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‘Abstract -

The ecdysteroids present in 3rd, 4th, and 5th instar Schistocerca

gregaria phase gregaria, and Sth instar Schistocerca gregaria, phase

solitaria have been determined by gas chromatography with electron capture
detection of their trimethylsilyl ethers. Both ecdysone aﬁd 20-hydroxy-
ecdysone were detected with 20-hydroxyecdysone forming the major component.
Titres of 20-hydroxyecdysone rose to a maximum of over 1 ﬁg/kmeétduﬁng the Sth
instar., Evidence of faecal excretion of ecdysteroids was sought, and

small quantities of 20—hydroxyecdysone and polar conjugates of it were
detected, Tﬁese were not present in sufficient quantity to explain the
observed fall in ecdysteroid levels in the insect., Both ecdysone and
20~hydroxyecdysone were present in the haemolymph of 5th instar insects

( 96 ng ml-1 and 432 ng ml--1 respectively).

Ecdysteroids in adult female insects were determined from the
fifth-to~adult ecdysis to oviposition., The major ecdysteroids present
were ecdysone and 20-hydroxyecdysone in the form of polar conjugates;
the major component was ecdysone. These compounds were f1rst detected N
a few days before oviposition and rose to 2-3 ugllnsect at ov1pos1tlon.‘
These ecdysteroids could then be detected in the newly laid eggs.

Structural requirements for the detection of ecdysteroids using
the electron capture detector were investigated; The Ir}?TMS etﬁer of .
the model compound 28 33,14&—trihydroxy— g=-cholest~7-en-6-one was fouﬁd
to be approximately ten times more sen81t1ve to electron capturethanthe2ﬂy&dkTMS
14a—hydroxy compound,  More complex ecdysteroids w1th delflc&thnB to
the side chaln did not show this increase in electron capturlng ablllty
upon sxlylatlon of the l4a-hydroxyl group.

Chemical and enzymic procedures for cleaving polar'ecdyeteroid
conJugates were 1nvest1gated. Enzymlc methods 1nv01v1ng the use of _»‘

He11x pomatla dlgestlve Julce were found to cleave ecdysterold conJugates.




No success was seen using chemical methods involving heating in
dioxan or pyridine, or incubating in tetrahydrofuran, or ethyl acetate
containing perchloric acid.

The model'compounds 3B—hydroxy-5d—cholestan—6-one, 3g-hydroxy~-
-Sd-cholest—7—en—6-one, and 38;14u-dihydroxy-5d~cholest—7-en-6-one were
synthesised from cholesterol. The syntheses of 3—dehydroecd§sone and
3—-dehydro-20-hydroxyecdysone were attempted without success. The
solvent partition and gas chroma;ograﬁhic properties 6f the model

compounds were determined,
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"INTRODUCTION

The class Insecta is a subdivision of the phylum Arthropoda,

which includes the Crustacea and Arachnida, creatures possessing a

toughened jointed exoskeleton. Ineects emerge from the egg aa immature
larvae still requiring a great deal of further growth and development
before attaininé adulthood and sexual maturity. The exoekeleton, whilst
ideal for protection and as a support for internal organs, is in many

ways incompatible with this growth and development; being essentially
incapable of growth or modification. In order to overcome the constraints
imposed’upon them by the exoskeleton insects must periodically’shed the
hardened cuticle, and, in the period between this shedding and the
hardening of the new cuticle rapid growth can occur.

The term moulting covers the entire process of shedding the old
cuticle, beginning with the secretion of the new cuticle, followed by
apolysis (the separation of the old cuticle), then by ecdysis orvloss
of the old,cuticle, and culminating in the hardeningroflthe new cutiole
some time later. As suchkthe tern moulting has been criticised for
its lack of definitionl’2 Frequently moult is used synonymously w1th |
ecdy81s, as a consequence the hormones controlling the process have
been called moulting hormones or ecdysteroids,

Two distinct types of development are seen amongst insects. The -
first is regular development of the larva towards the adult w1th each
stage (1nstar) similar in appearance to the last, and the gradual develop-
ment of adult characteristics. This type of development is characteristic

of the Hem1metabola, whlch 1ncludes the more prlmative orders, Orthoptera

_(grasshoppersand locusts) Ho moptera (aphlds), and chtyoptera (cockroacheS)
The moult cycle termlnates in a larval to adult moult.. An alternatlve B
- form of development proceeds via a pupal stage w1th a fundamental

rearrangement of tissues. This occurs in the Holometabola, represented




R = H, Ecdysone (I)

R = OH, 20 Hydroxyecdysone (II)

R = H, 3-Dehydroecdysone HO
(111)

R = OH, 3—Dehydro-20-hydroxy-\ O
~ecdysone (IV) ‘

R = H, 26-Hydroxyecdysone (V)
R = OH, 20,26-Dihydroxyecdysone (VI)

o
R= H, 3-e i-Ecdysone (Vi) HO

R = OH, 3-epi-20-Hydroxy- :
-ecdysone (VIII) "HO**

Figurell'



by the higher insects, Coleoptera (beetles), Lepidoptera (butterflies

and moths), Hymenoptera (bees, wasps and ants) and the Diptera (fliee).

THE ECDYSTEROIDS

That moulting might be under endocrine control was postulated
early in the twentieth century3; and the (by now) classic experiments

of WIGGLESWORTH® on Rhodnius prolixus clearly demonstrated the presence

of chemical substances in the blood, (haemolymph) which acted as hormones
controlling moulting.

The first moulting hormone to be isolated, ecdysone, was obtained
from the extraction of large quantities of the silkworm Egghzg.gggié.
The structure, determined by X-ray diffraction to be 26;36,14d,22R.
25-pentahydroxy-58-cholest=7-en ~6-one (1) was obtained in 1965, some
eleven years after its original isolation6’7. Since that time a number
of further ecdysteroids have been isolated from insects as well as
compounds which appear to be metebolites of them. The structures of
some of these compounds are given below (Fig.1). The origin and functions

of these compounds is discussed later in the text.

BIOSYNTHESIS OF ECDYSONE

The in vitro biosynthesis of ecdysohe ih the prothoracie‘gland
(PTG), or its equ1va1ent, (e.g. the braln-rlng gland complex) has been

demonstrated in a number of specles. These include Calllghora

10 o 11

ggythrocephalas, Bombyx mdrig, Tenebrio molitor " and Manduca sexta .

Other tissues have also been euggested as sites for ecdyetetoid bio= . =

synthesis, namely the oenocyteslz’13 14, 5

and the ovaries
The metabollc pathway by Wthh ecdysone is produced is under
intensive study, and some aspects of it are becomxng clear. A probable :

early intermediate on this pathway may result from the blosyntheSls of

7-dehydroch01esterol (cholest—S 7= dlen-3B*ol X Flg 2), via cholesteral.if‘
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7-Dehydrocholesterol has been shown to be present in quantity in a

number of insects, and its conversion to ecdysteroids has also been

demonstrated16’17.

Figure 2

7-dehydrocholesterol (X)

The conversion of 7-dehydrocholesterol to ecdysteroids has been

demonstrated in the desert locust, Schistocerca gregaria27.

'There'is
however simultaneous conversion of the radiolabelled 7—dehydrdcholésteroll
to cholesterol. The authors suggest’that there is an thilibrium between
these two compounds, and that this is not>a rate-determining stepjin
ecdysone biosynthesis, V

The strategy of challenging insects or tiésues with’pOSSible |
intermediates in order to find out which compounds are invoiQéd in ::
‘ecdysone biosynthesis has had some success, and has giﬁen valuable ihéightit N
into the metabolism of the sterol nucleus and the ordef‘of hydroxylation
of the side chain., However the exact sequence of this ‘biosynthetic
pathway remains uhclear. In Manduca sexta the sterol 28 38, lhu-trihydroxy-'
-5g=-cholest~7~en =-6-one (X) is metabolised as shown in F1gure 3. Interest-

ingly this compound is not metabolised to ecdysterolds in elther arcoghaga o

or Gastr1margus but to a mixture of polar steroids 9.
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'Figure 3

(XI)

In Calliphora stygia 28,38}14u—trihydroxy-5B-chdlest-7-en -6-one

is also metabolised to moulting hormones, however whilst hydroxylation

in Manduca begins at C-25 in Calliphora hydroxylation at C-22 precedes

that at C-20 and C-25'°,

It seems that whilst hydroxylation of these ecdysteroid precursors

takes place in a definite sequence the sequence may vary between species{
It would appear that modification of the steroid nucleus muét occur beforek
hydroxylation of the side chain és_38,25—dihydroxycholestefol and o
38,22-dihydroxycholesterol afeﬂnot metabolised to,égdyéoﬁezo'

Whilst studies on possible precursors give useful information
about the types of compound which may be iﬁvolved in moulting hormqne _(~~
biosynthesis,r the best evidence for a compbundﬁ partiéipation on this
pathway must come from its isolation. The presende of SB;hydrbxyFSa-‘
cholestan-6-one has beén demonstrated in the PTG of 229213;2953 $n§ 

21.i In this‘case‘itjié‘difficult,*

has been suggested as an intermediate
to reconcile the involvement of both this and 7—dehydrqchqlestefolrin
the same biosynthetic pathway. This sugges;s that the gériy stéps in,.t

ecdysone biosynthesis may also vary from species to species,
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A much more complete biosynthetic route to ecdysone has been
deduced from sterols present in ovaries and eggs of the migratory locust

Locusta migratoriazz, shown in Figure 4.

It is still not clear if either 7-dehydrocholesterol or 36—hydroxy~:
-5a-cholest-6-one are intermediates in this sequence.  One of thé compounds,

the ketodiol, 36,14ardihydroxy—5&~cholest-7*en-6—one has been\shown to be

converted to ecdysonme in Calliphora styglg?B. The authoré consideréd
the next hydroxylation to be at C-2 whereas in the scheme for Locusta :
(Figure 4) this occurs at Cc-25. The picture is further compllcated by
evidence that in some insects the 1ntroduct10n of the 14a-hydroxy1 group .-
may precede that of the 7-ene~-6-one function. va1dence for the early
introduction of the C~14 hydroxyl arises from the observation that
incubation of compounds already containing the ene-one gtoﬁp leads to

the productionkof l4a~deoxyecdysone in Manduca sextaza. It would appear :

therefore that there may be great variations in the biosynthetic pathway
between species, not only 1n the hydroxylatlon of the 31de chaln but also,V

the formation of the ecdysteroxd nucleus. o

STRUCTURE AND ACTIVITY

The final step in ecdysone blosynthe31s in Locusta ovarlee, the J”n"' 5
C-2 hydroxylatlonzz is 1nterest1ng because it is the 1nteraction of this 1<

hydroxyl group and the Cl9—methy1 group whlch is respons1b1e for the 5a

to 58 1somerlsat10n-25,i ' This results in cis—fu31on of the A and S

B rings, Thls c18’fu810n is an essent1a1 requ1rement for high blological ;?b: 
activity;t | B e , ‘ ' | k : Lo

Other 1mportant structural requlrements for blological activ1ty
are a 7—ene-6—one system, and a side chaln w1th an R conflguratlon at
Cc-22 bearxng an hydroxyl groupzs; For hlgh act1v1ty an hydroxyl at
-3 is needed however, 3-dehydroecdyster01dsfst111~retaln gqmer”«

b1010g1ca1 act1v1ty. :




Figure & -

BIOSYNTHESIS OF ECDYSONE IN LOCUSTA MIGRATORIA

' Cholesterol ... 2p-Hydroxy-5o-cholest-~7-en —6-one 28,14a~,Dihydroxy-5a-cholest-7-en—6-one

o 28,14a, ZSTfihydféxi?Sd;tholeyst‘—"-7~ en -'j6-on‘e“ G 2-Deoxyecdysone , : - Ecdysone(1)

.Lv




Whilst PTG's are able to synthesise ecdysone, in general they‘
appear unable to further hydroxylate ecdysone to 20-hydroxyecdysone.
This, because of its greater biological activity compared to ecdysone
is regarded as the major moulting hormone in insects.‘ The transformation
of ecdysone to 20-hydroxyecdysone is believed to occur in a wide variety

of other tissues, including malpighian tubules and fat body.

HYDROXYLATION OF ECDYSONE

Hydroxylation of ecdysone to 20-hydroxyecdysone appears to be performed bya

mitochondrial or microsomal system involving cytochrome P450, NADPH, and

oxygenJa’zb.

It is becoming clear that the capacity of the C-20 hydroxylating
‘ .
system (as measured by the rate of conversion of injected ecdysone) varies
during development, being maximal at periods of high moulting hormone
titrezs. This has led to the suggestion that the C-20 monooxygenase

is induced by the rising hormone titre.

MODE OF ACTION OF MOULTING HORMONES

As early as 1960 an effect of ecdysone on,chromosome{puffing of

giant chromosomes in Chironomus tentans was observed within 15-30 minutes

of exposure to low doses of horﬁone (2 x 10-'6 pg)29 “ The hypothesis was
developed that ecdysteroids functioned at a transcr1pt10nal level |
activating specific genes, followed by mRNA productlon and synthems
of proteins requ1red for moulting (e. g. DOPA decarboxylase CB Recently
a general stimulation of RNA synthesis has been shown?l. Effects‘On
translation of preformed mRNA's have also been claimed32. In addition,
effects on DNA blosynthe31s have been observed i
A number of authors conslder ecdysone to beve prohormone beeauee :
of the greater b1olog1cal act1v1ty of 20—hydroxyecdysone 1n systems |

34-37 :
incapable of C-20 hydroxylatlon 37. In appears however that ecdysone o
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has biological activity in its own right, and a hormonal function for
ecdysone in the moulting process should not be dismissed, as it may be

. . ) s me 3 8—0
that the prohormone concept is an overslmpllflcatlon3 4 .

INACTIVATION AND EXCRETION OF THE ECDYSTEROIDS

It has been observed that moultlng hormone tltres can rlse to very
high levels before falllng preclpltously back to low levels, all in the
space of a few hours. This poses the questlon, how 1is thls rapid rise
and fall brought about? Is the rise due entirely to de novo synthes1s,
or to the release of ecdysone synthesised in the early part of the instar
and stored in an insctive:form? Support for the concept of storage in
an inactive form comes from studies on CalliEhora8 whereyinactive |
moulting hormone conjugates were detected inrstudies on ecdysone'biOf
synthesis from cholesterol., Recently conjugated moulting’hormones have
been detected in lsrge quantities in newly laid eggs of S. gregariaél,
"22322513952%2, and L. migratoria43. ‘These may also represent a pool
of inactive hormone for use by the developing embryo. _

It has been suggested that ecdyster01d conJugates may be 1nvolved |
in the transport of ecdysones through the 1nsect haemolymphs.v Aga1nst
thls haemolymph protelns have been detected w1th h1gh afflnity for
20-hydroxyecdysone44 but none for congugates. : In addrtzon the proportions
of conJugated ecdyster01d compound to free hormones found crrculatlng in
the haemolymph have been shown to be very low (< 1oz) ‘ |

There would appear to be a number of posslble routes for elimlnation
of ecdyster01ds(rev1ew ), what is not in doubt 1s that insects do possess‘v
a rapld and efflclent method of reduclng moultlng hormone levels.;[ Indeed ‘
the half life of injected moultlng hormones in Calllphora erythrocephala

is 3 hours47 and in- Sarcophaga peregrlna, 1 hour48. Endogenous moulting

hormone levels have also been observed to fall rapldly in. a number of

species 1nclud1ng locusts, (e.g. L. migratoria 49, gregaria ).
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Possibilities for the inactivation and excretion of the ecdy-
steroids include conjugationﬁg, excretion unchangedSl, further
hydroxylationsz, side chain c1eavage53, chahges in the conformation
of the C-3 hydroxy154, the formation of 3-dehydro compounds?sor some -
combination of these.

Quantities of unconjugated ecdysteroids were detected in the faeces
of a number of insect851, and more recently ecdysteroids and their

» 2 ]
metabolites have been observed in faecal extractség’6 . Conjugated

moulting hormones were first detected in larvae and tissues of Calliphora

erythrocephala incubated with radiolabelled 25 deoxyecdysone, and

56. In similar experiments on this and other

identified as glucosides
insects a variety of inactive conjugates including sulphate857, mixtures
of sulphatessg, sﬁlphates and glueuronidessg, and sulphates and phoephates60
have been found. The occurrence of polar ecdysteroid conjugates in faeces
coupled with their low level of biological activity suggests a function in
1nact1vat10n and excretlon.‘ | | |

3- dehydroecdysone and 3-dehydro-ZO-hydroxyecdysone, (III 1v, Flg n,
first reported in studles on Callighora55’61, have been observed in seve;al
studies on the fate of exogenous radiolabelled horﬁone.’. Iﬁdeed in 5 aey :
old 5th instar E,;migreteria 45% of the recovered radiolabelled hormone
was identified as 3-dehydroecdysone62. However_at the time eflthe.!
endogenous hormone maximum (and thereafter)‘3fdeﬁydf0eedysone‘producﬁion o
represented a very minor pathway, suggesting its formatieﬁ was‘dependent
upon the stage of develbpment. Large quaneities of_radiolabéi
including 3-dehydroecdysone were reeovered from the‘faeees offthese
insects, Indeed from experiments of this type ecdysone, 20'hydroxy-
ecdysone, 3—dehydroecdysone, 3—dehydro-20—hydroxyecdysone and conjugates &

of all four compounds have been extracted from inaects and faeces.

3-Dehydro compounds still retain a moderate amount of biological acti?ity
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(3-dehydro-20-hydroxyecdysone retains 25-3OZ63 of the activity of
20-hydroxyecdysone) and whilst they méy be involved in inactivation
a hormonal function for 3-dehydroecdysteroids cannot be excluded.

The compound 3-epi-20-hydroxyecdysone, isolated from the meconium

: 54 . 64
of Manduca sexta , and more recently from pupae of Sarcophaga peregrina

may be formed via 3-dehydro-20-hydroxyecdysone, and may represent a further
step in its inactivation (Fig.5). The biological activity of 3-epi-20-

-hydroxyecdysone (VII) : ig 10 to 157 of that of ecdysonésa.

Figgre 5

(1) (Irny . (VID)
Hydroxylation at C-26 has also been put forward aé an inactivation‘

process. Such compounds have been shown to occur in eggs66 and pupae of

5 2 | '3
Manduca sexta , and as a metabolite of radiolabelled ecdysone in

Calliphora erythrocephalaés (Fig.6). ﬁThese,C—26—hydr6xyec&ysteroidé}have 107

of the biological activity of the pmemr;ompbund

Figure 6

w
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In plants, enzymes capable of cleaving the side chain at C-20-22
and C~17-20 have been found53 and evidence of similar éhzymes in ihsecﬁsb
has been sought, The compound ponasterone A(ZB 38 14a 20 22-penta
hydroxycholest-7~en -6-one) (XII) was metabollsed to poststerone (27) (XIII)
in EEELZ_.m°r1’ with concurrent productlon of 20-hydroxyecdysone and
1nokosterone53 (F1g.7). Slde chain scission has been‘lnferred from
the production of 4—hydroxy-é—methjlpentonoickacid from 20—hydrbxyecdysone

in Calliphora s;ygia67. However this pathway accounted for only 0.3% of

the exogenous hormone.
From this it is clear that which (if any)fofythe'sévéral\patﬁwaYS
postulated for ecdysteroid elimination is of major importance is still

unclear.

