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tritium derived from the degradation of the side chain did not r e a t e r  
newly synthesized cholesterol or steroid hormones to any appreciable ex- 
tent. Therefore an investigation was initiated to evaluate the use of ch* 
Interol-t as a tracer in man. This paper presents the data that were ob- 
tained from this m d y .  

The distribution of tritium, between the side chain and the tetracychc 

ISTRODUC'TIOS 

TCDIES have been in progress during the past three years in this S laboratory' to determine the percentage of the urinary steroids in man 
that is derived from cholesterol. .i part of this project has involved the 
feeding of tritium-cholesterol (cholesterol-t) to human beings for extended 
periods of time, e-g., as long as two weeks, and the isolation of labelled 
plasma free cholesterol and urinary steroids. Before these studies were 
undertaken, it was necessary to establish 1) that the tritium in choles- 
terol-t, prepared by catalytic exchange, was not labile in the course of the 
mtabolism of the sterol in the body to bile acids and steroids; and 2) that 
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rings, was established by chemical degradative procedures. -4 male subject 
{vas given intravenously a mixture of carbon-14 and tritium cholevterols of 
known specific activities. Plasma free cholesterol and five urinary steroids 
were isolated, and the ratio of tritium to carbon-14 specific activities was 
(letermined by means of a liquid scintillation counter. The findings demon- 
strated that exogenous choleaterol waa a precursor of three urinary adrenal 
-teroid metabolites namely, pregnan-3-~~17-a-2 I-triol-1 1,2lklione (THE), 
pregnan-3-cr-l1-~-17-a-21-tetrol-2O-one (THF), and etiocholan-3-a-ol-11, 
IT-dione ( 1  1-ketoetiocholanolone) in i i i w  (1,2).  The data also showed that 
cholesterol-t could be used as a tracer in man for catabolic studies involv- 
ing that sterol. The advantages of using tritium in place of curbon-14 as a 
trecer for investigations in human beings have been described by Big@ 
and Rritchevsky (3). 

MATEFUAIB h N D  MSTHODB 

.\I1 iueltiq pointa were taken on a Fuhedohns  apparatus. 
Tmrers: Cholesterol-t waa prepared by tan exchange reaction with tritium inter 

(THO) (I, 5). Labile tritium m a  r e m o d  by refluxing the cholesterol for t w o  hours 
with 5 per cent potwium hydroxide in methanol (6). After 2 crystallirationa from 30 
per cent alcohol, the cholesterol-t had a melting point of 146-117', and o specific 3c- 
tivity (s.LL.) of 7.3 ~ c .  per mg. The l-ClQholenterol (m.p. 147-148°. s.3. 5.0 pc. per mg.) 
~s obtained from Rsdiouctive Products Inc.. Detroit. Michigan. 

Patient and adminhtration of cholesterol: The patient wa u. 6O-year-trltl ahitc man 
with chronic rheumatoid arthritis. Cholesterol-t (33.8 gc.) and &C~+-rholesterol (4.24 
pc.) were dissolved in 2.3 Gm. of propylene glycol. The solution was dispemed in 30 nil. 
of sterile human plasma that wan administend intravenously with no untoward effects 
in  u single dose. 

Distribtction of tritium in chderferol: Cholesterol-t was diluted with "rold" rliolesterol 
and converted to cholesteryl chloridc-t by the method of Blecher and Gurin (7) .  The 
steroid melted a t  Qf after purification by chtotrutagraphy on aluminum oxide (8) nnd 
crystallization from acetoncalcohol. A SCm. portion WM pyrolyzed by the proredure 
of Bloch and Rittenberg (8). After pyrolysis. the mixture of i m c t a n e  and iswctene 
was distilled off. The residue WM chromatographed on aluminum oxide, and the C , ~ H I O  
hydrnrnrbon was eluted from the column ond counted. 

CleHs,,-calculated, C 88.4, H 11.6; found, C S8.4, H 11.3 

One gram of cholesterol-t WM subjected to the Oppenauer oxidation M described by 
Jones et al. (9). Following chromatography and cryaklliration from acetone. the 1'- 
rholestenone-t melted a t  87.%88'. The steroid wan refluxed with aqueous mtthanolic 
potaesium hydroxide under nitrogen for two hours, and after re-isolation m a  found to 
hnve the same melting point. 

