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SUMMARY

A gas-liquid chromatographic method has been developed for the estimation
of the concentrations of some synthetic glucocorticosteroids in muscle after ad-
ministration of these compounds to rats. The method depends on the preparation
of the trimethylsilyl ethers of the corticosteroids by the use of a mixture of the
silylating reagents N,O-bis(trimethylsilyljacetamide, trimethylsilylimidazole and
trimethylchlorosilane. Mass spectrometry has indicated that the use of this tech-
nique results in the formation of the tautomeric enol trimethylsilyl ethers of the hy-
droxyl groups. The derivatives are stable on gas-liquid chromatography and are
measured by electron-capture detection. Using this inethod it was possible to estimate
triamcinolone acetonide, triamcinolone, betamethasone and prednisolone in muscle

‘ter administration of doses of 20 mg/kg body weight.

INTRODUCTION

Previous work carried out in these laboratories into the catabolic effects on
skeletal muscle of the administratiocn of glucocorticosteroids-? indicated the need
for a method for the estimation of the concentrations of these steroids in muscle.
The compounds of greatest interest were triamcinolone acetonide, triamcinolone,
dexamethasone, betamethasone and prednisolone. Various methods®—1® which have
been applied to the measurement of corticosteroids in biological tissue were considered
but none appeared to provide the required specificity and sensitivity.

It was found that the use of a mixture of the silylating reagents N,O-bis(tri-
methylsilyl)acetamide, trimethylsilylimidazole and trimethylchlorosilane resulted in
the preparation of derivatives of triamcinolone, betamethasone and prednisolone
which were stable under the chromatographic conditions employed. The response
of the electron-capture detector to these derivatives was approximately three times

* Proper names of steroids: betamethasone = ga-fluoro-16-methyl-118,172.21-trihydroxy-
pregna-1,4-diene-3,20-dione; cortisol == 11f,17%,21-trihydroxypregn-4-enc-3,20-dlione; cortico-
sterone = 11f,21-dihydroxypregn-4-cne-3,20-dione; dexamethasone == gx-fluoro-16g-methyl-118,-
172,21-trihydroxypregna-1,4-dienc-3,20-dione; prednisolone = 118,17x,21-trihydroxypregna-
1,4-diene-3,20-dione; triamcinolone = gu-fluoro-r18,162,17x,21-tetrahydroxypregna-1,4-diene-3,-
20-dione; triamcinolone acetonide = ga-fluoro-118,21-dihvdroxy-16%,17x-isopropylidenedioxy-
pregna-1,4-diene-3,20-dione; 6f-hydroxy-triamcinolone acetonide = ga-fluoro-68,118,21-tri-
hydroxy-16x,17x-isopropylidenedioxypregna-1,4-diene-3,20-dione.
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greater than that of the flame ionisation detector. It was found to be sufficient to
allow the estimation of submicrogram quantities of these steroids in muscle after
extraction and a more simple purification of the extract than would be required if
the fiame ionisation detector were to be used.

EXPERIMEXNTAL

Materials

Triamcinolone acetonide and triamcinolone were obtained from E.R. Squibb
and Sons Ltd., Liverpool, Great Britain, prednisoclone from CIBA Laboratories,
Horsham, Great Britain, dexamethasone from Merck, Sharp and Dohme, Ltd.,
Hoddesdon, Herts., Great Britain, betamethasone from Glaxo Laboratories Ltd.,
Greenford, Middlesex, Great Britain, and corticosterone and cortisol from Steraloids
Ltd., Crovdon, Great Britain. The following labelled compounds w-re ail obtained
from C.E.N. Radioisotopes Department, Mol-Donk, Belgium: '1,2,4-3H, triam-
cinolone acetonide, specific activity 9.5 Ci/mmole; [1,2,4-3H; triamcinolone, 5.0
Ci/mmole; '1,2,4-3H, dexamethasone, 5.6 Ci/mmole; 1,2,4-3H, betamethasone, 5.0
Ci/mmole; 1,2-*H, prednisolone, 12.5 Ci/mmole.  1,2-3H,lcorticosterone (specific
activity 36 Ci/mmole) was obtained from the Radiochemical Centre, Amersham,
Great Britain.

