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SUMMARY 

A gas-chromatographic method for the analysis of tetrahydroaldosterone in urine has 
been devised. The mean basal excretion of 46. 7 t~g/24 h was determined in five normal 
subjects on normal sodium intake. This metabolite was observed to increase in response 
to sodium deprivation and to corticotrophin administration. Two other, more mobile 
components were also observed. One of these was found to be consistently .~ncreased 
by sodium restriction and was thought to represent an additional mineralocorticoid 
metabolite. The advantages of this method are those of efficiency, speed, accuracy and 
replicability. 

INTRODUCTION 

The isolation and characterization of tetrahydroaldosterone (3~,II~,2r-trihydroxy- 
zo-oxo-5/3-pregnan-iS-al ) from human urine by ULXCX AND LIEBERMAN 1 has indicated 
that R i n g - A  reduction occurs as a major catabolic step in the in vivo metabolism of 
aldosterone (iifl, zi-dihydroxy-3,2o-dioxopregn-4-en-i8-al ). This is analogous to the 
metabolism of cortisol (rrfl, r7,,2I-trihydroxypregn-4-ene-3,zo-dione ) and has the 
further similarity of elaborating a product which, in the reduced form is excreted in 
higher concentration than its unsaturated precursor. Previous experience in the 
concurrent measurement of urinary aldosterone and tetrahydroaldosterone has shown 
the latter to be in general a more sensitive index of mineralocorticoid secretion and 
metabolism 2. 

The need for greater analy'tical simplicity and directness that prompted an earlier 
investigation of the application of gas-  liquid partition chromatography to aldosterone 3 
also suggested the extension of these activities to tetrahydroaldosterone with a view 
toward the ultimate development of a technique for the measurement of this meta- 
bolite in urine. This research was facilitated by the results of these previous in- 
vestigations which demonstrated that pure, crystalline aldosterone diacetate could be 
separated and measured by gas-liquid partition chromatography and that thermal 
decomposition of this relatively heat-labile steroid did not take place under the 
conditions described. In subsequent recovery studies in which tetrahydrocortisone 
diacetate was used as a model of a Ring-A reduced corticosteroid, it has also been 
possible to demonstrate thermal stability for a member of this group of corticosteroids 4. 
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MATERIALS AND ME'I?HODS 

A gas chromatograph equipped with a micro-dipperiin{ect~amta beta-ionization 
detector was used. Commercial argon gas was emplo.vetl~ff~e.mo~e phase. The 
stationary phase was 3 % SE-3o elastomer adsorbed on ~ e o T ~ s  earth (Anakrom 
AB 70-8o mesh, available from Analabs, Hamden, Corm~).~,xw Aiffe~,-Y¢ columns were 
used, one was a four foot, I/8 in outer diameter amt:fl~,cd%~ ~ six foot, 3/I6 in 
outer diameter copper tube. Chromatography was ca~ekt ~t ' . .~h:~ colmlln temper- 
ature of 25 °0 and a gas pressure of 30 lbs/in z. Sterofds,w~v- ~ a i n e d  from Elite 
Chemical Company" and were of supposed homogeneiet3ra~-#~¢~.,~..~ ~¢ p~per partition 
chromatography. The tetrahydroaldosterone was do~_at~dd~7,-D~z ~ C. ?~ELB¥ and had 
been prepared by enzymic reduction. At! steroids wer,, ~m~"b~T~' as the acetylated 
derivatives. Acetylation was carried out by the addition 0fzm~!c-ad~ of p3n-idine and 
acetic anhydride following which the reaction was al!~a~kl t~, , ~ - e s s  overnight at 
room temperature. The reagents were then evaporatett m~ltt~-re~idues dissolved in 
o. 5 ml of acetone. In order to demonstrate the efficacy 0 f ~ - ' d ~ d  partition chrom- 
atography for the analysis of urinary tetrah:rdroaldo~,r~nv it! ~as decided to in- 
vestigate the endogenous responses of aldoster'me secr~t, ien~,smht sfimu/i as sodium 
deprivation and corticotrophin administratiov. Themma~,~xrefiori  of tetrahydro- 
aldosterone of three young males and of one y o u n g : n o r m ~ l f ~ +  ~ s  studied before 
and during a three-day period of sodium d e p r i v a t i o n . ~ , b l ~ s ~ x m  diet consisted of 
a commercial liquid diet containing no more than7oo:x ~ ~f~s~xm cFAofide in a daily 
ration. Another normal male subject was studied :~ faeea~c tm-mg  two days of 
corticotrophin administration. 80 units of ACTH ( A ~ l . ) A - m o t t r )  were injected 
intramuscularly into the subject on two successive days.~'~!c~es-twenty-four hour 
urine samples were collected and stored in the cold witt~mtL~eser~atk-e. 

