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SUMMARY

An improved purification procedure is described for high-performance liquid
chromatography {HPLC) analysis of ecdysteroids. It can be used for both quantita-
tive analyses of ecdysone and 20-hydroxyecdysone, and for various metabolic studies.

The procedure comprises two steps only: chloroform-water partition and ad-
sorption/purification of the water phase solutes on a SEP-PAK® C, 4 cartridge. The
60 %, methanol eluate can be used after evaporation for direct HPLC quantitative
analysis of ecdysteroids on a C,g-bonded column. The detection limit is about 10 ng
of hormones for biological extracts. Makisterone A added before extraction is used as

internal standard.
Application of this procedure to metabolic studies requires all the metabolites

to be retained on the SEP-PAK cartridge, as is the case for the insect system in-
vestigated, i.e., Pieris brassicae (Lepidoptera) pupae. Examples of separations are
given and the limits of the procedure are discussed.

INTRODUCTION

Since the early work of Hori', the use of high-performance liquid chromato-
graphy (HPLC) for ecdysteroid studies, has become widespread. It is mostly used to
separate compounds that are further characterized or gquantified by off-line pro-
cedures?-3. These procedures include radioimmunoassays®>, bioassays®, mass spec-
trometry’ or sulphuric acid-induced fluorescence®. To our knowledge, there have
been only two reports on the use of HPLC for direct quantification of ecdysteroids
by UV absorbance monitoring®1?, as a routine procedure? or for further analysis of
fractions previously separated by thin-layer chromatography (TLC)!®. Another
recent attempt with rather crude biological extracts proved much less effective than
gas-liquid chromatography (GLC) with electron capture detection®!. -

The problem of using HPLC for on-line quantification of ecdysteroids appears
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a priori solvable, since it involves favourable factors: first, the strong UV absorbance
of the unsaturated ketone (E,,; =~ 12,000 cm?/mole); secondly, the relative abundance
of ecdysteroids in arthropods, compared to vertebrate steroid hormones. The use of a
suitable HPLC system allows easy detection of pure compounds in the nanogram
range>-3, and the problem to be solved is connected with the poor specificity of UV
detection, which must be counteracted by extremely efficient chromatographic sys-
tems and purification procedures. Adequate purification is of course possible by a
multi-step procedure, but this is generally too time-consuming for routine analyses.
The aim of the present paper is to describe a new purification procedure, which is
both efficient and rapid, and allows many analyses per day. Several chromatographic
systems will also be compared.

MATERIALS AND METHODS

Animals

Most analyses were performed with extracts of the white cabbage butterfly.
Pieris brassicae L., using either hemolymph or whole animals (pupae). A few com-
parative studies were made with other materials. to assess the general applicability of
the procedure. These materials included Locusta migratoria hemolymph and eggs,
and Carcinus maenas eggs.

Chemicals

Reference ecdysteroids {ecdysone. 20-hydroxyecdysone and makisterone A)
were from Simes SA (Milan, Italy) or Schering (Berlin, G.F_.R.). Ponasterone A was a
gift from Dr. Courgeon (Paris. France).

High-purity solvents (HPLC grade) were from Fluka (Buchs, Switzerland).
Fisons (Loughborough, Great Britain) or E. Merck (Darmstadt, G_.F_R.). Water was
twice distilled in a quartz apparatus, and all solvents were filtered on a regenerated
cellulose filter (pore size 0.45 ym) from Schileicher & Schiill (Dassel, G.F.R.). All
solvents were degassed for at least 20 min in an ultrasonic bath, Bransonic B220
(Branson, Stamford, CT, U.S.A.).

Tritiated ecdysone (specific activity 60—68 Ci/mmole) was purchased from New
England Nuclear (Dreieich. G.F.R).

HPIC

The HPLC system (Waters Assoc.) comprised a 6000A module pump, a U6K
septumless injector and a M440 UV detector (254 nm). Certain analyses were per-
formed outside the Iaboratory, by courtesy of Waters Assoc. and DuPont Instru-
ments. in order to test automated injectors, integrators and temperature control
systems. )

A Flo-One/DR™ radioactivity monitor {Radiomatic Instruments & Chemical
Co.. Tampa, FL, U.S.A.) was used for metabolic studies.

The solvent systems and columns chosen are described in the Rcsults section.

RESULTS

Choice of HPLC procedure
A primary consideration was the need for isocratic conditions. The use of
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gradient elution would cause baseline disturbances which would impede the use of
high sensitivity of detection'!. On the other hand, isocratic conditions and UV detec-
tion at 0.01 a.u.fs. allow ready quantification of < 10 ng of pure ecdysteroids.