Unlabelled steroids were dissolved in tetrahyvdrofuran to give solutions with
concentrations of r mg/ml and were stored at 4 . The purity of the solutions was
checked by thin-layer chromatography (TLC). Standard solutions were diluted as
required in tetrahydrofuran; diluted solutions were kept at 4 for not longer than
one month. Tritiated steroids were diluted with tetrahydrofuran to a concentration
of 100 uCi'ml. These solutions were stored at 4 and were checked for purity by TLC.
The solutions were diluted to a concentiation of 0.3 xCi'ml {or use as internal stan-
dards in the measurement of the recovery of steroids from tissue samples.

N,O-Bis(trimethylsilyl)acetamide (BSA), N-trimethylsilylimidazole (TMSI)
and trimethylchlorosilane (TMCS) were obtained from Pierce Chemical Co., Rockford,
I, U.S.A. 2,5-Bis-(5-fert.-butyl-benzoxazol-2-yl)-thiophene (BBOT) was obtained
from CIBA (A.R.L.), Cambridge, Great Britain. Scintillation fluid was prepared
by adding Methyl Cellosolve (1.7 1), BBOT (30 g) and naphthalene (340 g) to toluene
(2.5 1). Tetrahydrofuran was purified by lieating under reflux vith K, for 2 h, fol-
lowed by double distillation. £thyl ccciuic was purified by washing with one volume
of 59; {w/v) aqueous NaHCO,, followed by distillation over solid CaO. The solvent
was stored over anhydrous Na,S0,. Methanol was purified by heating under reflux
with 2,4-dinitrophenylhydrazine and concentrated HCI for 3 h, followed by double
distillation. Hexane was purified by redistillation from anhydrous Na,SO, and was
stored over anhydrous Na,S0,.

“Supasorb’” (100-120 mesh) was obtained from BDH Ltd., Poole, Great
Britain. It was acid-washed and silanised with dichlorodimethylsilane. Exce s and
partially reacted silanising agent was removed by washing with #-propanol. OV-17
was obtained from Applied Science Laboratories, Inc., State College, Pa., U.S.A.
The column packing of 1 %; (w/w) OV-17 on “‘Supasorb” wes prepared by the drying-on
technique, vsing a solution of OV-17 in hexane. Columns were packed under nitrogen
at a pressure of 20 1b./sq. in.
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Nitrogen (high purity) was obtained from Air Products Ltd., Hythe, Southamp
ton, Great Britain.

Equipment

A Pye Model 84 gas chromatograph containing a ro-mCi Ni rource in the
electron-capture detector was obtained from Pye Unicam Ltd., Cambridge, Great
Britain. The mass spectrometer used was MSg (A.E.L-G.E.C.). An Ultra-Turrax
homogeniser was supplied by Janke and Kunkel KG, Staufen i. Dr., G.F.R. and
“Reacti-Vials™ were obtained from Pierce Chemical Co.

Glassware was cleaned by soaking it in detergent, rinsing, soaking in chromic
acid overnight followed by repeated rinsing in tap water and then distilled water.
It was oven-dried and silanised with dichlorodimethylsilane.

Animals
Albino Wistar rats (250~300 g) CIFHB strain were obtained from Carworth
Europe, Alconbury, Huntingdon, Great Britain.

Methods

Preparation of trimethyvisilyl ethers of steroids. Appropriate volumes of the
steroid solutions were pipetted into the reaction vials. The solvent was removed by
evaporation in a stream of nitrogen. BSA (zo ul), TMSI (20 ul) and TMCS (Io.ulv)
were added to the closed reaction vials by syringe. The viais were shaken and left
at room temperature overnight.

(. chromatographic operating conditions. Glass columns, g ft. x 1/4 in. O.b.
were t :i, with OV-17 (19, w'w) on “Supasorb’ as the stationary phase. The
column oven temperature was 260° and the detector temperature 350°. The pulse
interval was 150 psec. As carrier gas nitrogen was used at a flow-rate of 100 ml’min,

Samples were applied by the “on-column’ injection technique. The injection
port was maintained at 265-°. The column oven temperature was reduced to 200°
overnight to minimise column bleeding effects.

