydro

aldosterone. This metabolite, excreted as a 3-gluc uronide 

account s for 25-35% of the total metabolites in human urine 

(11). The other major aldosterone metabolite found in 

human urine is an acid labile (pH 1) conjugate of 

a ldosterone and has been identified as aldosterone -18-



F,re d,ldo,1.,,0,,, 
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ol 
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Principal Metabolites of l\ldosterone in Human 
Urine. Percentage of total metabolites 
excreted in urine are shown in parentheses. 
*21-Deoxybicyclic acetal = 3a-Hydroxy-5B
pregnane-llB, 18S: 18S, 20a-Diepoxide. 

10 

Bicyclit acetal = Jcr, 21-Dihydroxy-~B -pregnane
llB, 18S:18S, 20a-Diepoxide. 
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j luc uronide (11). It was earlier referred to as the 

3-oxo-conjugate of aldosterone since the conjugated 4-en-3-

one system in ring A remains intact. Approximately 10% of 

t he metabolites of aldosterone excreted in urine may be 

a ccounted for as the 18-glucuronide. 

Spironolactone and progesterone are steroids that 

a n tagonize the physiological effects of aldosterone. They 

b l ock the binding of aldosterone to its renal receptors. 

Spironolactone also inhibits synthesis of polar aldosterone 

1netabolites by liver microsomes, a process that is depen

dent on cytochrome P-450 (12). 

E. Disease States 

Aldosterone plays an important part in monitoring 

e l ~c trolyte and fluid balance in the body. Therefore, a 

d ec rease or an increase in aldosterone secretion can 

prod uce a cute and chronic pathological conditions. 1n 

nor1nal subjects, aldosterone is secreted at a rate of 

10. 5 µ g per day (13). Increased quantities of aldosterone 

and its me tabolites are present in the urine of patients 

with diseases such as primary and secondary hyperte nsion, 

cony e st ive he art failure, cirrhosis of the liver and 

n -phrosis , as well .as in the urine of pregnant wome n (12). 

Elevation of the aldosterone level in the blood 
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p lc.1s 111a due to increased formation of aldosterone by the 

~dr e nals causes 1Pri1nary aldosteronism' or Conn' s syndrome. 

This may be an adrenal disease due to single or multiple 

a d e nomas, adrenal carcinoma, or bilateral adrenal 

hype rplasia. Extra-adrenal diseases, such as conges tive 

c ardiac failure, the nephrotic syndrome, or cirrhosis with 

a scites, may also cause overproduction of aldosterone. 

This is s e condary aldosteronism (1). Cushing 's syndrome 

a nd congenital adrenal hyperplasia are "mixed" fo rms of 

a l dosteronism (6). In all these cases, the continuous 

e xce ssive secretion of aldosterone results in sodium 

retention, potassium loss, and eventually hypertension (1). 

Selective hypoaldosteronism occurs if (i) adrenal 

a ldosterone secretion decreases because of deficien t 

hormone synthesis as a consequence of impaired stimulation 

o f a ldosterone production or primarily as the result of 

def icient aldosterone synthesis by the adrenal cortex ; (ii) 

t he rate of metabolic destruction of aldosterone is 

j ncreased; (iii) the effector organs are -refractory to 

aldosterone (6). 

F. Statement of the problem 

Various methods have been developed for the 

deLe rmination of aldosterone (6). Among them 
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r~ . li e r-Wettstein (14) methods using paper and column 

r ll ro111 a tography were popular until the nineteen- s ix t ies . 

'L'h e doul>le t.lerivative method of Kilman and Pete rso n (15), 

-u 1d isoto pe methods were used in the sixties. Th e g as 

c hromatographic method was also developed and impr oved in 

t il e l ate sixties. 

All these methods are tedious and long. A method 

whic h is l e ss tedious and less time-consuming for the 

d e te rmination of aldosterone is the goal of many 

r e searchers. The development of bonded- phase silica 

d ri vatives made the extraction of aldosterone and its 

co njug ates from urine easier. There are some imp roved 

me thods f or the determination of aldosterone using RIA (16) 

a nd a l so using HPLC (17,18). Aldosterone-18-g lu c uronide 

(AG ) and tetrahydroaldosterone glucuronide (THAG) are the 

two major metabolities that are excreted in urine . Urine 

a l so contains small amounts of free aldosterone. For 

di ag nosis of hyperaldosteronism the sum of aldostc rone-18-

g luc uronide and free aldosterone is usually assayed by 

hydro l yz ing the urine at pH 1 for 18-24 hours, followed by 

xtrac t ion . Successful determination of aldoste rone and 

a l dos terone-18-glucuronide was done with HPLC u sing a 

r adiolabeled steroid (17,18). 

Without radiolabeled isotopes, the determination of 
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,1 ld o s terolle by HPLC as the glucuronide mig ht be possib le 

u:..Ln<J aldos t e rone -18-glucuronide as a standard. But a 

,, tu ndard is not available commercially to the best of this 

researche r's knowledge. If aldosterone-18-glucuron ide were 

avai l ab l e as a standard, then urine could be anal yz ed for 

1lJos tcrone by HPLC without the required hydrol ysis step 

, ind subsequent time-consuming cleanup steps prior to HPLC 

( 1 11 , 1 9 ) • 

The purpose of this research is to devel op a 

roc edure for the enzymatic synthesis of aldosterone-18-

g luc uronide (AG) based on previous work involving the 

::--y nthesis o f a-naphthol glucuronides by To and We ll s (20), 

u nJ the synthesis of steroid glucuronides by Dut t on et al 

(21). The separation and identification of aldosterone

l U- ~ lucuronide will then be attempted using revers e - phase 

IIPLC with ultra-violet detection at 240 nm with frac tion 

co llection of the suspected peaks. If the reten tion time 

of aldosterone-18-glucuronide is known, then wh e n a · urine 

extrac t is injected onto the reversed-phase column, a peak 

with t he same retention time will indicate the presence of 

a ldosterone-18-glucuronide. Quantitation of the peak will 

th n permit the determination of the amount of l\G in the 

P tient's urine. This can be compared to a norma l range of 

AG and t he total value of aldosterone as found by RIA or 
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ll y dro lytic methods. 
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CHAPTER II 

REVIEW OF LITERATURE 

Aldosterone, which is excreted in urine mainly as 

jts me tabolites, has been a topic of research for scien

tist s in different fields. One of its main metabolites is 

t he gl ucuronide conjugate,aldosterone-18-glucuronide (6). 

Analysis of steroids of a defined conjugate class is more 

i nformative than analysis after initial hydrolysis of the 

tota l mixture (22). The following paragraphs discuss the 

wor k done in the area of stero~d glucuronides in general 

and a ldosterone-18-glucuronide in particular. 

A. Extraction Methods 

The determination of various xenobiotic substances 

in biological fluids usually involves protein precipita

tion , filtration, and solvent extraction in order to 

prepare the sample for analysis by either spectrometric or 

chromatographic techniques. These cleanup procedures are 

required to remove many of interfering compounds. The 

removal of these interfering substances is essential in 

order to obtain a pure sample for subsequent procedures or, 

if ·1uantitative studies are required, a signal-to-noise 



rat i o of sufficient intensity to ensure accurate and 

r ep r oducible measurements (23). 
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Underwood et al (24) describe the solvent 

e xtrac tion procedure for aldosterone after the hydrolysis 

of t he urine sample. They compared various solve nts and 

found that methylene chloride and chloroform are the most 

s uitable solvents for extraction of aldosterone. 