Urine extracts were prepared by treating 2 5 o - . m ~ d s ~ f l :  portions of 24-h 
collections with 2000 units/ml urine of a Helix p o m a l i ~ ~ O ~ x  (Glustflase, Endo 
Labs., Richmond Hill, N.Y.) at pH 4.8 for 48 h fo[lmv-etdti~_ye~.-tmefion with freshly 
distilled chloroform (3 / 175 ml). These extracts were.~t~ekl~,~ distilled water and 
then taken to dryness in vacuo. All contact with ~i~w~:ccm~xtI~-  avoided. The 
residues were acetylated with I ml each of acetic mihyt i t~ ,a~c[ ]~dine  overnight 
and were then subjected to preliminary paper i ~  c~m~tography  using a 
non-polar modified BUSH system s in which tol~er~-~t~- t~t~me (x:2) was em- 
ployed as the mobile phase and methanol-water ~7z~)a~., ~ e  stationary phase. 
Development was carried out at 20 ° for IO h. The :m0t~s(~7#wai~s)  for the maior 
reduced Ring-A corticosteroid were; tetrahydrocortis01,~e~l~; o.o43; tetrahydro- 
cortisone diacetate, o.319; te trahydroaldosteronevtt~,c~62_~_ Foiiowing paper 
chromatography, areas expected to contain : t e t r ~ ~ e ~ o ~ x e  triacetate, as 
compared to the standard, were cut with g e n e r o a s ~ s a m ~ & m e d  with ethanol 
(Fig. I). These eluents were taken to d~-3rness andthe.w~timo:~ree~solved in xoo ~l of 
acetone. 5 ~! of this solution were then injected i n t o - t ~ c ~ m ~ g r a p h .  Measure- 
ment was accomplished by using the mean peak ~ s ~ f ~  axmlvses against 
the mean peak response of an accurately w e i g h e e l ~ , x ~ - i c  tetrahydro- 
aldosterone triacetate. 

The technique employed for comparative m ~ ~ 6 ~ y d r o , a l d o s t e r o n e  
was a dual liquid-liquid partition c h r o m a t o g r a t ~ h y ~ - t ~ ~ b  ~xploited the 
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anomalous mobilities of aldosterone and tetrahydroaldosterone under reversed phase 
conditions e. A second conventional chromatogram of the acetates of the eluents from 
the first chromatogram was introduced to promote solute homogeneity. Quantitative 
measurement was done by application of the blue tetrazolium reaction using the 
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,~. . . . . .  , ~ 
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Fig. i. Preliminary liquid-liquid partition chromatograph)" of an acetylated, crude urine ex- 
tract, showing the separation of tetrahydroaldosterone-3ac 18,21-triacetate from the diacetates of 
the major reduced Ring-A metabolites of cortisol and from the interfering urinary chromogen. 
Stationary phase, methanol-water (7:1); Mobile phase, n-tetradecane-toluene (2:x). Developed 

at zo ° for I0 h. 

method of NOWACZYNSKI et aLL Tetrahydroaldosterone triacetate was used as the 
standard. Comparison of the gas-chromatographic data was made with that  pre- 
viously obtained by the liquid-liquid partition technique. 

RESULTS 

Separation of ring-A reduced corticosteroids by gas chromatography 

Under the conditkms described above using a four foot long, 1/8 in outer diameter, 
3 % SE-3 o cohmm, the retention times of five pure, crystalline steroids wereas follows" 
tetrahydroa!dosterone tfiacetate, 8 w.fin; fl-cortol triacetate, 13 rain; fl-cortolone tri- 
acetate, 16 min ; tetrahydrocortisone diacetate, 19. 5 min; tetrahydrocortisol diacetate, 
26 min. Adequate separation of these steroids was achieved when they were chromato- 
graphed as a rrtLxtme (Fig. 2). On a six foot long, 3/16 in outer diameter, 3 O//o SE-3o 
colun-m the retention time of tetrahydroaldosterone triacetate was 9 rain, and the 
retention times of the remaining steroids correspondingly increased. I t  should be noted 
that  the acetates of tetrahydrocortisone, fl-cortolone and tetrahydrocortisol used for 
these studies displayed several smaller peaks in addition to the pr imary peaks when 
chrornatographed individually. These additional components were thought to be 
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-~eroittdl impuri t ies  which were not  discernible by  convent iona l  chromatographic  
- technigmss.Only the  der iva t ives  of fl-cortol and  te t rahydroa ldos te rone  were ent i re ly  
homN~exe~- .  E n a n y  case, none of the minor  components  of the first group ir, terfered 
withttttet~t~xact-eristic re tent ion  t ime observed for t e t rahydroa ldos tc rone  t r iaccta te .  