Peak areas were calculated us the product of the peak helght and the width
of the peak at half the peak height.

Administration of stevoids and removal of tissue. Steroids were injected intra-
peritoneally as fine suspensions in 0.5 ml of 0.9% (w/v) aqueous NaCl. Control
animals received saline only. Animals were killed by decapitation and tissues removed
immediately. The skeletal muscles used were the vastus lateralis, vastus medialis and
gluteus medius. The heart was removed intact and washed quickly to remove clotted
blood. All tissues were frozen immediately in solid CO, and stored at —20°.

Extraction of sterotds from tissues. Tissue samples (aporoximately 4 g of skeletal
muscle and 1 g of heart) were finely chopped, the skeletal muscles being pooled,
and placed in large centrifuge tubes to which aliquots of the tritiated form of the
steroid being measured had been added as internal standards for the calculation of
losses during the extraction procedure. The activity of the labelled steroids was
such that the internal standard contributed less than 1 ng to each muscle sample.
Equivalent aliquots of the tritiated steroid had been placed in vials for scintillation
counting. A saturated aqueous solution of sodium sulphate (32 ml) was added to
each tube and the tissue homogenised with an Ultra Turrax homogeniser for 2 min
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at Sooco r.p.m. During homogenisation the tube containing the tissue was held in
iced water. The suspension was then extracted twice with 125 ml of ethyl acetate.
The extracts were combined and the solvent removed by rotary evaporation at 25°.
The residue was then transferred, with 16 ml of ethyl acetate, to a separating funnel.
where it was washed successively with 2 ml each of aqueous NaOH (o.x N, acetic
acid (0.5%, v/v) and distilled water. All these solutions were saturated with solid
Na,SO,. The organic phase was transferred to an evaporating flask and the ethyl
acetate removed by rotary evaporation at 25°. The extract was further purified
by partitioning, twice, between hexane (x m!* and 70 ¢, aqueous methanol (4 ml). The
hexane laver was discarded and the aqueous methanol removed by evaporation under
a stream of nitrogen at 25°. The residue was dissolved in tetrahydrofuran and trans-
ferred te the reaction vial. A suitable quantity, usually 0.5~2 ug, of the internal
standard for gas-liquid chromatography (GLC) was placed in each reaction vial.
The tetrahydrofuran was removed in a stream of nitrogen, at room temperature.
After silylation, aliquots (5 ul) were withdrawn from the vials, using a micro-syringe,
for scintillation counting, in order to determine rccovery of the tritiated internal
standard.

RESULTS

Chramatography of corticosteroid derivatives

The retention times together with the response factors of the corticosteroid
trimethylsily] ethers are shown in Table 1.

The process of silvlation apparently resulted in the formation of a single de-
rivative of each steroid except in the case of dexamethasone. Only one symmetrical
elution peak was seen by chromatographyv, using the electron-capture detector,
of trimethylsilyl ethers of triamcinolone acetonide, triamcmolone, prednisolone,
betamethasone, corticosterone and cortisol {igs. 1a and 1b). Chiromatography of
dexamethasone trimethylsilyl ether resulted in the separation of two compounds
with retention times of 18.4 min (minor peak) and 22.2 min (major peak). The ratio

TABLET

RETENTION TIMES OF CORTICOSTEROID TRIMETHYLSILYL ETHERS AND RESPONSE FACTORS FOR
THE ELECTRON-CAPTURE DETECTOR

Conditions for GLC as described in Methods. Response factors and relative retention times quoted
are relative to that of the derivative of triamcinolone acetonide. The area of the peak produced
by injection ot 20 ng of triamcinolone acetonide as the trimethylsilvl ether was S70 mm? at

5 % 1071 A f5.d. The figures tor the respense factors represent the mean of five experiments,
with the standard deviation.

