
Some of the di5culties encountered in the silylation of ecdysteroids are 
described, together with nethods for avoiding *&em. Standard procedures are given 
for the preparation of trimethylsilyl ethers of ecdysteroids in biological samples and 
their analysis by gas chromatography with electron capture defection. This is con- 
sidered to be the most eicient method for eaiysteroid determination in most ar- 
thropodtissues. 

INTRODUCFION 

The analysis of the steroidal insect and crustacean mocking hormotiks, or 
ecdysteroids, is currently of great interest to invertebrate physiologists and embryolo- 
gists. We have reviewed the me*&ods available and made some comparison of their 
advantages and disadvantages’. Excluding the non-specik, though sensitive, radio- 
inunun oassay method, the two techniques of most promise are high-performance 
liquid chromatography (HFLC) and gas chromatography (CC). Advances in HPLC 
have improved that method through increased resolution but sensitivity is still limited 
by the detector (c_.& ref. II)_ In our hands, the determination by Gc using ekctron 
capture detection (GC-ECD) of the trimethykilyl ethers of the ecdysteroids is 
preferred-. Aithough the method requires derivative formation, it has the advantages 
of great sensitivity, of sekctivity, requires the feast lengthy preliminary clean-up, and 
is least subject to losses d&rig handling_ 

However, the preparation and handling of silyl ethers and the use of the electron 
capture detector present problems for those not experienced in their use, therefore a 
description of some of the pr0bXem.s encountered and methods for avoiding or over- 
coming them are important for those wishing to determine ecdysteroids in this way. 
Methods for ecdysteroid determination, found XIV and satisfactory in the hands 
of several workeq, are described in t&is paper. 

Tolaette for GC-ECD was pmifkd by shaking twice with small portions of 



wnc. slulphuric acid, then washing with distilled water and 5 % aqueous sodium 
hydrogen carbonate to remove all traces of acid. The toluene was dried over anhydrous 
magnesium sulpbate, distilled from phosphorus pentoxide and stored over molecular 
sieves 4,4. Its purity was checked periodically by evaporating a lO-ml portion to 200 pi 
with a stream of nitrogen and injecting 2 ,uFLI onto tbe gas chromatograph fitted with a 
QNi ECD. The solvent peak should be no more than I min in breadth. 

Pyridine for silylation reactions was distilhzd from calcium hydride and stored 
over nofecuIar sieves. Methanol and diethyl ether were tied with magnesium and 
soc5um respectively in t&e conventional way. 

Cieaning gZas.nvare 

Glasswve was cleaned by soaking in a bath of alkaline detergent overnight and 
then rinsing thoro+ly with water and &xzlly acetone. React&vials used for the silyla- 
tion reaction were cleaned by soaking z& chromic acid overnight, washing with aqueous 

sodium bicarbonate solution and rin _ * 
-F 

repeatfxily with distilIed water. They were 
tialiy rinsed with acetone uld baked dq. at I40 “C For at least 30 min. Material which 
was not removed by chromic acid was removed with a commercial powdered pumice 
abrasive (“Briz”) and the Reacti-vials were then washed with water and soaked in 
chromic acid as above. 

Cr’eaning the electron capt;ue detector 

Frequent use of the ECD eventually leads to contamination and build-up of a 
deposit. Cleaning must depend upon the design and makers instructions. With the 
me 104 detector, the central collecting electrode was best cIeaned with metal polish 
ar?d the barre1 was cleaned in an ultrasonic bath for l-2 h in hexane or toluene. The 
bath was monitored for radioactivity after the washing but none was ever detected. 

Silica for thin-layer chromatography 

Commercial silica for thin-layer chromatography @L.C) was purified to 
remove e!ectroncapturing impurities. Silica gel P Fzw, (Merck, Darmstadt, G.F.R.; 
1 kg) was suspended in methanol (2 1) by stirring mechanically for 2-3 h, filtered with 
vacuum and washed with methanol (1 1) and dietbyl ether (OS 1). The resulting cake 
WIS broken up and dried at room temperature. 

