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Abstract

The LC-MS characteristics of budesonide and a series of structurally related corticosteroids were reviewed to commence the constructio
of a library of chromatographic and mass spectral information to aid identification of budesonide degradation products during formulation
stabilization investigations. The LC-ESMS technique employing a Hypef%iC18 column with a mobile phase of ethanol-acetonitrile-
formic acid (pH 3.8; 0.14 mM) (2:30:68, v/v/v) was then used to characterize 23 corticosteroids. Based on their structures, the corticosteroid:
were classified into three groups: () 4-pregnene-3-one steroids; (II) 1,4-pregnadien-3-one steroids with no fluorine substituents; and (lII)
1,4-pregnadiene-3-one steroids with fluorine substituents. Chromatographic (retention time and UV absorbance) and mass spectral properti
were correlated with the known chemical structures of these corticosteroids. Base peak and mass spectral fragmentation patterns were rela
to steroid structural characteristics.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction nologies for the analysis of corticosteroids, their use in the
identification of steroid pharmaceutical degradation products
Mass spectrometry has been widely employed to char- has been neglected.
acterize a diverse range of corticosteroids. It has been used The 4-pregnene-3-one and the 1,4-pregnandien-3-one cor-
mainly in support of medicinal chemistry and drug discovery ticosteroids are anti-inflammatory drugs widely used for sys-
efforts, aiding the structural elucidation of novel compounds. temic and topical treatment of different diseases, such as
Zaretskii[1] and Budzikiewic42,3] systematically reviewed inflammation, allergies, asthma and arthritis. Budesonide, a
the mass spectral characteristics of a series of steroids usi,4-pregnadien-3-one, is a relatively new steroid currently
ing electroionization (El) and chemical ionization (ClI) tech- being developed and used in new formulations for aerosol
nigues. Kobayashi et gH] studied the mass spectra of sixty drug delivery, both in metered dose inhalers and with novel
steroids using LC—-MS with APCl and concluded that it was a condensation aerosol technold§y6]. Accordingly, the sta-
suitable technique to deduce molecular weight and structuralbilization of these steroids in non-aqueous solutions has be-
information. They also observed that ionization intensities come important. A number of recent patent applications have
and mass spectral characteristics were affected by ionizationfocused on stabilizing these formulations using anti-oxidants
parameters such as nebulizer temperature and drift voltagesand canister protective coatinfs-9]. Previously published
However, despite the widespread use of MS and LC—MS tech- stability studies of hydrocortisone and prednisolone revealed
numerous complex degradation pathwdy6-12] Stabil-
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the 1970s and early 1980s, without the benefit of online
LC-MS technologies and the identification of the degra-
dation products were limited. Recently, Wu et al. and Re-

197

tific Inc., Oak Harbor, WA) was used after the HPLC col-
umn so that approximately 1.2 mL/min of the eluent was
delivered to the PDA detector, and about 0.3 mL/min intro-

hfuss et al. used LC-MS to propose the identity of major duced to the electrospray probe of the mass spectrometer.
ethanolic solution degradation products of triamcinolone ace- UV chromatograms were obtained from the PDA detector,
tonide and budesonide; however, no details of the LC-MS with the wavelength range set to scan from 200 to 400 nm.
method were presentdd6—17] Electron impact fragmen-  For the MS ionization conditions, the source block temper-
tation MS has been used to investigate the mass spectrature and the desolvation temperature were held at 150 and
of budesonide epimers and related synthetic analogues dur225°C, respectively. Capillary and cone voltages of 4.0kV
ing drug developmenil8]. In addition, numerous clinical and 25V were selected following optimization. The desol-
studies have employed LC-MS for elucidation of budes- vation nitrogen flow was 700 L/h. In order to induce frag-
onide metabolic pathways and quantification of budesonide mentation by collision-induced disassociation (CID), many
[19-21] analyses were repeated using a cone voltage of 50V, while
In this paper, we review the ionization characteristics the remaining parameters were held constant. Mass spec-
of budesonide and present an LC-MS method that wastra were acquired in the mass range from 90 to 1000 Da at
used to qualitatively characterize the chromatographic and400 amu/s.
mass spectral properties of budesonide and a series of struc- Based on their structures, 23 corticosteroids, of which
turally related corticosteroids selected in order to aid in budesonide was one, were acquired and subdivided into
the identification of budesonide breakdown products. The three groups: (I) 4-pregnene-3-one corticosteroids; (Il)
relationship between known structural functional groups 1,4-pregnadien-3-one corticosteroids with no fluorine sub-
and mass spectral fragmentation patterns were investigatedstituents; and (Ill) 1,4-pregnadine-3-one corticosteroids with
as functions of increasing in-source collision-induced dis- fluorine substituents. These are shown kig. 1 and
sociation. This study generated a library of information Tables 1-3 Standard stock solutions (0.1 through 0.7 mM)
that was employed to aid the identification of degradation were prepared for each corticosteroid by dissolving the sub-
products generated during a series of accelerated stabilstance directly in methanol. Rather than analyzing each
ity studies using budesonide-in-propylene glycol solutions steroid individually, mixtures were prepared. 3200 of
[22]. each Group | steroid solution were combined to produce
mixture solution A. Due to the co-elution of some corti-
costeroids in Group I, two mixture solutions were pre-
pared for this group of corticosteroids (mixture solution
Bi and Bii). Mixture solution C was obtained for Group
Il corticosteroids following similar procedures. As an in-
ternal reference budesonide was included in each of these
Steroids were purchased from Sigma Chemical Co. (St. mixtures. Twenty microlitres of each mixture was in-
Louis, MO), Spectrum Quality Products Inc. (New Bruns- jected.
wick, NJ) and Steraloids Inc. (Newport, RI), respectively.
Methanol, ethanol, acetonitrile and formic acid 88% were
purchased from Fisher Scientific Co. (Swannee, GA). All
these reagents were HPLC grade.