Solid-phase extractions have many technical 

a dv a ntages over liquid-liquid extractions. Deve lopment of 

s olid- phase extraction methods has accelerated in the last 

fe w years and has involved three main types of adsorbents: 

po l ystyrene resins, substituted crosslinked dextrans, and 

s ubst ituted porous silica. 

The description by Bradlow (25) of a method for 

ex traction of steroids by the neutral polystyrene resin, 

Amberlite XAD-2, represented a major advance in steroid 

a na lysis. Neutral Amberlite resins (XAD-2, XAD-4, XAD-7) 

ha ve now been widely used for many years for the extraction 

of steroids from aqueous solutions. Aldosterone-18-glucuro

nid e was separated from urine using Amberlite XAD-2 columns 

(10, 26). Urine was passed through several Amberlite XAD-2 

c olumn s , the columns were washed with water and the 

steroids were eluted with methanol. The methanol eluate 

wa s evaporated and the residue dissolved in phosphate 

buffer. This solution was then washed with methylene 

c hloride and the aqueous portion was then incubated with 
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B··g lucuronidase to bring about the hydrolysis of other 

s t e roid gl uc uronides. This incubation mixture was agai n 

was hed with methylene chloride and the aqueous solution was 

a µplied to an Amberlite XAD-2 column and the column then 

was hed with distilled water. The aldosterone-18-g lucuronide 

o n the column was then eluted with methanol. 

Sephadex gels substituted with alkyl chains f orm 

yood stationary phases in alcohol-water mixtures (27). 

G ~l s with an appropriate degree of substitution to be just 

we tteJ by water, e.g., Lipidex 1000 (containing 10 %, w/w, 

of C12 -C14 alkyl chains), function as nonpolar adsorbents. 

If wate r containing lipid-soluble compounds is passed 

through a small bed of Lipidex 1000, these compounds are 

r e tained and can then be eluted with methanol or 

ct,loroform-methanol. Conjugated steroids, because of their 

water so lubility, are poorly adsorbed by Lipidex 1000. But 

th e additi on of decyltrimethyl ammonium bromide to the 

aqueous solution results in formation of ion pairs that can 

be adsorbed by Lipidex 1000 (28). 

Substituted porous silica, the so-called bonded 

plJ as e s , can be used for extraction of substance s fro m 

aqueo us solutions. Shackleton and Whitney (29) d escribed a 

111e thod for the rapid and quanti ta ti ve extraction of free 

and conj ugated steroids from urine using Sep-pak C 10 

cartridges . These cartridges are small columns containing 

octadecy l silane bonded phase packing retained between 
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li l te r s . The lengthy extraction proc ed ur e with Amb e rlite 

XAD - 2 res in is replaced by these bond ed phase cartr idges. 

Risk and Holland (17) used different bonded-phase silica 

d e ri vat ives (Sepralytes) for the preparation of uldos t erone 

gl uc uron i de (AG) and tetrahydroaldosterone glucuronide 

( '1' 117',G) . They processed the urine sample through a C 2 

(e thy l) column. A sex (strong cation exchanger) column was 

p si tione d below the C 2 column, and the steroid 

~ lucuronates were elute d with distilled water. This eluent 

at pH 7.5 was then passed through a SAX (strong ani on 

exc hanger) followed by a CF (chromatofocusing) c o lumn and a 

C 2 co lumn using a step gradient. 

Free , sulfated and glucuro-conjugated steroids are 

e~ trac t ed from serum, ovarian follicles, lutein cyst, and 

pe ritone al fluids using Sep-Pak C18 cartridges (30). These 

t h ree cla sses are then further separated from e ach other by 

s uccessive extractions with ethyl acetate. Free s teroids 

ur. _ recovered first; after hydrolysis of the wate r layer, 

s ulfated steroids are recovered and, finally, af ter 

B-g lu c uron idase enzymatic hydrolysis, steroid glucuronides 

and mixed conjugates are obtained (30). 

The method used by Axelson et al (31) to extract 

un c onj uga ted and conjugated steroids from urine samples is 

sh own in a flow scheme in Fig. 8. 



C 1 e 

TEAP-LH-20 

Unconjugated steroids Conjugated steroids 

Fig. 8 General flow scheme for analysis of 

steroids in urine. 
+ . 

SP - Sephadex (H) was prepared as follows: 
SP - Sephadex C-25 was converted into the sodium 

form and washed with 20% and SO~ aqueous ethanol at 70°C 
and then stored in ethanol at 4°c. Prior to use it was 
converted into the H+ form with 0.5 M hydrochloriacid. 
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Sodium hydroxide added to Triethylaminohydroxy
propyl Sephadex LH-20 (TEAP-LH-20) in suitable solvents and 
at the proper temperature made TEAP-LH-20 (OH - ) • 

The numbered steroids in this figure are: ( l) 
Ne utral (2) Phenolic (3) Glucuronides (4) Monosulfates 
(5) Disulfates. 

B. Paper and Open Column Chromatographic methods 

Mattox et al (32) described the use of "liquid ion 

exchangers" as components of solvent systems for separation 

of steroid glucosiduronic acids. Addition of tetraheptyl 

ammonium chloride to the mobile phase and KCl to the 
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s tationary phase of Bush-type systems (33) results in a 

1nar ke d increase of the mobility of the glucuronides, which 

otherwise remain at the starting line. 

Ali and Witzgall (16) compared the excretion rates 

o f a lclosterone glucuronide by paper chromatography and 

r a dioimmunoassay (RIA). They found that aldosterone 

g luc uronide in urine specimens determined without 

c hr omatography gave significantly higher values than 

~ l iquots which were estimated at the same time with chroma

tog raphy . Grose et al (34) used DEAE-Sephadex column for 

t h e::, separation of aldosterone-18-glucuronide from 

u ldosterone sulfate. They separated these two compounds 

al~o by paper chromatography. 

Morris and Tsai (18) used diethylaminohydroxy-

1>ropy l-Sephadex-LH-20 (Sephadex DEAP-LH-20) resi n column 

c hro matography in separating aldosterone and its me ta

bolites. They determined the percentage of aldosterone 

g luc uronide in the liver, kidney, plasma, bile and urine of 

rats . 

C. High Performance Liquid Chromatographic Methods 

Liq uid chromatography is the chromatographic 

P~ocess in which the moving phase is a liquid which 

percolates over a stationary bed. High pressure liquid 

c hromatography is a liquid chromatographic technique in 

Which the solution is pumped through the column at high 
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pres sures. In reversed-phase partition chromagraphy, the 

stat ionary phase is nonpolar and the mobile phase is highly 

µo lar (35). 

For effective liquid chromatographic separations, a 

co lumn must have the capacity to retain samples, the 

a bility to separate sample component~ and efficiency of 

operation. The capacity factor of a column is a measure of 

samp l e retention by the column and is defined by the 

e xpr e ssion: 

wh e re t
0 

is the hold up time and v 
0 

is the void volume. The 

ho ld up time or void volume is the volume of the column not 

occ upi e d by the packing and is equal to the total volume of 

s olve nt eluting from the column between the time of 

in jec t i on and the appearance of the unadsorbed spe cies. tR 

is the retention time, that is the time from injection to 

t hat at which the maximum of the solute peak appears on the 

r ecorder chart paper. VR is the retention volume . 

va lue s are too low, the components elute too quickly. 

