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ABSTRACT 

A high-performance liquid chromatographic method was developed for thermospray mass spectrometric analysis of steroidal hor- 
mones. Using a Nova-Pak C,, reversed-phase column and isocratic elution with a solvent comprised of 25 mM ammonium formate in 
30% acetonitrile, corticosteroids were separated within 10 min. This solvent also permitted ultraviolet absorbance detection down to 
220 nm with low-nanogram sensitivity. The use of acetonitrile was favourable for thermospray mass spectrometric analysis because 
mass spectra were obtained with a pseudomolecular ion as the base peak. A combination of liquid chromatography, ultraviolet 
absorbance detection and thermospray mass spectrometry provided a sensitive and reliable method for unequivocal confirmation of the 
presence of steroidal drugs in equine urine. 

INTRODUCTION 

Methods for gas chromatographic-mass spec- 
trometric (GC-MS) analysis of steroids in bio- 
logical specimens have been developed over the 
last twenty years. Many early efforts were direct- 
ed towards derivatization of functional groups 
for improved CC performance. Important devel- 
opments include conversion of hydroxyl groups 
to trimethylsilyl (TMS) ethers, ketones to 
methyloximes and preparation of enol-TMS de- 
rivatives by base-catalyzed silylation [l-5]. In 
combination with capillary GC, steroid analysis 
is now routine in many laboratories. 

Sample preparation prior to GC-MS analysis, 
however, is still quite extensive because of deriv- 
atization procedures and necessity for an initial 
enzymatic hydrolysis to release conjugated ste- 
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roids. Thus, an important objective for further 
development of steroid analysis is the analysis of 
intact steroid conjugates as well as free steroids 
with a minimum of sample manipulation. This 
has been accomplished in recent years by on-line 
coupling of liquid chromatography with thermo- 
spray mass spectrometry (TSP LC-MS) [6-lo] 
and atmospheric pressure ionization mass spec- 
trometry (API LC-MS) [l l-141. 

TSP LC-MS is particularly suitable for corti- 
costeroid analysis because several diagnostic ions 
are obtained besides the pseudomolecular ion. 
Coupled with an LC column, capable of com- 
plete and rapid separation of steroids, the identi- 
ty of such compounds in biological specimens 
can be unequivocally established. 

As a consequence, one objective of this study 
was to establish the conditions for rapid and effi- 
cient separation of corticosteroids. Another ob- 
jective was the development of a TSP buffer that 
allows the pseudomolecular ion to constitute the 
base peak in the mass spectrum. 
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EXPERIMENTAL 

Materials 
Corticosteroids were purchased from Alltech 

Assoc. (Deer-field, IL, USA). All solvents and 
ammonium formate were of HPLC quality and 
obtained from Fisher Scientific (Springfield, NJ, 
USA). Glucuronidase (Patella vulgata) was pur- 
chased from Sigma (St. Louis, MO, USA). 

Enzymatic hydrolysis and extraction 
Urine samples were mixed with 0.2 A4 potassi- 

um acetate buffer, pH 5.0 and treated with 10 000 
U of glucuronidase for 2 h at 65°C. Following 
cooling to room temperature, saturated sodium 
carbonate solution, pH 10, was added and ste- 
roids were extracted into ethyl acetate. The or- 
ganic layer was washed with 15% sodium sul- 
phate in 1 A4 sodium hydroxide (w/v) and ethyl 
acetate finally removed under a stream of nitro- 
gen at 50°C as described [15]. Samples were re- 
constituted in methanol prior to high-perform- 
ance liquid chromatographic (HPLC) analysis. 

High-performance liquid chromatography 
Corticosteroid separations were performed on 

a Nova-Pak Cls radial compression column, 100 
mm x 8.0 mm I.D., 4 pm particle size, from Wa- 
ters Assoc. (Milford, MA, USA). A mobile phase 
containing 25 mM ammoniun formate in 30% 
(v/v) acetonitrile was delivered by a Waters 510 
pump at a flow-rate of 1.3 or 1.5 ml/min. The 
column effluent was passed through a Waters 484 
ultraviolet (UV) absorbance detector before en- 
tering the TSP vaporizer. 

Thermospray mass spectrometry 
The TSP instrument was a Vestec Model 201 

(Houston, TX, USA) fitted with a liquid nitrogen 
cooled Labconco (Kansas City, MO, USA) va- 
pour trap in the solvent vapour pumping line. A 
Vestec modular vaporizer fitted with a 75-pm 
sapphire aperture was used. Typical temper- 
atures were as follows: vaporizer stem, 130°C; va- 
porizer tip, 240°C; ion source block, 250°C; and 
vapour (jet), 230°C. Mass calibrations were per- 
formed by injections of polyethylene glycol 600 

dissolved in 50 mM ammonium formate using an 
ion source block temperature of 280°C. 

The TSP buffer for flow injection experiments 
in negative-ion mode was 25 mM triethylammo- 
nium formate in 25% (v/v) acetonitrile. 