(XIII) ’ ,41,‘
REPRODUCTIVE FUNCTIONS OF MDULTING HORMONES | S

One of the most exc1t1ng developments 1n recent years has been s

the 1dent1f1cat10n of a number of reproductlve functlons performed by

moulting hormones. These were flrst indlcated 20 years ago 1n reaearch
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on adult female Bombyx mori, which appeared to contain quantities of an
68 .
ecdysone like compound . More recently ecdysteroids have been found

in ovaries, eggs, or adult females of several species of insects

69,'Bellicositermes bellicosus70, Bombyx

66,
» Aedes gggypti72, and Manduca sexta ’73.

including Leucophaea maderae

mori42, Sarcophaga b(xllata71

Some of the functions of these moulting hormones are becoming clear and

are considered below.

" VITELLOGENESIS

A requirement for ecdysteroid in the production of vitellogenin

has been shown for Sarcophaga bullata74; Periplaneta americana75 and

Aedes aegypti72 76. - The injection of > 50 ng of 20-hydroxyecdysone .

induced male Sarcophaga bullata to synthesise' vitellogenin, which does

not occur in male insects under normal circumstances, The authors suggest
that vitellogenin production is caused by the derepression of the .
vittellogenin gene. . The constant presence of 20-hydroxyecdysone seems

to be necessary for vitellogenin synthesis in Aedes aegypti, its removal

from in vitro cultures of fat body causing an immediate fall in . . -

" Vitellogenin biosynthesis76. There seems to be a programmed respense
to 20—hydroxyecdysone by the fat body as v1tellogen1n syntheals tails

off after 30 hours, whether or not moulting hormonee are present (both

in vivo and in vitro). The source of the ecdysteroxds in Aedes aegyptl

has been claimed to be the ovaries which produce ecdysone whlch is

15 '
hydroxylated elsewhere . 20-hydroxyecdysone 1evels reach a maxlmum

in female Aedes aegypti 16 hours after a blood me31VWhilst' Viteliogeneeis

peaks 16 hours later.

DOPAFDECARBOXYLASE PRODUCTTION .

The enzyme DOPA decerboxylase'has been induced in female Aedes

following an injection of 20-hydroxyecdysone77. This enzyme is

involved in oocyte development. The ev1dence from these experlments v



14,

suggests that translational control of preformed mRNA's was involved.

This enzyme is also involved in moulting inCalliphora erythrocephala where =

. C o, . 30
control of its synthesis appears to be via transcription . -

OVARIAN DEVELOPMENT

y

Ecdyster01ds ‘have been 1mp11cated 1n the ovarian cycle of Folsomla
'candida78 durlng late egg maturatlon and oocyte growth. Con31derab1e ,
quantltles of ecdysone are synthe31ed by folllcle cells of female '

14 -
Locusta m1grator1a towards the end of ovarlan maturatlon ’ The‘

hormone also accumulates in the oocyte where it is transformed into

1nact1ve conjugates. These compounds are found in»the eggs for several
days after laying, the ratio of free to conjugated ecdysone decreasing
progressively. A function ln vittellogenesis‘is not thought likely as

this is largely complete before moulting hormones appear.;ﬂbThebfactpthet
these moulting hormones are rapidly converted to inactive polor conjugateshp
in the egg is felt by the authors to indicate that they are not used 1n ‘
embryonlc development, and thelr functlon remalns unclear. 20~hydroxy~ o
ecdysone was not detected in any quantlty in these 1nsects and it Would |
appear that the ovary, llke the PTG does not have the ab111ty to further gfh‘ldd

hydroxylate ecdysone.

'MOULTING HORMONES IN EGGS AND EMBRYONIC DEVBLOPMENT

The eggs of ggm_z_.morr have been found to contaln conslderable ti'?
amounts of ecdyster01ds in dlapaus1ng eggs thrs is mainly found as »
‘conJugated ecdysone42 whereas in developlng eggs free ecdysone is k
present79 Thls suggests that these conjugates are used as storagehrx‘
compounds unt11 requlred in the form of free hormone by the developlng

embryo. 20~hydroxyecdysone was not found suggestlng that the C-20

monoxygenase may be absent from embryos of Bombxf

Ecdysone is however not the lole moultlng hormone to have been jfh77{7r°w

glsolated from insect eggs. The maln ecdysterold lsolated from 24 44
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and 48-68 hour old developing eggs of Manduca sexta was found to be

26-hydroxyecdysone66’73.

Smaller quantities of ecdysone, 20-hydroxy-
ecdysone, 20,26-diﬁydroxyecdysone along with small quantities of polar
conjugates were also present., From this it would‘appear that whilst
it is present, the C-20 hydroxylating system is of low activity.

1 Day old developing eggs of Oncopeltus fasciatus were found to

contain only low levels of ecdysteroids, However after 4 days they were

found to contain high levels of the C-28 ecdysteroid Makisterone ABO

(28,38,140,20,22,25-hexahydroxy-24-methyl-58-cholest~7=en ~6-one (Fig.8)).

Figure 8

OH

26-hydroxyecdysone (V) " Makisterone A (IX)

This increase in the titre of Makisterone A is'given as evidence of
embryonic biosynthesis, It is also notable that in this case c-20
hydroxylation does occur,

The presence of ecdysteroids in ovaries and eggs of a large;‘
number of insects is well éstablished, even if theif function is not.
It may be that they serve to activate embryonic genes in a generél way,
or they may serve to iniﬁiate tﬁe embryonic moult (6r Both). Th§£ thgy L

may serve to initiate the embryonic moult is supported by work on

Melanoplus‘differentialisSI. A puzzling feature is the apparent lack

of a C-20 hydroxylating system in many eggs and ovaries. This results




in a complete reversal of the situation seen in postembryonic
development, where 20-hydroxyecdysone is seen to be the predominant

ecdysteroid.

THE RELEVANCE OF MOULTING HORMONE RESEARCH TO PEST CONTROL .

" The use of moulting hormones as pesticides is impractical for a
numBer of reasons. Firstly as steroids they would be prohibitively;
expensive to synthesise on the large scale which would be required.
Secondly the ability of moulting hormones to penetrate the insect
cuticle is poor so that spraying may be impractical, and, thirdly, when
fed to insects moulting hormones are not easily absorbed through the
gut82. However the moulting hormone system is of such fundamental

importance to insect (and crustacean) development that compounds which

could interfere with it should be actively sought. - Indeed some compounds

have been found which interfere with moulting such as Dimilin83

appear to interfere with chitin‘production84, rather than moulting hormone

85

levels™~, Moulting hormone inhibitors remain in the future. Recent work

in this laboratory has resulted in the developmentyof an analytical
technique for‘the_detefmination of the ecdysteroid present in the desert
locustsg. The objeét of the research repofted in thiskthesis_wés to:‘
use this technique to investigate the levels of moulting hormones and

their metabolites during the last 3 larval instars, and from the larval-

adult ecdysis to the point at which eggs were laid in the‘adult;fémélé;‘

,» but these

16.
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DISCUSSION

‘Analysis of the Ecdyster01ds and thelr Metabolites in the’ Desert Locust

Sch1stocerca gregarla

"Analytical Methods:

Much‘effort’hes gone into developing methodsrfor determining
ecdysteroids at the low levels found in insects and crostacea (1-3000 ng-
per individual), and at the start of this reseerch a number of methods
existed for accomplishing this. Bioassay techniqoes‘dependedi'on‘the

observation of apolysis,86 puparlum formatlon87 88 or the breaking of

diapausesg. However'sUch,technlques are of limited sensitiVity (10-7g 90),~~“
and lack specificity in that the same effecte,may occur with a wide range
of ecdysteroids and other substances”©, Radioimmunoassay is both

sensitive (10 11 90

) and rapid, but may lack spec1f1c1ty due to the‘k
cross reaction of the antibody’with a number of molecules of similar
structure, Gas chromatographlc methods when coupled to a sultable i
detector have the advantage of sen51t1v1ty (10 11 91) and spec1ficity . re - “g
in that they allow the separatlon and quantlflcation of structurally

~similar ecdyster01ds present in the same sample, = Derlvatlsatlon of the‘lrr‘lf
hormones is requlred to stab1113e the ecdyster01ds to gas chromatography,

and lack of proper control at thlB stage may 1ead to errors and art1facts.f k

Thin layer chromatography, sensitive down to the mlcrogram 1eve1
(10 ) u31ng ultravxolet light to detect ecdyster01ds was known,
and th1s method has also had applicatlons in detectlng the products of k§ff~

the metabollsm of radlolabelled hormones65.’;_nghlperformaoce;11qu1d;

chromatographlc methods of good‘resolutlon and seﬁsitive doﬁncto;the_;icr“

nanogram level (10_9g) wete uhder‘developmentgz,
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Analysis of Ecdysteroids Present in The Desert Locust

In this study gas chromatography with the detection of the silylated
hormones using an electron capture detector (ECD) was chosen because of its
sensitivity, selectivity, and immediate availability. The method used was
based on that of Morgan and Poole50 and involves three solvent partition
systems to remove most of the unwanted insect material, followed by

silylation, thin layer chromatography (TLC) and gas chromatography (Fig. 9).

Solvent Partition Systems

1. Methanol Water : Light Petroleum

The solid residue obtained by the evaporation of the methanolic
filtrate from the preliminary extraction of the biological material is
first partitioned between aqueous methanol and light petroleum (b.p. 40~60).
Lipids and non polar sterols, including ecdysteroid precursors such as
cholesterol, 7-dehydrocholesterol, BB-hydroxy-Sa-cholestén—6fone,»énd—
3B~hydroxy-5a~cholest-7~€en -6-one are partitioned into the light petroleum
phase. More polar substances including the ecdysteroids and their polar
conjugates are partitioned into the aquoous methanol, To ensure the
maximum recovery of ecdysteroids the number of backworkiogé of théllight
petroleum phase was increased from one in the Morgan and Poole methddso

to two, and the proportions of the two phases were also altered.

2. ‘Butanol : Water

In the second partition ecdysteroids and compouhds of similar
polarity partition into the butanol phase of the butanol-water system,
An examination of the aqueous phase using enzymes derived from the

digestive juice of the snail Helix pomatia showed that polar ecdyster01d

conjugates are partltloned into this phase., Indeed a11 the polar ecdy-
steroid conjugates observed in this study whether derlved from faeces,
eggs, or adult females were partltloned excluslvely into this phase, ,>‘
This separation prov1ded a convenlent method for the determlnation of both

free and conjugated ecdysteroids present in the same sample.
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‘Extraction and Analysis of Ecdysteroids From Biological Material

Fig. 9

Methanolic Homogenate

; Ligﬁt petroleum ) J * Methanol-water (l:4)
cpo 40"'60 : : )
Discarded
Butanol - ~ Water
EthylyAcetate . > Water

Discarded

"’Silylationv,:li‘

e

e

E '.'Enz‘y'm’i,cv'ﬂyyd‘rolysis' e
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3. ‘Water : Ethyl Acetate

As a further purification a partition between water and ethyl
acetate gave ecdysteroids and compounds of similar polarity in the:aquebus‘
pnase.' Tne solid residue obtained on‘evaporation of the aqueous phase
was transferred to a Reacti-vial as a»metnanolic solution.f;.Examination
of the ethyl acetate pnase snowed’tnat,neither ecdysteroids or their |

conjugates were present in detectable amounts.

"Formation‘Of'Silyl‘Etﬁers‘Of'Ecdysteroids

Because of their high molecular weight, polarity, and instability |
at nigh temperatures the ecdysteroids cannot be gas chromstographeddi' S
readily. To render the ecdysteroids more stable, reduce their polarlty,
and to increase their volat111ty it was necessary to convert some or all
of the hydroxyl groups to tr1methy1311y1 ethers (TMS’ethers). : Thrs was
accomplished by heating the ecdysteroids as a solution in pyridine with.
an excess of trimethylsilylimidazole (TMSI). There is evidence that
pyridine is not 81mp1y a solvent but also catalyses the react:.on92

Silylation of the various hydroxyl groups occurred at dlfferent rates,

dependlng upon thelr sterlc env1ronments. The order of derrvatlsatlon '

has been 1nferred from work Wlth model compounds and is g1ven below92} c,L L

ze 38, 22R,25>20>>|4°‘ ,

The dlfflculty of. Sllylatlng th814a-hydroxy1 group (up to 24 hours T

at 140°) makes it expedlent to analyse the partlally 811y1ated ster01d ,47; o

(tetrakls ether for ecdysone,pentakls ether for 20“hydroxyecdysone)
which are formed more rapldly and under milder condltlons (55 6 hours

at 100° ). The presence of a 1arge amount of morsture in samples causes :
hydrolys1s of TMSI, and may 1nterfere with the formation of 311ylated >;  
ecdyster01ds, to prevent th1s, samples from b1010g1ca1 materlal were ¢

dried under vacuum before 511y1ation. _The presence of sodiumﬁor‘ ftf;ftj“vf%
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potassium acetate can lead to the generation of artifacts (discussed
in detail later), as can the use of dirty Reacti-vials, or Reacti-vials
contaminated with detergent or chromic acid.
Having formed the trimethylsilyl ethers it was necessary to purify

the reaction mixture to some extent by removing excess silylating reagent,

imidazole, and any polar biological material..

Thin Layer Chromatography of Silyl Ethers of The Ecdyster01ds

‘The TLC clean-up could be omltted when pure ecdysteroids were
811y1ated providing that they were diluted before injection to protect
the detector from contamination (N 100_t1mes d11ut10n).~: However, when
biological samples were to be determined the TLCiprocednre was essential
to remove impurities which would otherwise effectively mask the‘response'
due to the.ecdysteroids. TLC was performed‘on eilice rn_a soivent
system of toluene and ethyl acetate‘(7n:&3).“ The Rf veiues of sonek

ecdysteroid silyl ethers are given in Tahlek9 p97

"Recovery‘of'Ecdysteroid TMS Ethers After TLC ’ ‘
' Recovery of TMShethers ofdecdysteroids after TLC wes effected by Eii
elution'from the silica with diethyi'ether.i 'Recoveries:of tetrahis‘TMS
ecdysone and pentakls TMS 20~hydroxyecdysone were found to be quantltatlve‘
over the range 10 4 to 10 -9 g, 1osses became 1mportant when 1ess than 2 ng:“r
were loaded on to the plate (m 607 recovery) - The most reliable method
for determlnlng percentage recovery was found to be as follows.\ ‘The ef:h_;‘
sample was d1v1ded into,two portlons, one portron was used for TLC,Fthe
other kept as a standard. After recovery from TLC both sample and
; standard were made up to the same volume, and thelr peak areas compared
on gas chromatography.k A 1ower value for the recovered sample compared
to the standard vas taken as ev1dence of losses on TLc,ybff?;' ‘h"
Recoverles of hormone from the extractlon and 811ylating procednres;dhr

when determlned for adult males splked w1th hormone varied from 95%




Response .

Hydrolysis of TMS Ether of 20~Hydroxyecdysone on

Thin Layer Chromatography

Fig. 10

YT Minutes ...
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a = Penta TMS“ZO-HYdrdiyecﬁyédné:EéféfévTLC' ‘ 5;é*“”'“ E

| . = Penta TMS-20-Hydroxyecdysome after TLC . .
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(10-4 g hormone) to 85% (1o-g g hormone). The excellent recoveries

from the TLC step suggests that most of these losses occurred in the

extraction and partition steps.

Hydrolysis of TMS Ethers of the Ecdysteroids'On‘TLC

At an early sﬁage in this study problems of hydrolysis of the
ecdysteroid T™S etﬁers were encountered, These problems were found to
be associated with the TLC step. Experiments with silylated hormone
showed that hydrolysis was not a continuous process but only took plaée
when the silylated ecdysteroid was in contact with dry silica. An
example of this effect is given in Fig.l0, where a sample of péntakis
20~hydroxyecdysone ﬁas been gas chromatographed before and after TLC.
When samples were not allowed to dry out on the silica, hydrolysis was
reduced to tﬁree or four percent, This problem seemé to have been
confined to.just one batch of silica, and has not been observed in later

batches.