Steroid Retention Relative Relative
fume relention FESPUISE
lmin; time factor

Triamcinolone acetcnide  31.5 1.00 100

Triamcinolone 23.6 0.75 2.23 = 0.15

Prednisolone 17.9 0.57 0.69 -— 0.06

Corticosterone 19.5 0.62 0.14 == 0.03

Cortisol 16.7 0.53 0.47 + 0.09

Betamethasone 20.8 c.06 2.13 < 0.11
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Fig. 1. Tracings of chromatograms of (a) triamcinolone acetonide trimethylsilyl ether (1o ng);
by prednisolone tiimethylsilyl ether (2e ng); () silyvlated extract of muscle (4 g) ‘rom untreated
rat; (d) silylated extract of rat muscle (4 ) removed 2 h after administration of a 20 mg/kg dose
of triamcinolone acetonide. Prednisolone (1 ug) was added to the extract as internai standard.
In each case the sample was treated and chromatographed as described in Methods, Cst = En-
dogenous corticosterone; M = mectabolite of triamcinolone acetonide. Chart speed, 6 in./h.
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of the major to the minor peak was increased by carrying out the silylation reaction
at 60° but it was not possible to eliminate the smailer peak completely and therefore

it was not possible to apply the method to the estimation of dexamethasone.
Bath TIC and the remaval of the silvlating reasents from the derivatives led

DO 3w allG it aTIRUVAL UL LIS Sy Qs LRGeS 230050 Rt LRy ass

to their breakdown so that it was necessary to use an indirect method to assess
the degree of conversion of the corticosteroids. The silylation was carried out on
prednisolone and triamcinolone acetonide together in varying quantities. These
are listed in Table 1I, together with the results. The ratio of the corrected peak
areas of the two compounds is proportionadl to the ratio of the concentration of each
steroid in the reaction vial. This relationship applies over « range for triamcinolone
acetonide of 2 ng to 60 ng injected, and for prednisolone of 4 ng to So ng injected.
Injection of larger quantities of either steroid did not produce a relative increase
in peak area, due to saturation of the detector current.

TABLE II

RESPONSE OF THE ELECTRON-CAPTURE DETECTOR TO DIFFERENT AMOUNTS OF PREDNISOLONE
TRIMETHYLSILYL ETHER AND TRIAMCINOLONE ACETONIDE TRIMETHYLSILYL ETHER

Pr = Prednisolone trimethylsilvl ether; TA = triamcinolone acetonide trimethylsilyl ether.
Conditions as described in Methods. The relative response factor Pr/TA is 0.09.

Quantity Ratio Peak area arj -®.4 Ratio of Raiiv of peak
tnjected (ng) T4 Pr fsd. (mm®) peak areas  aveas corvected
—————— TA,Pr Jor relative
Pr T4 Pr T4 response Pril A

20 2 0.10 5341 76 014 0.10

20 e 0.°0 3093 154 .31 .21

20 0 0.30 D7 435 0.OH8 O.47

20 20 1.00 001 D70 1.45 1.00

20 10 2.00 N2 I8 314 2.6

20 Lo 3.00 3y2 2040 447 3.u5

20 100 5.00 334 3223 6.05 .17

4 20 3.00 12 882 7.12 4.01

10 20 2.00 288 S30 2.92 2.01

20 20 1.00 600 882 1.47 1.01

40 20 .50 1167 SGy4 0.74 0.51

8o 20 0.25 2337 872 0.37 0.206
100 20 0.20 2744 8g2 0.34 0.23

The coefficient of variation of the ratio of the peak areas, using a sample con-
taining 1 ug of prednisolone and 0.5 ug of triamcinolone actonide, was 39
(seven determinations). The coefficient of variation of sampling, injection and de-
tector response was between 5 °, and 6 °,. The precision of measurement of the peak
areas ratio is thus greater than that of measurement of absolute peak areas.

The relative retention times of the four steroids indicated that prednisolone
might be used as an iaternal standard for the sstimation by GL.C of triamcinolone
acetonide and the latter as the internal standard for the estimation of prednisolone,
iriamcinolone and betamethasone. Justification for the vse of prednisolone and
triamcinolone acetonide as internal standards rests in the constancy of the ratio of
the response of the electron-capture detector to the steroid being measured and that
used as the internal standard. This has been demonstrated for triamcinolone acetonide
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~and prednisolone (Table IT) and applied also to the two pairs triamcinolone and

triamcinolone acetonide and betamethasone and triamcinolone acetonide (see
Table I).