2. Experimental

2.1. Materials

lllllllll-Rl7
2.2. Instrumentation
||II||I||--RI6
The HPLC system consisted of Waters Alliance 2690 sep-
arations module and a Waters 996 photodiode array (PDA)
UV detector (Waters Corp., Milford, MA). A Micromass L
ZMDA4000 single quadrupole mass spectrometer with ESI 0 = "-,.. ‘.
ionization probe was used (Waters Corp., Milford, MA). I; “-.,_ R
6 ’ 4 f: m/z=173
2.3. LC-MS conditions armfz=97 { y
i ‘e: m/z =163
A Hypersil C18 column (150 mnx 4.6 mmi.d., um par- d: m/z =147
b:m/z=121 "¢ m/z =135

ticle) was employed and ethanol-acetonitrile-formic acid (pH

3.8; 0.14 mM) (2:30:68, v/v/v) used as mobile phase at a _ _ . .

flow rate of 1.5mL/min. This method was adapted from a Fig. 1. Structure skeleton of 1,4-pregnadien-3-one corticosteroids. Dashed
: : p lines (a—f) show possible fragmentation pathways discussed in the text. The

method previously developed as a quantitative HPLC-UV complete structures of the R- and S-epimers of budesonide are discussed in
assay for budesonid@3]. A flow splitter (Upchurch Scien-  Table 2
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Table 1
Functional groups of the 4-pregnene-3-one corticosteroids shofig i (Group 1)
Steroids AL2? Rs Ro R11 Ri6 Ri7 R21
Hydrocortisone Saturated —H —H —OH —H —OH —OH
Cortisone Saturated —H —H =0 —H —OH —OH
11-Dehydrocorticosterone Saturated —H —H =0 —H —H —OH
Corticosterone Saturated —H —H —OH —H —H —OH
Reichestin’s substance S Saturated —H —H —H —H —OH —OH
21-Deoxycortisone Saturated —H —H =0 —H —OH —H
Deoxycorticosterone Saturated —H —H —H —H —H —OH
Table 2
Functional groups of the 1,4-pregnadien-3-one corticosteroids shokig.id with no fluorine substituents (Group II)
Steroids Al? Rs Ro Ri1 Rie Ri7 Ro1
Prednisolone Double bond —H —H —OH —H —OH —OH
Prednisone Double bond —H —H =0 —H —OH —OH
Methylprednisolone Double bond —CHs —H —OH —H —OH —OH
1,4-Pregnadien-17,21-diol-3,20-dione Double bond —H —H —H —H —OH —OH
1,4-Pregnadiends-methyl-17,21-diol-3,11,20-trione Double bond —CHjs —H =0 —H —OH —OH
1,4-Pregnadien-{,21-diol-3,20-dione Double bond —H —H —OH —H —H —OH
1,4-Pregnadien-Bmethyl-17,21-diol-3,11,20-trione Double bond —H —H =0 —CHjz —OH —OH

-0 CHj3

\ / 3

Desonide Double bond —H —H —OH /C\ —OH

-0 CHj3
Prednisolone acetate Double bond —H —H —OH —H —OH —OCOCH
1,4-Pregnadiends-methyl-113,17-diol-3,20-dione Double bond —CHj3 —H —OH —H —OH —H
1,4-Pregnadien-21-ol-3,20-dione Double bond —H —H —H —H —H —OH