-\ 12-Gm. portion of cholesterol-t WM converted to methyl-3 B-acetoxl.-~'-cholenak-t 
by the procedure of Fukuahima and Gdlyher (4). .Uter repeated crystallization from 
acetone-methanol, the steroid melted at 157.2-1 58.6" (158.bl57.3' reported). 

Zaoldion of plasma free chdeskrd: The method for the isolation and radioassay id 
plasmn cholesterol has been described (10). 
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H&dyaiu and cztroe(rbn o j  th urine: Twenty-four-hour urine samples w r c  adjusted 
t , )  pH 6.5 and 75 u n i b / d .  Of  &g!ucuronitlw (Sigma) was added. Following inc.iihatIon 
,,1 [orty-eipht hours at 37' and the addition of 90 Gm. L. of anhydrous ~ i ~ l i u n r  ..ulphate. 

the urine was e x t r e k t i  continuously with ether for two ilayg. 2nd 3 crude nrtitrul 
. t c ~ i i d  extravt was prepared according to the method of BWKett d nl. I I l l .  

Iloloraon and idmdfiotim of nn'MZy afermGb: The paper t,lrrunluto~ral~hir. methods 
.,I Burton el a/. (12) and Ssvard ( I  3) were used to *parate the stemitlo. ( ~ H H I  ipparati~nn 
41i THE from THF were obtained when the Whatman 81 paper ans impreioatecl with 
1 slution containing 2 parte of methanol to 1 part of propylene glycol prior to applicn- 
tion of the crude steroid mixture. Figure I io n flow sheet for the <epnmtion of the 

U 

U 

demidk THE and THF were a y e d  by the method of Chen et af. (14)  nnd li-keto- 
*kmids wen determined by the procedun described by Callow et ol. (IS) ,  using stsbil- 
ircd alcoholic pobiurn hydroxide (16). 

Tbe C,S stemida warn identified by paper chromatography in two solvent systems 
Iligmin-propylene glycol snd ligroin-phenylcell~laa~ve). .4n aliquot of each eluted steroid 
CY converted to the acetate u d  w u  identified by paper chromatography (ligroin- 
fommide). Initial identifidion WM ansumad if the unknown, the nuthentic steroid. 
and the mixture h d  the eune Rf values in 9 the paper chromatographic systems that 
wen studied. At thir point, c d r  abmid WM added and rfkr several c~staiIisntions, 
if the specific activity rem.ined cowknt ,  identification WM considered complete- 
Pmvidsd the melting point of the steroid rgmd a i th  that recorded in theLiterature. 
10 the c e  of etiochol.n-3.tl-oC17-one (etiocholmolone), the infra& spectrum of n 
sample containing 38 per cent urinary steroid rims identicel with the spectrum of ru- 
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rlmtic etiocholrn-hl-l ' I-one.  1 I-Iietoetiocholanolone WBB isolated and counted 3s 
:he acetate. 

The procedure for the isolation and identification of THE hm been described I 1 j ,  
h r t  of u pooled sample of THF WM converted to the diseetate bnd wan crystallized irom 
iiirthanol without the addition of carrier steroid. The identification of THF was carried 
tmt in the same manner M that descrihed for THE (L). The ultraviolet spectrum of the 
'I'HF diacetrte after two houra in conrentrated sulphuric acid waa identicnl with that 
1) t  the spectrum of pure THF diacetcrte. Currier e . 8 ~  added to the remainder IJ~' the 
pooled THF d i m t a b ,  and the mixture waa crystalliscd from methanol-ligroin ( 1 : 1). 
lhe infrared spectrum of the crystalline material (70 per cent urinary jteroid, 33 per 
writ carrier) coincided with the spectrum of nuthentie THF diacetate. 