Mass spectrometry of corticosteroid derivatives

The derivatives formed by silylation of the corticosteroids were analysed by
mass spectrometry. It was not possible to carry out the analysis on solid samples
owing to the instability of the derivatives. Capillary sample probes were filled with
a solution of each derivative in the silylating reagent. The concentration of the
steroid in each solution was 20 ug/ml. The probes were placed in the mass spectrom-
eter and the solvent evaporated under vacuum at low temperature. After removal
of the solvent the temperature of the sample probe was raised to allow sublimation
of the steroid derivative.

In the spectrum of each steroid derivative the ion of highest /e value which
showed the silicon isofope pattern was deemed to be the parent or molecular ion.
Table 111 shows the m/¢ value of the parent ion and of the base peak for each steroid.

TABLE UI

ANALYSIS OF MASS SPECTRA OF CORTICOSTERCID TRIMETHYLSILYL ETHERS

Steroid Molecular  Base peak Interpretation
ion (mfe) (mle)

Trimmncinolone acetonide 6351 447 M-(131 -~ 73)

T inolone 828 477 AM-(side-chain 4 €y 46,15)
I ssolone 722 43 M-(204 4+ 73)

Corusol 724 447 M-(204 = 73)
Corticosterone 635 502 M-73

Dexamethasone 754 537 M-(204 + 13)
Betamethasone 754 461 M-(204 4 go) - 1

The parent ion for each steroid derivative, with the exception of that of tri-
amcinolone acetonide, was of a value which indicated that silylation of all the oxygen
functions had occurred; this included the ketone groups at C; and G, »s well as
the hydroxy!groups, where present, at C,,, Cy4, Cy7, Cyy. That triamcinolone accetonide
is not fully silylated is suggested by the fact that there is no detectable ion at m/e 724,
nor at mje 709, which would indicate the loss of a methyl group from a parent ion
of m/e 724, whereas there is an ion, of relative abundance 119, with an m/e value
of 651. This is the molecular weight of the tris(trimethylsilyl) ether of triamcinolone
acetonide. Evidence for the absence of a trimethylsilyl group on the enol form of
tne C,q ketone of triamcinolone acetonide is provided by the presence of an ion at
m,e 520 which indicates loss of a fragment of molecular weight 131. This ion (M-131)
is not seen in the spectra of the other steroid derivatives. It is suggested that it is
due to loss of the C,; trimethyisilyl ether—C,, ketone side-chain. The presence of
the ion (M-204) in the spectrum of triamcinolone acetonide is attributed to the loss
of the side-chain and of a trimethylsilyl group. This fragment (M-204) also appears
in the spectra of most of tlte other compounds and is attributed in these cases to loss
of the disilylated side-chain. The presence of an ion at m/e 754 in the spectrum of



168 P. M. SIMPSON

dexamethasone indicates that the steroid is converted to the penta(trimethylsilyl)
ether. The separation of two compounds by GLC may be due to the formation of
a mixture of dexamethasone penta(trimethyl:ilvl) ether and dexamethasone tetra-
(trimethylsilyl) ether. A number of the ions seen in the spectrum could be due to
fragmentation of the latter derivative. Line diagrams of the mass spectra of the
corticosteroid trimethvlsilyl ethers are shown in Fig. 2.
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Fig. 2. Line diagram of the mass spectra of corticosteroid trimethylsilyl ethers.

GLC of corticosteroids added to extracts of muscle

In order tc establish that quantitative extraction of the steroids from tissue
samples could be accomplished and that other components extracted from the
samples did not interfere with the measurement of the steroids during gas chroma-
tography the following experiments were performed.