-0

~ /H

Budesonide R-epimer Double bond —H —H —OH C\\ —OH

-0 “C3H5

-0 ~_ /C sH7
Budesonide S-epimer Double bond —H —H —OH /C\\ —OH

-0 ‘H
3. Results and discussion group of compoundslables 1-3due to structural and func-

tional group changes. The introduction ak&?double bond,

3.1. HPLC chromatograms of corticosteroids changing from a 4-pregnene-3-one corticosteroids (Group I)

to a 1,4-pregnadien-3-one (Group Il) decreased the reten-
The HPLC chromatographic parameters for the 23 corti- tion times of the corticosteroid. For example, deoxycorticos-
costeroids are summarized Table 4 Fig. 2 shows a typ- terone (Group I) had a retention time of 17.8 min. However,
ical HPLC-UV chromatogram for the steroids in Group I. 1,4-pregnadien-21-ol-3,20-dione (Group Il), with an identi-
Using this isocratic HPLC method, all these 23 corticos- cal structure except for ita12 double bond, had a retention
teroids could be eluted within 25 min. In general, a num- time of 10.8 min. As expected, the presence of additional
ber of effects on retention time were observed across eachhydroxyl groups {OH) decreased retention times, due to

Table 3
Functional groups of the 1,4-pregnadiene-3-one corticosteroids shdvig.ihwith fluorine substituents (Group IIl)
Steroids AL2 Re Ro Ri1 Rie Ry7 R21
Triamcinolone Double bond —H —F —OH —OH —OH —OH
-0 CH
~. _— 3
Triamcinolone acetonide Double bond —H —F —OH /C\ —OH
-0 CH;
Triamcinolone diacetate Double bond —H —F —OH —OCOCH; —OH —OCOCH;
-0 CH
~ _— 3
Fluocinolone acetonide Double bond —F —F —OH /C\ —OH

-0 CH;
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Table 4

The retention times and maximum wavelengths for absorpfigp.{ for

corticosteroids during HPLC assay

Name Maximum Retention
wavelengthmax (nm)  time (min)
Group |
Hydrocortisone 247 2
Cortisone 244 K>}
11-Dehydrocorticosterone 244 .5
Corticosterone 248 .6
Reichesteins’s substance S 248 57
21-Deoxycortisone 244 8
Deoxycorticosterone 248 his
Group Il
Prednisolone 247 .3
Prednisone 242 3
Methylprednisolone 248 5
1,4-Pregnadien-17,21-diol- 249 52
3,20-dione
1,4-Pregnadiend>methyl- 243 53
17,21-diol-3,11,20-trione
1,4-Pregnadien-3,21-diol- 248 58
3,20-dione
1,4-Pregnadien-J®methyl- 242 58
17,21-diol-3,11,20-trione
Desonide 248 2
Prednisolone acetate 248 .39
1,4-Pregnadiend>-methyl- 248 104
118,17-diol-3,20-dione
1,4-Pregnadien-21-ol-3,20- 249 108
dione
R-budesonide 248 18
S-budesonide 248 )}
Group Il
Triamcinolone 242 b
Triamcinolone acetonide 242 5
Triamcinolone diaceatate 242 .19
Fluocinolone acetate 242 .0

increasing analyte polarity. For example, deoxycorticos-
terone Table ) eluted at 17.8 min, while corticosterone
(—OH at C-11), Reichestein’s substance-$H at C-17)
and hydrocortisone-OH at both C-11 and C-17) eluted at

1001

(]

| [

6.6, 7.5, and 3.4 min, respectively. Compared to desonide’s
(Table 2 retention time of 7.2 min, triamcinolone acetonide
(Table 3 —F at C-9) and fluocinolone acetonid&aple 3
—F at both C-6 and C-9) had retention times of 7.5 min and
9.1 min, suggesting that the presence of electronegative fluo-
rine atoms at C-6 and C-9 marginally increased these reten-
tion times of corticosteroids. The presence of an acetal side
chain at C-16 and C-17 also increased the retention times.
For example, desonide and both of budesonide’s R- and S-
epimers had retention times of 7.2, 18.9 and 20.9 min, re-
spectively. However, prednisolone, without these C-16 and
C-17 substituents, had a retention time of 3.2min. Simi-
larly, triamcinolone and triamcinolone acetonide eluted at 1.6
and 7.5 min, respectively. Wikby et al. reported that using a
reversed-phase HPLC, the retention time for corticosteroids
with C-16 and C-17 cyclic acetal side chains was proportional
to the length of the acetal side ch§@].