The glass p&&es were washed with detergent, rinsed with distilled water, dilute 
acid and a,gain with water. The purif%d silica was slurried in d&i&d water and plates 
of 0.6 mm thickness prepared in the usual way and dried and activated by heating at 
100 “C for 1 h and then stored over saturated-sodium chloride solution to produce 
uniform deactivation. 

Preparation of N-trimethyLrsilylirm‘dazole 

Ali sages oi reaction we= carried out with as carefd an exclusion of moisture 
as was practical. ImidazoIe (27.2 g, 0.4 mole) was heated under refb~~ for 2 h with 
hexametbyhiisilazane (48.4 g, 0.3 mole) and cont. sulphuric acid (two drops). The 
product was distilhxi fractionally under reduced. pressure to give N-trimethylsilylimi- 
dazole (TX%, 46.8 g, 84% based on imidazole) as a colourless mobile oil, b-p. 
91 “C at 12 mnHg. The product was stored by tra&tig to l-ml ampoties uader 
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thin film on the walls of the tube, so that drying was efficient, was silylated as descrii 
earlier in pyridine (ZOO pl) and TMSI (100 pl). The time of heating required was about 
83 % of that required for the pure ecdysteroid and was found by trial and error using a 
bioiogical sample to which pure e&steroid had been added. 

Thin-Zqer chromatography of SrryZ ethers 
The pyridine solutions after silylation of ecdystercids was reduced in volume 

while still warm by blowing a jet of nitrogen onto the surface, and the remainder 
applied as 2 band to the origin of a TLC plate (20 x 20 cm) prepared as described 
above, the Rcacti-vial was rinsed with toluene, which was also applied to the origin. 
The plate was immediately developed in ethyl acetate-toluene (3:7) until the solvent 
front had travelled 15 cm. The plate was removed, dried quickly with a hair dryer 
and the silica from RF 0.5 to 0.9 removed and packed into a glass column (15 x 1.0 
cm), the lower end of which held a glass wool plug_ The silica was eluted with diethyl 
ether (15 ml.)_ The ether was evaporated, taking care that water did not condense inside 
the tube. The residue was taken up in 2 known volume of purified toluene and diluted 
suitably for GC-ECD. 

Gas chromatography coZz.ums 

Columns used were 1.5 m x 4 mm coiled glass columns packed with 1.5% 
(~iw) OV-101 silicone phzsc on Chromosorb Q (1NL120 mesh). The material was 
handled very carefully during coating and packing the columns to prevent breaking of 
the pzrticles and exposure of uncoated surfaces_ The column was conditioned at 
340 “C for 24 h before use. In repeated use, retention times slowly decreased, and 
resolutions deteriorated_ Column life could be prolonged by replacing the first few 
centimetrcs of packing from time to time (approximately every 300 injections) and 
injecting lO-~1 -apIes of “Silyl-8” (Pierce and Warrener) onto the column at 250 “C 
ensuring that the detector was disconnected_ 

Injections were made directly “on c01umn~ with an 1 l-cm needle which reached 
into the top of the column packing. Injection into 2 heated injector block with a shor- 
ter needle is not recommended. 

A Pye Series 104 gas chromatomph fitted with flame ionization (FID) and 
‘%i ECD detectors was used. Nitrogen, freed of traces of oxygen with an “Oxy-trap” 
and dried by passing over molecular sieves, was used as carrier gas, flow-rate 50-60 ml 
min-I, oven temperature 270-280 ‘C, detector temperature 300 “C. When the carrier 
gas was switched off, a purge of 15 ml min-1 of nitrogen was maintained through the 
cletcctor. 

