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Sterol metabolism 

XXII. Gas chromatographic differentiation 
ides 

Hyclropcrosiclcs *’ --’ formed in c1101cster01 

among cholesterol hydroperox- 

nulxxsidntion may Ix classified IJJ 
structure into two groups0 Tliosc I~ydropcrosiclcs sulxtitutccl in the stcrol siclc- 
chin (tlic cholesterol 20x-,a.+-,qj-, and zG-llydroperosicles”-:I) constitute a chromnto- 
graphicallg’ more mobile group giving red or brown-gra.3. colors wit11 sulfuric sprays 
wliicli may bc rcsolvccl by thin-lnycr cl~rclnatogrnpliy (TLC) as such or as tliclr 
respcctivc sodium borohyclricle *reduction products (tile cl1olesl-5-c11e-3~,zoa-,3~, 

24.~,3/%25-, xnd g/3,2&cliols), They ma) dso Ix cliffcrcntiated by gas clirolnato~rapllr~ 
(GC) via tllcir individually clistiuct pyrolysis lx~ttcrns’~3~G in the ninnncr previously 
dernonstrntccl for ergostcrol and cllolestn-5,7-clien-3P_ol Sa,Sx-pcrosides”. 

The cllolcstcrol &ring hydropcrosiclcs 3P-llyclrosy-ga-cllnlcst-G-cue-j-llvclro- 
pcrosicle, cholesterol 7c+hycIropcrosidc, and cholesterol 7/?-11ydropcrosideQ constitute 
a poorly rcsolvecl more polar class cl~nracterizecl by blue colors with sulfuric acid 
on tllin-Inycr chrom;ttogrnmsO Their cliffercntiation is accomplishecl by prior sodium 
boroIl>*driclc reduction to their respective rccluction products ga-cllolcst-G-ene-3P, 
5-dial, cliolest-5-ciic-3P,7~-clicll ancl clwlcst-5-cnc-3P,7/3-diol which arc readily 
resolved. Tllis nictliocl cannot bc cnil~loyecl in samples containing 38_IiyclrosycIiolcst- 
s-en-i-one which is also rcducecl l>\* l>orohyclriclc to the cpimcric cholcst-si-ene- 

3p ,;-:lioIs. Diffcrcntintion among tllc 13-ring 11yclropcrosidcs by CC has not been 
achievecl herctoforc for lack of suitable liquid Ihascs nncl cllrornntograpl~ic conclitions 
which yield unique pyrolysis patterns for cnch hydropcrosicle. Such failure results 
from thermal decomposition of the 13-ring hyclropcrosides to yielcl misturcw of 
the epjrneric cholest-~-enc-3P,7-clioIs whicll are themsclves unstable to G@-‘2. 

We have now clevelopcd suitnlAe GC systems using 2-3 Y0 OV-2x0 ancl 
2-3 o/o SP-2401 (fluoroallsyl silicone) liquid phases which serve acceptably for rclialh 
differentiation between the epimcric cllolcst-g-enc-3P,7-diols nncl accorclhgl~* amnng 
their parent cpimeric cholesterol 7-hydropcrosiclcs and 3@-Ilyclrosy-gwcholest- 
6-cue-j-llydroperosiclc. . . 

K~fwriItlcrrttrz 
Samples of the sterol allylic oIcol~ols 5a-cIioIest-6-ene-3P,5..cIi~I (ni,p. 147-148 “), 

cholest-5-ctx-3P,7a-diol (n1.p. xS2-1S3 ‘), and cllolest-5-enc-3/?,7/3-diol (n1.p. 174- 
175 “) ancl of the sterol hyclroperosiclcs 3~-l~yclrosy-ga-cI~olcst-G-et~e-~-l~ydroperosidc, 
cliolcsterol 7a-l~~clroI~crosicIc, and cholesterol 7/LIlydroperosiclc4 pure 12~ melting 
point ancl infrared absorption spectra criteria wcrc a.11 shown to be free of other 
detectable stcrols by TLC ,using 20 x 20 cm clwomatoplates, o.ag mm thick, of 
Silica Gel I-IP9,J (I?. Mcrclt, GmbH, Darnmstadt) using solvent systetns previously 
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describedl-d1 I3 and visualization procedures including sulfuric acid for sterolsls 
and N,N-dimethyl-~-pl~e~~ylcnedia~~~inc for sterol hydropcrosidesl~. 

