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SUMMARY

A method for the determination of diethylstilbestrol and the related com-
pounds dienestrol and hexestrol residues in meat and organs of treated cattle is
described. Afier extraction and clean-up, these synthetic estrogens are subjected to
reaction with pentafluorobenzoyl chloride, which gives very stable perfluoro esters
that are suitable for gas chromatographic determination using an electron-capture
detector. With the careful clean-up and the very sensitive response of these derivatives,
it is possible to reach a limit of detection in the sub-parts per billion (10°) range
starting with only S g of sample.

INTRODUCTION

Since the discovery of the anabolic properties of diethylstilbestrol more than
20 years ago, attempts have been made to determine the residues of these compounds
in the organs of treated cattle. Two procedures have been found to be sufficiently
sensitive: radioimmunoassay and gas-liquid chromatography with an electron-
capture detector or single-ion detection by mass spectromeiry (MS). Ryan! reviewed
the chromatographic analysis of hormones in food. Usually dichloroacetyl chloride?
or perfluoroacid anhydrides such as trifluoroacetic anhydride®, heptafiuorobutyric
anhydride®® or pentafluoropropionic anhydride® react with hormone residues to
enhance the electron-capture detector response. These derivatives were found to give
a very sensitive detection of hormonal compounds. However, the perfluoroanhydrides
of aliphatic acids and their resulting esters are difficult to handle because of their rapid
hydrolysis. It was therefore necessary to develop a determination procedure based on
the use of stable perfluoro derivatives. The esterification of residues of diethylstil-
bestrol (DES) and related compounds with an aromatic compound, pentafluoro-
benzoyl chloride (PFBC), was selected because this reaction was found to give very
stable perfluoro esters. These aromatic esters can be isolated in a crystalline form and
stored at room temperature for several days without decomposition.
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EXPERIMENTAL

Solvents and reagents
All of the solvents we used were of pesticide grade (Merck, Darmstadt, G.F.R.)

and were redistilled twice in an all-glass apparatus. Dicthyl ether (Aristar; BDH,
Poole, Great Britain) was washed with a saturated aqueous solution of iron(fl) sul-
phate, with 1 N sulphuric acid and finally with 1 N sodium hydroxide solution before
distillation. Sephadex columns were glass tubes (I.D. 5 mm) filled with a suspension
of Sephadex LH-20-100 (Sigma, St Louis, Mo., U.S.A.) in benzene-methanol
(85:15) to a height of 10 cm and stored in this solvent until use. Pentafluorobenzoyl
chloride was purchased from Aldrich-Evrope (Beerse, Belgium). Labelled DES
(specific-activity 70 Ci/mmole; monoethyl-3-PH]) was kindly domated by Procida
(Romainville, France).

Apparatus
A Tracor Model 560 gas-liquid chromatograph was used with a %*Ni electron-

capture detector and a glass column (1.20 m x 2 mm I.D.) packed with 39, OV-17 on
Varaport 30 (100-120 mesh). The operating conditions were as follows: carrier gas
(nitrogen) flow-rate, 20 ml/min; purge, 20 ml/min; inlet temperature, 300°; oven
temperature, 275°; detector temperature, 325°.

Extraction and clean-up
A 5-g sample of tissue was placed in an extraction tube. After homogenization

in 10 ml of acetone, the mixture was shaken for 15 min, the extraction tube was
centrifuged at 1600 g for 5 min and the supernatant was decanted. This extraction
step was repeated with the same volume of solvent. The combined acetone extracts
were dried under a stream of nitrogen on a water-bath at 50° and the residue was
dissolved in 5 ml of cyclohexane—diethyl ether (1:1) and extracted twice with S ml of
1 N sodium hydroxide solution. The organic layer was discarded and the combined
aqueous extracts were cooled in an ice-bath and acidified with 1.5 ml of concentrated
crthophosphoric acid. This solution was extracted three times with 3 ml of cyclo-
hexane—diethyl ether (1:1). The combined organic layers were finally washed with
5 ml of 5%, sodium hydrogen carbonate solution. The organic solvent was then dried
and the residue was redissolved in 0.5 ml of benzene-methanol (85:15). This solution
was transferred to the top of a Sephadex column and eluted with the same solvent.
The first 3 ml of the eluate were discarded and the following 3 ml, containing the DES
and the other synthetic estrogens hexestrol (HE) and dienestrol (DE), were collected
in a reaction vial.