The maximum UV absorption wavelengtty{ax) for each
of the corticosteroids is also shownTable 4to aid in iden-
tification. Most of the corticosteroids haghax of 248 nm
and the introduction of @12 double bond, the addition of
an acetal side chain at C-16 and C-17 and the presence of
hydroxyl groups at C-11 and/or C-17 had little affect. How-
ever, the presence of a carbonyl substituent@tat C-11
had significant hypsochromic effects for both 4-pregnene-
3-one corticosteroids (e.g., cortisonanax=244nm) and
for 1,4-pregnadien-3-one corticosteroids (e.g., prednisone:
Amax=242 nm). This was also the case for the presence of
fluorine atoms at C-6 and/or C-9, so thatax for all Group
Il corticosteroids was 242 nm. These results were consistent
with the UV absorption characteristics of steroids as reviewed
by Dusza et al[25].

3.2. Mass spectra of budesonide

Mass spectra for the R-epimer of budesonide obtained dur-
ing optimized LC-MS (SectioR.3) are shown irFig. 3 at
two cone voltages. Identical results were obtained for the S-
epimer. At a cone voltage of 25 \Fig. 3a), three categories

-4 by
0.00 2.00

100

600

800

1000 1200 1400

- - . . r - , Time
16.00  18.00 20.00  22.00

Fig. 2. Typical HPLC-UV chromatogram for the Group | steroids: (1) hydrocortisone; (2) cortisone; (3) 11-dehydrocorticosterone; (4) carécgSjero
reichestin’s substance S; (6) 21-desoxycortisone; (7) deoxycorticosterone; (8) R-budesonide; (9) S-budesonide.
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Fig. 3. Mass spectra of the R-epimer of budesonide obtained from optimized LC—MS according to S&cfitve cone voltage was (a) 25V and (b) 50 V.

of ions were observed in the mass spectra: the parent ioncosteroids. Little fragmentation was observed in their mass
(IM +H]*, m'z=431), adducts such as [MNa+ CH3zCN]* spectra, which suggested the relative stability of [M ¥ H]
(m/z=494), and fragments such a¥éz=413, 341, 323, and  ions under these conditions. The predominant adduct for the
147. The dehydration fragment ((MH — H2O]*, mvz=413) Group | corticosteroids wa$/[+H + CH3CN]*. The adduct
was observed as the base peak at a cone voltage of 25V, howfM + Na + CH3CN]* was only formed for hydrocortisone and
ever, the parention ([M H]*) was still present at arelatively ~ corticosterone, which both hagDH at C-11 implicating this
high intensity. When the cone voltage was increased to 50 V group in the formation of this complex.

(Fig. 3b), the [M+ H]* peak almost disappeared and high in-

tensity low mass fragments were observed withtfe= 147 3.3.2. Group II, 1,4-pregnadien-3-one corticosteroids

ion peak as the base peak. without fluorine substituents

The introduction of aAl? double bond in the struc-
3.3. Characteristics of corticosteroid mass spectra at a tures of Group Il steroids produced significant differences
cone voltage of 25V in the mass spectra compared to Group | steroids. Sig-

nificant fragmentation at the lower cone voltage of 25V

Using a cone voltage of 25V, three types of ion were was observed, the main fragments being dehydration prod-
observed in the mass spectra: (1) protonated molecularucts (e.g., [M+H-H>0]") (Table §. Identity of the base
ion (M +H]"); (2) fragments, such as [MH — H,OJ* peak was mainly dependent upon the substituent group at
and [M+H — 2H,0]*; and (3) adducts, such as fivH + the C-11 position. When a hydroxyl group-@H) was
CH3CN]* and [M + Na+ CHCN]*. Tables 5-7summarize  present at the C-11 position, e.g., budesonkig.(3a) and
the major ions (defined as relative peak intensify0% with prednisolone, the dehydration fragment ([M +HH20]")
respect to the base peak) observed in the mass spectra of eadbrmed the base peak. Also present in these mass spectrawere
group of corticosteroids. These characteristics are discussedonsecutive dehydration fragments (e.g., [M+RH,O0]*

briefly below. and [M+H-—3H,0J"). Clearly, the—OH group at C-11
was easily lost during ionization and the [M +HH,O]*
3.3.1. Group |, 4-pregnene-3-one corticosteroids ion was produced subsequently. When there were no sub-