Very efficient separations of pure ecdysteroids have been obtained with both
normal-phase and reversed-phase systems'?'>. However, when biological extracts
are injected, various impurities accumulate at the top of the columans. Consequently,
periodical elution of the column with a stronger solvent is necessary. Because of their
long equilibration time, silica columns cannot be used in series, although they provide
very good separations, even with biological extracts.

The column efficiency must be high enough to separaie the ecdysteroids from
all interfering substances. This necessitates the use of columns filled with 5-um rather
than 10-um particles and, at least under the chromatographic conditions used in our
laboratory?, eliminates diol-bonded columns because of their low efficiency. Con-
sequently, the choice is limited to reversed-phase columns. Several C,q-bonded col-
umns were tested under various chromatographic conditions chosen to give complete
and rapid analyses, and the results are summarized in Table I. A flow-rate of 1.5
ml/min can generally be used, except for methanol-water mixtures which have a high
viscosity.

The different mobile phase systems (methanol-water, acetonitrile—-water and
acetonitrile-buffer) and running temperatures allowed the definition of the most
suitable conditions. The best results were obtained with acetonitrile rather than meth-
anol, and at 50°C rather than at ambient temperature. The use of acetonitrile—water
mixtures was rejected, because it led to very bad results with certain columns (e.g..
Ultrasphere-ODS), and water was replaced by a buffer in order to obtain symmetrical
peaks. Columns filled with spherical particles were the most efficient ones (Ultra-
sphere-ODS and Zorbax-ODS). Ecdysone is generally eluted in less than 20 min,
allowing three analyses per hour, provided that no other compound is eluted after this
hormone.

Sample processing

A large number of purification procedures have been used to prepare biological
samples, They usually involve solvent partitioning between hexane-aqueous metha-
nol, hexane-acetonitrile® and chloroform-water® for lipid removal. and butanol-
water partitioning!* to eliminate polar substances (for further details, see refs. 13, 15).
These steps are then followed by chromatography on a silicic acid column or by TLC
on silica plates!3-'>. Holman and Meola® recently suggested replacing this second
step by HPLC purification on Poragel PN, a cheap large-size reversed-phase support.
The whole procedure thus comprised two successive partitions, two HPLC injections
on Poragel PN and the evaporation of 50 ml acetonitrile for each sample®. Our
procedure was designed to involve fewer steps and the evaporation of a small volume
of solvent. The principle is to obtain ecdysteroids in a water phase, and then to purify
this crude extract on a reversed-phase column.

(a) Extraction of ecdysteroids. These compounds can be extracted with hot
water'*, a method that eliminates proteins by thermal coagulation, but another possi-
bility is to mix the biological sample with water and an equal volume of an organic
solvent not miscible with water, which can extract the non-polar substances. The
solvent chosen should: (i) denature proteins and render them insoluble in water; (i)
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Fig. L. Saturation experiments with a SEP-PAK cartridge, illusirating the combined retention percentages
of 20-hydroxyecdysone (20E) and a polar metabolite (20P) when sample size is increased.

not extract the ecdysteroids, but be as polar as possible in order to extract almost all
compounds less polar than ecdysone; (iii) not form unduly stable emulsions with
water, so that the two phases can readily be separated by brief centrifugation; (iv) be
denser than water, to allow collection of supernatant water phases.

In accordance with these properties, we have chosen chloroform as the organic
solvent. The chloroformm-water partition coefficient of ecdysone is 7:93, and two
successive partitions (v/v) thus aliow recovery of more than 99 9, of the ecdysone in
the water phase. This system has an obvious limitation if less polar ecdysteroids are to
be recovered. For instance, the partition coeflicient of ponasterone A is about 50:30,
and this compound is at the limit of the application of the present partition system.

With some samples of whole insects or with crabb eggs, a stable gel appeared in
the water phase in our procedure, and this necessitated prior extraction with acetone—
ethanol (1:1) and evaporation of the extract to dryness before water—chloroform
partition. An alternative possibility would have been to replace chloroform by ethyl
acetate, and then to collect the underlying water phase.