Gas ‘Chromatography

The ether waslevaporated from tﬁe solution of TMS ethers obt#ined
after their elution from the silica and replaced by a measured volume 6f :
toluene.’ Samples, in toluene were then subjécted to gas chromatography.
The identity df aﬁy ecdysteroi&s-present in thése exfracts was dete?ﬁined’:
by comparison of their retention times with those of pure standards;r An
additional test of the identity of the ecdystefoid(s)‘preéeﬁt iﬁ.the |
sample can be obtained by silylatingyfurtbei to the completgly_dérivatigéd .
form. The new retention time can then be compared with tbét of fully
silylated sténdards. The retention times of ecdyste:oids and related
compounds are given in Table 1. A trace showing the4relati§e gas‘
cﬁromaﬁograpﬁic retention times of a number of écdystéroids:is'shown

in Fig.11.
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Gas Chromatographic Properties of TMS Ethers of Ecdysteroids

Fig., 11

‘a = Poststerone

‘b = Ecdysone

= 3—dehydro—ecdy§oné_’

d ¥'20-hjdroxyecdysone‘ |

b o e =’3fdehydro—20-hydroxyegdysone
‘ £ = 20-hy&roxYe¢dys§ne

d g = Inokosterone |

“ h = cyasterone

response

Conditions 280°, 5 ft 12 ovi 01 on CQ Column, gas flow rate i

50 ml mln 1, ECD




" Table 1 E
"Gés'Chrdmétograﬁﬁié‘Properties-of:Ecdysteroid'TMS’Ethers ?
Ecdysteroid ‘ : | No. of TMS Retentiéﬁ time  Columm :
........ ... ... ......... . Groups .. .. ... .. (min). . .  temperature :
Ecdysone 4 - 1.85 - © 280 i
5 1.65 280
20-Hydroxyecdysone - 4 2.25 . -~ 280
,/ 5 2,45 280
6 19 280
Inokosterone 4 2;55 280
5 2,85 280
6 : 2.2 280
2~-Deoxy-20-hydroxyecdysone 4 : ~3.9 : ' '286 3
5 2.4 o 280 é
Poststerone Lo , , 2. 0.6 (1.3) -~ 280 (260)
s o9 20
Cyasterone : e ' S S 280
3—Dehydfoecdysone . : 3 - 2,15  ‘280‘ e ;
3-Dehydro-20-hydroxyecdysone 4 | 2.70 '280 \ |

ey ATt § S S H

e et
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Detection of TMS Ethers of the Ecdysteroids

In this study the TMS ethers of the ecdysteroids were detected
using either the flame ionisation detector (FID) or the electron | : |

capture detector (ECD). When samples derived from biological material,

containing low levels of ecdysteroids were determined the electron

capture detector was used exclusively.  The ECD, unlike the FID, is
63

a non-destructive detector using a Ni - foil as a source of ionising
radiation (B particles), to charge otherwise neutral molecules. In :
general the ECD is an insensitive detector to organic mdlecules,
however where these are able to "capture" electrons the ECD‘is ' el é
extremely sensitive and can detect down 1:0’10'"15 g of‘cerfaiﬁ4¢§mpouhdsg3. | |
Simply because it is non-destructive, relativeiy inyolatile coﬁpounds

may condense onto the source and electrode. Over a period bf timé‘this"
bu11d up of material may cause loss of sen91t1v1ty, and in extreme éaées ,
complete loss of response can occur, Consequently the response of the
detector must be determined frequently, and fresh standard curyes for tbe,;f 
ecdysteriods must be pfepared regulariy.‘ if c&nﬁéminatiéﬁ should Béc¢@§ ‘]
excessive the detector must be éleanéd.  The appearancé Affhnegative:f‘

peaks" as shown in Fig. 12, is indiéativé of detéctor‘contamihationgfk>v"/

Structural Requirements for Electron Capture by the Ecdysteroids"‘
~In general steroids do not capture electrons and their

determination using the ECD normally requ1res the Lntroductlon of an ﬁ

electron capturlng substituent (e. g; the formatlon of a halomethylsllyl .  7"' 

ether) Ikekawa et’ al have described the formation of mixed

trlmethyls1loxyheptaf1uorobutyry1 der1vat1ves of the ecdyster01ds whlch V,
do indeed capture electronsgA. However workers in thia laboratory91 92
and elSewheregs have shown that the ecdyster01ds themselves w111 captﬁre
electrons strongly without the need to form halogenated derivatlves.;  g'1‘E’

Work on model ¢ompounds91 has shown that the electrcphcre 1nvolves the:‘ ‘
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"Negative" Peaks Due to Contamination of ‘the Electron Capture Detector . |

Fig. 12.

Response

Fr— ‘ T -‘ 4 y v > Minut es - )

Indicates_positionkof "negative" peak -
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7-en—6—one-14d-hydroxy1.function, with additional contributions from
substituents on the A ring.  Sterols with the 6 keto or 7-en-6-one .

groups but no substituents on the A ring do hqt captﬁfe electrons
appreciably, the introduction of the14d¥ﬁydroxyl greatiy enhancés eleétronl
capturing ability. In the course of this study the sterols BB-hydroxy-
5a—vholestan—6»one and BB—hydroxy-Sa-cholest-7*en~6—one have been synthe31sed and |
their ability to capture electrons tested. As found by Poolegz, the *
simple keto compound does not capture eléctronsvwéll; However the
introduétion of the C~7 dbuble bond to give the 7—eﬂi-6-one'increéses
electron capturing ability from v 6 x 10-8 g/ﬁl tdv& 6'x 10_10 g/ul.
It ig clear that both tﬁe 14& and3Bihydrox§1 groupsrﬁre impottant:iﬁ
conferring electron capturing properties in these model‘compoundé; Which e '5
of these groups is the most important source of elécfron'capturing |

propertles in the ecdysteroids is still not clear. A table of the electron‘\_; ;

capturlng sensitivities of a number of model compounds is glven below o

(Table 2). ;
" 'Table 2 R | i
- Compound (’ " >, o  7: e ieést deteétébie aﬁodﬁév
Cholesterol - | . - ‘ S e ; 15’653*,;k
Sa-cholestén46~¢ne , ) G S ’f ,¥'  ;;,  rio-a‘g*u:v‘b
5a-cholest47—en;6-one?lf 1 A‘,‘_ Sl ; , ~V‘,f,1O'§ *

BB-trimethylsiloxyfsa-cholestan~6~¢ne o
3B°trimethylsiloxy-Sa-cholest~7-en-640nel'f

5a-acetoky—chblest-7—en~6—bﬁe,f

l4a-hydroxy-Sa-cholest-7-en~6-one .
l4o-trimethylsiloxy-5a-cholest-7-en-6-one
28,38,14d-triméthylsiloxy45¢fchclesté7-en~5;5ﬁé;;;i[‘

* L ‘
From Poolegz.
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The Effect of Formation of the 14a~TMS Ethers on Electron Capture

Properties of the Ecdysteroids

Ecdysteroids with the 14d group present‘as the TMS ether have been- :
reported to be approx1mate1y an order of magnltude more sensitive to
electron capture detection than the correspondlng 14a-hydroxy compounds 90 92
This 31gn1f1cant 1ncrease in sen31t1v1ty mlght become 1mportant where'
very low levels of ecdysteroids are to be determined. To test thisr
observation mixtures of a number of partiallyﬂand fully silylated
ecdysteroids were prepared. The relatlve proportions of 14a*TMS ether
and 14a-hydroxy compounds were determlned using the FID follow1ng whlch u
the ECD responses of the mixtures were determlned.‘ If the 14a-TMS ethers
vere an order of magnitude more sensitive to electron capture the relative,
peak heights on FID and ECb should be different. In the case of then/;
modellcompoundIZB 38, 14o¥trihydroxy—58-cholest-7-en.woeone this ia‘indeed
the case, the14aJmMS ether of thls compound being 31gn1f1cant1y more |

sensitive than the 14a—hydroxy compound However 1n the case of more

complex ecdysteroids where some modification has been made;to the s;de“ ”;l:;fT
chain the situation is quite different,  The results ofethe~determinations,}nnj |

are summarised'below (Table 3). It can be seen that for ZO-hydroxyécdysone5,7-

and 2-deoxy—20*hydroxyecdysone the sensitivities of the partially and fully

811y1ated compounds arevery close. However ecdysone, inokosterone and : -

poststerone are approxxmately flfty to sixty percent 1ess sensitlve to ]

electron capture when present in the fully sllylated forma. i "[‘racx‘e‘s""i &

show1ng the FID and ECD responses of partlally and fully sllylated

~ecdysone, 20-hydroxyecdysone, and 28 38, 14a-tr1hydroxy~5B*cholest-7-en~"L*::

~6~one are shown in Fig. 13- N It is clear 1n the case of ecdysteroxds

 with some modlflcatlon to the side chain that there is no enhancement

of the electron capturlng propertles of the fully 811y1ated compounds. ;,,‘ S




Table 3

Relative Sensitivities of Silyl Ethers to ECD

| Compound e FID ECD
i PR SRRt ' ' " : . lda TMS o« , léo TMS
i l4a OH  1l4a TMS T4a OH l4a OH 1l4a TMS  Tha OH |
: | | % |
Ecdysone © ] 1.85 2.7 1.46 | 1.3 | 0.57 0.44
| 20-Hydroxyecdysome | 1.26 | 1.5 “1.2 1 1.80 | 1.96 1.08
i 2—Deoky-ZO*hydrquecdysone,,' 1. 2.01 2,93 1.39 0.5 0.76 1.52
Inokosterone | 0.88 | 1.92 2.2 | 0.95 | 1.02 | 1.1
Poststerone | 1.29 1.5 1.2 | 0.96 0.35 | . 0.35
 28,38,140-Trihydroxy-5a~ | 1.44 | 1.47 1.02 | 0.15 1.87 12.4
. =cholest~7= en~b—-one ‘ ' « e e . o !
S cholescor= ne. . |
- ...Peak area in ecm” derived from GC traces (see Fig.13) -

‘0t
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Given the difficulty of preparing the completely silylated compounds,
and their similar electron capturing properties to the partially |
silylated compounds there would seem to be no advantages to using them o é

in analysis except as a check on identity.

Limits'of'DeteCtion;of'the'EcdySteroids

Pure ecdysteroids were detectable down to 10_1¥ g/ul using the

electron capture detector., Biological samples contain a .much greater o
level of impurities than pure standards which reduces the sensitivity

of the method by both 1ncrea31ng the 51ze of the solvent front and by

increasing the "noise' on the traces. In practice this means that the

limit of sens1t1v1ty of this method w1th b1ologlcal mater1a1 1s 10 ;0 glul, ;

" 'Ecdysteroid Conjugates o R ) Tf3" IR R R

Derivatives of steroids have been detected in plants, mammals

and inseots and may be either non—polar, such‘es the fatty‘aeid estere i
of cholesterol, or h1gh1y polar water—soluble esun% of phosphcncorsulphurlc e
acidy or ethers of glucose or glucuronlc ac1d. 7 These compounds are known‘i’
under  the general tltle of sterold conJugates. : Conjugates have been 1H :
recognlsed for over 50 years as a major route for the excretlon of |

mammalian steroids. ,As a consequence of,the1r~clinlcal»lmportanceharﬁj;ri,

number of methods for thefhydrolysiskofrsteroid conjugates haVe]b?en o
developed, varying in the‘harshnees of‘the conditiooe'eﬁPIOYed to liberate |
the steroid. | More recently conJugates of the ecdyster01ds have been rHr
detected56‘60, and successful hydrolys1s to llberate free ecdysterolds

hes been achreved_w1rh enzymes. However enzymlc methods heve the
Limitation that the enzynes used may be specific for certain types of
eonjugate and so,do no; hydrolyse all the copjegete pre§eo§ﬁ§o_a eemp1e;ﬁf4;

For this reason a chemical method is desireble\rhat,cee beereiied?epoe’fief{ff:ﬁ;:

_ to hydrolyse conjugates regardless of structure or stereochemistry, A =
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number of chemical and enzymic procedures are considered below.:

Hydrolysis of Sulphates by Heating at Neutral pH

Specific, non-acid hydrolysis uf BB-hydroxy-AS—sulphates has
been repotted97, effected simply by heating the sample at neuttal pH
in buffer at 100° for 6 hours. The spec1f1c1ty of the reaction and
the harsh conditions employed render thls method unsultable for’the

hydrolysis of ecdysteroid conjugates.

"‘Oxidation of Glucqronides

The oxidative elimination of glucuronide conjugates is a technique

of some clinical imuortance. The oxidation of the glucuronide by sodium
periodate or bismuthate converts it to a formate ester, which may then

be removed by mild acidic or basic hydrolysisg6. However any vicinal
diols in the Steroid are simultaneously split. This has obvious
disadvantages for the ecdysteroids which may have vicinal diols.at , -

C-2, C€-3, and C-20, C-21. There is also controversy concerning the

reproducibility df this methbd96.

Solvolysis of Glucuronides and sulphates

It has been shown that estrogen sulphates may be rapldly cleaved
by standing in dloxan at room temperature98 but hydr01y31s did not take
place in the presence of wéter, ethanol or other impurities; The
addition of acid restores the ab111ty of dloxan to hydrolyse sulphates
even in the presence of impurities., The hydrolysls of conJugated
steroids has now been reported in a number of acidified solvents, such f
as dloxan, tetrahydrofuran and ethyl acetate96. | Thls method was |
initially limited to the hydrolysis of sulphates, however now both
sulphates and glucuronides may be hydrolysed, elther sequent1ally or

together99 In the improved method sulphate or glucuronlde conJugatesv
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are ﬁydrolysed'in,tetrahydrofuran (THF) or ethyl acetate, in the
presence of small quantities of perchloric acid. A number of écid
sensitive sterols were shown to be unﬁarmed'by the procedure, but others
were degraded or rearranged. The (relatively) mild conditions used in
this solvolytic procedure seem to make this one of the more suitable

methods for achieving the Bydrolysis of ecdysteroid conjugates chemically.

‘Enzymic Methods of Conjugate Hydrolysis

The mildest methods for hydrolysing steroid conjugates are those
employing enzymes. One of the most common enzyme preparations for this,
which has been used successfully in studies on ecdysteroid conjugates is §

obtained from the digestive juice of the snail Helix pomatia.  This

crude preparation contains two steroid sulphatases and a B glucuronidase,

One of the sulphatases exhibits great specificity, hydrolysing 3B8A5 and

38~50 steroids exclusively, the other is thought to be a C-21 sulphatase96.

Hydrolysis of Ecdysteroid Conjugates from the Desert Locust

‘Enzymic Procedures

The residues from the aqueous portions from the butanol:water
and ethyl acetate:water partitions were taken up in acetate buffer,
Half of each sample was then subjected to enzymic hydrolysis u51ng the

“Hellx pomatla enzymes, whilst the other was incubated without enzymes

as a control. At the end of the overnight incubation both samples were .
extracted with butanol and their ecdysteroid éontent déferminedfin the 
normal way. As a further control enzymlc actlvxty was. determlned both ; v ‘i
in buffer, and in portions of the buffered biological: extracts, using ; i
artificial substrates. The rgsults of experiments where conJuga;ed
ecdysteroids were sbught in extracts obtained from Biplogical material

clearly démonstrated that conjugated ecdysteroids were present in the
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aqueous portion derived from the butanol:water partition (from eggs,
adult females, and faeces) and in no other of the frectione from the
solvent partitions. ’

Conjugates’of ecdysteroids and glucose have also been'reporteds6

and extracts of insects in the 5th larval instar were incubated with

aD- and BD-glucosidases under similar conditions to those used for the

‘ HeliX'pomatia enzymes, but in phosphate buffer,

Artifact Formation

It soon became'clear that there were problems‘eseociated with the
enzymic method for the hydrolysis of:ecdysteroid conjugates'with the Egliﬁ
'Bomatfa enzymes, Duplicate samples gave different patterns of peaksxon
~ gas chromatography. This behav1our d1d not result from treatment with
enzymes, but could result from 81mp1y 1ncubat1ng 20~hydroxyecdysone 1n
acetate buffer. Examples of this effect are shown in Fig, 14, in one
sample 20—hydroxyecdysone is present, in 1ts dupllcate two peaks, nelther
of whlch has the same retention time as the pentakis TMS~ether of :
20~hydroxyecdyeone'ate‘ptesent.» This result could be dupllcated merely
by addlng a small quantlty of sodium acetate to a 511y1at1ng mlxture |
contaxnlng 20—hydroxyecdysone.v, Thus 1t would seem that the carry-over
of sodlum acetate from the buffer 1nto the Reactl-v1a1 13 responslble -,f”'ﬁ
for the generatlon of thls artlfact Fig. 15, L ‘

These artlfacts ‘were formed in 80% of the ecdyster01d contalnlng

blologlcal samples analysed It was p0331b1e to quantlfy the 20~hydroxy-dfi;»i

ecdysone present by summlng the areas of the two peaks and comparing them f{@‘h{f

with a standard curve of 20—hydroxyecdysone 311y1ated in. the presence of anhffhllf

acetate.4 However in the presence of acetate ecdysone is completely
destroyed maklng its determlnatlon 1mpossib1e. In add1t10n to thls.;h>w

the effect of acetate on other metabolltes of ecdysone and 20-hydroxy~€




An Example,of Artifact Formation in One of a Pair of Duplicate Samples N

From Locus Faeces\iAfter'Incubation in Acetate Buffer.
Fig. 14,
a= 20-Hydroxyecdysone -
b+ ¢ = Artifact peaks
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Artifact Formation Due to Sodium acetate

Fig. 15

T ey 20-Hydroxyecdysone
‘ "plus sodlum acetate
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ecdysone (e.g. 3-dehydro compounds) which might have been present in
faecal extracts was unknown.  Because of the uncertalnty generated by
the use of acetate buffer alternatives were sought.\ Phosphate, c1trate,
and oxalate buffers were tested, of which phosphate gave the best resuits,,‘
sodium dihydrogen phosphate, disodium Hyd:ogen phosphate and mixtureS'of
both were without effect on the silylation process when addedfto the
reaction mixture. Phosohate ions are known to inhibit one of fhe EEliEH
‘pomatia enzymes (the 38A5,385e steroid sulphetase) when present in high-
concentration96. - Control experiments Qith an artificial subetrate‘
showed that 100 mM phosphate buffer reduced sulphatase;activity‘to ZOZ

of its levels in acetate buffer., To‘compensate:for this loss,~£he

quantities of Helix pomatia enzymes used were increased five-fold.  The

yields of 20-hydroxyecdysone liberated from ecdyster01d conJugates
present in blologlcal samples were very similar whether phosphate or:
acetate buffers were used. ‘No increase in ylelds was obtalned by
increasing the amount of enzymes used, or by lengthening the time‘of‘

the incubation.

‘Efficiency of Enzymes Used for the Hyoroiysis'of'Eedisfefoid Coﬁjogeteé’ S

‘The quantities of‘Helix‘pomatia enzymes added to‘eXtracts from

various stages of the life cycle of the desert locust (800 uuits ml ;~

sulphatase, 110 units ml 1 glucuronldase) were found to be adequate for

the hydrolysis of eedyster01d conJugates over the whole«rangetdetected

(5=300 ng mlfluof ecdysteroid conjugates). - The add1t1on of more enzymes “flaiﬂ?:

to those solutions containlng the hlghest concentrations of ecdysterold

conJugates encountered in this study did not result in‘hlgher yields,ofig‘ S

liberated ecdysteroids.
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Contamination of Enzymes by Ecdysteroids and other Sources of Error

Ecdysteroids have been reported as contaminants of the Helix
pomatia enzyme mixture (KARLSON, REES, personal communication). - In
this study contamination was found to vary between batches from zero |
to 1 ng/nl of ecdysteroids, depending upon the enzyme preparation.
Suitable correction factors were applied to ecdysteroid yields,

Rarely spontaneous hydrolysis of conjugates in the control
incubation was seen, and this could easily be mistaken for incomplete
extraction of unconjugated ecdysteroids. Spontaneous hydrolysis was
only observed when very high levels of ecdysteroid conjugates were

present in samples, and never amounted to more than a few percent.

Attempted Hydrolysis of Ecdysteroid Conjugates by Chemical Methods

The enzymic methods used in‘this study appeared to be efficient
at hydrolysing the ecdysteroid conjugates present in insects and faeces.
However it was felt that a chemical technique would serve as‘a useful
check to ensure that the enzymic method did hydrolyse all the conjugates

present,

' 'Attempted Solvolysis of Ecdysteroid Conjugates in Tefrahydfofuran and

" Ethyl Acetate

The first chemical hydrolysis attempted involved heatlng a sample, ;“

of ecdysteroid congugates in either THF or ethyl acetate in the presence
of perchloric acid. This method has been used for the solvoly81s of
both sulphates and glucuronidesgg. After incubation at_50° for six
hours the perchloric acid was rembved by partitioning thé feaction n,"
mixture between butanol and dilute sodium bicarbonate solution. Thén,
butanol was then removed by rotary evaporation and 811y1ation and

analysis was then performed in the usual way. When THF is used it
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is important for reasons of safety to enmsure that any peroxides

present in the solvent are removed before the reaction is attempted.