Reaction
After evaporation of the eluate under a stream of nitrogen, the residue was

dissolved in 0.4 ml of benzene and to the solution were added 0.1 ml of a 0.1 M solution
of pyridine in benzene and 10 gl of a 19 solution of PFBC in benzene. After homo-
genization, the reaction mixture was heated in a water-bath at 60° for 10 min. The
solvent was evaporated and the residue was transferred to the top of a second Sepha-
dex column in 0.5 ml of benzene-methanol (85:15) and eluted with this solvent. The
first 1.5 ml of the eluate were collected, the solvent was evaporated, the residue was
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dissolved in- 0.5 ml of benzinc and 0.5-2 g1 of this final solution were injected into
the chromatograph.

RESULTS AND DISCUSSION

Extraction and clean-up

The procedure used was based on the phenolic properties of DES and related
compounds. As final clean-up, the use of gel chromatography in an organic medinm
was found very effective. Fig. 1 shows the elution profile of cis- and trans-DES from
a Sephadex column. These two isomers were eluted practically into the same fraction.
DE and HE were found to behave in a similar manner to the frans-isomer of DES.
The Sephadex column provided an excellent clean-up in spite of its short length, and
most coextratives could be eliminated in this step. This column could be re-used after
washing with 20 ml of the eluent. We measured the recovery of DES by adding 0.1 ml
of 3H-labelled DES in methanol to 34 meat samples (added activity, 1000 cpm) of
different origins. The mean recovery was 40.2 % with exireme values of 229 and 589,
and a standard deviation of 8.3%.
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Fig. 1. Elution profile of cis- and frans-DES from a Sephadex column.

Reaction of PFBC with synthetic estrogens

This work was performed in order to select a derivatization reagent that could
lead to perfluoro esters that are more stable than the compounds obtained by reaction
with trifluoroacetic (TFA) anhydride or heptafluorobutyric (HFB) anhydride. PFBC
was foung to give very stable perfluoro derivatives on reaction with DES or related
compounds. These aromatic perfluoro esters were isolated in crystalline form and
remained unchanged after storage at room temperature for several days in stoppered
glass tubes. Benzene solutions of these compounds are also very stable and no decom-
position occurred after storage in stoppered glass tubes in a refrigerator for a week.
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After derivatization, it was necessary to separate the esters from the excess of reagent.
Owing to the different molecular sizes of the compounds to be separated, Sephadex
columns were effective for this purpose. As shown in Fig. 2, the large molecules of
esters were eluted in the first 1 ml, whereas the smaller molecules of PFBC in excess
were retained on the Sephadex and required much more solvent for elution.
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Fig. 2. Elution profile of cis- and trans-DES pentafluorobenzoates from a Sephadex column.

Sensitivity of the method in electron-capture gas chromatographic (GC) assays

When measured on standards, the sensitivity obtained with pentafluoro-
benzoyl derivatives was of the same order as the response given by the corresponding
heptafluorobutyrates. The latter compounds were prepared according to Ryan and
co-workers*S. When the analysis was performed on meat samples to which DES had
been added in the parts per billion (10%) range or less, we found that the procedure
described here gave clearer final chromatograms than those obtained by using hepta-
fluorobutyric anhydride. This result can be explained in terms of the use of a more
effective clean-up procedure and especially by the fact that perfluorobenzoyl esters
have a lower volatility and were thus well separated from the coextracted compounds.
The limit of detection was determined by analysis of samples of meat to which had
been added decreasing amounts of standards. Under the described conditions, the
procedure allowed the detection of 0.5 ppb of DES and 0.1 ppb of DE and HE.