The r e fore, the solvent is too strong. Conversely, if the k1 

value s are too great, the elution times are too long. The 

l o ng retention times can usually be decreased by increasing 

the solve nt strength (35). 
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A separation factor 0 , which is a measure of a 

L ·o I u11111 's abi 1 i ty to separate two components, is expressed 

, 1:; d ratio of the capacity factors for the two co111ponents 1 

If a is 1, the peaks coincide and there is 110 

z 
0 
I -
I.) r w 
i 

j 
1--1 w 

I A 1' l -2-.... 

0 

Time 

Fig. 9 Illustration of chromatographic terms 

Column efficiency is quantitatively described by 

Lh e number of theoretical plates N (35). 

N = 16(~: )2 
wh e re t and Ware defined in Fig. 10. For good resolu-

tiu11 , narrow baseline widths (minimum band spreading) are 

desirable. Another column efficiency measure is the height 

Pquivalent to a theoretical plate, HETP, which is obtained 

by llividing the length of the column, L, by the number of 
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t h eoretical plates: 

HETP = L/N (35). 

Reversed-phase systems are more applicable for 

compounds that have hydrocarbon character and ar e sparingly 

so luble in water. Steroids have been satisfactor ily 

a 11a l yzed on normal phase as well as reversed phase systems. 

ll o we ver, a reversed-phase system is preferred if the major 

differences of the components are in the side chains (36). 

An isocratic or gradient elution mode can be used 

1 n high pressure liquid chromatography (35). A weak eluent 

is desi rable in the isocratic mode if there are different 

c mponents in the sample. Gradient elution is the change 

of so lve nt composition during a separation in which the 

s olvent strength increases from the beginning to the end of 

t he separation. When this works properly, good resolution 

wi l l be obtained for a wide range of sample polarities. 

The selection of the optimum solvent system is 

importan t for good chromatographic separations (37). 

Vi scosities of solvent should be kept below 0.4 - 0.5 

centipoise. Solvent strength is also important in 

par tition chromatography. If the separation of two bands 

is to be optimized from the standpoint of maximum 

~esolu tion per unit time, the k' values of the two bands 

must fall close to an optimum value, which is usually 

between 2 and 5. 

A grouping of solvents in order of chromato-
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yraphic s trength is called an eluotropic series (37). 

'I'he HPLC of steroids has been reviewed by lleftmann 

a nd Hunter (38). Some literature that describe s the 

iso l at ion and analysis of conjugated steroids u sing HPLC is 

dj sc usse<l below: 

Van der Wal and Huber (40) have made exte nsive 

studie s of the separation of estrogen conjugates and have 

ob tained impressive results. Very rapid separat ions of 

est rogen conjugates (2 minutes) were achieved on octadecyl 

si lica with phosphate buffer containing cetyltrimethyl

a 111mo nium bromide as the mobile phase. The latter was 

ass umed to adsorb to the surface of the substituted silica 

and act as an ion-pairing agent to retard the ste riod 

conjuga tes. Musey et al. ( 41) studied the separation of 

es trogen conjugates with a strong anion exchanger bonded on 

sj_ lica. Hermansson (42) studied reversed-phase systems in 

which a stationary phase of pentanol was coated on 

octadecy l silica. Phosphate buffer containing a quaternary 

ammonium ion was used as a mobile phase. Reversed-1:>hase 

adsorpt ion systems in which a low percentage of pentanol 

was added to the mobile phase in the absence of the 

hydr ophobic counterion were also studied (43). 

Shaw and Elliott (44) separated bile acid 

conjugates by HPLC on silica columns in basic systems that 

limited the life span of the columns, and also in acidic 

3 Yste ms that showed tailing with the taurine conjugates 
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be au se of their strong interaction with silanol grou ps on 

th e s ilica surface. The order of elution in the separation 

o f the glucuronides and sulfates of (conjuga ted) bile acids 

on non-polar adsorbents with a low concentration of organic 

mod ifier in the mobile phase was recently confirmed experi

me nta ll y (45). 

Gradient elution with dioxane-water solve n t system 

was se lected for resolving polar adrenal steroid s i ncluding 

,nin e ra lcorticoids such as aldosterone (46, 47). D'Agostino 

t:' l a l. (48) separated aldosterone and 18-Hydroxycort icos

t e r on e from a cell suspension of human adrenocor tica l 

t u111 our cells. They used a ternary mobile phase which was 

computer optimized. 

Morris and Tsai (18) separated metabolit e s of (
14

C) 

a ld o ster o n e synthesized in vitro by rat liver microsomal 

preparations, dog liver microsomal preparations, a nd human 

live r microsomal preparations using a C1a-µBonda pak column 

·j n IIPLC. They also separated polar neutral 

3 r ad ' ometabolites of ( H) aldosterone. 

D. Miscellaneous methods 

Axelson et al , (31) analyzed steroids in different 

conj uga te fractions from the urine of a healthy woman 

during follicular phase. They used gas liquid chromato

~raphy (GLC) and gas chromatography-mass spectrometry 

(GC-MS). Radioimmunoassay (RIA) was performed with a 
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hi g t1 ly specific antibody against aldosterone (16). RIA is 

tile preferred method today. 

E. Biosynthetic method of glucuronide formation 

Glucuronide formation is an important r eac tion in 

me tabo lism of endogenous and xenobiotic compound s . Hepatic 

microsomal uridine diphosphate glucuronyl transferase 

(U DPGT ) catalyzes the transfer of glucuronic acid from 

uridine diphosphoglucuronic acid (UDPGA) to various 

s ubstrates (49). The major biosynthetic route for simple 

glucuronides is shown in the following equation: 

UuP-g 1 ucuroni·., acid + tlOH UDP+ R-0-glucuronic acid 

UDPglucuronyl transferase's important physiological 

and pharmacological roles in vertebrate tissues l1 a ve been 

c omprehensively reviewed (49). Liver is the most active 

ti s sue for glucuronidation (SO). Adult mammalian liver 

probably contains the highest UDPglucuronyltrans fer ase 

activity per milligram portion of all tissues, whether as 

homoge nate or washed microsomes (49). The trans fe rase can 

be activated by its known endogenous activator, 

UDP-N-acety lglucosamine (UDPGlcNAc) (21). Transfera se 

activity is incre~sed approximately 30% by 2 to 20 mM 

maqnesium ions (50) also. Boutin et al. (51) studied a 
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< 1: re lat i on between conjugation velocity and geometry. The 

mc st rapidly metabolized molecules are planar, a n d the 

bu lk ier the molecule, the more slowly it is conjugate d. 

The dependency of UDP-glucuronyl transfe ra s e on 

pho~;pllol ipids is discussed ( 52) by Singh and coworkers. 

Subs tantial diffe rences exist in rat and rabbit liver 

microsomal preparations with respect to the rate of 3-0H 

a nd 17-0H steroid glucuronidation (53). The form of UDPGT 

presen t in rabbit liver microsomes catalyzes the 3-0H 

g lucuronidation of estrone and 8-estradiol. However, two 

for ms of UDPGT activity are present in rat liver microsomes 

whic h catalyze both the 17- and 3-0H positions of steroids 

( S 3 ) • 

Different kinds of substrates were used for 

glucuronide formation using UDPglucuron~c acid and UDP

( 1.uc uronyl transferase as catalyst. The direct me asurement 

of t h e conjugate formation was possible only with one 

co 111 pound ( 49). The conjugate formation was measured in the 

othe r c ompounds by measuring the diminution in free 

s ubstrate concentration which occurred on the addition of 

UDP g luc uronic acid (49). 

