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A new type of micro-analysis of steroid hormones in biological materials by 
gas chromatography with flame ionisation and electron capture detection 

I. The urinary profile 

For tile gas pliase analysis of a mixture of steroids in biological materials, steroid 
derivatives stable under the temperature conditions of gas chromato~raphy (GC) are 
necessary. 0-Methyloxime-trimethylsilyl derivatives (MO-TMSi) introduced by GAR- 
I~INER ANI> HOWIN& in 1gG6 allowed them to perform the so-called “steroid biological 
profile” with f’larne ionisation detection (FID). Electron capture detection (ECD) 
brings GC sensitivity to the nanogram a!ld even the subnanogram level using hepta- 
fluorohutyrate derivatives, but these derivatives, depending on the type of steroid, 
are not always stable in GC. With I7-desosycorticosteroid, and more estensively with 
IT-hydrosycorticosteroid esters, multiple peaks appear which probably involve side- 
chain cleavage2, whilst with a ltetosteroicl, like dehyclroepiandrosterone (DHEA), we 
found that the r7-keto group is partially enolised leading to two derivatives, If 
methyloxime formation is carried out before the perfluoroacylation, stable derivatives 
are obtained ancl enolisation is prevented. In 1969, HORNIX:G AXD MAUPIII? studied 
0-metl~yloxime-heptafluorobutyrate derivatives (MO-HFR) for aldosterone. The for- 
mation of these derivatives applied to other steroids and their metabolites allows good 
thermal stability ancl sensitivity at the nanogram level. 

Besides being used for biological fluids containing a small amount of steroid, 
this method appears very interesting for steroid analysis on small tissue samples in 
whicll steroid metabolism exists. Because it has been shown that adrenal turnor cells 
grown in culture’l and adrenal cell suspension” synthesize steroid+u, our method 
should be valid for a more specific and complete study of steroiclogenesis in the course 
of cell differentiation or development. l?ollowing the work of HARAW AND 17.4RLT:Y7 
showing that single normal heart cells can be kept and grown in Petri dishes, recent 
progress in maintaining normal non-embryonic cells from organs related to steroid 
metabolism, like the live+v9 and adrenal gland@, prompted us to ascertain the validity 
of our analytical method. Therefore for comparison with other methods, this prelim- 
inary work has been done on human urine, the most investigated misture of steroids. 

l:or the standards, the formation of MO-HF;B derivatives is described else- 
where*l. 0-Methylosime (MO) derivatives were made by the usual methodl2. Escess 
reagent was eliminated by washing with a sodium chloride solution. Heptafluoro- 
htyrylimidazole was used as the reagent for HI% derivative formation. These de- 
rivatives were then estracted by hesane at ---IS”. The final amount injected was I ~1 
containing I ,ug for FID and I xq for ECD. 
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Fig. I. Separation of a synthetic xnisturc of MO-EIXB steroids on a Ia-ft. I "/" OV-I column made 
according to I-IORNIXG el nl .l”. Gas chromatograph is a xnodcl 7400 Packard with IXD. Compounds 
are androsterone (An), ctiocholanolone (Et) and tetrahydrocortisone (THE). Temperature settings : 
programming at z’/niin from 170 to 230°, 2q.o” for the injection, 260~ for the omm detector. 

Fig. 2. 
(C,J = 

Sanw as Fig. I, but the separation was carriccl out on a r yb OV-17 columns. :I’wo alkanes 
,9t-tetracosane, C1s = 

(MU) calculation. 
w-octacosane) were aclclecl as internal standards for mctliylene unit 

METI-IYLISNE UNIT VALUES (&xv) OF I-IFB AND &fO-I-IFB DERIVATIVES OF SOME tIUBIhN URINARY 

STEROIDS 

Steroids OV-ra 0 I/-rp 

Androstcrone (3a-hyclrosy-5cx-androstan-3-one) 
Etiocholanolone (3ac-hyclroxy-5@-anclrostan-3-one) 

24.07 2.5,.17 

Dchyclrocpinndrosteronc (B/3-hyclroxyandrost-5-cn-17-011~) 
24.25 25655 

Prcgnanediol~ (3oc,zowdihydroxy-5/I-pregnane) 
24.S5 26.11 

25.69 
Prcgnanolonc (3cc-liyclroxy-5/I-prcgnan-2o-onc) 

25.15 

Tetral~yclrocortisonc (31x, 1761,2 r-trihydroxy-5@-pregnanc- 11,20-clionc) 
2604 27#36 
27.52 25.0s 

m 12-ft. column; I 0/o liquid phase; ternpcraturc, r”/nlin from 170~. 
b I-IF13 ester, other steroids arc as MO-HFB clerivativcs. 
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280 NOTES 

zs-ml urinary samples were each hydrolysed enzymatically, and the free 
steroids were transformed to MO-HFB derivatives by the previous method. Estrogens 
were separated by partition between aqueous ethanol (2 o/o) and benzene-hesane (I : I). 

The GC apparatus equipped with FID and ECD are described in the legend to Fig. I. 