The major ions for Group | corticosteroids are shown stituents or a carbonyl group at C-11, e.g., prednisone, the
in Table 5 [M+H]* was the base peak for all these corti- parent ion ([M+H]) formed the base peak. However, de-



S. Hou et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 196—205 201

Table 5

Major ions in mass spectra of Group | corticosteroids at cone voltage =25V

Steroids M.W. [M+HF [M+H+CH3CNJ* [M+Na+ CHsCNJ* Base peak at 50V
Hydrocortisone 362.5 363.2 (100) 404.2 (18) 426.2 (18) 1208

Cortisone 360.4 361.1 (100) 402.3 (32) 1629
11-Dehydrocorticosterone 344.4 345.1 (100) 386.2 (39) 3451
Corticosterone 346.5 347.2 (100) 388.2 (23) 410.2 (18) 1208
Reichesteins’s substance S 346.5 347.2 (100) 388.2 (29) 96.9
21-Deoxycortisone 344.4 345.1 (100) 386.2 (32) 3451
Deoxycorticosterone 330.5 331.2 (100) 372.2 (30) 96.9

Numbers in parentheses represent the relative peak intensity with respect to the base peak. The base peaks at cone voltage =50V are also shewn. Base pea
are shown in bold font.

hydration fragments were also observed in the mass spectrdnVz=441) were also observed with high intensity. Sim-
of Group Il corticosteroids, a result which contrasted with ilar to Group Il corticosteroids, the formation of the
that from Group | steroids. Overall therefore, introduction of [M + Na+ CHzCN]* adductwas favoredin all Group Il com-
the AL? double bond decreased the stability of the [M+#H]  pounds Table 7.
ions. [M +Na+ CHCN]* was formed as the major adduct
(Table 8. o

Furthermore, for budesonide and desonide with an ac- 204\/ Characteristics of mass spectra at a cone voltage of
etal side chain at C-16 and C-17, two unique mass spec-
tral fragments were observe#ig. 3a; mz=341 and 323).
These appeared to coincide with the loss of the acetal
side chain (GHgO, 72 amu) and one/two water molecules
(H20, 18 amu), respectively. Notably, budesonide and des-
onide showed little further dehydration unlike other 1,4-

Increasing the cone voltage increased the molecular frag-
mentation for all corticosteroids, due presumably to increase
in source collision induced disassociation (CID). As a re-
sult, the technique enabled more detailed structural infor-

. . i ) mation to be deduced, mainly concerning the substituents at
pregnadien-3-one corticosteroids widH at C-11, such as C-6, C-11, C-17 and C-21 and the structural integrity of the
prednisoloneTable §. This implied that the introduction of A-ring

the acetal side chain at C-16 and C-17 decreased the possi- ”

bility of consecutive loss of water molecules perhaps due to i )
steric hindrance at C-16 and C-17. 3.4.1. Group |, 4-pregnene-3-one corticosteroids

The protonated molecular ions ([M + B]were still ob-
served atrelatively high intensities (ranging 45%—99.9% with

3.3.3. Group lll, 1,4-pregnadien-3-one corticosteroids respect to the base peak), supporting the stability of [M* H]
with fluorine substituents ionsinthese cases. However, low molecular weight fragments

Mass spectral ionization patterns are summarized in Mainly appeared as base peakgy( 4), and their intensity
Table 7 lonization at a cone voltage of 25V resulted in the Was dependent on the substituent groups at the C-11, C-17
loss of the fluorine atom and [M +H HF]* was the base ~ and C-21, as shown iicheme 1
peak in the mass spectra of both triamcinolone and triam- ~ While no substitutes were present on C-11, e.g., Reich-
cinolone acetonide. Dehydration fragments accompanyingestein’s substance &ig. 4a) and deoxycorticosterone, the
the loss of the fluorine atom (e.g., [M+HHF — H>O]*) fragmentm/z=97 was observed as the base peak in the mass
were also observed. Interestingly, when fluorine atoms ap- SPectra, accompanied with the presence of another high in-
peared at both C-6 and C-9, e.g., fluocinolone acetonidetensity fragment ofrvz=109. For C-11 hydroxylated hydro-

[M+H]*, formed as the base peak, even through fragmentscortisone £ig. 40) and corticosterone, the fragmenfz =121
due to the loss of the fluorine atoms ([M+HHF]* and formed the base peak. Hydrocortisone and corticosterone also