The suggestions of Dutton (49) for the synthesis of 

g luc uronide s are useful. These suggestions are: 

(i) UDPglucuronic acid should be of the highest 

puri ty. 

(ii) The most suitable buffer is trishydroxy-
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rn e thylamino-methane (tris), at pH 7.4 - 7.8 • Magnesium 

ions can stimulate the reaction under certain conditions. 

(iii) Nitrogen is the gas phase, to minimize 

e nzymic oxidation of UDP-glucose in the homogenate, or 

oxidative side reactions of the substrate. The temperature 

0 0 
s hould be 37 C or 30 C. 

Tris/maleate/MgC1
2 

buffer, UDP..glucuronic acid, 

UDPGT from rat liver, and labelled substrates were the 

c omponents in the incubation mixture for making the 

_lu c uronides of 1-naphthol and testosterone (21). 

Tris-HCl containing magnesium ions, UDP-glucuronic 

ac ld, UDPGT from rabbit liver, and labelled substrates were 

Lil e c omponents in the incubation mixture for the 

g lu c uronide synthesis of estrone and 4-nitrophenol (50). 

The solvents used to terminate the reactions were 

different for each compound. The synthesized glucuronides 

were determined quantitatively by liquid-scintillation 

countlng techniques (21, 50). 

Matsui et al (54) synthesized the glucuronides of 

4-nitrophenol, phenolphthalein, and testosterone and 

developed a HPLC method for their quantitative determin

ation. The incubation medium contained microsomal 

fractions from rat liver, Tris-HCl buffer, EDTA, MgCl 2 , 

a nd UDPGA. The incubation was carried out at 37°c and 

terminated by heating in a boiling water bath for 1-5 

minutes. The amounts of the enzymatically formed 



9 l uc uronides were calculated by subtracting the unreacted 

s ubstrates from the incubated substrates. 

Paracetamol (acetaminophen) glucuronide was also 

synthesized enzymatically and determined by HPLC (56). 
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A simple method for the biosynthesis of a-naphthol 

y lucuronide using UDPGA and UDP.Jlucuronyl transferase is 

descr ibed by To and Wells (20). Here the a-naphthol 

g lucuronide was identified by HPLC, using a reversed-phase 

( RP ) C1a column. The incubation mixture contained a--naph

thol (the substrate), Tris buffer (pH 7.4) with magnesium 

c hloride, DMSO, and UDP.glucuronyl transferase from male 

CD-1 mice. The reaction was stopped by the addition of ice 

co ld methanol containing the internal standard, B-11aphthol. 

Tl1 e reaction was quantitative. The effect of subs trate 

concentration and incubation time on enzyme activity was 

studied. 
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CHAPTER III 

MATERIALS AND APPARATUS 

A. Solvents and Reagents 

All chemicals and solvents used were of t he highest 

purity available. 

Doubly deionized ultrafiltered water was used for 

t he p r e pa ration of the mobile phase. Deionized water 

dist ill e d from basic permanganate was collected and 

redi stilled in glass apparatus (triply distilled) and was 

us e d for the preparation of all other reagents. 

Solvents and reagents were prepared or us ed as 

desc r ibe d b e low. 

Acetonitrile and methylene chloride (Burd ick and 

J acks on Laboratories, Inc., Muskegan, MI, 'distilled in 

g l ass ', chromatoquality) were filtered through ny lon 

filte rs of 0.45 µ m pore size. 

HPLC grade methanol was further filtered t hrough 

t he ny lon filters. 50 mM Tris buffer was made from Tris 

(THAM). Certified A.C.S. Dimethyl Sulfoxide (DMSO) was 

a l s o us ed. These reagents were purchased from 

Fi s he r-Scientific Company, Fairlawn, NJ. 

Ma gnesium chloride (Allied Chemical, Genera l 

Che mical Division, Morristown, NJ) was used in th e 



i 11 c uba t ion mixtur e. 

Hy d r ochloric acid (Mall i nckrodt Inc., Pa r is , KY) 

w,).s us2d t o p r e pare 6N hydrochloric acid and O .1 M HCl. 

Sod ium c arbonate was used to prepare a 0. 05 N Na CO 

so lutio n. Sodium carbonate and o-Nap h t hol wer e fro m J.T. 

Ba ke r ch e mic a l Co., Phillipsburgh, NJ. 

Ur idine 5
1 -Diphosphate, Uridine s' -Diphos p l10-

T l. 1tc uronic acid (Na salt) , Uridine 5
1 

-Dip hospho g 1 ucu r onyl 

tra n sferase from rabbit liver and bovine liver (Type II, 

l yo ph i li zed crude microsomal preparation contain ing 

a µ ~rox ima t e ly 30% buffer as potassium cl1loride and r e duc ed 

~ luta t hione ), g lucuronic acid, and a-naphthol g luc uronide 

w re p ur c h a s e d from Sigma Chemical Co., St. Loui s , MO. 

B-naphtho l wa s from Sargent-Welch Scientific Co., Cl e veland, 

Oil . 

Nitrogen (The BOC Group, Inc., Murray Hill, NJ) was 

used t o e vaporate solvents from the samp les. He l i um (The 

uoc Grou p , Inc.; Montvale, NJ) was used over the solvent 

sys t e m. 

B . Steroids 

The following steroids were used in the experiment: 

D-Aldos terone, Aldosterone monoacetate, Aldostero n e 

di a ceta te, Prednisolone (Sigma Chemical Co., St. Louis, MO) 

Prednl sone (All tech Associates, Inc., Deer£ ield, IL) . 
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C. Apparatus 

The High Pressure Liquid Chromatographic 

J11strument, IBM model LC/9533 and the variable UV detector, 

n1 ode l LC/9533, were purchas ed from IBM Instruments, Inc., 

Da nbury, CT. A block diagram of the instrument is shown in 

Plg . 10. 

The column used wa s the Econosphere Reve rsed-Phase, 

C18 (RP , C18 ) with the dimensions (25 cm x 4.6 mm) and the 

pa ~ti cl e size was 5 microns. It was protected by a guard 

co lun1n (5.0 cm x 4.6 mm) also containing octadecy lsilica. 

Uot h came from Alltech Associates, Inc., Deerfield , IL. 

Th e r e corder conne cted to the instrument was Sargent-Welch 

mod e l XKR (Sargent Welch Scie~tific Co., Cleveland, OH). 

The Millipore filtration apparatus (1000 mL 

si ze ) (Mi llipore Corporation, Bedford, MA) was used for the 

fi l tration of all samples. Nylon 66 filters o f 0.45 µm 

size and 47 mm diameter were used for solvent fil t ration, 

a nd nylon filters of 0.2 µ m size and 25 mm diamete r were 

used for sample filtration prior to injection (Alltech 

Assoc iate s, Inc., Deerfield, IL). 

Micropipettes of sizes ranging from 10 µ L to 

l uuu µL (Centaur Chemical Co., Stanford, CT) were used for 

S<lmp l e preparations. 

Microliter syringes (Rainin Instrument Co., Inc., 

Wob ur11, MA) in 50 µ Land 100 µL sizes were used to inject 

samples into the HPLC. 
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5 cc plastipak syringes (Becton-Dickin son Co., 

lltth c rford, NJ) were used for sample filtration. 

The incubation mixture was kept at 37°c in a 

~r e cision reciprocating shaker bath (GCA Corpora tion, 

Chicag o, IL). 

