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SUMMARY 

A method is described for the measurement af plasma dehydroepiandro- 
sterone, as the iodome&yldimethyIsiJyl ether derivative, by gas-Liquid chromatoga- 
phy and electron capture detection using the reJativeIy new and highly stable srationary 
phase Dexsll 300. Preliminary purification of the plasma extract was required and 
alumina column chromatography was utiiised, both before and after derivatization of 
the steroid extract. Specificity, precision, sensitivity and accuracy were aU satisfactory. 
The metkad was used to study the rerationship between age and the level of pIasma 
dekyclroeplandrosterone in a group of normal women. A significant negative COFRfa- 

tion was observed_ 

A method for the measurement of testosterone in human pJasma ~2s described 
by Thomas’ in which tke praticability of the use of gas-liquid chromatography (GLC) 
techniques for the measruzment of the very smar! quantities of steroid hormones in 
pkzsma was discussed_ A particular a&a&age, namely the potential of the method for 
the analysis of other steroids within tke same plasma extract, was a!so cited. It has 
been possSbIe. with slight modification of the c’kromatography of the iodomethyldi- 
metkyJsiJy1 ether derivatives on alumina, to measure free dekydroepiandrosterone 
(DHEA) aJso. The working time of the method has been reduced by the use of smaILer 
alumina coIumns. 

Blood was obtained from normaI women bet-een 16.00 and 20.00 h. The 
heparinized plasma \+as separated and stored at -20”. 

NeuttzI afumina (WoeJm, Eschwege, G.F.R.) was partially deactivated by 



eq&ibration v&h water [9ok. w/vs). FKfDHEA nas obtained from tie Radio- 
chemical Ce~Lre (tiersham. Great Britain) (sp~i& a&vi*: tC_25 G/mmofe). 

Resents were as described by ThornaG_ LIZ &ssware was washed successively 
v&h hot metiofic Decon, water and ethanol. Chromic acid was used instead of the 
Decon mixftrre for every Efth wash. 

GLC sras carried on: oo a Pye 104, MO&~ 74 gas chromatograph &ted wits 
a 7.5 mCi [~~~~~electron capttrre detector. The detector was used in the pulse mode 
(SO%,~sec interval) and rhe detector oven was set at 300”. The calumn (1-S m x 4 mm) 
was aI glass aad fitted to tie detector v&h a standard glass-to-metal connector. The 
coiumn was packed with Gas-C!XO= Q (l@O-120 mesh) and coated with 1.5 % Dexsil 
300 (Analabs, North Haven, Corm., U.S.A.). Prior to pa&&g, any coated support 
smaller than lcio mesh xs as removed by sievin,. = Before use the cofmzm was conditioned 
for a minimum of 24 h at 3GG” with a slow flow of mtrogen at approximate& 25 
ml/tin. The qperating temperatin of the cohmm was 2X&260” with a gas Bow-rate 
of 1W mE/nm. When not in use the column was kept at 150” and the gas ffow--rate 
reduced to 25 mljmin. Vader these conditions the useful life of the column was at 
SeaSt six months. 

Radioactive cormdng was peflormed on a Nuclear Chicago, Mark H, iiquid 
scistiilarion counter. The counting fluId (10 mZ) was 2.5 1 tolirene containing f 1 g 
Permableod 111 (Packard, Do=tsers Grove, Ill., U.S.A.). 

~HjDHEA (30,QOO 2pm in toluene, ZQ,uI) was added to plasma (3 ml}, fol- 
lowed by 1 X Na@H (three drops). The mixture was I& at room temperature for 13 
min. The neroids %ere exzacted v&h ether (2 x 5 ml). The ether extracts were com- 
bined u;d was&d wirh water (3 x 1 mT) and takeo to dryness under a svearn of 
n~ogen at 60”. (This was the standard technique for drying used f%roughout the 
method.) 