Extracts were made of muscle and heart from control rats. The extracts
were treated with silylating reagents and 1-4l aliquots were chromatographed.
‘The chromatograms showed no peaks which would interfere with the measurement
ol the corticosterowd trimethyistiyl ethers (Fig. 1¢). Triamcmolone acetonide, tri-
amcinolone, betamethasone and prednisolone were added to separate extracts of
control muscle and the mixtures silylated. Chromatography of these extracts con-
taining the corticosteroid trimethylsilyl ethers showed symmetrical peaks with the
same retention times as those of the pure steroid trimethylsilyl ethers.
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-~ The same steroids were then added to samples of muscle and heart from control
animals, before homogenisation and extraction of the samples. After silylation the
mixtures were subjected to GLC. The resulting chromatograms showed that the ste-
roids were recovered unchanged by the extraction method used.

Rats were injected with triamcinolone acetonide, triamcinolone, betamethasone
or prednisolone (20 mg/kg) and were killed at 1 or 2 h after injection. . chromatogram
of the silylated extract of muscle from a treated animal is reproduced in Fig. 1d.
The chromatograms of the extracts of muscle from rats treated with prednisolone,
betamethasone and triamcinolone showed no additional peaks but those from muscle
from rats treated with triamcinolone acetonide showed a small peak, with a retention
time of 27.5 min, which was thought to represent a metabolite of triamciuolone
acetonide, 0p-hydroxy-triamcinolone acetonide!t,

Efficiency of recovery of corticosterc.’s from control muscle

The recovery of Uie corticostervids from samples of control muscle by the method
of extraction described was examined. For this purpose known amounts of labelled
and uniabelled steroids were placed in the tubes used for homogenisation ot the
muscle. The solvent was removed by evaporation, under nitrogen, at room temper-
ature, before the muscle was added to the tubes. Samples weighing approximately
4 g consisted of muscle from rats which had not been treated with steroids. Two
samples of muscle to which no steroid had been added were included to serve as
control samples for liquid scintillation counting and for GLC. The samples were
extracted, silylated and chromatographed as previously described. The quantities
of steroids used and the results obtained are listed in Table 1V. The total losses
durin  the procedure, as determined by the loss of tritiated steroids, were between
12" d 39 %.There was no consistent difference in the recovery of the four steroids,
nor in recovery from samples containing different amounts of steroids. This indicates
that losses occurred as a result of the manipulation of the samples and solvents
rather than as a result of processes such as adsorption on glassware or inefticient
extraction by the solvents. Had the losses been due to these processes, consistently
greater loss would have been expected from samples containing least steroid. Ad-
justment of the values determined by GLC according to the recovery of the tritiated
steroids resulted in corrected recovery figures for the four steroids of between 94
and 108 9. These results indicate that the tritiated steroid is not distinguished from
the unlabelled steroid by the processes used and confirm the reproducibility of the
silylation method.

The precision of measurement of triamcinolone acetonide concentration in
muscle from treated rats was determined. Samples of muscle were taken from
five rats to which the steroid had been administered at a dosc level of 20 mg'kg.
The muscle samples were pooled and finely minced before being divided into five
samples. The steroid was extracted from the samples, silylated and chromatographed.
The coefficient of variation of the technique was found to be 10 %.

The sensitivity of the method was such as to allow the estimation of tissue
levels above 0.01 ug'g of triamcinolone acetonide, triamcinolone and betamethasone,
and of levels above 0.02 ug'g of prednisolone. It was not possible to measure accu-
rately lower concentrations in tissues although lesser quantities of the pure steroids
could be measured. The increase in the size of the solvent peak caused by the tissue



170 P. M. SIMPSON

TABLE IV
RECOVERY OF CORTICOSTEROIDS FROM SKELETAL MUSCLE

The steroids were added to the samples (approximately 4 g) before homogenisation and extraction.