Centrifugations were done with a Sorvall GLC-1 

Ce ntrifuge (Sorvall, Newton, CT). 
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The pH measurements were made on a Sargent-Welch 

mod e l IP pH meter. A vacuum pump was used to deg as the 

,nob i le phase. These were purchased from Sargent-W~lch 

Scientific Co., Skokie, IL. Beckman UV-Visible recording 

sµect rophotometer Model 26, (Beckman Instruments, 

[•'ul l e rton, CA) was used to record UV spectra of several 

co 111 pounds. 
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CHAPTER IV 

EXPERIMENTAL METHODS 

A. Preparation of Mobile Phase 

To and Wells used 0.1 M acetic acid-metha nol 

(55 :45, v/v) as the mobile phase for the identi fic ation of 

a-naph thol glucuronide by HPLC (20). This mobil e phase wa s 

tried for aldosterone by this investigator and wa s found 

no t s uitabl e . 'I'he column was clogged several time s because 

of so me precipitate formation of aldosterone with this 

s ol v e nt. 

Methanol-water mixtures and acetonitril e -wa ter were 

us e d a s mobile phases for aldosterone by a previous 

re s ea rcher (56). Different proportions of methanol-water 

a nd a cetonitrile-water were tried in this research. 

Metha nol-water in the ratio of (55:45,v/v), and acetroni

tri l e -water in the ratio of (65:35, 50:50, 40:60, 35:65, 

J 0 :70, v/v) were used to find the retention time of 

a l dosterone . All these mobile phases gave good symme trical 

Pedks f or aldosterone, and the retention time increased as 

tli e water content in the mobile phase increased. Aceto

njtri l e-wat e r (25:75, v/v) was also used, but the peak was 

not symme trical. The mobile phase which gave a r ea sonable 
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r e ten tion time with a good symmetrical peak was selected. 

Tl1at was acetonitrile-water (30:70, v/v), which was used as 

the mobile phase throughout the research. 

Glass-distilled acetonitrile and deionized water 

were filtered as described in Chapter 3. The filtered 

so lve nts were thoroughly mixed in the proper ratio. The 

mobile phase was then transferred to the 1-liter bottle 

which was provided in the solvent tray of the LC/9533 and 

was degassed using a vacuum pump. Then a layer of helium 

was placed over the solvent. 

B. Preparation of Solutions 

The experimental work ·was started with 0.1 M acetic 

ac id-methanol (55:45, v/v) as the mobile phase. a -naph

thol , a -naphthol glucuronide and B-naphthol were the main 

components that appeared in the chromatogram when a ·-naph

t ho l glucuronide was synthesized by To and Wells (20). 

a-n aphthol glucuronide (6 mg) B-naphthol (6 mg), and 

a-n apl1thol (6 mg) were prepared in separate 20 mL aliquots 

of 0.lM acetic acid-methanol (55:45, v/v). 

were obtained with the above components. 

Chromatograms 

Tris buffer (50 mM) was made by dissolving 0.6145 g 

Tris (THAM) in 100 mL triply distilled water, and the pH 

wa s adjusted to 7.4 with 6 M hydrochloric acid. MgC1
2 

(0. 2146 g) in 100 mL of triply distilled water made a 10 mM 

MqC I2 solution. The UDPGA solution used was 4 mM. UDPGA, 
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f~ .1 sa lt (0.029 g/mL), UDP (0.15 mg/rnL), D-Glucuroni c acid, 

l~ a sa lt (0.15 mg/mL) were prepared in triply dist illed 

wa l e r. D-Glucuronic acid, Na . salt (0.19 mg/mL) in 50 mM 

Tri s buffer was also prepared. Aldosterone (7.1 mg) in 

50 mL methanol kept in the freezer was used. Rabbit liver 

e n zy me (4 mg/mL) and 4 mg/mL bovine liver enzyme were made 

in 'l'ris buffer. 

C. Preparation of Incubation Mixture 

Preparation of incubation mixture was ba sed on the 

works done by To and Wells (20) and Dutton et al (21). 

Table 1 gives the volumes and concentrations of the 

compone nts used in the incubation mixtures. First 25 µ L 

( J . 5 5 ug) or 9.86 nmoles of aldosterone stock solution were 

µlac ed in a 15 mL glass centrifuging tube and dr ied under 

nitrogen at room temperature. Then 20 µ L of Tri s buffer 

(5 0 rnM) and 20 µL of MgCl2 (10 mM) were added. Since 

a l dos terone is a slightly polar compound, 3% (v/v) DMSO 

(1. 2 µL) was added for adequate solubilization in t~e 

aqueous medium. 25 µ L of 4 mM UDP glucuronic acid ( 100 

n111o l e s) was added and mixed well and the solutions 

µr e -incubated in the centrifuging tube at 37° C for 5 

minute s in a shaker water bath. 50 µ L of UDP- glucuronyl 

t r ansferase from rabbit liver (4 mg/mL) was then added and 

the mixture incubated for one hour. This was incubation 

mi x ture (I). The reaction was then stopped by adding 1 mL 
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Incubation 
mixture (I) 

BJank 
mixture 

Incubation 
mixture (II) 

T.ABLE l 

Volumes of the components in the incubation mixture 

a l:losterone UDP-g Jucurony 1 
(7. 1 mg/50 rnL.) 50 ntl iO mM 4 ll'M transferase 
dried urrler N2 T ri.s ruff er I1c,aC 1, UDPGA lJ.''iS') (4 mg/mL) Total · 

25 µ L 20 µ L 20 µ L 25 µ L l.2 µL 50 µ L 1J6.2 u L 

66.2 µL 50 \.l L 1J6.2 µ1 

.DO \.l L 80 \.l L 80 µ L 100 µ L 4.8 µL 200 µ L 464.8 µ L 
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o f ice - c old me thanol. The enzyme was precipita ted and the 

s upe r na t ant was collected after centrifuging for 15 minutes 

~t 1000 RPM in the Sorvall GLC-1 centrifuge . 

The s ame amount of enzyme solution was a l s o 

i n uba t e d under the same conditions with buffer so lution 

wj t hout any other components at the same time and the 

~u ~e r na tant was collected afte r adding 1 mL meth a no l. The 

vo J. u1ne of the incubation mixture (I) was incre a s e d four 

ti mes t o ma ke incubation mixture (II). 

D. Prepa ration of Samples for HPLC 

Th e supernatants from the incubation mixtures were 

dri e d und e r nitrogen at room ~emperature and dis so lve d in 

300 µ L of mobile phase. They were then filtered through 

25 mm Ny lon 66 filter of 0.2 µ size. A volume of 5 011 L of 

t hi s fi lte r e d sample was injected onto the HPLC co lumn. 

E. HPLC Method 

The experiment used the IBM Model LC/9533 (Fig. 