Results and discmsion 
Figs. I and 2 show that MO-HI!13 derivatives are thermostable and each give 

a single peak. The side chain of C,, steroid-like tetrahydrocortisone is protected from 
cleavage by MO-HFB formation. If no MO formation occurs before perf-luoroacyla- 
tion, we have found that, in the case of I7-ketosteroid, HFB anhydride induces a par- 
tial enolisation of the keto group under the usual reaction conditions. For esample, 
DHEA heated I 11 at Go” with HFB anhydride in acetonitrile (3: IO) gives, besides the 
3/LI-II~B derivative, a minor peak which has been identified by mass spectrometry as 
the 3/3,17-diHFB (enol) derivative (Fig. 3). The second enol peak increases if the reac- 
tion time is longer (65 o/0 of HFB enol after 15 11) (ref. 13). Although it may be satis- 
factory to obtain IOO y. enol formation by reacting for 36 11 at Go” instead of avoiding 
it, it is preferable, especially if acylation is carried out over a shorter time, to perform 
the MO reaction first. 

The methylene unit values *l‘l of MO-HFB derivatives shown in Table I are small- 
er than those given by corresponding MO-TMSP. 

Therefore faster elution is another interesting feature of these MO-HFB de- 
rivatives. Moreover the separation between isomeric steroids such as MO-HFB or 
HFB compounds is generally improved in comparison with other types of derivatives 
Examples are given for the separation between MO-HFB androsterone and MO-HFB 
etiocholanolone (Figs. I and 4) and more strikingly between isomeric I-IF13 estriolsl* 
(Fig. 7). 

I I > 

I 
30 

Pig. 5, Same urinary sample as in Fig. q., but clilutccl to r/rooo. Column was a G-ft. 1 ‘j/u (?\‘-I unclcr 
isothcrnml conditions at 200~ for 5 min and then tcmpcmture programming at I “/min. IZMxction 
was clone lw “:lNi-I~CIU with 2 V DC, the clctcctor oven being set at 255". Comparison with Fig. 4 
sl~ows ;L sniallcr rclntivc rcsponsc for ” An” and ” Et”, bearing one I-FFl3, tllan for ‘l’l-I17 haring 
two HVJ3. 



Fig. 4 sl~ows a characteristic separation of male adult urinary steroids as 
MO-I-IF13 derivatives with the use of FID. When the gas chromatograph is operated 
with ECD, relative heights of peaks are modified because the response of this detector 
is dependent on the numbe? of fluorhe atoms and consecluently on the number of 
OH groups which have been esterified in the molecule (Fig. 5). 

40 50 60 

TIME &N, 
80 90 

Fig. 0. Scpration ot AIO-l-11:13 stcroirls of a urinaqe sample from pregnant wmlw~. 

pr0grammccl from 150” at 1 “/win; other conclitions as in Fig. 1. Other conipounrls 
estriol (E3), prcgllnnccliol (l.‘tl), prcgnanolonc (I.Wonc). 
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Fig. 7. SCpiLr;Lti011 Of 1-IIT13 ant1 MO-I-IITU stcroicls of :I urinary sanlplc from ;L prcgnnnt wunlan iii 
tlw last month of prcpiancy. G-It, I ‘J/o <IV- 17 cOlumn; tcmpcraturc ~~IWglri~lllIIlctl from 170” at 
1 “/nlin ; 1.X1>. See conditions in Fig. 5 for clctcction by clcctron CiLl)tlll’C. ‘I’hc amount i njcctccl was 
eqiii\..nlc!iit to 3 /tl Of tlic original urine s:inlple. Conlpouncls itlcntiliccl arc I< I -: cst~~oric; I:? =: 

17P-csttildiol ; 1Z.y = 3, r ha, x 7@-cstriol ; 17cpiE3 --- 3, IGo!,r7c+estriol; 16,r 7-cpil<.~ =: 3, I Gp, I pa 

cstriol ; 1 G-cpilS3 = 3, I C,/?, f 7&cstriol. 
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zsz NOTES 

Total urinary steroids at the end of the pregnancy of a woman are shown in 
Fig. 6 while the analysis of the estrogenic fraction of the same sample is shown in 
Fig. 7, ECD being used. Thanks to this method, six of the many possible estrogens 
have been identified. This technique improves the separation and the sensitivity of 
detection of minute amounts of isomeric estriols in a simple analysis of a total es- 
trogenic fraction avoiding preliminary subfractionation. The complete structure of 
these derivatives and the homogeneity of each peak in biological profile are undertaken 
with the use of combined gas chromatography-mass spectrometry. The ahplication of 
this method to the study of small amounts of steroids in plasma, for instance, or in 
a small amount of tissue sample, as in normal single cell adrenal’” or liver” culture, 
is under development. 

We are grateful to Dr. E. C. HORNING for mass spectrometry of our 3P-HFB 
and 3P,r7-diHFB(enol)-DHEA samples and for the fruitful discussions during tile 
course of this work. 
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