[M+H — 2HF]*) were also produced. There was some ev- favoredthe formation of intermediate dehydration fragments.
idence that the presence of fluorine at C-6 may impede When a carbonyl group was present at C-11, the base peak
the loss of fluorine at C-9, as well as the loss of water appeared to be determined by the substituents at C-17 and C-
molecules from-OH at C-11, thus stabilizing the [M+F]  21. For example, 11-dehydrocorticosteror©Ki at C-21,
ions. Similar to desonide and budesonide ESI mass specFig. 4c) and 21-deoxycortisone-OH at C-17,Fig. 4d) had

tra, fragments formed following the loss of the acetal side [M+H]+ ions as their base peaks. For 21-deoxycortisone
chain at C-16 and C-17 plus water molecules followed however, fragment/z=163 was also produced at a rela-
the loss of fluorine atom(s) for triamcinolone acetonide tively high intensity (77%); fragmenmt/z=285 was believed
and fluocinolone acetonide. The adduct [M +Najas ob-  to be formed due to the loss of water and +8OCH; side
served as the base peak in triamcinolone diacetate’s mas§hain formed at C-17. When both C-17 and C-21 were substi-
spectrum while the parent ion ([M+H) and fragments  tuted by—OH groups (e.g., cortison&jg. 4e), them/z=163

of [M+H —HF]* (mz=459) and [M+H-HF—H,0J* fragment formed the base peak.



Table 6 S
Major ions in mass spectra of Group |l corticosteroids at cone voltage =25V
Steroids M.W. [M+HF [M+H+CHsCN]* [M +Na+ CHsCNJ* [M+H — H,0]* [M+H — 2H,0]* [M+H —3H,0]" Base peak at 50V
Prednisolone 360.4 361.2 (85) 424.2 (58) 343.2 (100) 325.1 (38) 307.1(17) 146.9
Prednisone 358.4 359.2 (100) 422.2 (30) 341.1 (47) 146.9
Methylprednisolone 3745 375.1 (88) 416.1 (13) 438.1 (89) 357.1 (100) 339.0 (43) 321.0 (16) 438.1
1,4-Pregnadien-17,21-diol-3,20- 344.4 345.2 (100) 408.2 (27) 327.1(17) 309.1 (18) 120.9
dione
1,4-Pregnadiends-methyl- 3725 373.1(100) 414.2 (16) 436.1 (77) 355.1 (15) 436.1
17,21-diol-3,11,20-trione
1,4-Pregnadien-p,21-diol- 344.4 345.2 (62) 408.2 (11) 327.2 (100) 309.1 (24) 291.1 (23) 172.9 »
3,20-dione T
1,4-Pregnadien-Bmethyl- 3725 373.2 (100) 436.3 (49) 355.2 (19) 146.9 2
17,21-diol-3,11,20-trione 2
Desonide 416.5 417.2 (99) 480.3 (58) 399.2(100) 146.9 9:)
Prednisolone acetate 402.5 403.2 (73) 466.2 (77) 385.2 (100) 367.2 (20) 146.9 s
1,4-Pregnadiends-methyl- 358.5 359.2 (63) 422.3 (74) 341.2 (100) 323.2(51) 305.1 (14) 422.3 %
118,17-diol-3,20-dione =
1,4-Pregnadien-21-ol-3,20-dione 328.4 329.2 (100) 392.2 (31) 311.1 (15) 293.1 (24) 120.9 =4
Budesonide R-epimer 430.5 431.3 (86) 494.3 (46) 413.3 (100) 146.9 3
Budesonide S-epimer 430.5 431.3 (93) 494.3 (47) 413.3 (100) 146.9 ‘-"§
Numbers in parentheses represent the relative peak intensity with respect to the base peak. The base peaks at cone voltage =50V are also skeare Basempeabold font. §
c
g
Q
=
@
o
3
2
8
Table 7 gjj
Major ions in mass spectra of Group Il corticosteroids at cone voltage =25V S
Steroids MW [M+H] [M+Na]* [M+K]* [M+H+ [M+Na+ [M+H — [M+H— [M+H—HF— [M+H—HF— [MtH—HF—  Basepeak ¢y
CH3CNJ* CH3CN]* HF]* 2HF] H,O]* 2H,O]* 3H,O]* at50Vv ,gi
Triamcinolone 3944  395.2(56) 417.3 (28) 458.3 (60) 375.2 (100) 357.2 (25) 339.2 (15) 321.1(10) 4583 §
Triamcinolone 434.5 435.3 (77) 498.3 (54) 415.3 (100) 397.3(18) 498.3 =
acetonide 8
Triamcinolone ~ 478.5  479.1(63)  501.1(100) 517.0 (17) 542.1 (68) 459.1 (36) 441.1 (25) 501.1 s
diacetate &
Fluocinolone 4525  453.2(100) 494.2 (62) 516.2 (63) 433.2 (38) 413.1 (15) 453.2
acetate

Numbers in parentheses represent the relative peak intensity with respect to the base peak. The base peaks at cone voltage =50V are also skeare Basempeaabold font.