DISCUSSION 

Eodysteroids have the disadvantages of sensitivity to acid’ (dehydration at the 
14a-OH group), to alkali’ (the unsaturated ketone) and to heat (non-specific dehydra- 
tion) and their high polarity conferred by several hydroxyl gruups makes them sus- 
ceptible to i*-Kversible adsorption on activated surfaces such as alumina* and silica9. 
They have the advantage of possessing a strongly absorbing ultraviolet chromophore 
in the unsaturaa ketone (;;I,_ 240 nm, E e 12,000 1 mol-’ cm-l). This absorption is 



CHROMAToc3ZAFKY OF Thfs EFPEERS OF ECDXGEROrDS 47 

useful for W detection after HPLC, but a very large number of coml~ounds absorb 
in the same region. 

Where a relatively “clean” material is to be examined, e.g., phytoecdysteroidGO, 
HPLC is suflicient, but many arthropod tissues require extended “clean-up” before 
ecdysteroids are freed of co-eluting substances. 

l3cdysteroids also possess the advantage of a strongly electron+zpturing 
e&trophorefl, which is possessed by a relatively small number of compounds. The 
method for determining ecdysteroids described here takes advantage of the selective 
electrophore and attempts to avoid exposure to acids, alkalis, heat and active adsor- 
bents used in chromatography. 

The basis of the method is to use several solvent partitions aud to resort’ to 
chromatography only after conversion to a non-polar derivative. Ln this way a 
partially purified concentrate of derivatives of ecdysteroids is prepared and this is clean 
enough for their sefective detection by an ekectron capture detector. 

Determination of any substances in the nanogram range requires care in 
avoiding contamination and ensuring reproducibility. For the present work it is 
important to avoid contact with chlorinated solvents since organohalogen compounds 
are strongly electron capturing. The toluene used for GC and the silica gel for TLC 
need pticular care and must be specially pur&d. Apparatus must be clean, and 
traces of acid introduced from chromic acid cleaning must be rigorously removed. ln 
par&&r, the Reacti-vials used for the silyiation reaction must be very clean and free 
of acid or alkali. The build-up of a silicious deposit on glassware from -use of silylating 
reagents has, in some unknown way, a deleterious effect upon the compounds. Traces 
of sodium acetate have a catalytic eEect upon the rate of the silyIation reaction, as 
do imidazole and other unidentified substances in the biological sample. Since sodium 
acetate-acetic acid is a common buffer system, acetate can be introduced accidently 
into ecdysteroid samples where enzymic hydrolysis has been used. This was discovered 
in hydrolysing ecdysteroid conjugates with the mixture of enzymes from the snail 
Helixpomafia. When an acetate buffer was used for the enzymic step, abnormal results 
were found in the GC step, and the effect could be reproduced by adding sodium 
acetate to the silylation mixture. When phosphate buffer was used, the silylated 
ecdysteroids behaved normally. 

The ECD is not as simple to operate as the FID. The price of its greater sen- 
sitivity is that it is more easily contaminated. Some instructions in the handling of the 
detector are therefore included. Detector design differs with the manufacturer and 
some experimentation must be made using pure ecdysteroids to find the optimum 
operating conditions, of current, pulse spacing, sensitivity and so on. Because of the 
nature of the ekctron-capturing process, the highest practicat operating temperature 
of the detector gives greatest sensitivityU. 

The reactivity of TMSI has been found to vary widely and in an unpredictable 
way. Some material purchased by us was quite unusable because even prolonged 
heating in pyridine did not produce satisfactory silylation of ecdysteroids and reactivity 
seemed to vary widely from batch to batch. We have therefore prepared our own 
TMSI as described. This material is consistent in its reactivity and separate l-ml vials 
scakd for a long time, can be opened and transferred to a React&vial sealed with a 
rubber serum cap and portions drawn from it to give reproducible reaction times. If 
the reaction is carried out for IO min at room temperature, ecdysone tetrakis trimeth- 



yMyI ether and 20-hydroxyecdyso;le tetrakis trimethylsilyl ether are formed. Even 
when left overnight at room temperature, no flier silylation oazms. If the mixture 
is heated to 110 “C for 5 h, then ecdysone stili remains as the tetralcis ether (longer 
reaction begins to produce the pentakis ether) and ZGhydroxyecdyscme is converted 
to the ptakistrime&yHyi ether (Fig- l)_ The very short reaction t&e has the ad- 

vanm@ of speed ofa.naIysis. The longer reaction time with heating, has the advantage 
that the derivatives formed from ecdysone and 20-hydroxyecdysone are better resolved 
iIl Gcflabk I)_ 