Possibility of single-ion scanning in GC-MS assays

The mass spectra of cis- and trans-DES trifluoroacetates and heptafiuoro-
butyrates were recorded by GC-MS and the data are reported in Table I. Table II
gives the mass spectral data for frans-DES pentafluorobenzoate. The latter mass
spectrum was recorded by direct introduction of the solid compound into.the mass
spectrometer. With the exception of these different modes of introduction, these three
specira were obtained under the same instrumental conditions. It should be noted
that trens-DES pentafluorobenzoate was the only isomer that we could isolate in
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TABLEE - )
MASS SPECTRA OF DES TRIFLUOROACETATE AND HEPTAFLUOROBUTYRATE
mfz Relative abundarnce (%)

(cis or trans) Cis Trars

461 U T 9.5 12

460 40 46

432 4.8 59

431 24 25

347 48 59

317 14 13

242 13 13

241 100 100

217 2 18

203 73 63

661 13 23

a6o 31 39

632 5.5 8.4

631 11 24

448 36 42

447 11 14

446 3.6 42

419 36 6.1

418 5.5 10

417 13 17

342 18 22

341 100 100

318 1.8 35

317 22 i7

304 55 84

363 40 39

275 — 8.4

TABLEIL-

MASS SPECTRUM OF frans-DES PENTAFLUQROBENZOATE
mz Relative abundance (%) mjz Relative abundance (%)
658 0.26 340 1.5
657 1.1 339 1.7
656 20 316 0.45
641 0.32 315 27
628 0.71 302 0.25
627 2.0 301 1.7
462 0.52 295 0.77
461 1.0 266 0.32
445 0.65 249 0.26
445 2.3 238 0.71
444 1.4 . 237 19
433 0.65 221 0.77
432 1.1 186 1.7
417 0.81 195 100
416 0.52 168 1.9

415 031 167 70
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crystalline form from the reaction of DES with pentafluorobenzoy!l chloride in
pyridine in stoichiometric amounts. This compound was purified by crystatlization

from toluene.

TABLE III

PROTON MAGNETIC RESONANCE SPECIRUM OF itrans-DES PENTAFLUORO-
BENZOATE IN CDCI-HEXAMETHYLDISILGXANE

Chemical shift (ppm) Signal Coupling constant (Hz)
0.73 6 H (r)-CH, 7.35

2.10 4 H(g)CH. 7.35

7.21 8 H (aromatic) —

Table III gives the PMR characteristics of this isomer. It was impossible to
detect any trace of the cis-isomer in chloroform or benzene solutions of this com-
pound after storage of these solutions for several days in a refrigerator (detection by
electron-capture GC for benzene solutions and by NMR spectroscopy for chloroform
solutions). By comparing the mass spectra of these three derivatives, we concluded
that the cis- and trans-isomers of DES have the same fragmentation pattern. Also, no
qualitative difference exists in the fragmentation patterns of TFA and HFB deriva-
tives. Fig. 3 represents the formulae of the base peaks (I and II). These important
fragments had m/z values of 241 for the TFA esters and 341 for the HFB esters. These
ions are characteristic of the original compounds and can be used for the specific
detection of DES residues by the single-ion scanning mode in a GC-MS assay (or
single-ion detection mode). The fragmentation pattern of frens-DES pentafiuoro-
benzoate was different. In the mass spectrum of this compound, the base peak was a
fragment with m/z = 195 (Fig. 3, III). Unfortunately, this very important fragment
is not characteristic of the original ester, as it can be generated from other molecules
(e.g., PFBC itself). This ion therefore cannot be used in a single-scanning mode in
GC-MS assays for the detection of DES residues. Only the molecular ion (r/z = 656)
can be used for this purpose but the intensity of this ion represents only 209 of the
base peak.
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Fig. 3. Base peaks observed in the mass spectrum of (I) DES perfluoroacetate, (II) DES perfluoro-
butyrate and (III) DES perfluorobenzoate.

CONCLUSION

The procedure for the determination of DES and the related anabolic agents
DE and HE described here is very sensitive. Starting with oniy 5 g of meat samples
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the method can detect DES residues in the sub-parts per billion range. The perfluoro-
benzoate derivatives were very stable and very efiective for electron-capture GC
assays. From a comparative study, we found that the procedure gives chromatograms
thai can be interpreted more easily than those obtained by using reagents such as
TFA or HFB. I specific detection by single-ion monitoring is to be used, heptafluoro-
butyrate derivatives were more effeciive owing to their fragmentation pattern.
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