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Ecdysteroid titre and metabolism and cuticle 
deposition during embryogenesis of the ixodid tick 
Amblyomma hebraeum (Koch) 
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Three embryonic cuticles are formed before larval cuticle deposition during embryonic 
development of Amblyomma hebraeum. The quantity of radioimmunoassay-positive material 
varied between 50 and 200 pg ecdysone equivalents per mg, but no significant peaks were 
detected. Maternally incorporated [3H]-20-hydroxyecdysone and [3H]-ecdysone contained in 
freshly laid eggs appear to be conjugated to C-22 fatty acid esters and 3~ epimers of those 
esters and, thus, appear doubly inactivated. In addition, ecdysone is converted to an unknown 
product called 2'. The role of these maternally derived ecdysteroids is unknown. 
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Introduction 
Knowledge of the endocrinology of ticks 
has greatly increased in the last 15 years (see 
Diehl et al., 1986; Connat, 1987). Although 
the physiological effects of exogenous appli- 
cations of ecdysteroids and other studies 
had given evidence for hormonal control of 
development (see review by Solomon et al., 
1982), the first ecdysteroids identified in 
ticks were ecdysone (E) and 20-hydroxy- 
ecdysone (20E) in nymphs of the ixodid tick 
Amblyomma hebraeum (Delbecque et al., 
1978). Subsequently, high titers of these 
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hormones were correlated with cuticle de- 
position in this nymph (Diehl et al., 1982) 
and in the fifth instar nymph of the tick 
Ornithodoros moubata (Germond et al., 
1982). Metabolic studies using radio- 
labelled E injected at various intervals of 
the molting cycle demonstrated that 
nymphs of this last species were capable of 
(1) hydroxylating E to 20E, the major hor- 
mone during ES peak, and to 20,26-dihy- 
droxyecdysone, and (2) metabolizing these 
free hormones to polar and apolar products 
(Bouvier et al., 1982). The more apolar of 
these apolar metabolites, also formed after 
ingestion of 20E, were found to be esters of 
20E where one of four different fatty acids 
(palmitic, stearic, oleic, and lineolic) was 
bound to the C-22 position (Diehl et al., 
1985). 

Ecdysteroids have also been found in 
vitellogenic females of several tick species 
and, similarly to insects, these maternal 
ecdysteroids may be incorporated into the 
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developing oocytes. Depending upon the 
tick species, freshly laid eggs may contain 
(1) free E and 20E (i.e.A. hebraeum, Connat 
et al., 1985; and Amblyomma variegatum, 
Connat and Dotson, 1988), (2) apolar con- 
jugates of ecdysteroids (Boophilus micro- 
plus, Wigglesworth et al., 1985; and 
O. moubata, Connat et al., 1984) or (3) a 
combination of free and conjugated ecdy- 
steroids (Rhipicephalus appendiculatus and 
Hyalomma dromedarii, Connat and Dot- 
son, 1988). These apolar conjugates have 
the same retention times on reversed phase 
HPLC as the fatty acid esters of 20E 
described in O. moubata nymphs (Diehl 
et al., 1985) and have been identified in 
B. microplus as fatty acid esters of E 
(Crosby et al., 1986). 

The purpose of these ES in the freshly 
laid eggs remains unclear. Ornithodoros 
moubata embryos did not appear to reuse 
the radiolabelled apolar conjugates incor- 
porated into the eggs after vitellogenic 
females had been injected with tritiated E or 
20E (Connat et al., 1988). In addition, the 
embryos produced more endogenous conju- 
gates at the appearance of each ecdysteroid 
peak (Dotson et al., 1991). In B. microplus, 
these conjugates were converted to ecdy- 
steroid-26-oic acids and fatty acyl esters of 
these acids (Crosby et al., 1987; Dotson, 
unpublished results). These acids and acid 
conjugates were presumed to be inacti- 
vation metabolites. 

In this study, we attempted to determine 
the role of incorporated free E and 20E in 
A. hebraeum eggs. We searched for eventual 
fluctuations of ES levels and possible corre- 
lations with cuticle development. We also 
studied the modifications of these incorpor- 
ated maternal ES throughout embryonic 
development. 