10). Alltech C18 Reversed phase column (length: 25 c m; 

dia meter: 4.6 mm; particle size: 5 microns) prece d e d by a 

gua r d column was used. The column was maintained a t room 

te mpe r a ture. The mobile phase consisted of acetonitrile

Water (30:70, v/v). The column inlet pressure and the 
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g ua rd column pressure were 159-179 bars. The flow rate was 

1.0 mL/minute and the chart speed was 1.0 cm/minute. The 

lD M model LC/9523 variable U.V. detector was us e d. The 

sensitivity of the UV detector, which was set at a 

wa ve l e ngth of 240 nm, was 0.05 Absorbance Units full scale 

d e f l e ction. A 50 µ L full volume injection loop was used, 

a nd a constant volume (50 µL) of samples was inj e cted. 
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CHAPTER V 

RESULTS AND DISCUSSION 

Success with high performance liquid chromatography 

de1,Je nds on the efficiency of the column and the mobile 

p ha se used. The RP-C 18 column purchased from Alltech 

7\ ssoc iates Inc., was used in this research. Along with the 

co lumn, Alltech provided a sample, RP-Mix-D to make a 

'-/Uu. lity assurance chromatogram. The sample contai ned six 

c o 111 ponents in different concentrations. Sharp s y mmetrical 

µ e a ks were obtained with good resolution and in good 

a•.1 ree rnent with All tech (see Fig. 11). 

All samples were analyzed using a 25 cm x 4.6 mm 

I.D . reversed-phase (RP) C 18 column with a particl e size of 

5 mic rons. The procedure followed by To and Wells (20) to 

synthesize a-naphthol glucuronide was the initial g uideline 

for this research. They used (55:45, v/v) 0.1 M ace tic 

acid -methanol as the mobile phase and B-naphthol as the 

interna l standard. This solvent system was used by this 

investigator to check the adaptability of their system to 

this research on aldosterone glucuronide synthesis. The 

chromatograms of the HPLC resolutions of a-naphthol 

Ylu c uroni<le and s-naphthol are shown in Fig. 12 and 13. 
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phase C 18 column; Mobile phase: Acetonitrile
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Detector: UV ( 254 nm); Sensitivity: l.U l\Uf'S; 
Chart speed: 2.0 cm/minute. 
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The only difference between the two chromatograms is the 

£ l ow rate. 3 µ g of aldosterone in 20 µ L was injected onto 

t h e column. The pressure rose to a maximum of 400 bars 

with this mobile phase. The column and guard column became 

c l ogg ed and had to be cleaned with methanol. The flow rate 

wa s reduced from 1.5 mL/minute to 1 mL/minute and the 

amount of aldosterone was reduced from 3 µg to 150 ng. The 

reten tion time of aldosterone was checked each day for six 

days . The retention time changed every day from 6.9 

1ninute s to 23 minrttes, although the column conditions were 

the same. The reason for this change in retention time was 

no t very clear. It might have been due to the formation of 

a precipitate with the mobile phase. Thus it was necessary 

to change the mobile phase. 

Bennett (56) used methanol-water and acetonitrile

water as mobile phases in C1s-silica columns for 

aldoste rone chromatography. Methanol-water in the ratio of 

(55 :45, v/v) and acetonitrile-water from (65:35, v/v to 

30 :70, v/v) ratio gave good symmetrical peaks. The 

r e tent ion times were in the range of 4.8 minutes td 10.6 

minutes. Glucuronides are highly polar compounds. Uracil 

was us ed to find the void volume. But the retention 

vo lumes of a -naphthol glucuronide and Uridine diphospho

glucuronic acid were less than that of Uracil in 

aceton itrile-water (50:50, v/v). The retention time of 

Urid ine-5
1

- diphosphate (UDP) was less than that of UDP-
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g luc uronic acid. Since AG is a steroid glucuronide, it 

s ho uld be separable f 7om UDP and UDPGA because it is less 

po la r than either one. The mobile phase which gave an 

o~t imal retention time for aldosterone with a good 

sy mme trical peak was acetonitrile-water (30:70, v/v). This 

was used as the mobile phase throughout this research. The 

wa ve -length was set at 240 nm and the sensitivity of the uv 

de t ector was 0.05 AUFS. 

An aliquot (75 µ L) of a stock solution of 

a l d o s t e rone (142 ng/µL) was evaporated to dryness under 

nitrogen and redissolved in 1010 µL of mobile phase, and 

50 µ L we re injected onto the HPLC. The chromatogram 

obta ined is shown in Fig. 14. The retention time of 

a ldosterone was 10.6 minutes. 

The retention times of UDP and UDPGA (UDP

g lucu r onic acid) were 2.1 minutes and 2.3 minutes 

respectively. Retention times of different compounds which 

we r e tried during this research for checking chromato

graphic resolution are listed in Table 2. 

Once the desired retention times were determined, a 

sta ndard curve for the aldosterone was constructed. The 

area of the peak was determined using the formula 1/2 BH 

for a triangle. The amounts used were 70, 159, 352, 527 

a nd 703 ng. Table 3 shows the peak areas for each amount. 

The standard curve for aldosterone is presented in Fig. 15. 

The standard curve is linear up to 703 ng, which differs 
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Chromatogram of ·pure aldosterone working standard (527 ng). 
Column: Cl8 Reversed-phase; Mobile phase: Acetonitrile-water 
(30:70, v/v); Temperature: Ambient; Flow rate: 1.0 mL/min.; 
Chart speed: 1.0 cm/min.; Detector: UV (240 nm); 
Sensitivity: 0.05 AUFS. 
Peak 1. Aldosterone 
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TABLE 2 

Retention Times of Compounds Investigated 

in This Assay 

Compound 

Aldosterone 

Pre dnisolone 

----Aldosterone monoacetate 

Aldosterone diacetate 

UDP-glucuronic acid 

UDP 

D-Glucuronic acid 

a -Naphthol glucuronide 

Retnetion Time 
(minutes) 

10.6 

10.3 

22.5 

>30 

2.3 

2.1 

2.8 

2.2 
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TABLE 3 

PEAK AREAS OF ALDOSTERONE STANDARDS 

Aldosterone Amount 
(ng) 

70 

159 

352 

527 

703 

Peak Area 
(cm 2 ) 

l. 02 

2.25 

5.85 

10.15 

12.74 

50 
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fr o m Bennett's (56) results, which were linear only to 150 

n y n ldo s terone. The linearity to a higher concentration 

co uld be due to the different HPLC used, a column with 

s ma ll e r particle size, and a different UV detector. When 

p e rforming an assay on aldosterone glucuronide, the 

standard curve would be used to calculate the amount of 

free a ldosterone remaining in the assay mixture. This 

cou l d b e subtracted from the amount of aldosterone 

in it ially used to obtain the amount of AG synthesized 

e n zy ma t i cally. 

E!1zy mat .i. c Sy nthesis of Aldosterone Glucuronide 

The glucuronide formation was based upon the 

e qua t ion: 

UDP g 1 ucuronic acid + ROH ~ UDP + R-0-g 1 ucuronic acid, in 

t ll ·' p resence of UDP g 1 ucuronyl transf erase ( 4 9) • It has 

be e n p roved that conjug ation of glucuronide moiety to 

.:t l dosterone is through the hydroxyl group on C18 in the 

he 111 iace t a l form (4). The amounts of aldosterone an9 UDP

y l ucu ronic acid that reacted and the amount of aldosterone 

~ luc uronide that was formed were calculated as e xp lained 

a bov e a nd presumed to be: 

Aldosterone (9.86 nmoles added) + UDPgluc uronic 

·3 c i cl ( 1 0 0 nmo 1 es added) _U_D_P~g~l_u_c_u_r_o_n~y~l_t_r_a_n_s_f _e_r_a_s~i 

Al dos t e rone glucuronide (6.7 nmoles found) + UDP. 