Radioarray: The steroid was dissolved in -50 ml. of toluene containing 100 mq. [if 

2.j-diphenyloxsrole in a tall form-weighing bottle (17). The eolution was cooled to 
-20' and counted in a Packard liquid scintillation counter, purchased from the P~ckard 
Instrument Co.. La Grange, Ill. The carbon-14 was naseyed by screening out the tritium 
pulws by a propsr choice of discriminator settings. Then after n e t t i n g  the discrimin& 
tors. both the carbon-14 and tritium counts were registered simultaneourly. The follon- 
in& equation' was employed to calculate the carbon-14 and tritium disintegrations per 
rninute: 

.. 

cpm (T + CY (A)  - DPM CI4 X elticbocy CI4 (A)  
T efficiency ( A )  

DPM T - 
A and B were two discriminator settings. .it setting B the tritium counts were screened 

out effectively. Table 1 shows the accuracy attained by this method of counting s t  the 
levels of cubon-14 and tritium that wem found in the isolated steroids. The time of 
counting ww suficiently long 50 that the probable error of counting WM no prre3ter 
than + 5  per cent. 

After counting, the steroid \vas reisolated chromatographically on aluminum oxide 
or silica gel. The wintillator was eluted with benrne, and the steroid WM eluted by 
increasing the polarity of the benzene with alcohol. 

Five milligram of THE diacetate had no quenching effect on the carbon or tritium 
that n-as counted. I t  wan assumed that the other steroids behmved similarlv. 

! If REBULTS AND DISCVBBION 

Figure 2 shows the distribution of tritium in cholesterol-t as determined 
by several degradative procedures. The distribution of the tritium between 
the side chain and the tetracyclic rings is similar to that found by FuLu- 
shims and Gallagher (4) for deuterated cholesterol. Thus, 47.2 per cent of 
the tritium was located on carbon atoms 24,25,26 and 27. (The deuterated 
steroid had 52 per cent of the total radioactivity at  these positions (41.1 
There waa no tritium in the hydroxyl group because the choleateryl chlo- 
ride-t had the aame specific activity as the cholesterol-t from which it w t ~  
prepared. Positions 2,3,4 and 6 had 37.5 per cent of the tritium. (The deu- 
terated cholesterol had 40 per cent and 3 per cent of the deuterium on car- 
bon atoms 6 and 3, respectively (4).) Since the CllHIrt hydrocarbon and 
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I I 

327 1 717 23.5 
I 

423 9.3 1 I31 
480 ; 16.2 136 i 12.4 I :j.*o 4.0 
57 t 54.1 146 I 20.7 34.2 - 1  - - l -  I "  l -  

AY. 448 ,Mean 21.S Av. 136 /Mean 12.2 1 A .  3.31 ,\lean 17 .7  

' The sunie amounh of tritium and carbon-14 in four weighing bottles. 

the methyl-3+3-AB~holenate-t had the same specific activity within the 
experimental error (Fig. 2), it was concluded that tritium was not stably 
bound at carbon stoms 20,21,22 and 23. About 16.2 per cent of the tritium 
in the rings waa located a t  undetermined positions. 

Table 2 shows the ratios of the tritium to carbon-I4 specific activities of 
the plasma free cholesterol that was isolated during the ten-day period fol- 
lowing sdminietration of the tracers. The ratio of the mixture of 
cholesterols that was administered waa 8.0. The average value of the ratio 
for the blood cholesterol that was isolated was 7.0 * 1.0. The 13 per cent 
discrepancy is probably not significant in view of the mean error of 12-17 
per cent in determining the ratios of T/C" (Table 1). These data indicate 
that cholesterol-t is stable in the blood for at least ten daw. -4 similar con- 



The carbon-14 and tritium specific activitiev of the three Ci, and two CII 
urinary stemida that were isolated in this study are presented in Table 3. 
The ratios of the T/'C" specific activities are shown in the last column. The 
mean value for all the ratios was 4.0 kO.9. 
By multiplying the percentage of tritium found in the rings of chol?*- 

terol-t (53.2 per cPKt) by the mean value of the T, Cia ratio of the plasma 
free cholesterol, one obtains 3.8, the value expected for the T CL' ratio of 
the urinary steroids. If 8.0, the value of the ratio of specific activities of the 

HO 

I 

4 Fro. 2. Diatribution nf tritium in chdcrteroi-t. 
I 

- 
1 I 1.73 
4 1.24 

S *  2.40 

administered choh 
steroids is 4.3. Thi 
1) that the convei 
of tritium from th. 
27 on the side chal 
extenti and 3) th. 
graded So smaller 
oid synthesis.' 
The difference b 

actually found in 
the errors involve 
expected and foul 
above. 