Materials and Methods 
Animals 

Fully engorged A. hebraeum females were 
provided by CRA Ciba-Geigy [St. Aubin 
(FR) Switzerland]. The preovipositional 
period lasted approximately 11 days, and 
the females oviposited for 20 to 30 days. 
The females were allowed to lay eggs in 
plastic vials and every day or 2 days, the 
females were removed, leaving the eggs in 
the vial. This was done to minimize hand- 

ling the eggs, which may disrupt develop- 
ment. When collecting eggs for extraction, 
dried and nondeveloping eggs were re- 
moved. The females and eggs were kept in 
97% RH (above a saturated K2SO4 sol- 
ution) at 28°C and in total darkness. More 
information about the biology and physi- 
ology of vitellogenesis of this species may be 
found in Norval (1977) and Connat et al. 
(1985). 

Cytology 

Embryos collected every 2 days during 
development were fixed in 6.25% glu- 
taraldehyde in a 0.1 M S6rensen phosphate 
buffer (pH7.4) containing 2% sucrose 
(Sabatini et al., 1963) and held at 4°C for 
several days. The eggs were pierced with a 
fine tungsten needle to allow penetration of 
the fixative. The tissue was then washed 
three times for 10 min and once overnight 
with a 0.2 M S6rensen buffer (pH 7.4) con- 
taining 5% sucrose. The embryos were 
postfixed for 2 hr at 4°C with OsO4 in 
Palade (1962) buffer (pH7.4) containing 
5% sucrose and rinsed three times for 
10 min with the Palade buffer containing 
5% sucrose. The tissue was dehydrated in 
acetone and embedded in Spurt resin. 

The blocks were cut on a Sorval ultra- 
microtome. Semi-thin sections (--, 0.75 #m), 
cut with glass knives, were placed on 
albumin-coated slides and stained with 
toluidine blue. Thin sections (--~0.08 #m), 
cut with a Diatom diamond knife, were 
collected on carbon-coated, parlodion- 
coated grids. They were contrasted in a 
50% ethanol solution saturated with uranyl 
acetate for 15 min and then in Reynolds 
lead citrate solution (Reynolds, 1963) for 
30 min. The ultrastructure was observed 
with a Philips 201 transmission electron 
microscope (TEM). 

Chemicals 

Ecdysone (2fl,3fl, 14ct,22R,25-pentahy- 
droxy-5fl-cholest-7-en-6-one) and 20-hy- 
droxyecdysone (2fl, 3fl, 14:t,20R,22R, 25- 
hexahydroxy-5fl-cholest-7-en-6-one) were 
purchased from Simes (Milan, Italy). 
Labe l led  ecdysone  ([23,243H] - 
ecdysone{[3H]-E)) (sp.act.53.6 Ci/mmol) 
was obtained from New England Nuclear 
Corporation (Boston, MA, U.S.A.) and 
purified on high performance liquid 



Ecdysteroids and metabolism in tick embryos 157 

chromatography (HPLC) when necessary. 
Labelled 20-hydroxyecdysone was pro- 
duced by incubating [3H]-E with 
Malpighian tubules from fifth instar larvae 
of Locusta migratoria and purifying the 
extract of culture medium on HPLC. 

Extractions for radioimmunoassay (RIA) 
In preliminary experiments, for every 2 

days of development, 10-40mg of eggs 
were weighed and homogenized in 3 ml 
80% methanol. The homogenate was soni- 
cated for 2 min, centrifuged for 10 min at 
10,000g and the supernatant saved. The 
pellet was re-extracted twice with 1 ml 
100% methanol. The combined super- 
natants were dried under reduced pressure 
on a Rotary Film Evaporator (Biichi, 
Switzerland), and the extracts were resus- 
pended in 1.5 ml 100% methanol. An ali- 
quot equivalent to 2 mg of eggs was dried 
and resuspended in 0.1 M citrate buffer 
(pH 6.2) for RIA measurements. 