During the incubation period aldosterone was not 
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comp l e t e ly converted to aldosterone-18-glucuronide 

(a pproximately 68% conversion in one hour). Thus after 

in c ubation, the incubation mixture contained unre acted 

a l dosterone, excess uridine diphosphoglucuronic acid, UDP, 

u nd aldosterone glucuronide. The preparation of the 

incubation mixture was discussed in Chapter IV. Twenty 

1ninutes was the maximum time for incubation for a-naphthol 

g lucuronide (20) and testosterone glucuronide (54). The 

inc ubation period was changed from 20 minutes to 30 minutes 

a nd then to 1 hour. If there is glucuronide formation, the 

peak area of aldosterone after incubation will be less than 

be f ore incubation. This was true only at one hour 

i nc ubation. 

The glucuronide assay was initally performe d as 

fo llows: 

The methanol supernatant of the incubation mixture 

(I) was collected. 300 µ L of this was dried under N 2 at 

r oom temperature and redissolved in 300µ L of mobile phase. 

50 µ L of this was injected onto the HPLC column. The 

c h r omatogram obtained is shown in Fig. 16. 50 µ L of this 

sa mp le contained 159 ng of aldosterone before incubation. 

Fig . 17 shows the size of the aldosterone peak for this 

il mount. Fig. 18 shows the UPD-glucuronic acid that was in 

Fig . 16 before incubation. Matsui et al (54) used the 

dif f erence in the peak sizes of substrates before and after 

inc ubation to calculate the amount of glucuronides formed. 
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Fig. 17. Chromatogram of aldosterone (159.o ng) used in the incubation 
mixture (I). 
Mobile phase: Acetonitrile-water (30:70, v/v); Flow rate: 
1. 0 rnL/min.; Detector: UV (240 nm); Sensitivity: 0.05 AUFS: 
Chart speed: 1.0 cm/min. 
Peak 1. Aldosterone 
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Fig. 18. Chromatogram of UDP-glucuronic acid used in the incubation 
mixture (I). 
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Mobile phase: Acetonitrile-water (30:70, v/v); Flow rate: 
1.0 mL/min.; Detector: UV (240 nm); Sensitivity: 0.05 AUFS; 
Chart speed: 1.0 cm/min. 
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Since the aldosterone peak is smaller in Fig. 16 t ha n in 

Fi 1J . 17, the amount of aldosterone that disappea r e d to form 

t. he g luc uronide was calculated from the standard c urve 

(Fig . 15). Total aldosterone in the incubation mix ture was 

9 . 86 nmoles , and 6.7 nmoles disappeared during the incuba

t i o n per iod of 1 hour indicating the possible prod uc tion of 

6 .7 nrnol e s of the aldosterone glucuronide . 

The su pernatant (600 µL) that was left from the i nc uba tion 

nd xt.u re (I) was dried under N 2 and dissolved in 300 µ L of 

mo bi 1 e phase. 50 µ L of this sample was injected and a 

c hromatogram with three peaks with good resolution was 

ob ta i n e d (Fig . 19). The enzyme blank superna tan t (600 

µ '., ) wa s dri e d under N 2_ and the residue dissolved in 300 µ. L 

of mo b il e phase. 50 µ L of this gave Fig. 20. Th e broad 

peak 1 i n Fig. 19 is UDP, UDP-glucuronic acid and a 

compo n e nt from the enzyme. Peak 3 is aldosterone a nd p e ak 

2 .is p robably aldosterone glucuronide. The volume of the 

j nc uba tion mixtu r e was then increased four time s 

( i nc uba tion mi xture II) and that gave larger pea ks on the 

c liro rn a tog rarn s (Fig. 21-22). 

The possibility that peak 2 in Fig. 19 r epresents 

a ldost e r one glucuronide is suggested in the following 

paragraphs. 

The best method for showing peak 2 is AG i s by 

compa ring the chromatogram to one produced by a p ur e 

sta nda rd. But there is no commercially availabl e standard 
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Fj~. l<:l• Chromatogram of concentrated supernatant of incubation 
mixture (I). 
Mobile phase: Acetonitrile-water (30:70 v/v); Flow rate: 
l.U mL/minute; Detector: UV (240 nm); Sensitivity: 0.05 
AUFS; Chart speed: 1.0 cm/min. 
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enzyme, 2. putative aldosterone glucuronide, 3. aldo
ster.one. 
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Fig . 20. Chromatogram of concentrated enyme blank supernatant. 
Mobile phase: Acetonitrile-water (30:70, v/v); Flow rate: 
1.0 mL/min.; Detector: UV (240 nm); Sensitivity: 0.05 AUFS; 
Chart speed: 1.0 cm/min. 
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Mobile phase : J\ceto11itrilc-water (J0:70, v/v); F.1.ow ralc:l.O 111L/111i11.; 
Detector: UV (211()11111); Sensitivity: ().05 J\UFS; Clinrt spee<l: 1 cm/r,1i11. 
l'eaks 1. UIJI', LJIJP-gJ.11c1n-onic acid an<l a co,r.ponent from enzyme, 
2. l'utative al<losterone glucuroni<le, 3. A.l<lo stcro 11 c . 



0.2 

(I) 

u 
c:: 
r1j 

.D 
µ 
0 
Ul 

.D 

.:i: 

1 

0 2 

61 

3 

2 

4 6 8 10 12 

Time (minutes) 

Fig. 22 . Chromatogram of more concentrated supernatant from inc ubation 
mixture (II). 
Mobile phase: /\cetonitrile-water (J0:70, v/v); Fl.ow rate:1.0 mL/min.; 
Detector: UV (24011111); Sensitivity: 0. 05 AUFS; Cha rt s peed: 1 cm/min. 
Peaks 1. UDP, UDP-gJ.ucuronic acid and a component from enzyme, 
2 . Putative aldosterone glucuronide, J. Aldosteronc. 



62 

ye t. Acid hydrolysis of urine at pH 1 is the usual method 

p rior to the estimation of aldosterone in urine (3). 

S t ~ro id glucuronides conjugated at the 3 or 21 pos ition are 

no t ll ydro l y zed by dilute acid at room temperatu re (4). 

Th e re is evidence that aldosterone-18-glucuronide 

hydro lyzes at room temperature under relatively mild acid 

conditions, i.e. pH 1 (3,4,58). Upon hydrolysis 

a ldosterone-18-glucuronide gives aldosterone and glucuronic 

a c id. Thus the hydrolysis of the 3.8 minute fract ion in 

Fiq. 19 was attempted. The 3.8 minute fraction, was 

co llected from 3.0 - 4.0 min. and this fraction was 

e v aporated to dryness under N2 at room temperature . It was 

t he n dissolved in 1 mL of 0.1 M hydrochloric acid, pH 1, 

a nd al lowed to stand 24 hours for hydrolysis. Th e 

hydrolyzed fraction was then extracted with meth ylene 

c hloride (1.5 mL) thrice. The methylene chloride fraction 

was washed with 0.05 N sodium carbonate and deionized 

wate r. The washed methylene chloride fraction was dried 

under N2 at room temperature and was dissolved in 300µL of 

1nobile phase. Since there was the possibility o f contami

n a r1ts along with aldosterone-18-glucuronide in the 3.8 

1ninute fraction, the hydrolysis of this fraction might give 

peaks other than aldosterone. Thus an internal standard 

ha d to be used. Prednisolone was found to have a retention 

time of 10.3 minutes which interfered with the aldosterone 

pe ak. Aldosterone diacetate was tried, and its retention 
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t i me was more than 30 minutes. Aldosterone monoacetate 