GC was conducted on 1,53-m long silanized glass U-tubes paclcecl with 
2 “/b or 3 76 OV-2x0 nncl with 2 o/0 or 3 “lo SP-2401 phases on 100-120 mesh Supel- 
coport (Supelco Inc., Bellafonte, Pa.) as well as on 3 “/0 QF-I and 3 “/o SE-3o for 
comparison purposes, as previously clcscribedl”. Analyses were performed using 
4-min I.D. colunins with stcrol samples weighing no more than 5 yg. Preparative 
GC was conducted using G-mm I.D. colunms. h I-Iewlett-Packard Corp. 17 and iv1 
M,odcl 4oo or %xlcl 402 gas cllron~atogrtlpll ccluippcd with a hydrogen i-lame 
ionization detector system was usccl throughout, wit11 nitrogen as carrier gas (20 
ml/niin) operated with injection port tempcraturc 250 ‘, column tcnipernture 230 O, 
and detector tcmpcrattirc 250 O. Stem1 samples dissolvecl in chloroform-methanol 
(2 : I) wcrc injcctccl on to the columns with a syringe in the usual IlliLIlIlW, Elution 
curves for a given sanlplc wcrc rcprocluciblc in every case, but product proportions 
and absolute retention times variecl with colun~n operating conditions (aging and 
loading of liquid phase) ancl with the a.tnoui1.t of stcrol sample injected. Further- 
more, the rclntivc rctentiou times of Table I, measured V~YSW cholesterol as unit 
time, were subject to a greater variability than usually encountered for these same 
stcrols on 3 % Ql?-I or 3 o/o SE-30 liquid pllnses unclcr similar operating conditions*“. 

CC l~I3T&NTION DATA POk SELKCT STEROLS 

Acleqtlatc tlxxnial stability and suitable resolution of tlic epimcric cliolest- 
5-enc-3/3,7-dhls is tllc key to successful gas cllromato~ral~llic differentiation among 
tllc! tllree R-ring hyclropcrosidcs. Ibtll criteria arc met lqf tither OV-2x0 or SP-2401 
liquicl phases using usual operating conditions, Typical elution curves for the allylic 
alcollols 5cc-cllolest-G-enc-3P,S-dial, cholcst-5-ene-3P,7a-diol, and cllolest-5-ene- 
3/?,7p-cliol on analytical columns of 3 l/o W-2401 licluicl plx~sc are presented in Fig. I. 
Very similar bellavior hvas obtnined on 2 y. W-2401 and on 2-3 y. OV-210 phases. 
The quasi-asial 3@,7a-cliol was eluted ahcad 0.f the quasi-equatorial 3/j’,@-diol 
as is the cast for this cpilneric pair on 3 ‘% QlT-s (ref. 12) and in other liquid partition 
cl~romntograpliic systems13* Xb-1T. The epimerization of one 3P,7-cliol to the other 
with concomitant clehydration to a common cholestatriene which compromised 
previous attempted GC of these allylic nlcol~ols ‘-12 was absent uncler our present 
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l:ig. I, GC clution curve of stcrol allylic dx~llt~ls 011 3?& Skqo I ;1&ptl colunlll. (A) ~a-cholcst- 

cj-cnc-3P,fj-did. (13) cholcst- j-cnc-3~,~r-cliol. (C) cllolcst-~j-cl~c-3~,iP_tlif~l. Corill~onclit idmtitics: 
X0. I, clrolcst;L-~,.1,C,-triolic: X;o. 2, cholcstcrol aclilcd for prociso rctwitiw titilc lllC!iLXl1WlllCllt: 

No. 3, cl~olcst-g-c~~c-3~,~~-cliol; No. -1, cholcst-_j-cllc-3f3,7~-~liol. 

operating conditions. Delqdmtion of ctlicr $,T- dial to the ccm~non cl~olcstntricne, 
most prolxhly cholcstn-z,_t,G-tricnc, WLLS the only major tlierninl clccoiiilxAticm 
remtioii cncountcrcd on analytical columns of either OV-2x0 or SP-2g.01. The full 
proof of structure for tllis proch.xt and tlw several other thermal decomposition 
products identiliccl herein will IJC reported elscwhcrc. 