Hesane (2 ml) and 70% aqueous methanol (2 ml) were added to the dried 
extract. After vrgorous shakiclrrg the two layers \\ere separated by centrifugation (loo0 
2. 5 min). The upper hexane layer was discarded. The partition was repeated using 
more Eexane (I ml). This s:ep removed less potar componnds incIu&ng progesterone. 
The remaiJning methanol&z extract was dried_ 

This extract was re&ssoIveti In benzene (0.5 ml) and subjected to alumina 
chromatography. A slurry of 2Irrtina (I.5 g) was prepared in benzene. T&e column 
~2s formed ia a pastenr pi_pette wl’& a dra~~o~t end iightIy p!Uged &itO sifatised 
gizss wool. The extract- F: as applied to the coEumn: 0.8 0/G ethanol in benzene (5 ml) 
was ued for a pre-wash and was discarded. DHEA was eluted in a further 5 ml of 
3.t % ethanol in jezene. 

The fraction thrrs obtained was dried azd converted to the iodorneth#iimetfL- 
sibyl ether CfDMSEf deriv2tives’. These deri~tiues Frlere dissolved in cycIohexane 
@S ml) and subjected to further alumina cbromato_mphy. Chromatography alas 
pe_formed as before wit0 t&e followiig exceptions: The slurry was prepared in 
cyclohexane; the sampie was loaded in cyclahe_xane; the pre--ash was with a 1 *A 
acetone in cyclohexane rcixture (5 dj: 'Je de&at&es were eiuted irr I “/= acetone in 
cycfohexane (5 ml). 

5c-_4ndrasteoe-38. f7$-&of-ID_MSE (28 ng) was added to the column eluate as 
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intend standard for the GLC analysrs. The mixture &as dried and re-drssotked in 
hexane (0-I mJ). Ain aflquot (liI0) was taken for the determination of radioactivity. 
From the amount of radioactivity, correction was made for procedural losses. Further 
fractions (I/20} were taken for GLC analysis. The concentration of DREA in plasma 
was caiculated as follows: 

DHEA (ng/IOO m! plasma) = 
ng in DHEA peak x 10’ 

equivalent amount of piasma injected a 
(r&l x % recouary ~KjDHEA 

Calibration curves of the ratio of the peak herght of DHEA-EDMSE to the 
peak height of the internal standard (1 ng) against the quantity of DHEA were both 
Iinear and reproducible over the range 0.1-W ng of DHEA (Fig. I). A standard 
curve was run with each batch of analyses. A typical chromatogram of a plasma 
extract from a normal woman is shown in Fig. 2. 

Fig. I. Czkbrzxtmn tune of dehy~oepian~osterone-ID~SSE using 5o-~drostene-3B,17F7arol- 
IDMSE as intern& stxxizrd. 

Fig. 2. Gas c~zomatogrzn-x of tie DHEA-ZDMSE frzctron from female plasma (3 ml). 0 = DHE& 
A = androsttx~ze; P = pregnenaIone; I.St = Lnte_mt stzndud. Refztite retention times: A = 
0.165. D = 0.242. P = 0.367, E St. = 1.09 (21.4 ruin). 

Precision and sensitivity were calculated using the difference between duplicate 
an&yses2 and are shown in Table I. 

Accuracy was determined by anaiysing normal saline samples to which 2 

known amount of DKEA had been added, over the range 2OG1CHN ng/KXl ml. The 
mean recovery from 24 analyses -ivas 103_7% with a standard deviation of 16.7°A 

(range 80.4-134.3 “/O). Recoveries were also determined after the addition of DHEA 
(500-1000 @I00 mi) to piasma samples. A pool of pl2snt2 was repeatedly assayed. 



The mem and standard deviation of the DKEA concentration were 740 & 70 
q/I@3 mt (II = 5). The me2n and standard deviation of the recovery were 
lC4.7 z 213.2”/ (n = 9, range 75-139~~). 

The overall recovery of radioactivity tKrou& the method was 42.6 + 9 %_ This 
fi_gwe was determined from the recoveries obtined in the 2sszy of 23 female-plasma 
samples. 