In later experiments, 20-50 mg of eggs 
were weighed and stored in 500#1 100% 
methanol at -20°C.  The eggs were ground 
in a 1.5 ml centrifuge tube with a Teflon- 
coated piston. The piston was rinsed after- 
wards with 500 #1 of pure methanol which 
was then added to the homogenate. The 
samples were vortexed, sonicated and cen- 
trifuged for 10 min at 10,000g. After cen- 
trifugation, an aliquot of the supernatant 
equivalent to 2 or 5 mg of eggs was dried 
and resuspended in 0.1 M citrate buffer 
(pH 6.2). 

Radioimmunoassay 
Ecdysteroid concentrations in the crude 

methanol extracts were determined by the 
radioimmunoassay method of De Reggi 
et al. (1975) under the conditions described 
in Connat et al. (1985). 

Injections 
A Hamilton 10/~1 syringe was used to 

inject 500,000 or 1,000,000 cpm of [3H]-E or 
[3H]-20E dissolved in 5/~1 of TC199 into 
vitellogenic A. hebraeum females 1 day after 
the beginning of oviposition. 

Extractions for high performance liquid 
chromatography 

After females had been injected with ei- 
ther of the labelled hormones, the 

oviposited eggs were collected daily. Part of 
the daily egg batch was extracted to deter- 
mine the radioactive profile at the begin- 
ning of development. The remainder of the 
eggs was allowed to develop to various ages 
before being extracted. Radiolabelled eggs 
(10-40mg) were homogenized in 500~L1 
methanol in 1.5 ml centrifuge tube with a 
Teflon-coated piston. The piston was then 
rinsed with 500 ~1 methanol. The homogen- 
ate and rinse were combined, then vortexed, 
sonicated and centrifuged for 10min at 
10,000g. 

High performance liquid chromatography 
(HPLC) 

Reverse and normal phase HPLC analy- 
ses were done with the same apparatus and 
conditions described in previous papers 
(Connat et al., 1987; Dotson et al., 1991). 
Aliquots of extracts containing approxi- 
mately 12,000 cpm were dried under a N2 
flow, and resuspended in a volume of pure 
methanol by vortexing and sonicating. Two 
volumes of Tris buffer (pH 7.5, 20mM) 
were added, and the sample was vortexed 
again. This protocol was needed to recover 
the apolar products which are probably 
absorbed on the plastic tube walls during 
the evaporation step. Finally, to determine 
whether the labelled hormones comigrated 
with the UV peaks of standards, cold 
ecdysone and 20-hydroxyecdysone stan- 
dards were added to the sample. 

Enzymatic hydrolysis 
Aliquots of methanolic extracts equival- 

ent to 5 mg of eggs were dried in 3 ml glass 
bottles under a N 2 flOW and resuspended in 
950/~1 borate buffer (0.1M, pHS.3) by 
vortexing and sonicating for 3 min. Pig 
liver esterase (EC 3.1.1.1, Boerhinger 
Mannheim, Germany, 50#1, 50IU) was 
added. After an overnight incubation at 
37°C, the hydrolysed sample was diluted 
with 3ml of 100% methanol and cen- 
trifuged to precipitate the denatured 
enzyme. The supernatant was dried with a 
rotary film evaporator and then collected in 
1.5 ml pure methanol. The sample was then 
dried under reduced pressure and was 
assayed for RIA. 

Radioactive samples were first separated 
into three fractions (2ml 30% methanol, 
5ml 60% methanol, and 5ml 100% 
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methanol) using a reverse phase C-18 SEP 
PAK@ (Waters, Milford, MA, U.S.A.) 
according to method of Lafont et al. (1982). 
The third fraction was dried under reduced 
pressure in a rotary film evaporator or N2 
flow and subjected to esterase hydrolysis 
under the above conditions. 

For hydrolysis with Helix enzymes, the 
radioactive sample was dried under a N 2 
flow, resuspended in 100#1 0.5 M acetate 
buffer, pH 5.5, vortexed and sonicated for 
3 rain. Two to three microlitres of Helix 
juice (IBF) was added and then vortexed. 
The sample was incubated at room tem- 
perature for 1 hr and injected in HPLC in 
a 30% methanol solution along with cold 
standards. 

Liquid scintillation counting 

We used an automatic liquid scintillation 
counter Kontron MR 300 DPM and 
Riatron scintillation cocktail (Kontron, 
Ziirich, Switzerland). In the case of HPLC 
fractions, results are expressed in non- 
corrected cpm since in our conditions, only 
a small difference of quenching existed 
between the different HPLC fractions. 