S. Hou et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 196—205 203

96.9 (a)

148.8_160.9202.9 3882 410.2 654.2 906.8

283. <
§3.1 480.2 515.2 562.5 599.1 _613.2 720.9 734.3 828.5 882.1

962.3 995.5

10077 120.8 (b)

309.1 3271

269.0

4042 426.2

212
2129 910.9

668.2 T747.4 984.6

864.5 940.4

100 345.1 ()
120.8
!,:,
] 146.8162.9 301.1 386.2
] : 4330 4781 615.2 7373 936.3 974.2
Lo by, 26302600 | 3“‘)“k3i7'2 . 551.1.565.2599.2 /" 6412 7133 784.4_795.2875.4.887.4919.3 5
QTR PP AT T TFRRPRSTRROI S AP0 T SO0 WU ¥ ot SO VAN ANMNINY ANPIGICR e 3 et SO S P ASOR e - b AP AR ESSIY ADUNRD N
100 s @
1 162.9
% |
] ) 3 26702851 386.2
T VAN 3270 30, | 4082 689 3 7375 988.5
e bogen 2390, L IFEER ] T 4500 4872 5467 5990 643.1 7114 /7644 853.1 890.3 901.6.937.2
U8 WP AN TP, PRGPPASPRRBI T U SO WUETE SO NUUD Nl OO S . L e, s OO U ORI L B SO SOOI o S ks =LAt e e A
2
100 1629 361.1 (e)
] 1942
%
22
1 1208 [0 2830 010 343 40,,&“ 914.7
1w o Lo L2570 N T T 38411 T 4591 508.2 551.2.561.2 _600.1 6693 _683.4 744.4.752.3.786.6 866.4 937.4  983.9991.4
O gyl gt ool oo lfobe by o Ao ettt T T P T T T T T T R P A I A S P T e T e R AP T et sy 2
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

Fig. 4. Mass spectra of (a) Reichestein’s substance S; (b) hydrocortisone; (c) 11-dehydrocorticosterone; (d) 21-deoxycortisone; ance(ebtzonezbhy
LC—MS at cone voltage of 50 V.

3.4.2. Group ll, 1,4-pregnene-3-one corticosteroids 21-0l-3,20-dione), fragmemtyz= 121 formed the base peak.
without fluorine substituents However, when C-11 contained a hydroxyl or carbonyl
In contrast to Group | corticosteroids, the [M +Hipn substituent the fragmentyz=147 formed the base peak.

intensities were significantly reduced for Group 1l corticos- 1,4-pregnadien-13,21-diol-3,20-dione which had no sub-
teroids at a cone voltage of 50V. The base peaks for thesestituents at both C-16 and C-17 was exceptional. This
corticosteroids were mainly dependent on the substituents atshowed fragmentn/z=173 as the base peak, with frag-
C-11 and C-6, as shown Bcheme 2 mentm/z=147 present at about 90% relative intensity. In-
For corticosteroids without a methyl group at C-6, frag- terestingly, when a methyl substituent was present at C-
mentsm/z=121, 147, and 173 were commonly observed in 6, adducts of [M+Na+ CKCN]* were observed as base
the mass spectra. When substituents were absentat C-11 (e.gpeaks. These corticosteroids had fragmentsnizd= 135,
1,4-pregnadien-17,21-diol-3,20-dione, and 1,4-pregnadien-161, and 187, which had mass differences = 14(CkHiith

No substituents at C-11

» Base peak: m/z =97
-OH at C-11
» Base peak: m/z= 121
Groupl |
Corticosteroids -OH at C-21 only .
» Base peak: [M+H]
C=0atC-11 - -OH at C-17 only Base peak: [M+H]"

A
A

and m/z = 163

-OH at C-17 and C-21

» Base peak: m/z =163

Scheme 1.
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No substituents at C-11

» Base peak: m/z =121

No substituents
at C-6 -OH or C=0 at C-11
> » Base peak: m/z = 147

-OH or C=0 at C-11, and no

Group Tl | substituents at C-16 & C-17 » Base peak: m/z = 173;

Corticosteroids m/z =147 (>90% intensity)

-CH; at C-6

Base peak: [M+Na+CH;CN|"