This was done simply by passing the THF througﬁ a short alumina column.
When the stability of ecdysone and ZO-hydroxyecdysone in tﬁe reaction
mixture was determined it was found that complete destruction of the
ecdysteroids occurred. Not surprisingly, ecdysteroid conjugates incubated

under these conditions were also destroyed.

Attempted Solvolysis in Pyridine and Dioxan

The hydrolysis of steroid sulphates in both dioxan and pyridine
has been reportedloo. To test its stability under the reaction
conditions employed, 20-hydroxyecdysone was incubated in pyridine or
dioxan for varying periods of time. At 100° approximately 70% of the
20~-hydroxyecdysone present at the start of the reaction remained.aftér
one hour, These losses were considered to be low enough for the
hydrolysis of ecdysteroid conjugates to be attémpted.' "With pyridine -
as the solvent, the formation of the ecdystéroid TMS ethers could be
carried out im@ediately the hydrolysis was stopped. The removal of 1
dioxan proved difficult, but it was found that silylation could also
be carried out in dioxan. Indeed, silylation of 20—hydroxyécdysone‘
proceeds smoothly in dioxan without artifact formation. . The time takén‘_“
for the formation of the pentakis TMS ether of 20-hydroxyecdysone in
dioxén is somewhat longer (& 10-12 hours) than for pyridiné (5{46 hburs).

Samples of conjugétes were either inéubated at 1009 for one hour -
or léft'at room temperature for a week. After this time samples wére'
éilylated and analysed for liberated ecdysteroids.?’ No evidence for f:'
the hydrolysis of any ecdysteroid conjugates was obtained from the -
experiment., Further work is required to dévelop an effééfive; non~

destructive chemical procedure for the hydrolysis of ecdysteroid conjugates.tvi
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‘Moulting Hormone Levels in the Desert Locust Schistocerca gregaria

The 1ocusts have no king
Yet go they forth all of them by bands.

Proverbs 30.

Previous research in this laboratory demoﬁstrated the'presence,f
of ZO-hydroxyecdysone in 5th instar 1arvae,of the‘desert 1oeust101.
The discovery that ecdysteroids captured electrons led to the»developﬁent
of a sensitive technique for the determination of these compounds in.
insects and crustaceagl’gs. Using this technique eodysteroidsfin the
4th and 5th 1atval instars of the desert locust were ideotified ahd :
quantifiedSo. In addition to ecdysone and 20-hydroxyecdysone a third,
unidentified substance with gas chromatographic properties similar to_v

those of an ecdysteroid was observed (referred to as'compound C).:JThe"

pattern of moulting hormones observed was similar for both 4th and 5th

instars, a rapid rise in moulting hormone levels, reaching maximal titre, ... .

one or two days before ecdysis, followed by a rapid fall in titre to 1ow} ;f'

levels at ecdysis.

These results, and the results from work on other 1nsects led us T

to ask ourselves questions on a number of aSpects of ecdysteroid
metabolism in the desert locust;
Briefly these were as follows:~ .

Was the rapid rise in eodyeteroid titre observeo”dufihg,the14th

‘and 5th larval instars due. to de novo. synthesls or wes this rise. mediated e

- by the release of hormone, syntheslsed durlng the flrst few days of the

1nstar, and then. stored in an 1nact1ve form as a polar conJugate?

* Was the rapld fall 1n eCdYSter01d levels precedlng ecdysis due to Telgz'

the excret1on of these compounds either unchauged or conjugated, or to | r"Z;;“th

their metabolism to other compounds (e 8 compound C)?

" What is the nature of compound c?
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Ecdysteroid Levels in 5th Instar Larvae of the Desert Locust

Ecdysteroid levels were determined for groups of .ten 5th instar
larvae of known ages from the'&th—Sth larval ecdysislup to the larﬁal-
-adult ecdysis. The results of these analyses are given in Table 4a,
and Fig. 16, Initially ecdysteroids were found in detectable quantities
on the fourth day of the instar. At tﬁis stage of development both
ecdysone and 20~hydroxyecdysone are present in comparable amounts,
Ecdysone levels then fall, whilst 20—hjdroxyecdysone levels increase
rapidly, reaching a maximum on the eightﬁ day of the’instar. After
reacﬁing a maximum on day eight, ecdysteroid titres then fall rapidly

until at ecdysis only traces of 20~hydroxyecdysone remain.

‘Rate of Conversion of Ecdysone to 20-Hydroxyecdysone During the 5th Instar

The proportion. of ecdysone and 20-hydroxyecdysone does not remain
constant during the 5th instar. On day four the ratio of ecdysone io |
20~-hydroxyecdysone is approximately 1:2, = At the time of ﬁhe highest
ecdysteroid titre (déy 8) the ratio of ecdysone to 20-hydroxyecdysone }
has become 1:37. The variations in the relative proportions of ecdysdne
and 20~hydroxyecdysone éresumably refléct changes in thé abiiity‘df_the'
Cc-20 monooxygenase to hydroxylate ecdysone. ‘In vivo experiments using

radiolabelled ecdysone have demonstratéd that the capacity of the C-20

monooxygenase system in toduSta‘migratoria'does indéed vary during the
Sth instarS, ;'13;31552 eipériments'on fat body andAmalpighian tubﬁies'
from the desert locustialso show variations in C-20 hydroxylatioh,
dependant upon the age of the insects!s.' In both of ﬁhesé studies‘ﬁhe
‘rate of C-20 hydroxylation is low initially and increases to its highégt
levels at about the time bfvthe higheat titres of moul;ing hormoneé.v

From this study it would seem that the situation is as follows,
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Table 4a

" 'Ecdysteroids 'in 5th Instdr S. gregéria;‘phasé'gregarious

Day of , Wt. per
. Instar .ng o/insect ng B/insect..... ngalg ... ng B/g . .insect.g

1 - - - - 0.67
2 - - - - o
3 - - - - 1.00
4 9.25 16.4 8.56 15,2 1.08
5 - 39.9 - 0.2 132
6 - 85.8 - 52,9 1,62
7 9 . 302.8 529 1776 1.7
8 29.5 1136 1.7 619 1,67
9 - 491.8 - w7 1.6
10 - 457.8. .. ... ... .. B 294.8. . . 1.55

.ecdysis.. .. . - e

Results represent an average of 3 sample of ten insects each,

o = ecdysone : B = 20-hydroxyecdysone

" 'Table &b

Ecdysteroids in 5th Instar S. gregaria phase solitarius
Day of ; ' o ; . Wt, per
.. Instar  .ng o/insect ng B/insect . . ng.oa/g . ngp/g  .insect g

7 s 3216 20,53 165 1.95
8 35 12018 1793 615 1,95
9 3.3 53,5 . 1.92 318 . 1.69

0. = A0 = 54820 1,72

Results represent the average of 3 samples of 1, 2 and ?}inseéts;:;yiil° o

o = ecdysone B = 20f-hydrox5iecdysor;é o




44,

Ecdysteroids in 5th Instar S. gregaria phase gregaria

Fig. 16
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Day 4
... .slow .
Ecdysone ———————) 20~hydroxyecdysone
low levels of
C~20 hydroxylating enzymes?
.. .fast. .
Day 8 Ecdysone - > 20~hydroxyecdysone

high levels of
C-20 hydroxylating enzymes

That this is so may be inferred from the fact thaf ecdysone is
relatively more abundant compared to 20~hydroxyecdysone eérly in the»
instar, whilst on day eight 20—hydrox§ecdysone levels greatiy exceed
those of ecdysone. It has been suggested that the risihg ecdystéroid
titre serves to induce the C-20 monooxygenaseza. The variations in ﬁhe
ratios of ecdysone and 20-hydroxyecdysone obsefvéd in thié stu&y suﬁpért
the idea of an increase in C-20 hydroxylating capacity’throﬁgh the instar,
The rising ecdysteroid titre may also serve to induce the enzymes V

responsible for inactivating the ecdysteroids., ~Certainly the way in

which exogenous ecdysone is inactivated in Locusta migratoria depends

upon the stage of development40’62‘

- Storage of Ecdysteroids in 5th Instar Desert Locusts

It has been suggestéd tﬁat ec&ysone may be syntheéised theﬁ .
stored in an inactive form as a conjugate before being released into
the haemolymphg. To determine if the rise in ecdysteroid levels
observed from the fourth to the eighth day bf the 5th instar resulted
from the releaée of stored conjugates extracts made on gacﬁ;'day'bf ‘
the instar were treated with enzymes, After'incubation.ﬁith'thg'

enzymes (dD~g1ucosidase, 8D-glucosidase, and Helix pomatia digestive

juice) the extracts were analysed for the presencé of liberéted'
ecdysteroids, No ecdysteroids were detected in these extracts after -

treatment with enzymes so that ecdysteroid conjugates to glucose,
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glucuronlc ac1d ‘or sulphate are not present in quantlty at any stage
of the 5th instar. It may be that conjugated ecdyster01ds resistant
to hydrolysis by the enzymes used in these experiments were present,
in which case they would remain undetected.  However in similar
experiments on adult females (discussed later) considerable quantities
of moulting hormones for wﬁich'a function as storage compounds seems"‘
probable were liberated. Similar comoounds present in quantity in 5th
instar insects would have been easily detected by these experiments.
This means that a completely different‘type of conjugate must be
postulated if storage of ecdysteroids is iuportant'in the 5th inster.
On the basis of these experiments,:gg.ggzg synthesis of moulting
hormones‘rather than tﬁe release of stored ecdysteroid conjugates would
seem to be the most 11ke1y cause of the rapid rise in ecdysteroxd tltres

observed during the 5th 1nstar.

Transport of Ecdysteroids:iulthe Haemolymph

It uas been suggested thatvecdysteroids may occurkdurthe
haemolymph bound to prote1n88 44 (elther as free ecdystero1ds or as
the1r conJugates). 4 Alternatlvely ecdysteroldSmay be found in the
haemolyuphfsimply‘as:a solutron of these{hormones (etther freeﬁlort_di,st
conjugated). The aualysis of whole bodies for conjdgeted‘ecdysteroids’f
performed in thlS study rules out thelr presence in large quantlties. s
However if ecdyster01ds were present in. the haemolymph as conJugates,’

but in 1ow concentratlon they might escape detection when the whole 7f'

insect was analysed. -~ To determlne whether congugated ecdyster01ds

were present in the haemolymph of Sth 1nstar desert 1ocusts, haemolymph~'lt s

wag collected from insects w1th hlgh ecdyster01d levels.iw For thls‘;iff>,f~"

study 2 ml of haemolymph was collected from a synchrouous colony of

approx1mate1y fifty insects, on n day elght of the 5th- 1nstar.' Analysls ‘ﬂ,;i;i?




47,

Ecdysteroids in Haemolymph and Whole Bodies of 5th Instar S. gregaria,

‘phase gregdria

; -
Fig.17

Response

» ~Minutes

A v Y

, Haemolymph day 8 e Whole bodies, day 8 o ‘
a= Ecdysone, 96 ng/ml '1_ ,  A_ a = Ecdysone, 17 7 nghnsect

b = 20-Hydroxyecdysone, 432 ng/ml b= 20~Hydroxyecdysone|I34nglumectiff
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of the haemolymph showed it to contain only ecdysone and 20-hydroxy-
ecdysone. A trace of tﬁe haemolymph ecdysteroids and extracts of
whole insects at the same stage is shown'in Fig. 17, It may be
significant that the ratio of ecdysone to 20-hydroxyecdysone observed
in the Haemblymph is higﬁer than in whole bodies of insects of the same
physiological age (1:4.5 in haemolymph compared to 1:37 in whole bodies).
It is possible that much of tﬁe ecdysone found in whole body extracts
is circulating in the haemolymph and the 20—hydroxyecdysonevis accumulating
in the tissues.

Tﬁese experiments, of course, reveal nothing about whether eroteins

of the type observed in the haemolymph of'LOCUsta'migratoria&A are

involved in the transport of ecdysteroids through the haemolymph Any
ecdyster01ds bound strongly to haemolymph proteins would not be detected,

In Locusta m;gratorla the ecdysteroid binding proteins circulating 1n

the haemolymph bind 20-hydroxyecdysone, but have little affinity for
ecdysone and conjugated 20—hydroxyecdysone44.~ This evidence from..a
related species combined with the high levels of free ecdysteroids (and -
absence of their conjugates) seen in the haemolymph of the desert locust 8 ; _;
would seem to rule out a function for conjugates in haemolyﬁph transpbrt. ‘

It is interesting to note that insects from which haemolymph
had been ;emoved did not appear to suffer any ill effects from this
treatment; Tﬁese insects moulted seccessfully on the tenth day of the

instar at the same time as the control insects.

‘The Nature of Compound C

The earlier study on S;'gregaria'uﬁdertaken in this laboratory :
indicated the presence of a thlrd more polar, ecdyster01d (compound c)
present in extracts of 4th and Sth instar 1nsects?2. Thls substance

was found to be present in con31derab1e quantltles durlng the latter S



49.

"Compound C" In 5th Instar S. gregaria phase gregaria - From Poole:gz2
Fig.18
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half of the instar, A gas chromatographic trace from the earlier work
along with the results obtained for the 5th instar are reproduced in

Fig. 18. A comparison between'this and the earlier study reveals two
important differences. Firstly in tﬁe present work no compounds of
longer GC retention time thatn ZO-ﬁydroxyecdysone are present in any
quantity'at'any;time during tﬁe Sth instar., Secondly, at its maximum,
the levels of 20-hydroxyecdysone observed in this study (& 1400 ng/insect)
are much higher than those reported for the earlier work (400 ng/insect).
It seems likely that these two facts are related, the results obtained

in the earlier study ﬁeing attributable to artifact formation. It is
likely that artifact formation in fhe earlier study occurred during
silylation, in a similar way to the artifact formation observed in this
study in the presence of sodium acetate. No results comparable to those
of POOL%ZEave been obtained anywhere in the present study, so it has been

impossible to investigate the structure of compound C.

Inactivation and Excretion of Ecdysteroids

From the rapid fall in ecdystéroi& titréé foliowing their.high  ‘
levels on day eight of the instar onwards it is clear that the desert ;
locust possesses an active and efficient mechanism for the‘removal of -
theée compounds., - The observed fall in ecdysteroid leveis may be the
result of excretion, further metabolism, or a combination‘of both, Our
inability to detect any compéunds on gas chromatography of extracts from’,f'
whole insects which might be identified as metabolites of 2Q—hydroxy-x‘v'
ecdysone indicates that either such compounds are rapidly metabolised‘»
to other substances or that they are rapidly éiéreted (or bbth).‘ A X

scheme which might explain the observed fall in ecdysteroid levels ig -

~ given below.

Ecdysone ——+ 20-Hydroxyecdysone A =+ B -+~ X i

or

\

FAECES
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If faecal excretion of ecdysteroids is an important method for
reducing the levels of ecdysteroids in the desert locustvevideﬁce of
this might be obtained by examining the faeces. A number of studies
on other insects have demonstrated tﬁe presence of ecdysteroids in

faecal extracts 49’51’62.

Faeces were collected daily from synchronous colonies of 5th
instar deeert locusts, extracted in methanol,‘and analysed for the
presence of ecdysteroids and their conjugates.v The results of these
experiments are shown in Fig.19 and Table 5. 20-Hydroxyecdysone
is first detected in faecal extracts on the fifth day of the instar,
which is the day after ecdysteroids are first detected in the insect,
Conjugates of 20~hydroxyecdysone are detected in faecal extrects on the
following day. From day six of the instar'onwardsvfree and conjugated
20~hydroxyecdysone are found in faecal extracts in approximately equal
quantities. Amounts of excreted free and conjugated ecdysteroids ie
the faeces increase rapidly from day four reaching their maximum values
on day eight. The highest values for ecdyster01ds found in the faecal
extracts are’ therefore present at the tlme of the hlghest ecdyster01d
titres in the insect. After day eight the amount,of 20—hydroxyecdysone>
present in the faeces declines steadily. However this is enly true if
the results are considered on the basis of hormone excreted'per:insect.u
If the results are con81dered slmply on ng 20—hydroxyecdysone per gram
of faeces, the quantity of hormone in the faeces. appears to increase -
towar&s the end of the instar (Fig. 20).  The quantity,of faeces excreted
vper insect is shown ih‘Fig. 21. Tﬁe pattern of excretioﬁ of 20~hyd£oxy4>
ecdysoneﬂfouﬁd in the faeces superimposed upon thefameunt of faecee; 
excreted is shown in Fig. 22. There,isvnp obvious eorrelation betweee .

the amount of faeces excreted and the.qdantity of 20-hydroxyecdysone

‘detected in faecal extracts, The apparent increase in ecdysteroid levels




Table 5

20-Hydroxyecdysone Present in the Faeces of 5th Instar S. gregaria

Day of Instar Ng B+ conjugates Z Bconjugates wt of faeces/insect ng B/g faeces Z Daily excretion B
‘ in faeces/insect. . - . e ' CIE .
1 - - 40 - -
2 - - 75 - -
3 - - 118 - -
& - - 101 - -
s 1009 - 138 78 27.3
f26 now 22.8 19.3 154 150 26.6
7 Dot 534 59.9 98 560 18.3
| 8 04 423 106 1003 9.3
9 : 525 41 38 1300 ° -10.6
|  §° ; .112 f  if? ?5;8,w~auw;l ;,25;6~ t:ii v.:>';"  .2340 ) 5;6 |

e Results represent the average of determinations on 3 colonies of Sth instar

»j‘S. gregarla of approx1mate1y 50 1nsects each.

: WT‘B”%

ZO-Hydroxyecdysone.

Ay



Ecdysteroids Exd

reted Daily Expressed in ng/Insect 4n the Faeces of

5th Instar S. g;egaria

Fig. 19
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redysteroids Excreted Daily in the Faeces of 5th Instar S. gregaria ~ 54,

Expressed ip ng/g
25004
Fig., 20
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Quantities of Faeces Excreted Daily by'S. gregaria, Phase gregaria

expressed as mg/Inséct

Fig., 21
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‘Comparison of Excretion of Faeces and ZO—Hydroxyecdysone'Showing '

" ‘the ‘Lack 'of any Correlation Between them,

Fig. 22
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found in the faeces  (exceeding the levels found in the insect) if
quantities of hormone per gram of faeces is considered illustrates the
need for care in experiments of this type.  Failure to ensure the
collection of all the faeces produced by tﬁe colony under study, and

the failure to determine the average quantity of faeces produced by

each insect, might result in an incorrect interpretation of the results,

Significance of Faecal 20-Hydroxyecdysone

The pattern of 20-hydroxyecdysone found in the.faeceé resembles
closely the rise and fall of ecdysteroid levels in the insect. Indeed
the levels of faecal 20~hydroxyecdysone mirror those seen in’the
insect, If the observed reduction in the insect titres of 20~hydroxy-
ecdysone was. the result of excretion, a drop in levels in the insect
might be expected to be associated with an increase in faecal titres.
This is not seen, and in any case the quantities of 20-hydroxyecdysone

observed in the faeces amounts only to about 107 of that found in the

insect for any one day. Excretion of 20-hydroxyecdysone, either free

or conjugated does not appear to be a likely mechanism for reducing hormone

levels in this insect.