TABLE Z 

GAS CHEtOMATOGRAPHIC RETENTON TIMES OF T!HS El3ER.S OF ECDY%EROIDS 
ON A 1.5% OV-IO1 COLUMN OF 1.5 m LENGTH Wmr NFKROGEN CARRER GAS AT 
6omlmin-’ 

Inokostcro=’ 

1.85 
1.65 
225 
245 
1.90 
255 
285 
220 
39 
24 
0.6 (1.3) 
09 
8.0 
215 
270 



The user snust decide which method, cold reaction or with heating, is phefer- 
able. If&e reaction is heated, to produce the penta4ber of 20_hydroxyeaiysone, then 
becauseofthe Uariizbilityofth~TMSI~~~tEtetimenecessary for reaction of 

either ecdysone or 2CI_hy&oxyedysone is first found, using pure materials. Several 
l@-pg samples of compound are silylated for varytig periods at any convenient 
temperature within the range LOU-140 “C and the extent of reaction monitored by 
Gc (Fig. 2). Using one sampIe and withdrawing aliquots at time intervals is not 
satisfactory because of the unavoidable expostzre to moisture at each opening of t&e 
Reacti-vial. Once the reaction time has been decided, practice shows that a slightly 
shorter time is requked for ecdysteroids in a bioIogical sample, 

30 min 4h 

5h 

IC 

10 min 10 10 

6h 

min IC 

-16h 

Fig. 2. Gas cfircmatmphic traot of sWation products of 2Sbydroxyecdysone after varying periods 
of time showing the formation of a sin&e derivative (the tetrakis ether) after 30 min and again at 5 h 
(the pen’akiF ether). Thecixromti~ptic and 5iilyIation conditions were as cz%scriM in the text_ 

Tailing and non-Gaussian peak shape in Cc can be attribt&d to adsorption on 
the column walls of uncoated support, It can be corrected by treatment with ~Silyl-Sn 
(Fig. 3)_ 

It is a.dvisabIe to add a known quantity of pure ecdysteroid to a biological 
sample ‘&nown to cuM.ai~ little or PO ecclysteroid, to give a com~~t~&on within the 
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min I?- 

Fig- 3. ES&t of condition of tk column on peA shape. A saqk of u)-hydroxyecdyso~ nas 
silyJ.atgd for 2 h to give a mixture of h-0 silyl ethers. This mixture was injected onto the chromato- 
graphy c43hmn at 285 “C. with the carrier gasffowingat60mmin-‘.OnacoIumnwhictrhasbtcn 
in use for some tirx. the result WT.S ss in A. The column was then treated with 10 ~1 of “SiiyI-8” (with 
the detector dkC0MeCted) and the sampk reinje~M, after COIlditions had ~tu~!td to e@iiriium. to 
giwz the rcsuIt in B. 

range of experimental -values and to carry out the extraction and derivatization 
procedures to test the eEciency of recovery- As the limit of detection is approached, 
manipulation losses increase and a correction factor may have to be found from these 
rem.% and applied to experimental data. An internal standard provides a useful check 
on rec&ery and reproducibility. A substance such as cyasterone or makisterone A can 
be used- Cyasterone has the disadvantage of having an inconveniently long retention 
time and consequently a broad peak shape. Makisterone A, which is commercially 
avaiIable has the advantage of retention time closer to ecdysone and 20-hydroqedcy- 
sone, but could conceivably cu-elute with a natcral ecdysteroid and obscure it_ 

Using whole adult de Schistocerca gregaria as ecdysteroid-f&e samples, we 
obtained recoveries for the complete isolation procedure of 95 % for 1Om4 g of added 
hormone, falling to 85% recovery for lows g added hormone. 