Amount of stevoid added  Amount of stcvoid  Recovery of Calculated amount

to sample (ug: added to muscle  tritiated internal  of stevoid in
determined by standard (°43) original sample
GLC (ng) (ug)

Triamcinolone acetenide

0.5 0.34 71 0.48
0.5 0.30 01 0.49
1.0 0.80 82 0.98
1.0 0.7% o7 1.08
2.0 1.51 71 2,12
2.0 1.49 T4 2.02
Prednisolone ]
0.5 0.32 O3 0.47
0.5 0.39 79 0.49
1.0 0.83 S1 1.02
1.0 0.05 73 0.89
2.0 1.46 74 1.98
2.0 1.1% €2 1.80
Triamcinolonc
0.3 0.34 60) 0..39
0.5 0.33 73 0.46
1.0 0.83 N1 1,02
1.0 0.73 75 0.97
2.0 1.71 hod 1.94
2.0 1.75 hES 2.00
Betamethasone
0.5 0.33 70 0.37
0.5 0.31 4 oo
1.0 0.06 [$153 1.00
1.0 0.73 71 1.03
2.0 1.59 79 2.02
2.0 1.0} 82 1.90

components resulted in a higher baseline than was seen in chromatograms of the
pure steroid der:vatives, and in increased noise levels on the chromatograms. These
two effects reduced the sensitivity of the method to the levels quoted.

Measurement of corticosteroids in skeletal muscle and heart after intraperitoneal ad-
wiinistration to rais

The method of estimation by GI.C was applied to the determination of the
concentrations of triamcinolone acetonide and triamcinolone in skeletal muscle and
buart, and of betamethazone and prednicnlona in ckeletal musele, after administration
of the steroids at 2o mg kg ." sse levels. Samples were taken from rats kiiled at intervals
during the period 5 min to 12 h after administration of the drugs. Steroid concentra-
tion in a sample of skeleta}l muscle from each of five rats was estimated separately.
The hearts from the five animals were pooled, minced and divided into two portions,
for duplicate assay. The figures quoted (Table V) for the concentrations ui steroid
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~in muscle represent the mean of the values found, and the standard deviation is
- therefore a measure of the variability of tissue concentrations between animals.
' This variability is considerably higher than the variability due to the method,
which, as already quoted, is 10 9;. The variation between the concentrations found in
different auimals is presumably due to small differences in the size of the animals,
to different rates of metabolism of the steroids and to the mode of administration,
as a small variation in the site of injection may affect the rate of uptake of the
steroid into the blood and thus into the tissues.

Comparison of the levels of triamcinolone acetonide and triamcinolone in
skeletal muscle and in heart shows that the concentration in the heart is between
two and three times that in skeletal muscle.

DISCUSSION

The development of a method for the determination of triamcinolone acetonide,
triamcinolone, betamethasone and prednisolone in rat muscle has been achieved
through the formation of the trimethylsilyl ethers of the corticosteroids, these
derivatives being suitable for GLC. It lias been suggested that in order to -~roduce
stable silylated derivatives of corticosteroids it is necessa., ” st to protect ‘.ie ketone
groups at C, and C,y'%*%13, The step has now been shown not to be recessary.
Analysis of the derivatives by mass spectrometry has shown that all the hydroxyl
and ketone groups of the corticosteroids are converted to the trimethylsilyl ethers,
with the exception of the Cyy ketone of triamcinolone acetonide. This silylation is
achicved through the use of a mixture of the reagents BSA, TMSI and TMCS.
Kit  of alX have demonstrated the silylation by BSA of a cyclic ketone through
the tormation of the enol tautomer. The mass spectra indicate that the C;y methyl
is not lost during the silylation reaction and therefore the most likely overall reaction
for t’ie formation of the trimethylsilyl ether of the C, ketone of the diene compounds
is as follows:

el + -
NSi(CHy)y N (cu ),5i0 NHSn(CH3)3

The formation of the trimethylsilyl ether of the C4 ketone of the m' no-ene compounds
may be similar or it may be as follows:

OS\ (CH )
CH.C
Fansi (CHy)y Q:) (CH3)3SIO "5 \an.o:H )3

The formation of the trimethylsilyl ether of the C,4 ketone is as follows:
P (CH3)3 CHQOH
JERNY ) + CHOSIL(CH,) Pel
NSi (CH4)5 ¢=0 ---» \‘TOS| CHaly }2CHC
| ((:OSK (LH3 X NS \\.f‘313