It éhould be remembered that measuremént§ made oniecdysterpid’
levels in the insect were made on a dynamic system, and only indiéate‘
the amount of hormone present at the moment of sampiihg.v ‘Consequgntly.
they give no idea of the turnover of ecdysteroids,throﬁgh the sysﬁgﬁ. J
It may be that, whilst at its maximum approximately 1400 ﬁg/insect of
20-hydroxyecdysone is seen, several times thét‘quantity of hbrmoné_may ,
actually be synthesised during the course of day eight. Until |

measurements of the ﬁalf life of 20—hydroxye¢dysbneaat“thiéxs;ageiof‘.~

development are made it will not be possible to say exactly how much - _ ,;’

20-hydroxyecdysone is produced. On the other hand the determination
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of the faecal ecdysteroids are made on a static system, so that the
results represent the total amount of hormone excreted on any one day.
With this in mind it can be seen that 107 is the maximum value which

can be placed on faecal excretion of the ecdysteroidsas 20—hydroxyecdysone.

' 'Possible Errors Resulting From Microbial Degradation of Faecal Ecdysteroids

One possible reason for not observing larger quantities of 20~
~hydroxyecdysone excreted into the faeces may be degradation’by bacteria
present in the gut. If bacterial degradation of ecdysteroids does occur
in the gut of the desert locust it would significantly distort the
quantities detected. The insects used in this study were not reared
aseptically s0 that bacterial degradation of excreted ecdysteroids is
a possibility. In a similar study on’Bombyx‘gEEi}03 degradation of
ecdysteroids by gut bacteria was not found to be significant. However
until suitable experiments are performed to rule out the possibility of

degradation in the gut of the desert locust the conclusions on the fate

of ecdysteroids from these excretion experiments must be treated with

caution.

Function of 20-Hydroxyecdysone Conjugates

The 20-hydroxyecdysone found in the faeces of the desert locust

is almost equally divided between the free and conjugated forms, a

result similar to that found after the excretion of radiolabelled ecdysone

by'Locusta‘migratoriaao. If these substances are’not.preéent‘in'the'

faeces in sufficient quantity to account for the fall in ecdysteroid

titres in the insect the function of the conjugates is unclear. It is

known however that conjugated ecdysteroids are not Biologically activese.:

This lack of biological activity certainly suggests that conjugates are somehow

involved in inactivation of the ecdysteroids, however the small amounts
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Present in our extracts indicates that this is not the whole story,
A possible function of the conjugation of ecdysteroids is to rapidly
inactivate the ﬁormone before it is metabolised to some other' compound(s),

which may or may not then be excreted.

Fig' 230
INSECT
Ecdysone ——e———p 20-HydroxyechSoﬁE"""*"* 20-Hydroxyecdysone
: , rd \ .
| < o
7 ' ’

i \ glucuronide or
| e  sulphate

GUT ¢ ’ l ,

’ .
. ’

) el
1

¢ Other‘compounds

Conjugation might also serve to activate the ecdysteroid to the

enzyme system'respousible for its further metabolism. One of the{organS"

active in the metab¢1igm of ecdysteroids is the malp{ghian tubuie27’58 oy
the normal organ of excretxon in 1nsect8104. It may be that the 20~hydroxy* o é
ecdysone and conjugates of it found in the gut are not excreted but are ;:
Present because of some unspecific leakage from the malplghlan tubules . {': v. H

durlng the course of ecdyster01d metabolsm and degradatlon-

No other peaks were seen on gas chromatographyof faecal extracts;‘gv

Wthh mlght represent large quantltles of ecdyster01d metabolltes. If

however gide gcission is part of the 1nact1vat10n process such compounds
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would be lost in the solyent front. Experiments with poststerone (Fig.7,

structure XIII) have shown that its polarity is such that it will be

partitioned into the butanol phase of the butanol water partition. It

forms a silyl etﬁer which is ECD sensitiye; but because of its lower

molecular weigﬁt, it would be lost in the solvent front in any analysis

of the ecdysteroids. Insufficient time prevented a systematic examination

of faeces for poststerone, If the inactivation process involved the loss of

the 7-ene-6-one group from the ecdysteroid molecule sensitivity to electron

capture would also be lost. Such compounds, lacking the 7-ene-6-one group

would escape detection in this assay.

" 'Metabolism of the Ecdysteroids‘in'Sth‘Instar'S;'ggcgaria

‘ Evidence from these experiments and results from other laboratories

suggests that ecdyster01ds may be metabolised in the following way.

in the prothora01c gland is released as ecdysone into

It is then transported to organs such as the fat body1?3g 0/

Ecdysone synthesised

the haemolymph.

and malpighian tubules27 -8 where it is hydroxylated to 20’hydroxyecdysone.-

20-Hydroxyecdysone in turn is released into the haemolymph where it travels

prote1n344). From the - RERTIE

103

to its target organs (either free, or bound to
s to those tissues (fat body and malpighian

target organs the hormone goe

tubules5 ) responsible for inactlvatlon and excretion of the ecdysteroids,

where it is modified to destrOy its blologlcal aCthIty. Ecdyster01ds

may then be excreted o further degraded. The results of this study for ‘ s

excretion, either conjugated or unchanged suggest that this is not a maJor

pathway for removing ecdysteroid from the desert locust. Evidence for

degradation as opposed to excretion (conjugated or unchanged) comes from

recent experiments on‘Sarcthaga. These showed that the percentage of _‘

radiolabelled ecdysoue wﬁlch could be recovered from .pupae decreased from

The recoveted 1ab¢l‘was in the

987 at zero time to SOZ after 3 hours.




Gas Chromatograph of Ecdysteroids Present in S. gregaria and

L. migratoria at the Ecdysteroid Maximum. 61,

Fig., 24 H ‘

~—+ Minutes

L. migratoria , S. gregaria

a = Ecdysone

b = 2owHydroxyecdysone
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form of 20-hydroxyecdysone and its conjugates. No radioactivity
could be detected in any of the other fractions isolated from the pupae,

The inability of the investigators to account for the lost label was

taken by them as evidence of the degradation of the exogenous ecdysteroids.,

" 'Ecdysteroids in Extracts of Locusta migratoria

To see if the results obtained in this study of the desert locust

were specific for this insect or = more generally applicable, ecdysteroids

in the related species'Locusta'migratoria were examined. Analysis of

the ecdysteroids present in similar samples of both species of locust made
under the same conditions in the same laboratory should allow a direct

comparlson to be made between them. Analysis of extractskof Sth instar

‘-Locusta m;gratorla made at about the time of the hormone max1mum (m day

eight of a ten to “twelve day instar) revealed that the type and proportion -

of ecdysteroids found in the m1gratory locust was very 31m11ar to those

found in the desert locust,

is given in Fig. 24.  Both ecdysone and 20-hydroxyecdysone are present

W1th,20-hydroxyecdysone formlng the major component. This is in egreement

with a similar study on the migratory 1ocust performed by KOOLMAN 55.51'49.
No other ecdysteroid—like compounds are present, and the trace is
lndlstlngu1shab1e from one obtained from the desert locust. It may

therefore be assumed that the metabollsm of ecdyster01ds in Schxstocerca

"5_?gar1a and ‘Locusta mlgratorla is very 81m11ar. fResults‘obtained from

one species should be applicable to the other.

"Thé;Increase'in Weight of tﬁe'Desert'Locust‘During the 5th Instar

The increase in we1ght of the desert locust durlng the Sth 1nstar'5

is not regular, as 1s demonstrated by the reeults shown in Flg, 25.

There is a rapid increase in we1ght during the first three days of thev

A gas chromatogram from one of these extracts :
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phase gregaria, Insects and Faeces
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instar and then a pause,  That this pause is due to a.decrease in

feeding is reflected by the slightly reduced quantity of faeces produced

on day four (tﬁe quantity of faeces produced on a standard diet being

directly related to the amount of food consumed),  After thig pause

weight is put on rapidly until the sixth and seventh days of the instar,

From the weight of faeces recovered, the largest quantities of food are

consumed on day six, Following the seventh day of the instar weight

falls slightly and by the tenth day of the instar (as judged by the wéight

of faeces collected) feeding has almost ceased. These results are similar

to those of Daveylos for the desert locust.
The reasons for the discontinuous increase in the weight of these

5th instar'insects is not clear. It is tempting to speculate that the

increase in Welght observed on days five and six is the result of increased

feeding triggered by the rising moulting hormone.titre, = The reduced

feeding on day ten is probably a consequence of the approach of ecdysis,
It would be interesting to observe the effect of the removal of the PTG‘Z
on the rate of growth, and,eventual weight attained of 5th instar desert

locusts. In this way an indication of the effects of ecdysteroids on -

feeding might be obtained..

 Ecdysteroids in 5th Instar Solitary Phase Desert Locusts

Locusts can exist in two extreme forms, these are the solitary

and the gregarious phasealoé. - These phases exhibit distinct morpholigicai

and behavioural differences.
It is known’ that phase (or caste) determination in insects is under

21 -
endocrine control and Juvenlle hormone is knownto affect this process .

The possibility that ecdyster01ds mlght have a functlon in the determlnation

of phase in the desert locust arises from the folloWLng observatlons..»‘

According to the views of ELLIS and CARLISLE insects in’the‘sblitary phaSé;;f
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have (relatively) larger prothoracic glands than insects in the gregarious

Phaselos. Partial ablation of the gland (reducing it in size to

approximately that of a gregarious insect) resulted in insects which were

’ ' ‘than shown i 109
much more gregarious in character than shown in operated controls™  ~,

As the prothoracic gland is generally accepted as a site of ecdysone

biosynthesis the increased size of the gland in the solitary phase insect

might be expected to result in higher levels of ecdysteroids in the

solitary insect (compared to the gregarious insect). We therefore under-

took a comparison of ecdysteroid levels between the solitary and gregarious
insects.

Pattern and Titre of Ecdysteroids in Solitary 5th Instar

Degsert Locusts

Rearing large numbers of insects in the solitary phase is difficult

because of the space required, for this reason ecdysteroid levels were

determined only for the last few days of the 5th instar. Determinations

were made on individual insects (three per day). = The results of these

analyses are given in Table 4b. The major moulting hormone observed

in the solitary inéect is 20~hydroxyecdysone, with ecdysone present‘in_
smaller quantities. Fortunately the length of the 5th instar in these

insects was the same as that of the gregarious insect, which greatly

simplifies comparison. The coincidence‘between the phases °fvboth the i i

time of production and levels of ecdystgroids is notableﬂ Levels of

20-hydroxyecdysone in solitary and gregarious insects are compared in =

Fig. 26 From the 51mllar1ty betWeen the types, pattern and 1evels of

moulting hormones it would seem that ecdyster01ds do not- have a functlon

in phase determination in this insect.

108-109
This being the case. the results of Carliale and Ellis are

Perhaps best xnterpreted in the llght of some additional endocrine
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function of the PTG. Recently Joly 33.31-109 have demonstrated the

effect of the implantation of extra PTG's into larvae of the migratory

locust, The implantation of extra glands results in the more rapid

differentiation of the larvae into the adult., This effect is approximately

independent of moulting hormone levels, and another hormone is thought to

be involved. There would therefore seem to be no reason to exclude

hormonal functions such as phase determination from the PIG.

" Moulting Hormones in tﬁe'3rd'and 4th Larval Instarsof the Deésert Locust

between the results obtained in this and the

earlier study of the levels of ecdysteroids in Sth instar 1nsectsgo~92

The discrepancies

led us to re-examine the levels of hormone in the 4th instar, and extend

the study to cover the 3rd instar.

'Ecdysteroid Titres During‘the‘4th‘Larval'InStar'of‘the'Desert'Locust

e insects were collec;ed dailyifrom the 3rd-4th

Groups of fiv

larval ecdysis up to the 4th-5th larval ecdysis.  Two groups of five

insects were collected for each day., The results of the aﬁalyses‘df

these samples are given in Table 7 and Fig. 27. Ecdysteroids were.

first detected on the third day of the fourth instar, (which in this case

was of five days duration) and maximum titre occurred on day four. By

the fifth day of the instar, shqrtly before ecdysis, ecdys:erqids had
again'fallen'énd were not detectable at ecdysis. As with tﬁe,studies‘
on the 5th 1nstar, no ecdysteroid like compounds of longer retention'tiue =
than 2o—hydroxyecdysone were observed kThe titres of 20‘hydroxyecdy$onéﬂ

observed in these insects are much hlgher than those reported 1n the

earlier studygo 92 It therefore seems likely that the results reported |
in the earlier study of the 4th instar suffered from the same artlfact
formation that appears to have occurred'dur1ng their study of theySthvinstar;"
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Ecdysteroids in 4th Instar S. gregaria, phase gregaria.

Fig. 27

a = Ecdysone
. b = 20-Hydroxyecdysone

Response

* Minutes

— Ecdysbne

20-Hydroxyecdysone

I = range of individual
'~ determinations

140

120

100

ng ecdysteroid/insect

80 i i e e g ]
) weight of insects )
40/

20

Day of 4th Instar




69.

Ecdysteroids in 3¢d Tnstar S. gregaria, phase gregaria
" 'Table 6

Day of Instar . ng o/insect. ng B/insect ng a/g. ng B/g. wt per insect g

1 - 0.6 - 4,2 0.14
2 - 1.4 - 8.75 0,16
3 - 0.25 - 1.56° 0.165
4 - - - - 0.24
5 1.8 33,5 6.4  119.6 0.28
6 - 7 - 259 0.27
..ecdysis . . D - - - R

" ‘Ecdystercids in 4th Instar S. greparia, phase gregaria

" Table 7

- Day of Instar ng.a/insect,:ngrﬁ/inSECtA?ng o/g . ng.B/g wt.per insect g

‘ - - - 0.28

- ‘ - - ‘ 0-31
. 2 - X
3 e 39.8 -~ 86.5 . 0'46
: ' s e 48,2 0.6
5 - 10 o
ecdysis - - - - -

Table 6 ~ Results represent the average of 2 determinations of 10 inmsects each
able 6 -~ Resu \ rone ot 2 A
Table 7 Results represent‘the average of 2 determinations of 5 insects each
e = ' N . . ) . .

o = Ecdysone

B = 20~Hydroxyecdysone’V
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20~Hydroxyecdysone is the major ecdysteroid.found in 4th instar insects,

with smaller quantities of ecdysone also present. A gas chromatographic
trace from day four of the 4th instar is shown in Fig. 27, Quantities

of ecdysteroids both per insect and per gram are lower than those seen

during the 5th instar.

Extracts of the 4th instar insects were treated with Helix
Pomatia digestive enzymes and examined for the presence of conjugated

ecdysteroids, however none were detected.

Ecdysterbid Titres‘During’the‘Third Larval Instar of the Desert Locust

Ecdysteroid levels were determined for each day of the 3rd instar

from the 2nd-3rd larval ecdysis to the 3rd-4th larval ecdysis. Groups

of ten insects per day were collected thoughout the six days of the 3rd

instar, Two groups of ten insects were determined for each day, . Small

quantities of ecdysteroids were detected during the first few days of the
instar, with ecdysteroid titres increasing to a maximum on theﬁfifth_day.
From their maximum levels on the fifth day ecdysteroid titres fell rapidly

during the sixth day to below the limits of detection at egdysig,‘ The

results of the analysis are ghown in Fig. 28 and Table 7. The 3rd

instar ig similar to the 4th and 5th instars in that the major ecdysteroid

present is 20-hydroxyecdysone with smaller quantities of ecdysone., A

gas chromatographic tréce from the fifth day of the instar is shown in

Fig., 28 Levels of ecdyéteroids per insect and per gram are lower than _

those obseryed in the 4th instar. No conjugated ecdysteroids were
detected in extracts of 3rd instar larvae after treatment with Helix

S omat ] dysteroid-like compounds other than ecdysone or
pomatia enzymes. No ec - | e

20-hydroxyecdysone were detected.
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Ecdysteroids in 3rd Instar S. gregaria, phase gregaria

Fig. 28
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w' b = 20~Hydroxyecdysone
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Comparison of Ecdysteroids During the 3rd, 4th and 5th Larval Instars

of the Desert Locust

During all three larval instars examined in this study the major |

moulting hormone observed was 20-hydroxyecdysone with lower levels of

ecdysone. No other ecdysteroids were seen at any stage. All three

instars are basically similar in the patterns of ecdysteroids seen, with
ecdysteroids appearing midway through the instar and rising to their

maximum levels approximately four fifths of the way through the instar.

In all three instars ecdysteroxds bave fallen to low 1evels at ecdysis.