Scheme 2.

respect tom/z=121, 147, and 173, suggesting that all The low mass fragments, such a¥z=97, 121, 147,
fragments included the A-ring and probably the C-6 por- 163, and 173, resulted from Thalen’s Class Il ring frag-
tion in their structures. This unique characteristic could mentation[26]. Cleavages mainly occurred in the B- and
be used to elucidate the presence or absenceCbiz at C-rings, to produce fragments composing of the A-ring
C-6. [26—28] The presence of such low mass fragments in the
spectra is evidence of the structural integrity of the A-ring
[27]. Cleavage pathway (b) iRig. 1 produced a fragment
m/z=121, the mechanism of formation of this fragment has
been previously discuss¢26,27] The fragmentwz= 135,
was produced by cleavage pathway (c)Rig. 1 Frag-
ment m/z=147 is believed to result from cleavage along
pathway (d) inFig. 1, including the cleavage of the B-
ring and C-ring[26]. Thalen observed that the formation
of these fragmentsn§z=121, 135, and 147) was not af-
fected by the presence of fluorine atoms at ¢28]. In
our studies, the Group Il corticosteroids had fluorine(s)
at C-9 or at both C-9 and C-6. Although these fragments
were not observed as base peaks, they were the predom-
inant fragments in this low molecular mass region. Frag-
ment m/z=163 was produced from the cleavage pathway
(e) in Fig. 1 Grostic and Rinehart observed thatz=163
was one of the major fragments for some 4-pregnene-3-one
3.5. Fragmentation pathways of corticosteroids steroidg28]. They proposed that the formationmfz= 163
was due to the cleavage of C-ring, accompanying with the

Thalen [26] has reported that fragmentation ions of fission of the C-9 and C-11 bond. Pathway (f) Fig. 1,
steroids can be divided into two classes: (I) fragments with combining the cleavage of C-ring and the loss of a water
the fused ring nucleus intact and (I1) fragments formed from molecule, was proposed to be responsible for the forma-
ring cleavage. In our studies, both classes were observedtion of m/z=173[26-27] Cleavage pathway (a) iRig. 1,
All dehydration fragments, such as [M+HH,0]* and along with some hydrogen transfers, probably led to the
[M+H —2H,0]*, belonged to Thalen’s Class | fragments. formation of fragmentz=97, however there was no lit-
These alsoincluded the fission of the C-17 side chains. For ex-erature available to support this hypothesis. Thalen pro-
ample, for budesonideF{g. 3) and desonidenvz=341 and posed that these low mass fragments could be used to clas-
323 were produced due to the loss of the acetal side chainsify the 4-pregnene-3-one and 1,4-pregnadien-3-one steroids,
at C-16 and C-17 and dehydration, and the further loss of as well as identify the presence/absence of substituents
the C-17 hydroxyacetone side chairQOCH,OH =59 Da) at C-6 [26]. In our studies, 4-pregnene-3-one corticors-
to produce a fragment ofVz=265. Fragments formed due teroids (Group 1) appeared to form/z=97, 121, and 163,
to the cleavage of the C-17 hydroxyacetone side chainwhile the 1,4-pregnadien-3-one corticorsteroids (Groups |
plus the loss of a water molecule were also observed. Inand Ill) mainly showed fragmentation tovz=121, 147,
our studies, Class | fragmentation was observed at bothand 173. For Group Il corticosteroids with methyl group
cone voltages of 25 and 50V, which gave important in- (—~CHs) presented at C-6 position, such as methylpred-
formation related to the molecular weights of the corticos- nisolone, fragments ofiVz=135, 161, and 187 were pre-
teroids. dominant fragmentation ions. All of these fragments had

3.4.3. Group lll, 1,4-pregnene-3-one corticosteroids
with fluorine substituents

The adduct [M + Na + CEHCN]* was observed as the base
peak for triamcinolone, triamcinolone acetonide and fluoci-
nolone acetonide. The [M + HJions were observed at rela-
tively low intensities (5—19% with respect to the base peak).
Fragmentsn/z=121 and 147 were also produced and their
relative intensities were structure-dependent. Similar to the
cone voltage =25V situation, the adduct [M + Ndbrmed
the base peak for triamcinolone diacetate. All fragments were
produced with very low relative intensities (<20%) for triam-
cinolone diacetate, suggesting that the formation of acetate
at C-16 and C-21 favored the formation of the [M + Nahd
[M+ Na+ CHsCN]* adducts.
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mass difference of 14CH>) with respect tarvz= 121, 147,
and 173.

4. Conclusions
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