Z2~ i ~ 
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Fig, 3- Reproduction of typical gas liquid 
cr3.*sl~gl~sceemdsasthe respective acetates on partition chromatograms of acetylated and 
a:[marffi0atl~ USinch outer diameter column purified urine extracts chromatographed on a 
e o ~  3.~'~,5Vrt~.5o elastomer. THA triace- six foot long, 3/I6 inch outer diameter column 
"tate~tct'ra~'tad'naldosterone-3c¢, 18,z :-triacetate : containing 3 % SE-3o elastomer. Chromato- 
f f - e e t t ~ l ~ ,  cortol-3a.2ofl,~I-triacetate: gram of an extract of urine collected during a 
~-cer t~e t .  L't-l~et~te, cortolone-3ac,2ofl, zl-tri- periodof sodium deprivation (coarseline) super- 
aeetat~:TlIEH-~dJacetate, tetrahydrocortisone- imposed on that of urine collected during a 
3¢z.~r.l~at~t~l~: T~IF diacetate, tetrahydrocor- control period (fine line); eluent of a suital.le 

tt_~h45ar~zx-diacetate. "paper blank" also shown. Peak II1, tetra- 
hydroaldosterone-3~, I8, z i-triacetate. Endo- 

g e n o ~ r ~ m ~ r ~  ~rl this component to sodium deprivation used as further evidence of its mineralo- 
corticoid identity. See text for explanation of Peaks I + II. 

,~the~limi~a~_ ~aper partition chromatography of urine extracts 

Itnioiidl ~ , s -~h roma tog raphy  of crude ur ine ex t rac t s  indica ted  the  need for ad- 
, i t i t i m ~ ~ e n ,  inasmuch  as these crude residues were bu lky  and modera te ly  
,qmu~bite~mt!onents appear ing  dur ing the  first x5 min of ch roma tog raphy  interfered 
~i~thtf l~qit tm~tieation and  measu remen t  of t e t rahydroa ldos te rone .  Inves t iga t ion  of 
d l t e m a ~ ' e e , m o r e  rapid,  l i q u i d - s o l i d  par t i t ion  and elut ion systems disclosed these as 
~ y i n e t r ~ i e n t  since the  in terfer ing impuri t ies  and s teroid-conta ining fract ions 
i h a t : l i i ~ m o b i l i t i e s .  Recourse  to  a non-polar  l i q u i d - l i q u i d  par t i t ion  sys tem was 
~kena~saarmul~:  o f  earl ier  exper ience  a which demons t r a t ed  tha t  by  this means  te t ra-  
i t x y t t r ~ n e  t r iace ta te  could be easily separa ted  from the  ace ty la ted  der iva t ives  
, Ott'tttern~jjnn'netabofites oi  cortisol and  from most  of the  in ter fer ing ur inary  impuri t ies  
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M e a s u r e m e n t  o f  t e t rahydroa ldos terone  i n  u r i n e  

Gas chromatography of eluents from the pre l iminary paper  ,dharom~,~mr~ 
demonst ra ted  the presence of a peak having the  same retention "time ms ~ 
hydroaldosterone tr iaeetate,  This view is s trengthened by  its inerem~efl ~ i~  
response to sodium deprivat ion in four normal subjects and to e o a r l i i e o l n * #  iim m 
normal male subject. Basal excretion and tha t  induced b y  physiologic~a~afl t i imtf l iese 
subjects  is presented in Table I. Reproductions of typical  gas-chrommQ~-amsdLming 
the period of normal sodimn ingestion and during sodium deprivat ion iin :a m~Immd! 
subject  are superimposed in Fig. 3. The presence of two components  (([l~efl]~ lI and] l]II 
in Fig. 3) preceding the te t rahydroaldosterone t r iacetate  peak (peaik I I~ ~ IVy. 3)~ 
was regularly observed in these chromatograms.  These had retention rliime~,0ff(~.$ min~ 
and 8 min respectively. Peak I I  was consistently responsive to sodium,emniictliiomw~tJe 
peak I increased in only one-half the subjects  tested. This peak was, Lh~m~x~m:,. nms~ 
dramat ica l ly  s t imulated b y  cort icotrophin adminis trat ion and bypsydhd l~ i~ l l . ,~m~.  

TABLE I 
TETRAI-IYDROALDOSTERONE EXCRETION IN NORMAL SUBJECTS BEFORE AND DURING.k~I}Jq[~MH{tII~K'I~IHAJ.k 

STIMULATION 

Analyses performed on the urine collected on the last day of stirmila~ilm. 