TIICSC results wcrc clcl~enclcnt on the nrnounts of stcrols injectccl and cm the 
aging properties of the liquid pleases on tlic columns usccl. Analysis conditions 
were best acliievecl with stem1 snniplcs no lnrgcr tlian j pg. Larger sterol sanqAes 
on analytical columns or on larger prcparntivc columns regularly vielcled additional 
tlmmal decomposition products. Newly prcpnrecl columns of dither phase were 
less suitable for analysis of tllcsc unstable stcrols. and in our hands an aging through 
use of scvernl weeks wns required for optimal perforinnnce. We have regularly 
used these OV-ZIO and W-2401 columns for analysis of allylic alcol~ols ancl hydra- 
peroxicles only after such aging. Retentiotl times of cholesterol and other sterols 
become shorter as aging proceeds, apparently from loss of fltl0IYX~ll<yl silicone 
liquid phase. A 2 Y0 OV-210 or 2 “,/o W-2401 loading is superior for these stuclies 
than is a 3 Y0 loading, although both 2 “/o and 3 o/0 IoRditqs afford the stability and 
resolution required for these purposes, 

In contrast to the behavior of the epimcric cholest-5-cne-3/?,7-cliols tlic isomeric 
ga-cllolest-G-ene-3P,+diol on either OV-210 or on SP-2401 did not survive GC 
as such, dehydration to cholesta-2,4,6-tricne and isomerizntion to cholest-g-ene- 
3P,7a-cliol being the major thermal processes involvecl (Fig. IA), 

Injection of larger amounts (10-20 i&g) of tllc allylic alcohols gave more com- 
plex curves which contained, in adclition to the major thermal degradation products 
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mentioned, low variable amounts of scversL1 other components, of which cholesta- 
3,5-dien-7-one, cllolesta-4,G-dicn-3-one, and 317-hydrosycllolest-5-en-7-one have 
been identified Although these are minor products obtained only at the lligher 
sample injection levels, one must recognize that these B-ring allylic alcol~ols are 
subject to dehydrogenation reactions as well as allylic rearrangement and dehy- 
dration reactions. However, even at the higher sample charges epimerization of 
either cholcst-5-ene-3P,7-diol one to the other was not detected. We conclude that 
where either the 3/?,7c+diol or the ‘3P,7/3-clibl be detected in these analyses that 
neither arose via epimerixation from the other. 

GC of the B-ring hyclropcrosides on either OV-ZIO or SP-zqox phases afforded 
unique elution curves of the pyrolysis products such that recognition and idcnti- 
Acation of the cllolcsterol hyclroperosicle injected could be determined. In Fig. z 
the clution curves for the .4@-ga-hyclroperoxide, the dG-7wllydroperoxide, and the 
.4t-7~4~yclroperoxide are presented. Differentiation l~etween the epimeric cholesterol 
may lx had by inspection, the 7a-hydroperoside decomposing tl~ermally to 
cholcst-5-etle-3p,7a-cliol as a major product, the c/P-hydroperoxicle decomposing 
similarly to cholest-5-ene-$?,@diol as a major product. Mixtures of the epimeric 
cholesterol 7-hydroperoxides afford GC clution curves containing both epimeric 
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RETENTION TIME 