RESULTS AND DISCUSSION 

In view of a recent report on fragmentation by 
ammonolysis in the vaporizer or ion source in the 
presence of an ammonium salt [16], the effects of 
the buffer concentration were investigated. In our 
investigation it was observed that a lower buffer 
concentration resulted in a significantly de- 
creased fragmentation (Fig. 1). The use of 10 mM 
ammonium formate gave a significant decrease of 
the fragment ions m/z 375 (MHf - 18) and m/z 
333 (MH+ - 60) as compared to 50 mM ammoni- 
um formate. The response of the pseudomolec- 
ular ion, however, only shows a minor decrease. 
The net result is an increase of the relative re- 
sponse of the molecular ion. Similar results were 
obtained with prednisone (Fig. 2). The effect of 
the buffer concentration was supported by fur- 
ther experiments featured in Figs. 3 and 4, dexa- 
methasone and prednisone, respectively. It is 
noteworthy that an increase of the buffer concen- 
tration from 25 to 50 mM significantly enhances 
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Fig. 1. Effect of ammonium formate concentration on pseudo- 

molecular ion intensity and fragmentation of dexamethasone 

performed by flow injection analysis. The mobile phase was 30% 

acetonitrile containing different concentrations of ammonium 

formate. The selected ions were m/z 393 (O), m/z 375 (0) and 

m/z 333 (a) corresponding to MH+, MH+ - 18 and MH+ - 60. 
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Fig. 2. Effect of ammonium formate concentration on pseudo- 
molecular ion intensity and fragmentation of prednisone per- 
formed by flow injection analysis. The mobile phase was 30% 
acetonitrile containing different concentrations of ammonium 
formate. The selected ions were m/z 359 (O), m/z 341 (0) and 
m/z 299 (A) corresponding to MH+, MH+ - 18 and MH+ - 60. 

the fragmentation, particularly m/z 333 and m/z 
299 representing side-chain cleavage. A dramatic 
change of the appearance of the mass spectra oc- 
curs, however, when methanol is substituted for 
acetonitrile at a buffer concentration of 50 mM. 
The ions at m/z 333 and 299, Fig. 3C and 4C, 
respectively, now constitute the base peak in re- 
spective spectrum. These spectra resemble TSP 
spectra obtained by other investigators using 
methanol and ammonium acetate [&-lo]. Fur- 
thermore, it can be seen in Fig. 4 that an increase 
of the buffer concentration from 25 to 50 mM 
causes a significant drop of the pseudomolecular 
ion intensity. This finding corroborates the simi- 
lar change displayed in Fig. 2. The benefit of us- 
ing acetonitrile instead of methanol with respect 
to pseudomolecular ion intensity has been dem- 
onstrated recently for thermolabile nitrogen mus- 
tards and glutathione conjugates [17,18]. 

Using 25 mM ammonium formate in 30% ace- 
to&rile rapid separation of corticosteroids was 
achieved on a Nova-Pak Cls column (Fig. 5). 
Although partial separation was obtained be- 
tween hydrocortisone and prednisone, peaks 2 
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Fig. 3. Effect of ammonium formate concentration and organic 
solvent on the TSP spectrum of dexamethasone obtained by flow 
injection analysis. (A) 25 mMammonium formate in 30% aceto- 
nitrile; (B) 50 mM ammonium formate in 30% acetonitrile; (C) 
50 mM ammonium formate in 30% methanol. 

and 3, respectively, the corresponding mass spec- 
tra are completely different as shown in Fig. 6. 
Moreover, by monitoring their pseudomolecular 
ions, both of these compounds are easily distin- 
guished in a mixture as demonstrated by Fig. 6A. 
Each of the compounds injected onto the column 
represents a quantity of 30 ng. Similar conditions 
were used to separate and identify prednisolone 
and prednisone present in an equine urine extract 
following hydrolysis and extraction. In Fig. 7 is 
shown the rapid and complete separation of these 
corticosteroids, incurred in an equine urine ex- 
tract, within 8 min. The pseudomolecular ion 
traces and TSP spectra are shown in Fig. 8. Peak 
1 represents prednisolone while peak 2 was pred- 
nisone as depicted earlier in Figs. 4 and 6. The 
full advantage of using a lower concentration of 
ionizing additive and acetonitrile is evident in as 
much as the pseudomolecular ion constitutes the 
base peak and the abscence of ammonium ad- 
ducts. On the contrary, when the pseudomolec- 
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Fig. 4. Effect of ammonium formate concentration and organic 

solvent on the TSP spectrum of prednisone obtained by flow 

injection analysis. (A) 25 mMammonium formate in 30% aceto- 

nitrile; (B) 50 mM ammonium formate in 30% acetonitrile; (C) 

50 mM ammonium formate in 30% methanol. 