Results 
Production of embryonic and larval cuticles 

Observations of semi-thin and thin sec- 
tions of various ages of A. hebraeum em- 
bryos demonstrate that three "embryonic 
cuticles" are formed before the deposition 
of the larval cuticle. These cuticles are 
labelled layers A, B and C following the 
terminology used in embryos of the tick 
O. moubata (Vogel, 1975; Dotson et al., 
1991). The first of these cuticles, layer A, 
forms on the 3rd to 4th day of development. 
This thin, electron-dense layer in 10-12 nm 
thick and occasionally has a trilaminar ap- 
pearance (Fig. l a). The second more com- 
plex cuticle forms around the 8th day of 
development when the germinal disk 
appears. This cuticle consists of a thin outer 
layer (B~, approx. 3 nm), separated from a 
thicker electron-dense layer (B2, 40 rim) by 
a thin electron translucent space, and an 
inner fibrous layer of varying thickness (B3, 
250-600 nm) (Fig. la). Formation of layer 
C begins around the 28-30th day of devel- 
opment (Fig. la,b). This layer is composed 
of a thin electron-dense material that is 

deposited by electron-dense plaques at the 
end of microvilli (Fig. lb) and a fibrous 
inner layer is sometimes present (not 
shown). Electron-dense balls appear to 
attach to the inner surface of the electron- 
dense layer of C (Fig. lc). They do not 
appear to be vesicles that add electron- 
dense material to layer C; in fact, they are 
still present as distinct balls after larval 
cuticle formation is complete. Resorption 
or exuviation of these embryonic cuticles 
does not occur and timing of apolyses is 
difficult to observe because of the violent 
retraction of the eggshell when it is pierced 
during the fixation process. 

Larval cuticle production begins around 
day 40 of embryonic development with the 
deposition of the first epicuticular layer, 
cuticulin, at the end of microvilli (Fig. l d). 
Formation of the dense layer occurs after 
day 40, and, by the 46th day of develop- 
ment, the epicuticle is approximately 
0.1 #m thick (Fig. le). Procuticle deposition 
follows. By the 54th day the scutal cuticle 
has increased in width to 2.0 #m (Fig. If) 
and when the larva hatches out, this type of 
cuticle will be approximately 5.0 #m thick 
and will not possess lamellae. No procuticle 
is deposited after hatching. The opisthoso- 
mal cuticle of the larvae is composed of a 
thin epicuticle and an inner and outer pro- 
cuticle. In the opisthosomal region, epicu- 
ticular folds begin forming around the 40th 
day of development and are gradually filled 
with outer procuticle. These folds are gener- 
ally 2-3 #m wide but can be as wide as 
8.5 #m, and are from 0.6 to 3 #m deep. The 
outer procuticle below the folds is com- 
posed of 9 or 10 lamellae (each 0.4-0.8 #m) 
with pore canals dispersed throughout. The 
inner procuticle is deposited after hatching 
and is composed of 3-6 lamellae that are 
slightly thicker than those of the outer 
procuticle (Fig. lg). 

Ecdysteroid titre during embryonic develop- 
ment 

When over 200 crude methanolic extracts 
of the various ages of embryos from five 
different series of A. hebraeum eggs were 
analysed using RIA, no distinct peak of 
ecdysteroid immunoreactive material was 
detected. The amount of immunoreactive 
material appeared to remain between 50 
and 200pg equivalents of E per mg. 
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Fig. 1. (a) Amblyomma hebraeum embryo, 28 days after oviposition. "Cuticles" A, B and C 
are present, B~, B 2 and B 3 are the thin outer layer, thicker electron-dense layer and inner fibrous 
layer, respectively, of cuticle B. ES: Eggshell. (b) Embryo, 30 days after oviposition. 
Electron-dense plaques are on microvilli just beneath layer C. v: Coated vesicle. (c) Embryo, 
28 days after oviposition. An electron-dense ball is located just beneath layer C. (d) Embryo, 40 
days after oviposition, Cuticulin (Cu) is being deposited at the tips of microvilli. (e) Embryo, 
46 days after oviposition. Epicuticle (EPI) is being deposited. C: Embryonic cuticle C; EF: 
Epicuticular filament. (f) Embryo, 53-54 days aitcr oviposition. Nonextensible cuticle of the 
scutum. C: Embryonic Cuticle C: PC: pore canal: PRO: procuticle. (g) Larva. The cuticle of 
the opisthosomal region is composed of epicuticle and amorphous and lamellate procuticle 