For the TLC step alone, recoveries were quantitative within the range of 10e4 
to 10e8 g, but recovery fell to M 60 % when smaller quantities of silylated eaiysteroid 
were spread on the plate_ 

Removal of water and methanol from the biological sample in the Reacti-viaI 
before silylation is also important. For large santpks (M ulo mg) a thick gum may 
form at the bottom of the tube. This may dry on the surf&z bJt retain solvent under- 
neath. A smalkr sample should be used if possible or else the matezial should be 
spread as a thin film on the walls of the tube before the solvent evaporates. The sample 
chould redissolve completely in the pyridine, if necessaq by warming and shaking 
before silylation. 

If a greater proportion of TMSI is nss for siIyIation, to overcome Iosses of 
reagent from moistnre, then it is important that imidazole should not crystaIJ&e from 
the reaction on cooling. The CrystaHine imikle can occlude the silylated ecdysteroids 



and lead to completely negative results. ff 100ng of silylated ecdysteroid is co- 
precipitated with 1 mg of rrystalline imidazole, this represents only a 8.01% contami- 
nation of the imidazole. 

Once prepared, tic ethers of ccdysteroids are relatively stable, 
the p@din+TMSl for several months, can be to 100 “C for 
several to hydrolysis, 
particulariy when by acids. They of limited stability on TLC 
plates, and it is advisabIe to carry out TLC operations as quickly as possible and elute 
from the silica immediately after chromatography_ kl a few cases we have found 
silica gel for TLC caused hydrolysis of the ethers (Fig. 4) but the problem was solved 
as soon as a new batch of silica was purchased. The RF values of some- ecdysteroid 
silyl ethers are given in Table II. 

a . . . . . . . dmin 
8 

Fig. 4. E&X of thin-layer chromatography on unsztisfactory silica gel. Full line, 2U-hydroxyecdysone 
pcdakis silyl ether before thin-layer chromatography. Broken line, same product after TLC. This 
sample wzs chmmatographed on a different column (Ion- retention timss) than that used for the 
o-&W=- 

Preparatioia of biological ntaierid 

The extent of the preliminary ckm-up of a biological sample before formation 
of the trimethylsilyl ethers and GC must be found by trial and error. Pn our experience, 
three solvent partitions is quite smcient for samples of whole locust bodies, locust 
baemolJ17nph could be determined after only two solvent past&ions, but locust faeces 
contained much more interfkrkg substances and samples of barnacles @2zZinz~s 
ba?mrok&s) are still too impure after three solvent partitions for satisfactory GC. The 
criterion of pur%cation is whether the large solvent peak elutes before the ecdysteroids, 



so that maximum detector sensitivity is available or whether the ecdysteroid peaks are 
superkqxxed on a falling bxelke (F& 5) 

Partition between hexane or ii@ petroleum (hp. 4G6Q “c) and methanol- 
wzter (4: 1) is best carried out first This removes a large quantity of non-polar lipids 
and avoids emulsion formation as far as is possible. Systems such as hexanewater 
case formation of very stable emulsions. 

The second solvent system Es butznol-water, w&h 
compounds in the aqueous phase, which also contains 
conjugat&“. 

removes unwanted polar 
many polar e&steroid 
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The third solvent partition, if Emxssay to reduce the voiume of the sample or 
to fixrther prnifjr it, is found by trial and error. Ethyl _ acetztte--water @: 1) or 
hexane-isopropanok&e-water (5:15:36) are two use&l afternatives. The coinsnon 
caiystcroids partition into the aqueous pkse of both systems. 

Iff&ther purification is necessary, chromatography on Sephadex, a non-polar 
rev&-phase ma&id such as Bon&p& t& or a weak absorbent such as Floridin 
earth is helpfal, but not alumina or silica- 

The most fkquently encountered ccdystcroids arc easily resolved by the GC 

umiitions. We have experienced no difkuky in distinguishing them by their retention 
times, some of which arc listed in Table I. New ccdystcroids make ra*&er greater 
demands on techniques and qua&tics of material for identification13_ 
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