* The authors are 
subject at intervals 1 

detected. The lower 11 
degradation of the ri 

1 0 1 1 7 3 3 1  
LANL 



3 
uwu- T 

iadmiiistered cholesterols, be used, then the expected ratio for the urinary 
rteroide ia 4.3. These calculations are based on the following assumptions: 
1) that the conversion of cholesterol-t to urinary ~lteroids involves no losa 
of tritium from the ringa; 2) that the tritium from p i t i o n e  U, %,26 and 
27 011 the side chain is not converted to urinuy sferoids to any rpprechble 
extant; and 3) that the tetracyclic rinp of e(=''-chdmterol are not de- 
graded to smaller frmgments, thereby releeeing carbon-14 for possible ster- 
oid synthesis.' 

The difference between the calculated values for tbe T/C" ratio and that 
U t d y  found in the urinary steroids waa about 7.5 per cent. In view of 
the emn involved in determining the d o e ,  the agreement between the 
expected and found values is good and validates the aeeumptionrt made 
above. 

The authors are indebtad to Dr. George Okik who m y 4  the expired air of the 
subject at intervala following ahhirtratiorr of the labeled cholcrkrolr. Xo G1'0, WM 

d&ctcd. The lower limit of the m y  u-m 1 . 8 ~  I W p . / m S I  of C"OI. Tbir indicatca that 
-ation of the  ring strueturn of carbon-14 cholesterol is unlikely. 

\ O b 1 3 3 2  
LANL 



3u WERBIN, BERGENSTAL. GOULD hND LEROY I'ollctw I: 

The r(guIQ of adrend perfusion (18) and adrenal homogenate (19, 20) 
experhnenta h v e  shown that cholesterol can serve [ty a precursor of corti- 
sol. The data in Table 3 demonstrate that this conversion c8n take plare 
in uiclo, aince cortisol hes been isokted from adrenal vein blood (21, 22) 
and TEE, 'l" and 11-ketoetiocholanolone are metabolites of this ster- 
oid (23). 

Ungar and Dorfmpn (24) isolated carbon-14 androsterone and etiocho- 
lanolone from the Urine of a female patient with an adrenocortical carci- 
noma who had been fed 3-C"-cholesterol. The isolation of labeled andro- 
sterone and etiocholanolone in the present study suggests that under nor- 
mal physiologic conditions, cholesterol is also a precursor for the ll4es- 

There in now ample evidence from tracer studies that adrenal steroids 
are & r i d  from cholesterol, and from acetate. In the cam of the latter pre- 
cull)or, i t  is not known whether adrend steroids are synthesized directly 
from acetate or come from cholesterol produced from this procumor in the 
adrenal, the liver, or both. Experiments designed to elucidate thE im- 
portant problem are currently in progress. 

oxy-c,rsteroida. 

SUMMARY 13 ; 

of various aspects of cholesterol metabolism in man. 
2. THE, THF, 11-ketoetiocholanolone, androsterone and etiocho- 

lanolone are derived in part from the intact tetracyclic rings of preformed 
plasma free cholesterol. 

3. The side chain of cholesterol does not appear to be utiIized for ster- 
oidogenesis. 

4. In this study, about 53 per cent of the tritium waa attached to the 
tetracyclic nucleua of cholesterol-t. The remainder waa attached to the 
side chain. 

ACk?WWhi@Wnt8 

We am grsbfd to the following for generow supplie6 of crptalline steroids: Dr. 
K u l  P h k ,  Merck, Inc.; Dr. David Fukurhima and Or. T. F. Gdlrgher, Slorn- 
Kettering Illatituta for Cmcer Rcwarch; Dr. Preston Perluun, Schcring Corp.: 
Dr. F. Soadheher, Synkx Inc. Thanb am due to Nr. Jon K.b.m for the cholestcml 
andjwa. Vdwbb teohnicd a99istance W M  given by Miss Arthurinc Cddwell. 
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