The levels of 20-hydroxyecdysone for all three instars (both per gram and

per insect) are shown in Fig. 29. Prom this it can be seen that during

the course of development titres of 20~hydroxyecdysone (both per gram and per

insect) increase progressively. In the 3rd and 4th instars, levels per

insect are about one third of the titres per gram (1:3.3 for the 3rd and
1:2.7 for the 4th instar). In the 5th instar this situation is reversed
and titres per’insect exceed titres per gram (1:0.6). Ofthurse changes
in volume have occurred and it is not easy to say‘whether;these differences
in the ratios of hormone §er insect against hormone per gfam represent real
| differences in the concentration of hormone at the tafget tissues. »It‘is4

tempting to speculate that different céncentrétions of 20—hydroxyécdy56ne‘
at target tissues mlght be necessary for the actlvatlon of particular sets
levels of hormone at target tlssues between the

of genes., Changes in the
3rd and 5th instars mlght then be respon31b1e for the progressive activation

of the genes réquired for the formation of adult characterlstics.
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Levels of 20~hydroxyecdysone in 3rd,4th and 5th Instar S. gregaria
phase gregaria,

| |

Fig. 29
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Ecdysteroids in Adult Females of the Desert Locust

We are the army of Allah

We produce 99 eggs

If the hundredth were complete
We would consume the whole world
and all that is in it

Mohammeden proverb

The adult females and eggs of a number of species of insect have
been found to contain considerable quantities of ecdysteroids (see
introduction)., In order to see if ecdysteroids were present in adult
females of the desert locust, insects were extracted and their ecdysteroid
content determined from the final, adult ecdysis up to the point at which
the eggs were laid. Groups or individuals were collected daily. Male
insects were also collected for the first three days after the 5th to
adult ecdysis. The results of these determinations on adult insects are
shown in Fig. 30 and Table 8, A few days after fhe final, adult
ecdysis a transient peak of ecdysone is observed in female (but not male)
insects. This, and a small amount of conjugated Zo-ﬁydroxyecdyéone
rapidly disappears. Approximately seven days after ﬁhe ;th:to adult
ecdysis an electron capturing substance with similar gas chrématographic
retention time to 20-hydroxyecdysone is observed invthe extracts, This
compound has a retention time between that of pentakis TMS, 20—hydroxy~
ecdysone and pentakis TMS inokosterone, giving a similaf reténtion time
to 3-dehydro-20-hydroxyecdysone. A trace showing this Substance is given
in Fig. 31. It is detected in diminishing qﬁantity until day thifteén.
It is possible that this substance is an ecdysferoid, but it'is equally
posgible that it is simply an electron capturiug compound of éimilar‘highv
molecular weight, with similar partition propgrties iﬁ all three solvent .
systems, similar Rf on $LC to the ecdysteroid silyl ethers, and similai

 gas chromatographic properties. It is at least hotewotthy that nowhere
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Table 8

Ecdysteroids in Female Adult Schistocerca gregaria

- Day . . | 2 3. 4 5 .6 7 8 .9 .10, 11 . 12 13 | 14
dﬂg ; - 80  28.9 - - - - - - - - - - -
8 cbnjugatésng - e 56.3 - - - - - - - - - - -

unknown*ng [: - - - - - 243 266 105 150 192 90 160 365 -

e == - - 175. .30 90 - . .220 .~ . 100 - -

Day ... 15 .16 .17 .. 18 . .19 Females at oviposition Eggs .at oviposition
"o conjugatesng[ 418 653 1160 2666 = - 2210 1960
- 1050 1120 1600 - 2100 1580
L - 870 1108 2123 - - -
B conjugatesngf - 196 330 460 - 368 392
- 225 210 224 - 300 354.8
| - 205 211 350 @ - - -
unknowung‘ S TN LT T e . - S : . -
o= ecdyébne~' B = 20~-hydroxyecdysone

* The unknown was quantlfled as if it were an ecdysteroid giving the same response per ng as ecdysone or
" P 20~hydroxyecdysone.

"Analyses ﬁérformed were as‘follows: Days 1-3, 1 determination of 3 insects. Days 4-14 2 determinations of 3 insects ea.

i Days 15-19 3 determinations of 3 individual insects. -
=,
Females at oviposition, 2 determinations of 2 individual insects d

Eggs at oviposition, 2 determinations of 2 egg pods.
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Ecdysteroids in Adult Female S. gregaria

Fig. 31
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else in this study have any non-ecdysteroidal peaks been found to gas
chromatograph in the ecdysteroid silyl ether region. The production

of an artifact during silylation of either ecdysone or 20-hydroxyecdysone
was ruled out by the addition of these compounds to extracts. On analysis
these extracts contained only ecdysone and 20~hydroxyecdysone, with no
artifact formation having occurred. Further investigation of larger
quantities of insect material would be necessary to identify this
substance, and no time was available to pursue this study.

Conjugated ecdysone is first observed in extracts on day fifteen,
conjugated 20—hydroxyecdysoné is detected shortly afterwards, Rapid
biosynthesis of conjugated ecdysone follows until by the eighteenth day
the insects contain impressive quantities of these conjugated ecdysteroids
(2-3 x 103.ng). When insects which had just laid their eggs were
examined for ecdysteroids none were detected. The newly laid eggs however
were found to contain large quantities of conjugated ecdysteroids, equal
to that which had been present in the female insects. It has been shown

41

that after laying the eggs rapidly metabolise these ecdysteroids .

'Possible Functions of the Ecdysteroids Observed in Adult Female Desert Locusts ﬁ

Ecdysteroidé have been shown to be involved in vitellogenesis in
several insect species72’74_76. If the compound seen in tﬁe female
desert locust between the seventh and tbe thirteenth days after the 5th
to adult ecdysis is an ecdysteroid and not an unrelated compound of
accidentally similar properties, then its function may be to stimulate

vitellogenin synthesis, |

Reséarch on the migratory locust has shown that the ovaries

synthesise large quantities of ecdysone which is later found as a‘conjugate"f

14

in the egg . These experiments on adult female desert locusts suggest

that a very similar situation to that found in the migratory locust exists,
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It would seem that the most likely function of these conjugated
ecdysteroids is as storage compounds, forming a pool of inactive hormone
on which the embryo may draw as required. It has been suggested that
because they are found as inactive conjugates these ecdysteroids do not
have a function in embryonic development}4 Given the very active
metabolism and probable biosynthesis of ecdysteroid seen in the eggs of
the desert 1ocust41 this view seems.unlikely.

A curious feature of the ecdysteroids found in these insects is
the very high ratio of ecdysone to 20-hydroxyecdysohe. In the juvenile
stages of the desert locust 20~-hydroxyecdysone is the predominant ecdy-
steroid, but this is completely reversed in the adult females and eggs.
It has been suggested that ovaries and embryos may be unable to hydroxylate

42,66,73’ but the presence of some conjugates

ecdysone to 20-hydroxyecdysone
of 20-hydroxyecdysone in our extracts shows that a capacity for effecting
this transformation does exist, Whether the high proportion of ecdysone
observed means that ecdysone has a special function‘in embryonic develop~
ment not seen at later stages is not clear. Also it is quite possible

that having sequestered the ecdysone from the stored hormone provided by
its parent the embryd hydfoxylétes it to 20—hydroxyeédysone to produce

local high concentiations of 20-hydroxyecdysone‘ét target tissues. A gas
" chromatograph showing the ecdysone and 20-hydroxyecdysone found in adult

females at the time of oviposition is shown in Fig.31.
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Synthesis of Model Steroids

One of the limitations of gas chromatography is that unknown compounds
must be identified by some other technique, such as linked mass spectrometry,
or comparison of retention times with known compounds. By itself gas
chromatography is therefore limited to the identification of compounds for
which standards may either be purchased or synthesised. Recently a
number of compounds have been suggested as intermediates in the biosynthesis

of ecdysone following their isolation from biological tissues21’22.

In

order to develop suitable analytical methods to enable some of these compounds
to be sought in extracts of the desert locust, 3B-~hydroxy-5a-cholestan—6-
-one(IV) was synthesised by a known route'1® from cholesterol. 3B-Hydroxy-
—Sd-cholest—7-eur-6-one(VIII) and 38,14a—diﬁydroxy—5a—cholest—7-en—6—one

(X), which have previously been synthesised from 7-dehydrocholester01111,

were synthesised by a new route from BB—hydroxy-Sa-choiestan—ﬁ—one. The

main advantage of this synthesis is that the required compounds are

synthesised in good yield from cholesterol, available in a pure form at

low cost in comparison with 7-dehydrocholesterol.

"S&ntﬂesis 6f‘3B-Hydr0xy—5a-cholestan—6-one(IV;:Fig. 32)
3B—Hydroxy-Sd-cholestan—é—one has been identified in extracts of
the PTG of égggzﬁlggziZI and suggested as one of the intermediates in the
syntﬁesis of ecdysteroids. This compound was synthesised from cholesterol
in the following mannerllo.' The cholesterol was first acetylated to
cholesterol acetate (I) which was then nitrated to 6-nitrocholesteryl
acetate (II) in high yield. = The large quantities of saturated saline
solution required for removing the excess fuming nitric a;id makes the
purification of the product lengtﬁy. The,attemptgd‘use of sodium |
carbonate solutiﬁn'to effect the neutralisation qf.thé excess aéid led

to the darkening of the solution and thé”produétion of a brown gum.



Synthesis of Model Steroids

Fig., 32

81.
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When this darkening occurred the yield of é-nitro-cholesteryl acetate was
significantly reduced. Washing with dilute sodium bicarbonate to remove
most of the excess acid, followed by washing to neutrality with saturated
saline gave good yields of product and reduced the length of time taken
for purification,

The formation of the keto compound, 38~hydroxy~5a—~cholestan~6-one
(IV) was effected by refluxing 6-nitro-cholesteryl acetate in acetic acid
in the presence of zinc dust, The suggested reaction pathway which

proceeds through an imine is given below! 12,

~ ~ ~
\\ \\
Y
S o ~ .
“~ ~
~
Zn//\cOiJ/\;
Ac ) A
NO NH;
~ ' ~ ~
~ < N
. o < ~ N
. . ~ ~
e ' N
H 0
AcO H AcO H
NH
Fig. 33
L3 L] 110 ’ » [ )
The original authors™ =~ suggested refluxing in acetic acid for 3}

hours, however the time required for the reaction to govto‘completion
seems to depend on the quality of zinc dust used. .The best results were .
obtained by refluxing overﬂight in the presence of excegsizinc. ‘It_was'
also4suggested that thejp:oduct was obtéined by_pouring thg‘reagtion,

mixture (after filtration to remove zine) into an excess of cold water,
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and filtering off the precipitated 3B-acetoxy-5a-cholestan-6-one. This
was found to be an inefficient method for isolating the product. Higher
yields of product were obtained by diluting the reaction mixture with
water followed by extraction with dichloromethane.  3R-Hydroxy-5a-~cholestaa-
~6—one(IV) was obtained in high yield by alkaline hydrolysis. 3B-Acetoxy-
~5a~cholestan~-6-one was dissolved in a mixture of methanol, water and THF
(80:20:50) containing sodium hydroxide. The THF was required to dissolve
the ketoacetate. An alternative route for the preparation of 38-hydroxy-
-5a~-cholestan-6-one from cholesterol without prior acetylation of

113

cholesterol has been reported . This method was attempted on a

small scale.

Fig.34

The product from the nitration of cholesterol proved difficult to

purify and this method was not investigated further.

"Synthésisfof‘BB-Hydroxy—Sa—Cholest—7-en:—6ﬂ0ne(VIIT, Fig. 32)

3p-Hydroxy-5a-cholest=7-en -6-one(VIII) is obtained by the dehydro-
bromination of 3B—acetoxy—7d*bromo-cholestan—6-one(V) followed by mild .
ester hydrolysis to yield the required 36*hydroxy~ compound (VIII).

Bromination of 36-acetoxy—5u-cholestanf6—one(III) to give
33-acetOxyf7afbromo-5a-cholestan-6-one(V)_was performed by refluxing anvg
ethereal solution of the keto acetate with brominéllz. - ‘Bromination may

occur in either the C-5 or C-7 positions,Vhoweverjformation‘of,the 5a-bromo
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steroid is under kinetic control, whilst formation of the 7a~bromo
compound is under thermodynamic controlllz. By refluxing the reaction
mixture thermodynamic control of bromination was ensured so that the
C-7a-bromo steroid was the major product of the bromination of 3R-acetoxy-
-5q-cholestan-6-one. However this is mot the case with all 6-keto steroids.
Previous work in this 1aboratory92 on the bromination of the model compound
50~cholestan—6-one under conditions where thermodynamic control was
operating produced a mixture of 5a-bromo, 7d—bromo and 5a,7a dibromo
steroids. It is notable that the only differences between 38-acetoxy—
—Sd—cﬁolestan-6-one(III) which may be brominated selectively at C~7 in
high yield and 5o-cholestan-6-one is the possession by the former of a
substituent at C-3. Differences in the chemical reactivity of these
steroids are also seen in the dehydrobromination step which generates the
7- en -6~one group. Dehydrobromination of 7a~bromo-5a-cholestan~6-one
using lithium carbonate in dimethyl formamide has been shown to proceed
smoothly and quicklygz. Under the same conditions (refluxing under
nitrogen for 1 hour) hd”dehydrobromination of 3B-aceoxy-7a-bromo=~5a-
-cholestan—6-one(v) was observed. Increasing the reaction time by
refluxing overnight was also ineffective, as was refluxihg in collidine
for 70 hours. - However when dehydrbbromination using a mixture of lithium
fluoride,’ lithium carbonate,'hexamethylphoséhorictriamide and powdered
soda glassu4 was attempted moderate yields of 38-acetoxy-5a-cholest~7-
~ene-6-one(VII) were obtained. The reaction may be conveniently |
monitored by gas chromatography, and best yields were bbtained by refluxing
the reaction mixture overnight.

Formation of 38-hydroxy-5u-cholest-7- en -6-one(VIII) was attempted
by two routes, These were firstly, dehydrbbromiﬁétion of the 38-acetoxy
bromoketone(V), followed by mild ester Hydrolysis;‘and secondly formation

of the 3g-hydroxybromoketone(VI), followed by dehydrobromination to the
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required product. In the first method mild ester hydrolysis (effected
by refluxing in methanolic potassium carbonate solution) is necessary

to protect the en -one functionm,which is unstable to strong acid and
alkali. The product, 36—hydroxy—5d—cholest—7-€H1-6—one(VIII) crystallises
out of the reaction mixture during the hydrolysis, and may be collected
on cooling by filtration. = This crude material was then redissolved in
butanol, and partitioned between butanol and water to remove any
remaining traces of potassium carbonate. TFailure to ensure that the
product is free of potassium carbonate before drying is attempted

reéults in the formation of a high melting point solid, In this fashion
good yields of 38-hydroxy-5a~cholest-7-en.~6-one(VIII) compound were
obtained, Dehydrobromination of 3g-hydroxy=7a~bromo-5a-cholestan-6-one
.(VI} on the other hand did not result in the formation of the 7-ene-6-one
compound. Instead a halogen exchange reaction between the lithium
fluoride present in the reaction mixture and the bromine in the steroid
took place. This resulted in the formation of 38~-hydroxy-78-fluoro-

-Sd-cholestanéG—one(IX).

‘Synthesis of 38,14q-Dihydroxy-5a-Cholest—7= en ~6-one (X Fig,32)

The l4a-hydroxyl group may be introduced by selective allylic i
oxidation with selenium dioxide in dioxanlll. When this waS'bérformed ;
on 38-hydroxy~5a-chq1est~7—(am~6—one(VIII) the product formed was a red
gum. After repeated recrystallisation a colourless crystaline’solid
was obtained. The small amount of material obtained precluded rigorous
purification and characterisation. However mass spectra of this compound
show an increase in molecular weight of 16, corresponding to the addition [
of an hydroxyl group to the,starting material, - The ultraviolet speétrum.,." “

of the product shows a strong absorbance at 240 nm indicating that the

7~ en ~6-one function is intact. - Given the selectivity of the selenium
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dioxide oxidation it seems likely that the major product of the reaction
was 3B8,l4a-dihydroxy-50-cholest~7-en -6-one(X). Further eyidence in
support of this conclusion is obtained from the gas chromatographic
properties of silyl ethers of this compound. Firstly the retention

time of the partially silylated product is greater than that of the
silylated starting material, which would be expected from the increase

in molecular weight and polarity of the product. The production of

a 140-TMS ether of 38,léd—dihydroxy—Sa-cﬁolest—7-en -6-one should require
éimilar conditions to those required for the silylation of the 1l4¢ position
in ecdysone and 20-hydroxyecdysone. This is exactly what is observed

when the compound obtained from the selenium dioxide oxidation was
subjected to prolonged heating in an excess of TMSI (1400, 24 hr.). The
fully silylated compound had a much shorter retention than the partially
silylated steroid, (Fig. 35) and this is what would be anticipated by
analogy to partially and fully silylated ecdysteroids for 38,l4a-dihydroxy-
—Sd—cholest-7-en.—6-one.

A notable feature of the synthetic route used to obtain these

model compounds is that at no stage is any purification procedure other

than recrystallisation required.

" "Gas Chromatography of Model Cbmpounds.

Gas chromatographs of all three model compounds using the FID are
~given in Fig. 35. As detailed in Table 1 38-hydfoxy-5&—cholestan-6-ane
does not readily capture electrons, whilst‘36-hydroxy-5§-cholest-7-,
though more sensitive to electron capture detection does not capture
electrons as strongly as the ecdysteroids, Héwévér bdth stefoids réédily

form. pentafluorcphenyldimethylsilyl ethers‘("Fiophemesyl ethefs"), and Poole92

has shown that such "Flophemsyl" ethers can be detected by electron

capture in the nanogfam range, A gas cﬁromatograph‘of the "Flophemgyl"
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Gas Chromatographic Properties of the TMS'Ethers of the Model Compounds

Fig., 35

v

Lo

a. TMS ether’of 3B-hydrbxy-5q-cholestan-6-ohe

b. TMS ether of 3B-hydroxy-5a-cholest-7-en-6~one . :

c. Completely silylated form of 36.14a~dihydroxy-50-cholest~7-env6-dné’
d. Partially silylated form of 38,14a—dihydroxy-5d-cholest-?-én~6-dne

Conditions: 5 £t OVIOl on CQ'column,’temp 266°, gas flow rate 50 ml minnl

E C.D. ‘
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Flophemsyl Derivatives of Model Compounds

Fig. 36 [ I
a

b "
W 1
.
g
W
o

| e Minutes
a. Flophemsyl ether ef SB—hydroxy-Su-*cholestan*ﬁ-one
b. s Flophemsyl ether of 33-—hydraxy~5a-cholest-7-e.n-6-'one G LR
Condxtmns. 5 ft 17 0V101 on €Q column, temp.; 292 R gas flow rate"*f"“

250 ml min: 1 f FIDV,V
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ethers of both 3B-hydroxy-5a-cholestan-6-one and 38-hydroxy-5a~cholest~
-7-en -6-one obtained using the FID is given in Fig, 36, The electron

capturing properties of these "Flophemsyl' ethers were not determined.

"Solvent Partition Properties of Model Compounds

All three'model compounds (IV, VIII, X) were found to partition
into the light petroleum phase of the aqueous methanol-light petroleum
partition (Fig. 9). Therefore if present in the desert locust these
compounds would not have appeared in extracts containing ecdysone and
20-hydroxyecdysone, but would have been discarded during the extraction

procedure.

"Attemptedeynthesis of 3-Dehydroecdysone and 3-Dehydro-20-hydroxyecdysone

3-Dehydroecdysteroids have been reported as products of the metabolism

. 55,61 : )
of ecdysone in insects ~ . An attempt was made to synthesise these compounds

using the mathod described by SPINDLER and KARLSON' 12,

Oxygen was bubbled through an aqueous solution of ecdysone in the
presence of a platinum catalyst and this resulted in the formation of a
product which on TLC appeared to be less polar than ecdysone. Gas_
chromatography of silyliethers of this compound resulted in a peak of
longer retention time than ecdysone.  Further characterisation of this
compound was prevented by its decomposition whilst being stored overnight
as a méthanolic solution (at 0°). An attempt was also made to synthesise
3-dehydro~20-hydroxyecdysone by the same method. This resulted in a
mixture of compounds.  Samples of both 3—dehydroecdyson¢ and 3-dehydro~
-20—hydroxyecdysone were obtained from another laboratory and no further
work on these syntheses was attempted,

~ Both compounds have similar solvent partition'prope:ties'to

ecdysone.and.20—hydroxyecdysone‘and appear to be stable in methanol for

several weeks (at room temperature),
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Suggestions for Further Work

In this study the end products of ecdysone biosynthesis, ecdysone
and 20-hydroxyecdysone have been measured in the desert locust from the
2nd-3rd larval ecdysis to the point at which the female adult laid her
eggs. However nothing has been re&ealediby this work about the bio-
synthetic intermediates involved in the production of these hormones.

