
3ouPnQf of c?irolnucogrop~, w (1980) 80-M 
Ekcvier scIcn3i6k Publishing Company, --Printdi~l-beN~c?s 

CHROM- l&733 

Note 

Separation of steroid ghcuronides bY reversed-phase liquid column chrama- 

tograehY 

hWkr~~@ i&ad of KeaIch ad Wei,rkq Departmenf of Dogs, Sax 407, 75125 Uppsala (Surri;nj 

<Fii nmzivui DccuSbcr 12th, 1979; rewiscd manuzript rc&v& Jzwacy 31s~. 1930) 

-gP regnancy, estrogens conjugated with gh~curonic acid, particuiarly 
estriol conjugates, dominate the steroids present in urine_ _4 d- in the excretion 
level of estriol indicates a poss~%le maif~ction of the placenta, These metabolites 
are measured routinely by a method involving estraction and derivatization by the 
Kober reaction followed by spcctrophotometric measurements’. 

Huber ef al.* and Dolphin and Per_eande’ma have used high-performance liquid 
chromatography (HPLC) for the isoIation of estrogen conjugates in urine after 
hydrolysis and extraction of the h&rated aglucone. A drawback of methods involving 
hydrolysis is that the identity of the individual conjuga’a is destroyed. In order to 
avoid this, Van der Wal and Hub& used XAD-2 extraction, folIowed by isolation on 
an anion-exchange column. 

The present paper describes studies of reversed-phase column chromatography 
of ghxcuronidcs of es&one, estradiol and estriol and a method for the isoIation of 
estrioII6a-glucurccide from untreated pregnancy urine_ 

EXPERIMJSTAL 

Appararus 
The pump was an Altcx Model 100 solvent delivery system and the detector 

was a Waters Model 440 with an 12.~,uI cell and wavelen_& of 280 nm. The cohunns 
were made of 316 stainless s-1 with a polished surf-, equipped with Swagelok 
connectors and stainless-steel frits (2 ym). The column dimensions were 150 x 4.5 mm. 
A Qh-pressure injection port was used (Rheodyne, ,300 p.s.i.) with a 2U-pl loop. 
Solvent reservoir and column were thermostated by a water-bath (HETO Type 02 
PT 923 TC; Birkeriid, Denmark). The pH was measured with an Orion Research 
Model 801 A/digital meter, equipped with an Ingold Type 401 combined electrode. 
The _gas chromato_mphy-mass spectrometry @C-MS) system was an LKB Model 
2091 with electron impact (El) ionisation. The GC cohnnn was 1.5 m of 3% SE-30. 

Chenu.c& and reagents 
I-Pentanol was of ACS reagent quality (Fisher Scientific, Pittsburgh, PA, 

UXA.). The steroid glucuronides were obtain& from Sigma (St_ Louis, MO, USA-) 
and used without Ftier purification. Ail other substances used were of analytid 
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grade_ The chromatographic support WAS Lichrosorb RP-S with a mean particle 
dimeter of 5 pm (E. Merck, Darmstadt, G-F-R.). Buffers had-an ionic strength of 
0.1. 

Column preparation 
LiChrosorb RP-8 was packed by a balanced-density slurry technique6, sus- 

pended in carbon tetrachloride-tetrabromoethane-dioxane (1: L :l). After packing, 
the column was washed with hexme and acetone. The support was coated by passing 
the mobile phase through it until a test sample gave a constant capacity factor. 

C.hromatographc technique 
The mobile phase reservoir was kept in a water-bath at 25 * 0.1 “C. The 

cohmm was kept in a water jacket with circulating water of the same temperature_ 
Tubing and the injection port were insulated to avoid temperature changes. The 
mobile phase was prepared by saturating the phosphate buffer with I-peutanol in a 
separating funnel. When a lower content of I-pentanol was used, the saturated 
solution was diluted with phosphate buffer to the appropriate I-pentanol concentra- 
tion. The volume of the mobile phase was determined by injection of potassium 
dichromate. The samples were disso’rved in the mobi!e phase. 

Isolation and GC-MS idenri@carion of estrioi 16a-giucuronide 
The untreated pregnancy urine was injected directly on the reversed-phase 

column, and a fraction containing the peak with a capacity factor equal to that of 
estriol 16a-glucuronide was colkected. Fractions from eight injections were pooled, 
acidified with hydrochloric atid to a 6nal concentration of 2 M and heated for 90 min 
at LOO “C. The solution was extracted twice with an equal volume of water-saturated 
ethyl acetate. The combined extracts were evaporated to dryness 

The sample was dissolved in 20 ,ul pyridine, and 100 ~1 acetic anhydride were 
added. The reaction mixture was then kept in an ultrasonic bath for 5 min, heated 
at 80 “C for 30 min, evaporated to dryness and the residue dissolved in ethyi acetate. 
A 24 volume of the solution was injected in the GC-MS apparatus. The gas chroma- 
tograph was operated at a column temperature of 220 “C and an injector tesnpe~~ture 
of 240 “C. Helium at a Bow-rate of 30 ml/min was used as carrier gas. The ion source 
Of the mass spectrometer was operated at 260 “C with an electron ener_q of 70 eV. 