Pig, 2. C;C clution curve of stcrol ltyclroporoxicles on 3% OV-a10 agod colutnn. (A) 3~hjdroxy- 
Set-cltolcst-G-cttc-5-hydropr!rosiclc. (B) cl1olcstcrol 7c+hydropwozdclc. (C) cholcstcrol 7,9-hydro- 
pcrusiclc, Cotitpoi~cttt rctctttiot1 times nnd iclcntitics arc: No. 1, 0.43, cliolcsta-2,4,G-trictie; No. 2, 
0.51. ttnidcntiliccl: No. 3, 1.56, tttticlctttllied: No4 4, r.go, uniclcntifiecl; No. 5, 2.17, cholcsta- 
2,;.clicn-7-one,; No. G, 2.25, choke-~-ct1c-3,‘3,7c+cliol; No, 7, ~045, cholcst-5-cttc-3,9,7,%cliol: Nn. 8, 

. 7. ttt1iclcttttftccl; No. CJ, 3.57, cltolcstn~4,G-clictt-3.one: No. IO, 5.0.[, 3~-hyclrosycl~olcst-5_on- 
7-enc. Cholcstzcrol (rctxmtion titnc 1.00) was nclclccl for prccisc rctxntion titnc mcnsurotnont but 
is nol: tiutttbctul at a. component. 
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cholest-5-ene-3R,7-cliols. It must be noted tllat minor nmounts of epimerizntion 
of the 7a4ydroporoside prior to thermal dcgrndation must occur, as small 
amounts of cholest-5-ene-3/3,7P_diol appcnr in the clution curve front the 7a-l~ydro- 
perosidc. Similarly the 7p-hydroperoside must also epimcrize to a miuor estcnt, 
as sinnll amounts of the 3/3,7a-diol are present among its pyrolysis products. 
The otlwr major thermal decomposition product from the cholesterol 7-hydroper- 
oxides is the dehydration product cholesta-z,q.,6-triene, Minor products identified 
incluclc 3/3-liyclrosycliolcst-5-en-7-onc, its dchyclration product cholcsta-3,g_dicn- 
7-0~2, ancl cholcsta-;C,G-dien-3-one (Pigs, 213 and 2C) , 

The A”-gcAydropcroxiclc dccornposcs along similar pathways but in cliffcrcnt 
proportions so as to afford a unique pyrolysis pattern (Fig. 24. The chief pyrolysis 
product is cholcsta-4,6-dien-3-one, the epitneric cllolest-5-cnc-3/3,7-cliols, 3P-hyclrosy- 
cholcst-s-en-7-one, and cholcsta-3,5-dien-7-one hing minor products. Purtllermore, 
the dehydration product cllolesta-z&%trienc forrncd uniformly by all of these 
allylic alcoliols and liyclroperoxicles is accompnniccl by a second putative cliolesta- 
triene of unclctcrminedstructurc. The conibination of two rapidly cluted cholcstatriene 
components with major amounts of cllolestn-4,G-clien-3-one (and minor amounts 
of the other decomposition components) serves adequately to iclentify the ,4-5a- 
hydroperoside and to diffcrcntiatc it from either cpimeric cholesterol 7-hydroperosidc. 
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Fig. 3. I’<ntc of cpinlcriaation of cholcstcrol 7o-l1yclropcroxiclo to cholcstcrol 7P-hyclropcrositlo 
in ncctonc nt 5o”, ns clctcrminccl by CC nvasurcmcnt of the proportion of cholcst-5-cnc-5/J, 
7cedial c?acl cholcst-5-cnc-~/3,7P_diol formcl 011 GC annlysis. 

%he GC procedures permit detection and identification of minute amounts 
of the cholesterol B-ring hydropcrosiclcs in a variety of circumstances known to 
form sterol hydroperosicles, including onzymic reactions of cholesterol such as soy- 
bean liposygenasele and a number of autosiclntion conditionsl4. The utility of the 
method is further esemplified in following the time course of the cpimcrization 
of cholesterol 7cAydroperosidc to cholesterol 7@-hydroperosicle, as presented in 
Fig. 3. These data were obtained with the present means at a considerable saving 
of time and effort over the demanding and tedious TLC methods previously used 
for this purposeJ. 
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