gave a retention time of 22.5 minutes. The ratio of 

r e tention times of aldosterone monoacetate to aldosterone 

wa s found to be 2.16. Since there was no other good 

internal standard available at this time which could be 

used as an internal standard for aldosterone, aldosterone 

monoacetate was used with the 300 µL of sample pr e pared 

f rom the methylene chloride extraction. From this 50µL was 

i nj e cted onto the HPLC column. A chromatogram was obtained 

wi t h a peak at 10.6 minutes (Fig. 23). This is the same 

retention time as aldosterone which indicates that the 3.8 

mi n. fraction contained an aldosterone conjugate. Also, 

t he ratio of aldosterone monoacetate to this peak was 2.18 

i n good agreement with the previously determineu value of 

2 • 1 6 • 

The hydrolysis of aldosterone-18-glucuronide should 

give glucuronic acid also. After the above expe r iments, 

t he guard column had to be replaced. With the new guard 

co lumn, and with a more concentrated supernatant, the 3.8 

1ninute fraction (changed to 3.6 minutes with the new guard 

co lumn) was collected and hydrolyzed. The hydrol y zed 

sa mp le was neutralized with sodium carbonate solution. 50 

µL of this a q ueous solution was injected onto the HPLC 

co lumn. The chromatogram obtained is shown in Fig. 24. 

The retention time of the peak obtained was 3 minutes. It 

has t o be proved to be sodium glucuronate. The retention 
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Fig. 23 Chromatogram of extracted methylene chloride fraction from the 
putative aldosterone glucuronide fraction. 
Mobile phase: Acetonitrile-water (30:70, v/v); Flow rate: 1.0 mL / min.; 
Detector: UV (240 nm); Sensitivity: 0.02 AUFS; Chart speed: 1.0 cm/min. 

Peaks 1. aldosterone, 2. aldosterone monoacetate 
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Fig . 24. Chromatogram of the aqueous solution of the hydrolyzed 3.8 min. 
fraction. 
Mobile phase: Acetonitrile-water (30:70, v/v); Flow rate: 1.0 
mL/min.; Detector: UV (240 nm); Sensitivity: 0.05 AUFS; Chart 
speed: 1.0 cm/ min. 
Peak 1. Possible glucuronide complex. 
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ti ,ne o f gluc uronic acid (sodium salt) in water was 2.4 

1nl nu tes . Ri s k and Holland (17) discussed the for ma tion of 

steroid-g lucuronate-polyamine complex by the bind ing of 

ste r oids to various polyamine constituents of th e poly

bu f fe r. Tris (tris (hydroxymethyl) aminomethane ) is a 

pri mary amine. Tris buffer used in the incubatio n mixture 

mi g h t ha ve formed aldosterone-glucuronate-amine c omplex. 

ll ydro l ys is of the 3.8 minutes fraction did not gi ve pure 

glucuronic a cid. The retention time of glucuron ic a c id 

(sodi um salt) in Tris buffer was found to be 2.8 mi nutes. 

Tl1 c re fore, the pe ak obtained at 3 minutes with t h e a q ueous 

h droly zed solution might be an amine bound gluc ur onate. 

ll owev e r, the binding of reduced gluta t hione which is 

pres e nt in the enzyme preparation has not been rul e d out. 

A UV spectrophotometer (Beckman-26) was u s ed to 

fl nd th e wavelength at which the components in t he 

i nc ubation mixture have maximum absorption. UVmax of 

a l dos terone is 240 nm (Fig. 25). The 3.8 minute fraction 

f r o m Fig. 19 was used to find the UVmax of the pre sumed 

a l dos t e rone-glucuronate-amine complex. The curve went off 

sca le at 1.0 AUFS (Fig. 26) and it gave UVmax at 220 nm at 

2 . 0 AUFS (Fig. 27). UVmax of glucuronic acid (sodium salt) 

ln wa ter is at 200 nm (Fig. 28) and UVrnax of UDP-glucuronic 

ac id is at 260 nm (Fig. 29). UVmax of the synth e sized 

c o mpound, ~hich is 220 nm, is different from all the other 

compounds in the incubation mixture. However, To and Wells 
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Fig. 28. UV spectrum of 1.7 n~ glucuronic acid (Na salt) 
in water. 
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(20 ) found that a-naphthol glucuronide gave a max imum 

absorbance of 225 nm which is certainly ~ifferent from the 

UV s p ectrum of either a-naphthol or glucuronic acid. 

The source of UDP glucuronyl transferase in these 

ex~e riments was rabbit liver. Experiments with bovine 

liver were also conducted at different incubation periods. 

Til e results were not satisfactory. A 3.8 min. pe ak was not 

observed. 
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CHAPTER VI 

CONCLUSION 

The results of this research has shown that HPLC 

ca n be utilized as a simple and sensitive techni que for 

study ing the enzymatic synthesis of aldosterone g lucuronide 

usl ng the rabbit liver UDPGT. The HPLC method c a n separate 

t he components of the incubation mixture. The results 

i ndicate that aldosterone-18-glucuronide might b e the 3.8 

1n i nute peak. Further work is necessary to compl etely prove 

t l1a t this peak is aldosterone-18-glucuronide or th e Tris 

co 1n p lex of aldosterone-18-glucuronide. 

Since Tris buffer was used in the glucur onide 

sy nt hesis of different compounds (20, 21, 50, 54, 55), a 

tho r o ug h investigation has to be made to find if a 

dif f e rent buffer would resolve the problem of glucuronate 

identification. Sandor et al. (57) discussed a synthesis 

p rocedure for aldosterone-18-glucuronide using human liver 

a nd kidney slices using a Krebs Ringer phosphate buffer, pH 

7 • 4 . 

Radiolabelled aldosterone and radiolabell e d UDPGA 

c ould be used in this synthesis. This would help in the 

iso lation and identification of the synthesized product. 

Pasqualini et al. (58) isolated aldosterone-18-glucuronide 
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fro m human urine. A positive Tollens reaction, a positive 

blue tetrazolium reaction, detection of glucuronic acid by 

pape r chromatography, acid hydrolysis of the conjugate at 

pH 1, and quantitative analysis indicating one molecule of 

glucuronic acid to one molecule of aldosterone gave proof 

that this isolated conjugate was aldosterone-18-

g lucuronide. The synthesized products can be checked by 

following their procedure after purification. Van der Wal 

a nd Huber (59) observed that many steroid conjugates 

a bsorbed UV light below 210 nm. The synthesized product in 

this research absorbed UV light at 220 nm. The 

a ld o sterone-18-glucuronide isolated by Pasqualini et al. 

(58) was shown to absorb UV light at 254 nm. A future 

r e searcher can synthesize enough material to find the 

structure of this compound by NMR, IR and mass s pectro

scopy . 

After purifying the synthesized aldosterone-18-

g lucuronide, it can be used as a standard to detect 

aldosterone-18-glucuronide in urine samples. It is
1 

po s s ible to extract this conjugate from urine using solid 

phase extraction. There are several pigments and 

metabolites of steroids which will coelute with aldo

sterone-18-glucuronide from urine samples. An important 

step is to separate this from other polar metabolites by a 

sui table extraction procedure. 

Instead of isocratic elution, which was used in 
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Lhis work, a gradient elution probably will give a good 

r esolution of peaks from the urine samples. A reduction in 

f low rate from 1 mL/min to 0.5 mL/min may also improve the 

r e so lution. To separate the reactants and products better, 

one could change the% of acetonitrile in the mobile phase 

fro m 30% to 25% to 20% and/or change the aqueous phase from 

pure water to a suitable buffer. 
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