(b} Adsorption on a C,g phase. When ecdysteroids are contained in a water
phase, even in the presence of a few percent methanol or acetonitrile, they are efficient-
ly adsorbed on reversed-phase supports. This was previously shown using a Poragel
PN column®, and we obtained similar results by using a short column (50 x 4£.6mmIL.D.)
filled with Zorbax-BP-C,. However, to save time and avoid the need for an HPLC
system, we decided to use disposable SEP-PAK C, ; cartridges (Waters Assoc.). These
are currently used to concentrate organic compounds from water’®, but their use in
the case of ecdysteroids had been limited to the elimination of non-polar contami-
nants from methanolic extractions! . These cartridges adsorb very efficiently the ecdy-
steroids contained in the water phase prepared as above. Not only ecdysone and 20-
hydroxyecdysone, but also their polar metabolites are retained (Fig. 1). Thus, one
SEP-PAK can retain 1009 of the 20-hydroxyecdysone in an extract of 20 g Pieris
pupae. The capacity for the polar metabolites is of course lower, due to the com-
petition by less polar substances in the water extracts. Adsorption was completed by
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Fig. Z. Elution of ecdysone (E) and 20-hydroxyecdysone (20E) previously adsorbed on a SEP-PAK car-
tridge. A, Percentage of E and 20E eluted with 3 ml of various methanol-water mixtures; B, percentage of
E 2nd 20E eluted with increasing volumes of €0 %/ methanol (for E) or 25 % methanol (for 20E). See text for

further details.

means of a water pump at a flow-rate of ca. 2 ml/min. Higher flow-rates would reduce
the adsorption efficiency’”.

{c) Elution of ecdysteroids from the SEP-PAK cartridge. We determined stan-
dard conditions corresponding to ihe best use of the SEP-PAK cartridge, by eliminat-
ing ail substances more polar than 20-hydroxyecdysone, and by retaining all sub-
stances less polar than ecdysone. This allowed the selection of compounds of similar
polarity. as required for further isocratic HPLC analysis.

Standardized conditions were selected by adsorbing ecdysteroids from four
Pieris pupae (ca. 1.7 g wet weight) on different SEP-PAK cartridges. Tritiated ec-
dysone or 20-hydroxyecdysone was added as marker. In the first step, 3 ml of various
methanol-water mixtures were used, and the percentage of hormone eluted was de-
termined (Fig. 2A). We found that 3 m! of 25 %, methanol eluted less than 1 % of 20-
hydroxyecdysone, and that 3 ml of 60%; methanol eluted 94 %/ of ecdysone. In the
second step, increasing volumes of 25 % and 60 %, methanol were employed (Fig. 2B),
and it was found that up to 8 mi of 259 methanol eluted less than 1% of the 20-
hydroxyecdysone, and that 56 ml of 609} methanol eluted more than 999 of the
ecdysone. These conditions selected were rinsing with 5 mi of 25 9, methanol (to elute
the polar metabolites of ecdysone) and elution of 20-hydroxyecdysone and ecdysone
with 5 ml of 602, methanol.

(d} Overall design of the procedure. The procedure is shown schematically in
Fig. 3. Extraction was performed twice [chloroform-water (1:1)] when ecdysone and
20-hydroxyecdysone were to be analyzed, and three to four times [chloroform—water
(1:2)] wher samples also contained less polar ecdysteroids (e.g., ponasterone A or 2-
deoxyecdysone).

The extraction yield was studied with Pileris diapausing pupae (endogenous
hormone levels < 5 ng/g) injected with [*HJecdysone and variable amounts (10-103
ng) of unlabelled ecdysone prior to extraction. By using groups of four pupae (ca. 1.7
g wet weight), 98.7 + 0.4 7] of the radioactivity in the two first water extracts (10 ml
each) was recovered. Recovery was almost independent of biological sample size
between 0.2 and 5 g wet weight.
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Fig. 3. Purification procedure used for biological samples. The adsorbed ecdysteroids can be eluted in two
different ways, depending on the experiment. If ecdysone and 20-hydroxyecdysone are to be quantified, the
most polar metabolites are eliminated with 5 ml of 25 9, methanol. For metabolic experiments in which the
entire spectrum of metabolites is analyzed, elution is performed directly with 5 ml of 60 %, methanol.

The ecdysteroid recovery after extraction and purification may of course vary
slightly for each sample, and it is advisable to use an internal standard. Makisterone
A, a C,g ecdysteroid only found in Oncopeltus fasciatus embryos’®, has chromato-
graphic properties intermediate between ecdysone and 20-hydroxyecdysone (Fig.
4A), and appeared suitable for this purpose, if added at the first step of extraction.
The ecdysone and makisterone A recovery was checked with diapausing pupae ex-
tracts containing 10° ng of makisterone A, [°*Hlecdysone and 10-10% ng unlabelled
ecdysone. In all cases, subsequent HPLC analysis showed that the final recovery was
the same for both hormones (80 * 59() independently of sample size (0.2-4 g) or
ecdysone content.