RESULTS AND DISCUSSON 

Regdalion of the retention 
The steroid glucuronides are weak acids with pK, w 3.5’. They can be separated 

in reversed-phase systems with LiChrosorb RP-8 as solid phase and phosphate buffer 
pH 6.5, con-u&in g L-25-2.5 o/o of 1-pentauol as mobile phase. The capacity ratio can 
be reguiated within rather wide limits by changes of the I-pentanol concentration in 
the mobile phase, as demonstrated in Fig. 1. 

In tie chromatographic system used, 1-pentanol is adsorbed on the hydro- 
phobic solid phase. If the adsorbed I-pentanol constitutes a liquid stationary phase, 
the capacity ratio of the glucuronides, k;, is given by: 

kjx=(VJV&) x D=(D x V,/V&--B (1) 
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Fig. l_ Regbtionoftkczpaa ‘ty f-r by addition of LpcntarioL Mobile pbaser pbospbate buffer 
pH 6.5 f l-pwanol. Flow-rate: 2.2 tnm&c Support: LiCkmsorb EU’-!3 (5 ~1. San&es: 0 es&a- 
diol l?&ghazonide; A. cstrone Z$glucunmide; 0, estraiiol ,~uau~nide; R. t~tri0~16~-&X- 
_mnidt; c, cstriol17@3.~xroti~; A, estrioI 3fLgharonide. 

where D is the distribution ratio between stationary and mobile liquid phase, V’ and 
V, are the volumes of the stationary and the mobile liquid phases, respectively, and 
V, the sum of V, and V,_ With in creasing content of pentar. in the mobile phase, 
Y, in& and V, c%xnsxs_ Ifeqn. 1 is valid and D is constant, the capacity factor 
should increase with increasing l/V,. Fig. 1 shows, however, that there is a strong 
decrease of K with increasin g l/V,. Tbis indicates that the retention is mainly due to 
adsorption, which is in accordance with obseations made for hydrophobic acids, 
amines and steroid gI~curonides~‘~_ Increase of the pentanol content in the mobile 
phase also gives rise to changes in the separation selectivity, and there are even 
chaqges in retention order in some cases. 

Tk separation efkiency is good in the systems containing 125 and 1.9% of 
pentzmol, t&e reduced plate height at a flow-rate of 26 mm/xc being 5-9 for all com- 
pounds, except e&5013@-gkuronide, where a reduced plate height of about 15 was 
obtained, Increase of the pentanol content to 25% strongly reduces the separation 
efkicncy. This is illustrated in Eg. 2, which shows a drastic increase of the asymmetry 
of the peaks when the pentanol content is increased from 1.9 to 2S%_ 

The sepation efkiency is fairly independent of the capacity ratio at k’ > 8, 
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Fig_ Z Asyraaztry factors obtained at diEezent comzn~tioas of l-pentano1. For chromatographic 
data and sunpk ze Fig. 1. Asf = back pzrt of Wb/front part of W,. Front and back part of W, 
arccakulatedatthc~ofthepzak,bydrawmgtwo~atsof the peak aad a PerpeadicuIar 
f-5 the formed vortex_ 

as demonstrated in Fig. 3. However, a considerable increase in the reduced plate 
height is obsesved when the capacity factor approaches unity, which may indicate 
in&xxxe of mass transfer in the stationary phase. 

Chronzatographic isolation of estrioi coniugate from hunmn urine 
T&e chromatographic system could be used for isolation of &trio1 1&z- 

gfucuxonide from untreated human urine. A chromatogram obtained after injection 
of 20 pl of urine is &own in Fig. 4. Mobile phases containing 1.25 % and 1.9 % of 
pentan gave similar cbromatograms, but the retention of the glucuronide was 
somewhat higher at the tower I-pe~~tanol content. 

The chromatographic systems showed good stability, capacity factors and 
separation efkiency remaining almost constant after injection of 50 urinary samples. 

I&ntification the nzetaholite 
Tfie identity of the compound in peak I (Fig. 4) was established by GC-MS, 

as described under Experimental. The procedure invokd hydrolysis with hydro- 
ch!oric acid, extraction of the hydrolysis product with ethyl acetate and acetylation 
with acetic mhytide before injection into the W-MS system. A solution of estriol 
in pyxidine, treated with acetic acid anbydride in the same manner, was used as 
reference. The two mass spectra coincided. This indicates that the agiucone port& 
of the isolated compound is estriol. 
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Fi,o_ 3_ ReIation between the capxity factor and the sepantion efficietzcy. For chmmatogxaphic data 
and samples sez Fig. 1. 
Comntration of I-pentanol (% v/v): e, 1.25; 0, I-9- 

Fig_ 4. Isolation of conjugated estriol from urine. For chomsdographic data see Fig- l,a.u.fs- = O.@X. 
Corceatntion of I-pentx4 in the mobile phase; 1.9%. 
Peak 1 = estrioI-16-ghmlronide_ 

Pregnancy urine spiked with estriol 1 7c-glucuronide gave rise to a doubIe peak. 
The additior of estriol I6j3-glucuronide gave only one peak with a larger area 
than that obtained with unspiked urine. This indicates that the isokted metabolite is 
estriol conjugated at C-i6 with glucuronic acid. 
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