MINUTES 
Fig. 5. Separation of corticosteroids on Nova-Pak C,,, 100 mm 

x 8 mm I.D., 4 pm using 25 mM ammonium formate in 30% 

acetonitrile at a flow-rate of 1.5 ml/min. Peaks: 1 = predniso- 

lone; 2 = hydrocortisone; 3 = prednisone; 4 = cortisone. 
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ular ion is minor and with ammonium adducts 
present as found earlier [8,10], interpretation of 
an unknown spectrum might be difficult. 

In our present investigation of the conditions 
for rapid and sensitive TSP MS of steroids the 
total amount of corticosteroids in urine was ana- 
lyzed following conventional hydrolysis of conju- 
gates and subsequent extraction. This method 
was adopted to obtain sufficient material for con- 
firmed presence of steroidal drugs in equine 
urine. It would be desirable, however, to analyze 
conjugates simultaneously with free steroids 
without any hydrolysis. Sensitive analysis of ste- 
roid glucuronides and sulphates have earlier been 
performed by negative-ion TSP MS [6,7]. Thus, a 
simultaneous analysis of conjugated and uncon- 
jugated steroids would require negative-ion TSP 
MS of the same steroids investigated in our 
study. Consequently, negative-ion TSP MS of 
prednisone and dexamethasone was performed 
using triethylammonium formate as described 
earlier [19]. A negative-ion TSP spectrum of 10 
ng of prednisone by flow injection is depicted in 
Fig. 9. In this mode the formate adduct at m/z 

403 (M + 45)- constitutes the base peak while 
the pseudomolecular ion (M - H)- is about 30% 
thereof. Similar results were obtained when 10 ng 
of dexamethasone were subjected to negative-ion 
TSP MS. This mass spectrum exhibited only the 
formate adduct ion at m/z 437 (M + 45)-. Thus, 
it was found that in negative-ion mode the sensi- 
tivity was similar or slightly improved as com- 
pared to positive ion mode. However, the num- 
ber of diagnostic ions was insufficient for struc- 
tural confirmation using our conditions. On the 
contrary, the minor fragmentation would be an 
advantage for TSP MS-MS where the ion cur- 
rent should be carried by as few ions as possible 
prior to collision analysis. 

CONCLUSION 

With respect to fragmentation and intensity of 
the pseudomolecular ion, this investigation dem- 
onstrates the advantage of using a lower buffer 
concentration than the commonly used 50-100 
mM. Furthermore, use of acetonitrile instead of 
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Fig. 6. (A) Pseudomolecular ion traces of corticosteroids separated on Nova-Pak C,,, 100 mm x 8 mm I.D. using 25 mM ammonium 

formate in 30% acetonitrile. Peaks: 1 = prednisolone; 2 = hydrocortisone; 3 = prednisone; 4 = cortisone. (B) TSP spectrum of 

hydrocortisone. (C) TSP spectrum of prednisone. 

methanol contributed to enhanced pseudomolec- 
ular ion intensity and rapid separation of corti- 
costeroids. In the negative-ion mode, it was pos- 
sible to obtain a full-scan TSP spectrum from 10 
ng injected. However, the number of diagnostic 
ions obtained was too small to permit an une- 
quivocal structural confirmation. Since several 
reports describe the use of a repeller for collision- 
induced dissociation (CID) [20-251, the effects of 
different repeller voltages on the fragmentation 
of steroids were examined. Unfortunately, the 
use of the repeller resulted in a significant de- 

crease of the sensitivity. This effect might be de- 
pendent on either the compound analyzed or in- 
strument configuration. Another alternative 
would be the use of a different analytical tech- 
nique to obtain more structural information. The 
use of diode-array UV spectrometry for structure 
analysis of steroids has been reported [10,26]. A 
high-quality diode-array spectrum is obtained 
from 10 ng or less. Since it is a non-destructive 
technique, it allows on-line coupling with a TSP 
instrument. Our results obtained with on-line 
diode array UV spectrometry TSP MS will be 
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Fig. 7. Separation of corticosteroids from an equine urine extract 

on Nova-Pak C,,, 100 mm x 8 mm I.D., using 25 mM ammoni- 

um formate in 30% acetonitrile at a flow-rate of 1.3 ml/min. 

Peaks: 1 = Prednisolone; 2 = prednisone. 

Fig. 9. Negative-ion TSP spectrum of 10 ng of prednisone ob- 

tained by flow injection analysis in 25% acetonitrile containing 

25 mM triethylammonium formate. 
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Fig. 8. (A) Pseudomolecular ion traces of corticosteroids from an equine urine extract separated on Nova-Pak C,,, 100 mm X 8 mm 

I.D., using 25 mM ammonium formate in 30% acetonitrile. Peaks: 1 = prednisolone; 2 = prednisone. (B) TSP spectrum of pred- 

nisolone. (C) TSP spectrum of prednisone. 
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reported in a forthcoming paper. 
Thus, further developments in steroid analysis 

by LC-MS will be directed towards separation of 
corticosteroids and their conjugates followed by 
on-line diode-array UV spectrometry and nega- 
tive-ion TSP MS. Alternatively, negative-ion 
TSP could be used as an interfacing technique for 
MS-MS for structure analysis of steroids. 
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