The observation that betamethasone penta(trimethylsilyl) ether is more stable
than the dexamecthasone derivative on GLC is due to the fact that when the 16-
methyl group is cis relative to the 17-hydroxyl group it will offer considerable steric
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,’k,‘h/indranct? to the trimethylsilyl group. If the 16-methyl group is .rans to the hydroxyl

group this does not obtain. In the case of triamcinolone the two hydroxyl groups
are also in the cis configuration but the 16-hydroxyl group provides less steric hin-
drance to the silylation of the 17-hydroxyl group because it is smaller than the methyl
group of dexamethasone. This is presumably the reason for the stability of the tri-
amcinolone derivative on GLC. The observation that the triamcinolone acetonide
derivative is stable on GLC although the Cy, ketone is not silylated may be explained
on the grounds that steric hindrance prevents both the formation of the trimethyl-
silyl ether of the ketone (via the enol form) and reaction between this group and
the column materials. This factor would prevent adsorption and consequent tailing
on the column as well as breakdown of the derivative due to loss of the side-chain.
It seems likely that it is the esterification of the enclised ketone groups of the corti-
costeroids which results in the breakdown of the compounds during attempts at
purification, as trimethylsilyl ethers of secondary alcohols are usually stable. This
instability has been noted by Wotiz AND CLARK!S.

The basis of the electron-capture detector response to the corticosteroid
derivatives is not fully understood. The response appears to depend on the presence
of the conjugated system in the corticosteroids together with the oxygen functions
in Ring D and the dihydroxyacctone side-chain. The single fluorine atem in <ri-
amcinolone, triamcinolone acetonide, dexamethasone and betamethasone does not
significantly increase the response of the detector. The presence of an oxygen function
at Cy; and of a substituent in the cyclopentane ring seems to be of greater importance
since the response of the detector to corticosterone is less than 30 °, of its response
t cortisol, and the response to predanisolone and cortisol is lower than that to beta-

thasone, triameinolcne and triamcinolone acetonide.

The sensitivity of the electron-capture detector to steroid molecules in which
there is cither conjugation, or a number of closely positioned oxvgen atoms, has
been used by other investigators. Rarr AND Eik-Nes!® devised a method for the
estimation of aldosterone by the formation of its y-lactone. This form was found
to be more electron-capturing than the chloroacetate of aldosterone. D Jone
AXD VAN DER MoLENY used GLC with electron-capture detection for the measure-
ment of dehvdroepiandrosterone levels in plasma. The compound was oaidised with
chromium trioxide to androst-4-ene-3,6,17-trione. The smallest amount detectable
by the electron-capture detector used was ¢.1 ng. This is similar to the minimum
quantity of the trimethyisilyl ethers of the corticosteroids detected by the method
described herein, and to thut of the monochloroacetate of progesterone in the method
developed by VAN DER MOLEN AND GROENS,

The estimation of endogenous cortisol in mammalian tissues by the method
described comnot be recommended as the physiological concentrations of these
steroids are low and the use of competitive protein-binding radioassay would provide
graater sensitivity and specificity® 2. Howcever, the imethed can be used for the es-
timation of synthetic glucocorticosteroids: it is relatively simple and the specific
electron-capturing propertics of the corticosteroid structure mean that there is
no interference from normal tissue components which might be extracted simul-
taneously with the steroids.

Improvement in the sensitivity of the method could be achieved by the use
of a multi-port switching valve with a short pre-column, at the Lead of the main
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colun, in order to direct the carrier gas, with most of the solvent, away from the
deteter for the first few minutes after injection. During this period pure carrier
gas frem another column would be directed through the detector in order to maintain
the normal standing current. This device would eliminate the large solvent peak
and consequently raised baseline which is responsibie for some loss in sensitivity
of the detector, as shown by Rapp axDp EIk-NEs?l. Using the switching-valve it
would be possible to inject larger quantities of samples with lower concentrations
of steroid, thus lowering the detection limit of the method.

The results presented show that the present sensitivity of the method is suf-
ficient to allow the estimation of the corticosteroids in muscle for a period of several
hours, and in the case of triamcinolone acetonide, 24 h, after intraperitoneal ad-
ministration of a dose of 20 mg kg to rats.
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