Easy quantification of hormones was performed on HPLC traces by compar-
ing hormone and internal standard peaks.

Application to various biological materials

The above procedures have essentially been used with Pieris pupae (hemo-
lymph or whole bodies) without any special difficulty. From the extract of four pupae
or 0.5 ml hemolymph, an aliquot corresponding to one pupa or 0.1-0.2 ml hemo-
lvmph was injected. The results mostly agreed with those previously reported using
radioimmunoassays'® or mass fragmentography?°. Similar experiments with Locusta
migratoria also gave results consistent with available data?'™23_ In addition, it was
possible to quantify ponasterone A in Carcinus maenas egg extracts, in which this
ecdysteroid was recently reported to occur?*. Examples of such separations are given
in Figs. 4-7.



R. LAFONT er al.

144

1y

*(paupuris [ouId1u1) v 3UCINSINMAL = A (/B 2) g pun (uy/Bd g 1) 50z Suuimuod (udnd pro-y go1) ydwkgowoy spapg 0y L(uyan 5 m,_:s (ur/8r
9'0) g0z Suummuos (wdnd pio-1 96) ydwijoway sparg ‘g {(punoduros sad Fu ggg) UOPIGIED J0§ PISH AKX PIVPUMS ‘Y JUAGUIR ;oI ], wujjus |
NE-M00 ‘69 HA ‘304I0q YOIDH-SIEL JALE (7 U1 [HIU0I0N 9 L] 1IUAAJOS (*(*] W O X §T) ULUNI0O SCIO-MIAUSUN]N UV U0 SPIoINBAPID Jo gishinuy *p 'f1

ujw ot 02 ol 0 uw 0c or e ‘o '

v
T T T T 1 T Y T

—

3 =

o —
0v s000

30—~

U 0t or o 0

nv Zeoo
e %
4
—
dr

o —

©
@
nv 5000
302 ~—=



N
A '

‘(pampums pusonm) v SUCINSINRN = W (/T g'6) 107 pun (/B y70) 7 ; :

N o1 ! H : 0) T istrofivataN0d AUOWOR] *y auosstsret 817 | qaess ydwkiowoy
9 % .mszs u__Es.._ _u._c..:% 9'a (/B 4°1) g0z pue (s go'o) £ :SUONIIU9IU03 AoUIIOL] “Jonbiu fuws v JO uondafur m ._,u%: \'2 o_ﬁ_h._.oz_w_ss ME ! ____—S
qatuAjouuat [ur 9y AL o po-Aup £ 'y p ‘81,1 uy sn suonIpuos aduigoymosy) “ydwkioway DISN0T nAdy :_E__.a& U1 £p1osajshpod jo m._;_==< ‘s .m._"_

ujw oc 0z 0L 0 ujw o 07 oL 0
T -

L T L) 1 T T

3 }
{

——
= -

N —

302 —-=

«n : ;
a . 8 ' o) o
g | g _ g

3] >

G g : &

5 “ L
m § AT
5 | :

O i @ m , ’
N . .
oo



i46 - R_LAFONT er al.

®

0.064AU
0.008 AU

20E
P

.

(+] 0 min 0 Lo min

Fig. 6. Analysis of ponasterone A in Carcinus maenas eggs. Chromatographic conditions as in Fig. 4 except
for the solvent: 26 94 acetonitrile in buffer. A, Standard ecdysteroid mixture containing 2 ug of ponasterone
A (P); B, egg extract (1.5 g wet weight) containing 170 ng/g of ponasterone A.
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Fig. 7. Analysis of ecdysteroids in Locusta migratoria eggs. Conditions as in Fig. 4 except for the solvent:
239 acetonitrile in buffer. A, Free hormones eluted in the 60 9 methanol fraction (injection of eight eggs);
B, hormones released from hydrolysed coanjugate fraction (water phase and 259 methanol eluate hydro-
Iysed! according to ref. 10 and again processed as in Fig. 3), injection corresponding to one egg. 2DE = 2-
Deoxyecdysone. i
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Fig. 8. Analysis of ecdysone metabolites in Pieris by on-line monitoring of radioactivity. Column: Zorbax-
BP-ODS, 200 x 4.6 mm I.D. (laboratory-made). Solvent: linear gradient (in 85 min) from 139} to 409
acetonitrile in Tris buffer. Flow-rate: 0.3 mi/min. Scirtillation cocktail (2,5-diphenyloxazole/1,4-bis(5-
phenyloxazolyl-2)benzene/Triton/toluene), flow-rate 1.2 ml/min. Integration time: 20 sec. Major metabo-
lites are ecdysone (E), 26-hydroxyecdysone (26E), 20-hydroxyecdysone (20E) and 20,26-dihydroxyec-
dysone (2026E); P and 20P refer to the acidic metabolites arising from 26E and 2926E, respectively.