Plasma was assayed in a group of 23 normal women. The meitn and standard 
deviation were 539-d 2 161 n,orlCIO ml. The age rz.nge was 30-75 years (mearz and 
SD., 48.6 + 12.4 years,. The plasma DHEA cowxrrtration was negatively correlated 
:v:th a&an&g age {Fig. 3). 33s correlatiorr wzs sig&cznt (P -=z 0.01). 

The specificity of the method wzs examined by the incorparction of a hi&- 
rcsoliition paper chromatog2phy step” into the method before the &st afumina col- 
umn stage. -4 series of nioe pksma samples wzs processed in this marmer and the 
re.sulCs were compared Kit& a drrp&xte series assayed in the normal w2y. The mean 

ad stzxndard deviation of the result Ezre 439.0 5 93.0 ngzl00 ml, compared with 
that of MI.3 f 9G.7 ng//tOO ml with tIte addizlon of gaper ctrromatogaphy to the 
method. No significant difference was fotmd on appfisation of a paired Student’s r 
test to the compzrisoss (t = -4.18). 

The precision and sensitivity of the method were found to be satisfactory. The 
axuracy as dete_rnined by 2nzTysis using normal saline as base uas geod but more 
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variability was found \\hen pIasma was used. Kowever, this is to be expected since 
the latter procedure requires the caIculation of the difFerc:nce between two measure- 
ments, each wi+-lr an associated error, whife the former requires onfy one measure- 
ment. The retiabifity of the method IS comparable to other pub!ished proceduresa-‘. 

The use of 5o-androstene-3p, :7?-dial as internal standard was justified in that 
any endogenous steroid in the plasma extract would be removed by chromatography 
on the aIumina columns. Also, no interference kas been found in that position on the 
gas chromatograms. 

The specificity of tke method was satisfactory in tkat a paper partition ckro- 
matograpky step iocorporated into tke method did not alter the result. The purifxa- 
tion procedures of the method do impart some additional evidence of specificity. 
Tkrough the method the compound has to behave as its radioisotope both befcre and 
after derivatizatioo. Wkilst this does not provide complete evidence that the DHEA 
peak on the gas ckromatogram is homogeneous, further evidence may be inferred 
from the results of other workers, who, by using digennt techniques, obtained simrlar 
results. For instance, Gandy and Peterson” obtained values of 450 5 320 ng/f100 ml 
(range 140-1250) in a group of normal women (age range XI-40 years). using a double 
isotope derivative technique; Meschlag et aL5 obtained values of A05 & 216 ng!/100 mf 
(range 153-730) using radioimmuno-assay, and Rosenfeld’, by a competitive binding 
assay, obtained 42 -_I 303 ng//IOO mf (range 137-1261). 

De&l 300 has proved an excellent phase both in terms of its low background 
noise and stabiIity. To achieve this certain precautions were found necessary, namely 

the removal of oxygen and water from the carrier gas. Tkis was done by incorporating 
an oxygen scrubber in the gas line (Ox&orb; SupeIco, Bellefonre, Pa., U.S.A.). In 
some instances, when the ECD standin,o current was lcn;er tha9 required, the use of 

a nitrogen purge gas at 25 mI/min was found beneficial. DifFLcuIties with kigk back- 
grouird no_ise have been encountered witk tke prolonged use of otker pkases. The 
high temperature required to anaiyse steroids is probably the major cause of this. 

An advantage of GLC methods oker otkers is the potential for measuring a 
number of steroids within the same sampIe_ Tke method descrrbed here allows the 
estimation of DHEA but the fraction eluted from the second alumina coIumn COR- 
tains other steroids such as uldrosterone arrd pre_mrenoIone (a&ho& measurements 
of these steroids have not been evaIuated). Also. if the column is further eluted with 
a mixture of acetone-benzene-cyclokexane (I :50:49), testosterone may be estimated. 
However, if the measurement of DHEA afone is required, it is possible, with the 
great sensitivity of the eIectron capture detector to the IDMSE derivative_ to use as 
little as 0.5 ml of plasma for the analysis. 
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