The synthesis of a number of possible intermediates (38-hydroxy—5d-
-cholestan-6-one, 3B-hydroxy-5a-cholest-7- en -6~one, and 28,l4a-dihydroxy~-
-5d-cﬁolest-7-en-—6—one) should allow analytical methods for their
determination in the desert locust to be developed. It should then be
possible to determine vwhether these compounds are found in the desert
locust at times when ecdysones are being synthesised., However in order
to show that these compounds are biosynthetic intermediates for ecdy-
steroids in the desert locust it will probably be necessary to use
radiolabelled steroids. With radiolabelled steroids it should (if they
are on the biosynthetic route to ecdysone in the desert locust), be
possible to demonstrate their conversion to radiolabelled ecdysteroids.
Using this approach 3B~hydroxy-5d—cholestan-6—one has been implicated in
ecdysone biosynthesis in the PTG °f'§22225]22£i?1 and the metabolism of
3g-hydroxy and 38,14a-dihydroxy—5&—cholest-7-én'—6-6ne (identified in eggs
of the migratory locustzz)/has been studied in isolated PTG's of Mandﬁca
,.Esz£1]117. '

Metabolites of 20—hydfoxyecdysone which might have been inactivation
products were sought both in the insect and in faedes,'hOWeVer apart from
a few percent found as polar conjugates no clues as torthefinactiVation
and/or excretion of ecdysteroids were found. The injection 6f sévefal'
hundred nanograms of radiolabelled 20-hydroxyecdysone into Sth instar
insects late in’the’instar (déys‘éight and nine)'fdlléwéd by eit}éétion 

a few hours afterwards might help to resolve this issue. If would enable
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the solvent partition properties of the metabolites to be determined,
and therefore assist in the development of analytical procedures to help
to identify these compounds.

The nature of the polar conjugates detected in this and other
studies has been suggested as eithersulphates or glucuronides on the basis
of their hydrolysis with enzymes, However an unambiguous identification
would be useful. Because of the comparatively low levels of conjugates
found in faeces this would seem to be an unpromising source of material
on wﬁich to develop procedures for the isolation of large quantities of
conjugates., Eggs on the other hand contain large quantities of polar
conjugates so that it should be possible to isolate enough to determine
their nature. Using similar methods it might then be possible to
identify the conjugates present in the faeces,

Polar ecdysteroid conjugates have been detecfed in the eggs of a
number of species of insect (see introduction), it might therefore be
worthwhile analysing eggs from crustacea to see if similar compounds are
present,

. Because of the apparent inyolvement of écdysteroids in reproduction
an investigatién into whether there is sexual dimorphism during larval
development with regard to the ecdysteroids should be undertaken. This
study was performed upon mixed populations of both sexes and would not
have revealed any differences which might exist between them;‘

This study has demonstrated the power of gas chfomatbgraphy'coupled
with a sensitive and seleétive detector for the determinétién of both the
type and quantity of ecdystéroids present in a variety of biological
materialé (haemolymph, faeces and insects), This has Been done for the
3rd; 4th; and 5th inétars and for‘édult females. A concurrent study in é'
this laboratory116 has determined levels of hormones in eggs and lst and |

2nd instar desert locusts,. We now know how ecdysone and 20—hydroxy¥
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ecdysone and their polar conjugates vary through the life cycle of the
desert locust and which compounds are present at particular stages.
With this information it should now be possible to select suitable
stages of the life cycle and use these to test the effectiveness of
possible moulting hormone inhibitors on ecdysteroid biosynthesis and

118,119 has shown that certain

metabolism. Recent work in this area
azosteroids and simple amines can affect moulting hormone biosynthesis.

Some of these compounds are illustrated in Fig. 37.

Fig,. 37
N
,N/
H HO
bd'/’

The compound 38-hydroxy-78-fluoro-5a-cholestan~6~one (Fig.
synthesised in this study (and compounds similar to it) might, because
of its strategically placed fluorine, be expected to have inhibitory

effects on ecdysone synthesis,

Fig. 38

—Z
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With information derived from studies of this type on the
structure and activity of these compounds it may be possible to develop
non-steroid inhibitors of the ecdysones possessing the characteristics
required for pesticides.

When testing these potential inhibitors for biological activity
it would be valuable to be able to measure the levels of some or all of
the intermediates on the pathway to ecdysone. This would give an idea
of the point at which the inhibitor was exerting its effect and allow
related compounds to be compared. Not all the steroids on the pathway
to ecdysone may be equally sensitive to analysis using the ECD., Whilst
they'can be made sensitive to electron capture using "Flophemsyl"
reagents thisimay not prove to be a satisfactory solution. However
all ecdysteroids and most of the'suggested biosynthetic intermediates
so far postulated contain a C-6 keto group. This should allow a
flubrescent derivative to be formed using Dansylhydrazinelzo, which it should
 be possible to analyse by HPLC., This would provide selectivity in that
. good resolution of each of the intermediates should be possible and with
the fluoréscent Dansyl grOup the method should be sensitive down to very
low levels (picograms). It might also be possible, with an HPLC system
to use a shorter clean up procedure.

By using gas chromatography, the desert locust has been persuaded
to reveal some of the secrets of its moulting hormones. In the future,
developmenﬁ of other analytical techniques in combination with gas
chromatography may enable us to obtain a compléte,understanding of the

biosynthesis and excretion of these compounds.
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Experimental Methods

Preliminary Procedures

Pure ("Spectroscopic") methanol was prepared by distillation of
methanol from magnesium methoxide.

"ECD grade" toluene for gas chromatography was prepared from sulphur
free toluene in the following way. Tolune (12) was shaken with concentrated
sulphuric acid (2 x 100 ml, cooled below 300). The toluene was then shaken
with an equal volume of water followed by an equal volume of 57 sodium
bicarbonate solution. The toluene was dried over calcium sulphate,
distilled from phosphorous pentoxide and stored over molecular sieves.

All other solvents were laboratory grade; where dry solvents are
ugsed (e.g. ether and p&ridine) drying was effected using sodium wire or
molecular sieves as appropriate. Water used for partitions and washing

apparatus was distilled.

‘Instrumeéntation

Cas chromatography was performed on a Pye Series 104 gas chromato-

63

~graph with FID and ~~Ni ECD detectors.

Infrared spectra were obtained using a Perkin-Elmer 257 infrared
spectrophotometer as solutions in chloroform. .

Ultraviolet:spectra were obtained using a Perkin-Elmer 402 ultra-
violet-visible spectrophotometer as solutions in ethanol, using cells of
1 cm path length,

Mass spectra were obtained using a Hitachi~Perkin-E1mér RMUfG‘mass‘
spectromgﬁér witb difect insgrtion of the comppuﬁd on ra'iprol%ef e |

CNMR spectra wére'obtained on a Jeol FXIOOJIOO MHz NMR spectrometer

as solutions in deuterochloroform. -
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Cleaning of Glassware and Reacti-vials

Glassware was cleaned by soaking in a bath of caustic detergent
overnight, followed by extensive washing in water, then acetone. Reacti-
vials were cleaned by soaking in chromic acid overnight. Acid was
removed by washing with saturated sodium bicarbonate solution, and repeated
washing with distilled water. Reacti-vials were then rinsed with acetone
and dried at 140° for at least 30 min. Material not removed by soaking
in chromic acid was removed by abraiding it with bleaching powder ("Briz'"),
after which the Reacti-vial was washed in water, then soaked in chromic

acid as above.

'PreparatiOn‘of‘Thin Layer Chromatography Plates

Silica gel (Kieselgel PF254 E. Merck Darmstadt) was washed in
excess methanol (reagent grade) with gentle warming followed by filtration
and a second wash in methanol. The methanol was decanted and the silica
dried and sieved in a fine mesh sieve. Slurries for plate preparation
were made up in distilled water. Thin layers were prepared by slurrying -
the silica gel in water onto glass plates (20 x 20 cms) to a thickness of
0.6 mm,  The glass plates had been prepared by washing in detergent,
followed by several washes in distilled water, with a final wash in acetone.
After.the silica had been slurried onto the plates they were 1eff to dry
at room temperature., Plates were activated before use by heating at
100° for 1 hour, after which they were allowed to cool in a dry box (over

dessicating silica gel), where they were stored until required.

"Preparation of Trimethylsilylimidazole (TMSI)

Imidazole (13.6 g) was‘heated under reflux for 2 hours with
hexamethyldisilazane'(24.2 g).in the presence of cpncentrated sulphuric

acid (2 dréps).‘ The mixture then fractionally distilled under vacuum
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to give trimethylsilylimidazole as a colourless liquid. This was then
stored in 1 ml glass vials sealed under nitrogen until required.

B.p. 90° at 12 mm Hg. Average yield, 857

Silylation of Pure Ecdysteroids

The method used was essentially that of MORGAN and POOLEgo.

Samples of ecdysteroids (& 0.1 mg) in dry pyridine (200 ﬁl) were placed

in 1 cm3 Reacti-vials (Pierce & Warriner, Chester, U.K.). To this
solution was added TMSI (100 ﬁl) and the mixture heated for 5} hours at
100°.  This produced a partially silylated ecdysteroid in which the
14&-hydroxyl group was not converted to a TMS ether. To silylate the l4a-
-hydroxyl group required more vigorous conditions, such as heating at

140° for up to 24 hours. The TMS ethers produced in this way were then
either diluted with ECD grade toluene, or subjected to thin layer chroma-
tography, followed by gas chromatography as described below. Hormone
derivatives prepared by this method are stable in excess TMSI in the

fridge for several weeks.

Silylation of Model Compounds

The method used for the silylation of model compounds was similar
to that used for the ecdysteroids.  The sterél (v 0.1 mg) iﬁ pyridine
(200 ﬁl) was reactéd with TMSI (100 w1) at 100°. for 10 min in aﬁl‘ém3
Reacti-vial. The reaction mixture was then diluﬁed withvﬁéluené and é

sample removed with a microlitre syringe for gas chromatography.

"Formation of Flophemsyl Derivatives of Model Compbuﬁds;

The sterol (&>O.1 mg) in pyridine (100 ﬂl):waskréactédeith:.
peﬁtafluourophenyldimethylsilylamine at 100° for lobﬁin inal cm3
Reacti-vial. Tﬁe‘reéction miﬁtﬁre was then’dihméd .. with toluene and

subjected to gas chromatography,
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Thin Layer Chromatography of the TMS Ethers of Pure Ecdysteroids

The products of the silylation reactions described above were
diluted with toluene (200 pl) and spread in a line at the origin of a
thin layer plate (20 x20 cm) using a Pasteur pipette, The Reacti-vial
was then washed with toluene (2 x 300 yl) and the washings also spread
at the origin., Solvent was evaporated from the silica with a hair
dryer between applications. The plates were then developed in toluene-
-ethyl acetate (7:3). Under these conditions ecdysteroids have the

following Rf values (Table 9),

‘Table 9

‘ *
. R, Values of TMS Ethers of the Ecdysteroids on . Silica

£
Ecdysteroid No. of TMS Groups Rf
Ecdysone 5 0.69
20~-hydroxyecdysone 4 0.54
5 0.67
6 ‘ 0.75
92

* From Poole

After development, the plate was dried with the aid of a hair
dryer. Ecdysteroids were visualised under UV fluorescence and the
appropriate Rf band scraped off. If ecdysteroids were below the level

of detectability by UV fluorescence then the R, band 0.5-1 was taken,

£

" 'Recovery of the TMS Ethers of the Ecdysteroids after TLC

The silica obtained by scraping the appropriate Rf band from the
plate was packed into a glass colum (& 100 x 11 mm), constricted at

one end, and witﬁ a glass wool plug to retain the silica.  The silylated



98.

ecdysteroids were then eluted from the columm using dry ether (15 ml).
The eluent was collected in a centrifuge tube. Ether remaining on the
colum was eluted by blowing it out with a stream of nitrogen (5 psi).
The ether was then evaporated from the centrifuge tube using a
stream of nitrogen and gentle heat from a hair dryer. When only a small
volume of ether remained (& 50 ul) toluene was added (500 ﬁl). Evaporation
was continued until the volume was reduced to 100 ﬂl, (Measured with a syringe),

Samples (1 pl ) were then taken for gas chromatographic analysis.

‘Conditions for Gas Chromatography of Silylated Ecdysteroids

Analysis of the TMS ethers of the ecdysteroids was effected using
gas liquid chromatography with either the FID or ECD to detect the silylated
hormone. Conditions for analysis by flame ionisation were, nitrogen flow
rate 60 ml min_l, oven temperature 280°,  For the ECD the detector oven
temperature was 3000, detector pulse space 50 ﬁ sec, pulse width 0.75 u sec,
pulse height 47-60V, with a nitrogen carrier gas flow rate of 50 ml min_l.
when‘the colum carrier gas was switched off a flow of purge gas of 15 ml
min = of nitrogen was maintained through the detector. The ECD was not
used for oné ﬁour after the purge gas had been switched off to allow
conditions to stabilise. With both FID and ECD, direct on column
injection was used with an 11 cm needle. The colﬁmn was a 5 ft glass
colum containing 1.5%Z OV 101 on Gas Chrom Q,

Typical retention times for a range of ecdysteroid TMS ethers are

~given in Table 1 (measured from the solvent front).
The quantity of‘horméne present in a sample’waé determined by

comparison of the peak area of the sample against a calibration graph

(Fig. 39).
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Preparation of Calibration Graphs Using Pure Hormones

A known quantity of ecdysteroid was conyerted to its trimethyl-
silyl ether as described above. The reaction was monitored by taking
samples (& 1 ﬁl), diluting with toluene, followed by gas chromatography.
When the desired silyl ether had been formed a quantity of the reaction
mixture (5 ﬁl) was diluted in toluene (500 ul) and then serially diluted,
Samples from these serial dilutions were then injected (in triplicate).
From the peak areas obtained a standard curve was prepared.

ﬁecause of progressive contamination of the ECD with use its
sensitivity declines. Standard curves were therefore prepared regularly,
and the sensitivity of the detector was determined before and after each
set of determinations on biological samples. A typical standard curve

for ecdysone and 20-hydroxyecdysone is given in Fig. 39,

" 'Maintenance of Columm’

Because of the on-column injection technique used in this study
the first few centimetres of column packing became contaminated with
involatile material which reduced the performance of the colum and led
to degradation of the TMS ethers. Therefore this first few centimetfes
of colum packing was regularly replaced (& every 300 injections) with
fresh material. The columm was then conditioned overnight at 300°

before being used for analysis.

' ‘Maintenance of Electron Captufe Detector

Because it is a non-destructive detector the ECD is prone to.
contamination with involatile materials eluting from the column.  When
it became necessary the detector was cleared in the followiﬁg Way.v The
detector was removed from the gas chromatograph én& wéshed sequentially

in benzene (75 ml) and hexane (75 ml), The waste solvents were then
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100.

IMS Ecdysone and 20-Hydroxyecdysone

Fig. 39

ng‘eédysone

ng 20—hy<§roxyecdys one

1

B

\d i  J i
1 2 3
Detector Response (sq. cm,)

- Detector Response (sq, em.) . -




101.

diluted with more solyent (750 ml) and disposed of as waste solvent.,
The detector was then remounted in the detector oven, purged with
nitrogen, and heated at 350° for 12 hours. Mild contamination could

sometimes be removed by "baking out" the detector at 350° overnight.

‘Extraction of Ecdysteroids and Ecdysteroid Conjugates from Biological Material

Tnsects

The extraction procedure used was similar to that of Morgan and
Poolegz, and is shown diagramatically in Fig, 9. Insects were ground
in methanol using a blender, either singly or in groups of up to ten
ingects. The mixture was filtered through a sintered glass funnel
(porosity 3) and the residue washed with an excess of methanol (3 x 200 ml),

The combined methanolic filtrates were then evaporated in vacuo
on a rotary evaporator at 50°.  The residue from this was partitioned
between light petroleum (b.p. 40-60, 100 ml) and aqueous methanol
(water:methanol 4:1, 250 ml in 3 portions 100, 75, and 75 ml). The
light petroleum phase being backwashed twice with aquedus methanol before
béing discarded. Thé combined aqueoué métﬁanoi extracts were then
reduced to dryness in a rotary evaporator at 50°,

The residue was then partitioned between water (100 ml) and
butanol (250 ml, in 3 portions 100, 75 and 75 ml), the aduéods phése
being backwashed twice with butanol., The butanolic extract was then
reduced to dryness at 50° on a rotary evaporator, Evapofﬁtion'was
assisted by distilling an azéotropic mixture of bdtaholtahd water, The
butanol residue from the butanol-water partitions wasvthen:partitioned"
between ethyl acetate (100 ml) and water (250 ml‘in 3 pbrtionS'IOO, 75,
and 75 ml), - The ethyl acetate'pﬁése was backwashed twice with water V
and discarded. The combined -aqueous phases were then teduged to dryhess

by rotary evaporation as an azeotropic mixture with butanol.,  The residue
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from the evaporation of the aqueous phase from this final extract was
then taken up in "spe;groscopic" methanol (15 wl). This was transferred
to a centrifuge tube and tﬁe volume reduced (2 ml) under a stream of nitrogen,
with gentle warming from a hair dryer. The resulting solution was then
transferred to a Reacti-vial (1 cm3), evaporated to dryness, and dried
under vacuum over boiling acetone for 1 héﬁf.

The aqueous phase from the butanol-water partition was usually
evaporated to dryness by rotary evaporation (as an azeotrope with butanol).
It was then taken up in phoéphate or citrate buffer and analysed for

conjugated ecdysteroids as described later.

" Faeces
Faecal pellets were collected daily from 5th instar nymphs of
‘ gi'gregafia, (phase gregaria), and separated from grass, bran and
other contaminating material using tweezers, Removal of contaminating
material by sieving, or by blowing it away using compressed air was
attempted but was not found to be effective, The pellets were then
placed in a mortar, moistened with methanol, and ground with a pestle,
Tﬁe~;esu{ting fibrous mass was then stirred in excess methanol overnight
(100 ml methanol g-l faeces). The fibrous material was then removed by
filtration on a sintered glass funnel (porosity 3), and the filter cake
was tﬁen'wasﬁed with excess methanol (1 & gnl faeces), . The combined
methanolic filtrates were reduced to drymess by rotary evaporation at 50°,
~ Subsequent partitions were identical to those used for insects,

-The filter cake was also extracted with water to extract any very
polar material. - This aqueous extract was reduced to dryness by rotary
evaporation as an azeotrope with butanol at 50°, . The extract was then

examined for conjugated ecdysteroids.  None were detected,



103.