The use of a radioactivity monitor allowed direct analysis of the ecdysone
metabolites in Pieris pupae (Fig. 8). A conventional column (4.6 mm L.D.) was em-
ployed at a reduced flow-rate (0.3 ml/min), 2nd the analysis required | h. The use of a
small bore column or a splitting device would considerably shorten this period.

DISCUSSION

The purification-HPLC procedure described can be used for the direct quanti-
fication of ecdysteroids by monitoring of UV absorbance, or only in combination
with an off-line procedure, like radioimmunoassay or fluorometry. This will depend
on the relative abundance of ecdysteroids and interfering impurities in biological ex-
tracts. When hormone levels are > 50 ng/g, direct quantification is generally feasible.
Between 10 and 50 ng/g, a coantrol by another method may be needed. Below 10 ng/g,
radioimmunoassay of collected fractions is the only solution.
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The present procedure is not more efficient than the prewous one of Holman
and Meola®, but is simpler and faster. It is suitable for large series of samples and
requires no HPLC system for sample preparation, but only a 10-ml glass syringe.
From our experience with this procedure, we can draw the following conclusions.

With 1-2 g samples, one SEP-PAK can be used at least four times without
noticeable loss of efficiency; rinsing with methanol and reconditioning with water
allows repeated use, even if coloured substances such as ommochromes and melanins
remain adsorbed on the cartridge.

The procedure may be simplified for studies of organ culture media: even if
these contain up to 209, calf serum, they can be directly placed on the SEP-PAK
without preliminary chloroform—water partition, without noticeable loss of ecdy-
steroids (less than 3 %). Such treatment is not possible for insect hemolymph, as in this
case the major part of the ecdysteroids is not retained on the SEP-PAK. Whether this
procedure could be used to study ecdysone-binding compounds in hemolymph re-
mains to be investigated; it could perhaps constitute a faster method than the usual
Sephadex G-25 column®>.

The procedure can of course be used for metabolic studies. The catabolism of
ecdvsone essentially results in the formation of more polar compounds, found in the
water phase after partitioning. We obtained evidence (Fig. 1) that. at least in the case
of Pieris. the acidic metabolites were retained on the SEP-PAK, but this need not be
true of all polar metabolites including conjugates. By eluting the SEP-PAK directly
with 60 2/ methanol, all the metabolites are eluted together (Fig. 3) and can be analyzed
by HPLC in the gradient mode (Fig. 8). If the metabolic study is restricted to one
reaction. e.g.. conversion of ecdysone into 20-hydroxyecdysone, the mixture eluted
from the SEP-PAK can be analyzed isocratically on a short C, .-bonded column. with
259 acetonitrile in the mobile phase and on-line radioactivity monitoring. This
allows injections every 10 min and easy automation.

By using an integrator and an automated injector, it would be possible to
quantify ecdysteroids in 30-50 samples per day, even if a short step-gradient to 60 7,
acetonitrile is needed between successive injections. The number of samples analyzed
per day could even be increased by using the recently designed boxcar™ procedure?S,
which would eliminate the need for step-gradient cleaning.

There remains, however, the physical impossibility of preparing samples at this
rate: in our experience, one person can only process 20 samples a day. As a con-
sequence. sample processing is the limiting factor in this method, and more highly
automated sample preparation procedures are being tried, so as to restrict manual
operations to the chloroform-water partition step.

CONCLUSIONS

The procedure described appears cheap, rapid and sensitive enough for most
samples coniaining > 30 ng;g ecdysteroids. This study was restricted to a few species,
but we believe the method counld be extended to other cases.

The same procedure can be applied to metabolic studies, and is used in our
laboratory for routine analysis of ecdysone 20-mono-cxygenase actwlty in various
Pieris tissues during development.

Further experiments are in progress to improve the method’s sensitivity and
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specificity (by the use of fluorescence detection) and rapidity (by the automation of
certain steps).
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