Nature of stimulus Subject 
Tetrahydroald, osterone 
(Peak 111) toggle 4 h 

Basal S t i m u l a t ~  

Corticotrophin 
80 U I.M. × 2 days EG 58.6 ]97.a 

Sodium deprivation 
700 mg I.TaC1 intake 
× 4 days K F  48.6 64-2 

RG 17.o ]o8.~0 
RA 30.7 I ]9,~ 
J H 78.6 ] xi¢44 

M 43.7 ~ 26.0 106;6 _~ ~14~ 

TABLE II 
A COMPARISON OF TET~AHYDROALDOSTERONE MEASUREMENT DONE BY TWO DIHI~II~%N:IT l~t~'~t~M~U~ 

Tetrahydroaldo$~rc~e ~cret*oot 
(mcglz4 h) 

Subject Period Liquid-liquid Gas-Etqtuil 
partition "1~niti, a~ 

chromatography" ¢kromat~t~f~.y 

EG Basal 70.0 ~8~6 
Corticotrophin 31o.3 197,~ 
stimulation 

KF Basal 54.0 ~#~6 
Sodium deprivation 78. 3 , 6 ~  

" Reversed phase partition chromatography s. 
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A comparative estimation ,)f tetrahydroaldosterone excretion by two different 
partition chromatographic techniques is given in Table II. The present method was 
notable for yielding somewhat lowere excretion values while preserving good paral- 
lelism of measurable physiological respn,_~iveness. 

DISCUSSION 

In an application of gas chromatography to the final separation and quantitative 
measurement of Ring-A reduced mineralocorticoids in urine, it has been consistently 
possible to disccrn a c~r,',p.zncnt having the retention time of pure tetrahydroal- 
dosterone triacetate and which, in all subjects tested, increased in response to 
physiologic stimuli known to affect endogenous aldosterone biosynthesiss, 9. In five 
normal subjects the mean basal excretion was found to be 46. 7 :E 26.o mcg/24 h. 
During sodium deprivation the mean excretion of this metaboli~_e rose to lO6.6 
31. 4 mcg/24 h; during corticotrophin administration a value of 197.1 mcg/24 h was 
demonstrated. The basal excretion of tetrahydroaldosterone obtained by gas chro- 
matography was consistent with existing knowledge of the secretory rate and metabo- 
lism of aldosterone 1°. Reproducibility of the method was implicit in a comparison of 
individual peak responses obtained following duplicate injections of acetvlat2d and 
purified urinary extracts. A statistical analysis of this data in~'icated that there was 
essentially no difference in the peak heights obtained for the duplicate injections 
(t = o.4o 3 for the basal period and t = O.lO 3 for the stimulated period). 

When contrasted with a series of detelminations done by a liquid-liquid chroma- 
tographic technique, it is to be noted that tetrahydroaldosterone excretion measured 
by the present technique was lower although the magnitudes of the increments 
on physiological stimulation as measured by both techniques were comparable. We 
feel that this difference can be explained by the high resolving power ~.f the gas- 
chromatographic column which made it possible to resolve tetrahydroaldosterone 
triacetate from a close-running, but, somewhat more mobile peak (peak I I  in Fig. 3) 
which also appeared responsive to sodium deprivation. The inference is that this latter 
compound would be separated with difficulty in most liquid-liquid systems and 
would contribute additional a-ketolic material to the final quantification. Because of 
the similarities of physiologic behavior and of gas-chromatographic properties it may 
be suggested that this component is i8-hydroxytetrahydro "A" (Kendall) described 
by ULICK et al. l° or it may be an isomeric Ring-A reduced metabolite of aldosterone. 
A third peak (I in Fig. 3) was also observed in these chromatograms. This peak, how- 
ever, was variable in its responsiveness to sodium deprivation and appeared to be most 
sensitive to psychological stress and to corticotrophin stimulation. 

I t  was concluded that the analytical specificity of gas chromatography in the 
present application was augmented by the preliminary conventional paper chroma- 
tography. While this was designed as a means of preparing a less bulky extract, this 
technique in itself localized an area containing tetrahydroaldosterone triacetate well- 
separated from the slower-running diacetates of tetrahydrocortisone and tetra- 
hydrocortisol. 

The greatest advantage of this method, however, appeared to be its greater 
speed and efficiency. The average time for a complete analysis was 2.5 days following 
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h y d r o l ~ i s  as compared  wi th  15 days  b y  the  cont ras t ing  technique .  Since the  final 
separa t ion  and  measu remen t  b y  gas c h r o m a t o g r a p h y  requi red  on ly  15 min,  the  
m e t h o d ' s  po ten t ia l  for mul t ip le  consecut ive  analyses was evident .  
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