Haemolymph
Haemolymph collected from 5th instar larvae of S. gregaria (phase

~gregaria) at the time of the endogenous moulting hormone maximum was
mixed with an excess of methanol (100 ml methanol/ml haemolymph). The
extract was left overnight at 0°, and filtered., The solid residue was
washed with methanol (2 x 250 ml) and the combined filtrates evaporated
to dryness at 50° on a rotary evaporator. The solid residue from this
stage was then partitioned between aqueous methanol and petroleum ether
(as described above), reduced to dryness, and partitioned between butanol
and water (as described above). Both aqueous and butanolic phases were
evaporated to dryness and examined for the presence of free and

conjugated ecdysteroids as described elsewhere,.

‘Extraction and Hydrolysis of Ecdysteroid Conjugates

The aqueous phase from the butanol water partition (Fig. 8)
of insect hqmogenates, haemolymph or faeces was evaporated to dryness by
azeotropic distillation at 50° on a rotary evaporator. The residue from
this,step was then dissolved in either phosphate or acetate bﬁffer (10 ml,
100 mM).,  This was then divided into two portions (2 x 5 ml), one of
which was subjected to enzymic hydrolysis (see below), the other incubated
without enzyme under the same conditions, as a control,  The same procedure
was used to examine samples derived from the aqueous phase of the water~
ethyl acetate partition, After incubation in a thermostatted waterbath
at 37° overnight, samples were made up to 100 ml with distilled water
and extracted with butanol (250 ml in 3 portions, 100, 75, and 75‘m1).
The butanolic phase was then evaporated to dryness in the normal way,
and the residue analysed for ecdys%eroids liberated by the enzymes, |

The conditions of the enzymic hydrolysis were as follows:~

Solutions were made of the extracts in buffer at the appropriate pH (for
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Helix pomatia enzymes pH 5.3, o-D-glucosidase pH 5,and B-D-glucosidase

pH 6). The pH of the solution was then checked with a pH meter, and if
necessary adjusted using dilute hydrocﬁloric acid or sodium hydroxyide

solution. The quantities of enzyme used routinely were as follows

Enzyme Activity Source
B-glucuronidase 110 Fishman units ml”1 Koch Light, England
Aryl sulphatase 800 Ray units ml_1 Koch Light, England
a-D-glucosidase 2.2 units ml_1 Sigma, England
B-D;glucosidase 1 unit m].'-1 Sigma, England

' 'Determination of Enzymic Activity

The activity of the aryl sulphatase was conveniently checked
using a solution of p-nitrocatechol sulphate (0.1 ml, 1 mg ml_l) in
acetate buffer (0.8 ml, 100 mM, pH 5.3) at 370, to which was added a
diluted sample of enzyme (in 0.1 ml)., The mixture was then incubated
for five minutes, the reaction was stopped by the addition of dilute
sodium hydroxide solution (0.1 m, 2 ml), and the optical density
determined immediateiy in a spectrophotometer (520 nm), The quantity
of p-nitrocatechol liberated was then estimated by reference to é
calibration graph prepared using p-nitrocatechol (Fig. 40),

The activity of the B-glucyronidase was conveniently determined
- using a solution of phenolphthalien glucyronide (O.S‘mlxof 1 mg mlnl)
in acetate buffer (0.4 ml, 100 mM, pH 5.3) at 370, to which was added a
diluted sample of enzyme mixture (in 0,1 ml). The mixture ﬁas incubated
for five minutes, and the reaction stopped using dilute sodium hydroxide
éolution (0.5 m; 5 ﬁl). Liberated phenolphthalien was‘determined by
measuring the optical density of the resulting solution at 540 nm, and
comparing ;his wi&h a calibration graph prepared‘ﬁsing pure phenolph~ |

thalien‘(Fig. 40).
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Standard Curves for Estimating Enzymic Activity

Fig. 40 Optical Density of Phenolphthalein Solution
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Attempted Solvolysis of Ecdysteroid Conjugates

Method 1

This method involved incubating samples in tetrahydrofuran or ethyl
acetate towhich perchloric acid had been added. THF was prepared by
distillation, dried over molecular sieves, and then passed down a short
column of aluminia (Fluka, grade 1) to remove peroxides. Pure ecdysteroids
(0.1 mg) or ecdysteroid conjugates (derived from eggs or faeces of S. gregaria)
were dissolved in THF (5 ml), and the solution was made 0.01M with perchloric
acid. The mixture was then heated on a waterbath at 50° for six hours,
and then neutralized with sodium bicarbonate solution (0.1 m, 100 ml).
The resulting solution was extracted with butanol (3 x 250 ml), The
combined butanol phases were then backwashed once with water, followed
by rotary evaporation, and the residue was analysed for ecdysteroids in
the normal way. These conditions for the solvolysis of ecdysteroid
conjugates resulted in the degradation of the hormone in both solvents.
Method 2

Pure hormone (0.1 mg) or conjugates were dissolved in dioxan
(200 ﬁl, distillgd, dry), and either left at room temperature for one week
or heated at 100° for one hour. ' To this reaction mixture TMSI (100 ul)
was added and the ecdysteroids were converted to their TMS ethers by
heating (100°, 10 hours). The silylated ecdysteroids were then analysed
in the normal way. No solvolysis of conjugates was observéd.

" 'Méthod 3

Pure hormone (0.1 mg) or conjugates were dissolved in pyridine
(200 ﬂl) and either left at room temperature for one week or heated at
100° for one hour.  TMSI (100 1) was then added and the ﬁixtufé was then
heated (1000,'55 houré); : Samples were'thén'analysed by gas chfomatdgraphyk

ag described above. No solvolysis of conjugated ecdysteroids was observed.
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Silylation of Ecdysteroids from Biological Material

After having gone through the partition and enzymic hydrolysis
steps the sample was taken up in pure methanol ("spectroscopic', 15 ml)
and transferred to a Reacti-vial as described earlier. This resulted
in a brown tarry residue, which was dried under vacuum (540, 1 hour) and
then dissolved in pyridine (200 ﬂl) and stored overnight (OO). To this
solution TMSI (100 ﬁl) was added, and the sample was then heated in an
oven to convert the ecdysteroids to their silyl ethers (1000, 5} hours).
The reaction mixture was then streaked onto a TLC plate as described

earlier.

" "Insect Breeding

‘Schistocerca gregaria were reared under crowded conditions (phase

~gregaria) either at Keele or at the Centre for Overseas Pest Research,
London., Solitary insects (phase solitaria) Qere reared individually in
the Department of Biology, University of York., Both phases were reared
at 34° (day),'28o (night) with a photoperiod of 12 hours light and 12
hours darkness, Illumination was provided by a 40 watt bulb in the‘cages.
Insects were féd 6n grass and bran twiée daily,‘ﬁid grass and faeces were
removed daily. Both solitary and gregarious insects weie reared from
the same genetic stock., Under these conditions instar length for
gregarious insects was as follows: |
lst instar - 4 days, 2nd instar - 4 days, 3rd instar - 6 days,
A;h instar - 5 days, 5th instar - 10 days. ” |

Femaies laid eggs within two to three weeks after the larval-
adult ecdysis. The presence of a mature male was found to speed up the
rate of maturation of both male and female insects., Eggs were laid |
into dampened sand contalned in aluminium. tubes li" in dlameter, 5" in

lgngth. . The sand was sterlllsed by beatxng for several days at 100 .
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Eggs were incubated in the cages under the same conditions as those
described for insects. Eggs generally hatched two to three weeks after

laying.

Locusta migratoria were reared at Keele under the same conditions

as those used for Schistocerca gregaria.

The cages in which the insects were kept were of wood or metal
construction, and were cleaned regularly to prevent the spread of disease.

A solution of phenol in water, or 'TCP' was used to sterilise the cages.

"' Colléction of Samples

Insects were taken at suitable intervals, either individually or
in groups, anaesthetised with nitrogen, weighed, and homogenised in methanol
using a blender. Samples were then stored at 0% until analysed.

Faeces were collected daily from cages containing approximately fifty
5th instar insects, separated manually from grass and bran, weighed, and
stored at 0° until analysed.

Haemolymph was collected from a synchronous colony of fifty 5th

instar échistocerca‘gregaria. A hypodermic needle was used to pierce the
cuticle at the joint bétween the abdomen and the rear leg. The insects
were held upside down between the thumb and forefinger, with the leg held
away from the body with the other hand. Haemolymph was collected using
a Pasteur pipette, transferred to a graduated centrifuge tube, When the
volume had been determined it was mixed with an excess of methanol

(10 ml ml-l), and stored at 0° until analysed.

" Syntheésis of Model Compounds V(Fig. 32)

' 'Choleste‘ryl ‘Acetate (I)

Cholesterol (80 g) was dissolved in pyridine (400 ml) and acetic

anhydride (360 ml) and the mixture stirred overnight atrroom\tempefatuie.
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The reaction mixture was diluted with water (22), cooled, and extracted
with ether (42). The ether layers were backwashed with sodium carbonate
solution, water, and then dried over magnesium sulphate. The ether was
removed by rotary evaporation and the residue of yellow crystals was

then recrystallised from absolute ethanol to yield cholesteryl acetate

(72g, 777) as colourless crystals m.p. 114° (1it. 1160)122

6-Nitrocholesteryl Acetate (II)

Cholesteryl acetate (1, 70g) in ether (1%) in a round-bottomed
flask, fitted with a mechanical stirrer, condenser, thermometer and
dropping funnel, was cooled in an ice/salt bath. To the solution was
added fuming nitric acid (600 ml) dropwise over 3 hr, The temperature
was kept between 5 and 10° during the addition. Stirring was continued
for a further hour after the addition of the acid was complete, after
which the mixture was transferred to a 5% separating funnel and washed
to neutrali;y with dilute sodium carbonate solution (0.1 m, 2 x 5%) i
followed by saturated salt solution (15¢). The aqueous phases were B
backwashed with ether and discarded. The combined ether layers were
reduced to dryness by rotary evaporation to yield an oil. On titration

with methanol the oil yielded a crystaline solid which on recrystallisation.

from methanol gave 6-nitrocholesterol as a white solid, (43g 562)

mp. 102-3° (lit. 101-2%*10

'BBéACetoxy~5a-choléstan—6-one‘(IiI) v ’ . ‘ S
To 6-nitrocholesteryl acetate (11, 40g) in glacial acetic acid’
(800 ml) contained in a 2% round-bottomed flask fitted with a mechanical
stirrer and condenser, water (80 ml) was added. - To the resulting
golution zine dust (80g) was added in small quantities over 1 hour. . The

whole was then refluxed overnight.  The reaction mixture was filtered
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whilst hot, and the filter cake washed with glacial acetic acid (2 x 100 ml).
The solution was then diluted with water (22) and extracted with
dicﬁloromethane (4 x 12). The dichloromethane was removed by rotary
evaporation and the crude product was recrystallised from methanol to

yield 3B-acetoxy-5a-cholestan-6-one as colourless crystals,

(24g, 54%) m.p. 128-9 (lit. 127-129%13max 3000, 1710 cm -

(Found C, 79.15; H, 11.48 requires C, 78.43; H, 11.,04).

"3B~Hydroxy-5d-cholestan—6—one'(IV)

3pg-acetoxy-5a-cholestan-6-one (III, 0.8g) in a mixtu:e of methanol,
water, and THF (150 ml, 80:20:50) containing sodium hydroxide (lg) was
stirred at room temperature overnight, Methanol and THF were removed
by rotary evaporation, water added (200 ml) and the whole extracted with
dichloromethane (3 x 250 ml). The organic extract wag dried over magnesium
sulphate and the solvent removed by rotary evaporation, The product was
recrystallised from methanol to give 3g-hydroxy-5a~cholestan-6-one as ;
colourless needles (0.6g, 83%) m.p. 142-143 (lit., 142 144110 '5
Voay 3000, 1710 — (Found C, 80.5; H, 11,50, requires C, 80.54;

H, 11.52).

"3B¥ACet0xy~7a-bromo-5a—choleStan—6~one'(V)

Bromine (8g) in glacial acetic acid (100 ml) was added dropwise

to a refluxing solution of 3B-acetoxy-5a—cholestan-64oneﬁ(IIi;‘20g) in jfi
ether (300 ml) and agetiébvacid>(60 ml) éontained in a thrée neékéd o ;f%
round-bottomed flask fitted with drOppiﬁg funnel,!cohdehéer and thermo- 5
meter. The resulting mixture was refluxed overnight. Ether was removed
by rotary .evaporation at room temperature. Water (6 ml) was”édaed‘idiihé
réaction'mixture, and the iesﬁlting precipitate'rédissolved by haétiﬁg

over a water bath (1000). The solution was then allowed to cool, c¢rude
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3g-acetoxy=7o-bromo-5a~cholestan—6-one crystalising out as a yellow
solid. The crude material was recrystallised three times from aqueous
acetic acid (57 water) to give 38-acetoxy—7d—bromo-5a-cholestan—6-one
as pale buff crystals.

' 113 _
(17.7g, 7%, m.p. 145° (lit. 144-52)""7y 2950, 1710 cm 1

(Found: C, 66.81%Z; H, 9.29%; requires C, 66.5%; H, 97)

‘3B—Hydroxy*7a-bromo—5d-cholestan—6-one'(VI)

The acetate (V, 5g) in a mixture of water, methanol and THF
(20:80:50, 100 ml) containing sodium hydroxide (4g) was stirred overnight,
The removal of THF and methanol, by rotary evaporation, produced a white
precipitate. The mixture was extracted with butanol (3 x 250 ml). The
organic layers were then washed with water until neutral. The butanol
was then removed by rotary evéporation as an azeotrope with water. The
crude product was recrystallised from ethanol to give 3g-hydroxy-7o~bromo-
~5a~cholestan~6-one as colourless crystals,

(2.2g 66}), mp. 166-163 v . 2950, 1710 em

(Found: C, 59%: H, 8.3%Z, requires C, 63.6%; H, 9.5%)

" "3p=Acetoxy-5a-cholest-7-en=6~one (VII)

| The bromoketoﬁé w, 20g) in he#amethylphosphorictriamide (aMPT,
redistilled anhydrous, 200 ml) was mixed with lithium carbonate (13.4g),
lithium flugride (5.2g) and powdered soda glass (4g). The_reactioh '
mixture was stirred under nitrogen at 120° for 10 hours. The ﬁixture
was then'cooled; pqured into water (12) and left to stand. - The yellow
brown. gum thained from,thig was Qollected by filtration, and‘purified
Ey reérystalisation tg'give 3B—acetoxy—5a—cholestf7—én—6-oné as white:_

crystals.
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(60 g, 362) m.p. 151-152,5° (1it. 150-152°)
v_.. 2960, 1725, 1665 em . U.V. max 246 nm (ethanol)

E 7305 (Found: C, 78.53%; H, 10.617%, requires C, 78.457; H, 10.537%)

3g-Hydroxy-5a-cholest~7-en-6-~one (VIII)

To BB-acetoxy-Sd-cholest-7—en—6-one.(VII, 1g) in refluxing
methanol (200 ml) a solution of potassium carbonate in aqueous methanol
(400 mg, 100 ml methanol, 100 ml water) was added dropwise. The mixture
was refluxed for 2 hours, then reduced in volume to 100 ml by evaporation,
and allowed to cool. Upon cooling the product crystallised out of
solution and was collected by filtration. The crystals were then
dissolved in butanol (200 ml) and backwashed twice with water (2 x 100 ml).
The aqueous layers were pooled and backwashed with butanol (100 ml), The
combined butanolic extracts were then reduced to dryness by rotary
evaporation, and the product recrystallised from absolute ethanol to
give 3B-hydroxy-5a~cholest~7-en-6-one as colourless crystals,

(0.8g, 887), m.p. 190-192° (lit. 192-3%)!?3

1

Voax 2950, 1660 em © U.V. max 247 nm (ethanol) E. 12017

(Found: C, 80.79%; H, 11,292, requires C, 81%; H, 11%)

38-Hydroxy-78-fluoro-5a-cholestan-6-one (IX) : 1

- 3-Hydroxy=-7a-bromo-5a-cholestan-6-one (VI, 2g) was dissolved in

HMPT (30 ml) to which was added lithium carbonate (1.4g), lithium

fluoride (0.52g) and powdered soda glass (400 mg). The reaction mixture
was heated overnight at 100° under nitrogen.  The mixture was then

cooled, filtered and poured into an excess of cold water (500 ml). The

resultant precipitate was collected by filtration and the product =
recrystallised from methanol to give 3-hydroxy-78=-fluoro-5a-cholestan—

~6-one as colourless crystals.
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0 -1
(1.5g, 927) m.p. 168-170 Viax 2900, 1710 cm

Found: C, 71.53%; H, 11.12%Z, requires C, 70Z; H, 10.57)

' 38,14&-Dihydr0xy-5u*cholestv7—en-6-one (X)

3B-Hydroxy-5a~cholest-7-en-6-one (VIII, 400 mg) in dioxan (15 ml)
was heated at 85° for 1 hour with selenium dioxide (400 mg, resublimed).
The mixture was then poured into water (200 ml) and extracted with butanol
(3 x 250 ml). The butanolic extract was reduced to dryness by rotary
evaporation to give a pink gum. The product was recrystallised twice
from absolute ethanol to give 38,l4o~dihydroxy~5a~cholest-7~en-6-one
as colourless crystals,

(200 mg 487) m.p. 190-200° with decomp. (lit 231-234%)111
U.V. max 244 nm (ethanol) e 9583

"' 3-Dehydroecdysone and 3—Dehydro—20—hydroxye cdysone

Samples of pure hormones (1 mg) were dissolved in distilled water
(1 ml). To this solution was added a portion of platinum catalyst (1 mg)
prepared by the reduction of platinum dioxide by hydrogen. The platinum
dioxide was reduced in acetic acid at room temperature overnight whilst
stirred under hydrogen at atmospheric pressure. The catalyst was washed
extensively before use with distilled water (5 x 50 ml), Oxygen was
bubbled through the reaction mixture of ecdysteroid and catalyst, which
was stirred using a magnetic stirrer., The reaction was followéd using
TLC (dichloromethane:methanol 80:20) and gas chromatography. With : ??%
ecdysone one major product was seen on TLC after an hour, at which point

the reaction was stopped. The reaction was stopped by diluting the

reaction mixture with water (100 ml) and then extracting with butanol
& N

(3‘x 100 ml). Butanol was removed by rotary evaporation. This product

was less .polar than ecdysone on TLC but of longer gas chromatographic
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retention time. After an hour the reaction mixture containing
20-hydroxyecdysone produced three spots on TLC and the reaction was
stopped. These compounds decomposed on storage in methanol overnight
0°) preventing further characterisation. A comparison of the gas
chromatographic retention times of these compounds and those of
3-dehydroecdysone and 3-dehydro-20-hydroxyecdysone obtained from

another laboratory showed no close correspondence.
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