(PRO). PC: pore canals; N: nucleus. 
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However, a few samples around the 12th = -00 
day of development and around the 
44-46th day contained as much as 

8000 
350pg/mg and one sample contained 
1 l O0 pg/mg, but these were not correlated 
with a developmental event. '000 

Extracts from A. hebraeum embryos 0, 
10, 20, 30, 40 and 48 days old were analysed ~000 
for ecdysteroid-immunoreactive material 
before and after hydrolysis with porcine 
liver esterase. In the extracts used, the RIA- ° 
positive material before hydrolysis de- 
creased from 180 pg equivalents of E per = t~°0 Q. 

mg at oviposition to l l0pg  20 days later '~ 
and remained about the same thereafter 
(Fig. 2). Interestingly, esterase hydrolysis 
did not increase the RIA-positive material 
in the day 0 and day 10 samples but hy- 
drolysis increased the ecdysteroid content in 
the day 20 and older samples to approxi- 
mately that of the day 0 and day 10 
samples. 

Metabolism of [3H]-20-hydroxyecdysone 

When [3H]-20E is injected into A. he- 
braeum females at the beginning of ovipos- 
ition, approximately 76% of the 
radiolabelling is transferred to the eggs, 
95% of which is found in its free form 
(Fig. 3a). The remaining 5% corresponded 
to a compound more polar than 20E, which 
has the same retention time as product 2 
described in females of this species (Connat 
et al., 1987). In a preliminary experiment, 
we monitored the fate of the 20E and 2 
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Fig. 3. Reversed phase HPLC radiochromatograms 
of eggs from A. hebraeum females injected with 
[3H]-20-hydroxyecdysone during vitellogenesis. 20E 
marks the retention of authentic 20-hydroxy- 
ecdysone. 2 is an unidentified polar product and API 
and AP2 are apolar products with similar retention 
times as fatty acid ester conjugates. 20E' marks the 
retention of the 3ct epimer of 20-hydroxyecdysone. 
(a) Freshly laid eggs; (b) embryos, 20 days after 
oviposition; (c) esterase hydrolysis of apolar metab- 

olites from embryos, 20 days after oviposition. 

every 15 days of development. At day 15 
none of the 20E had been metabolized, 
whereas at day 30, all of it had been con- 
verted to apolar products AP1 and AP2. 
AP2 comigrated on reversed phase HPLC 
with esters of 20E (Fig. 3b) that have 
already been described in O. moubata 
nymphs (Diehl et al., 1985). The AP1 are 
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more polar than AP2 and co-migrated with 
the unidentified esterase labile products de- 
scribed in O. moubata larvae, nymphs and 
females (Connat et al., 1988) and in A. 
hebraeum females (Connat et al., 1987). We 
then monitored the radiolabel every 5-10 
days beginning with day 15 to determine 
when conjugation begins. Figure 4 summar- 
izes the fate of the radioactive compounds 
in the embryos in this experiment. The 20E 
was completely metabolized between 15 
and 35 days to AP1 and AP2. After 25 days 
of development, the AP2 decreased to rep- 
resent about 20-25% of the radiolabel 
around day 35 and remained at that level 
until hatching. AP1 first appeared in the 
embryos after 20 days of development 
(Figs 3b and 4) and gradually increased, as 
the AP2 decreased, to represent approxi- 
mately 70-75% of the radiolabel in em- 
bryos 35 days old and older. The percentage 
of radiolabel corresponding to product 2 
remains low in the first 40 days (3-6%) but 
increases to about 10% in the latter part of 
embryonic development. 

Esterase hydrolysis of the AP1 and AP2 
in the day 20 sample released two peaks of 
material: 35% of the released material 
comigrates with 20E and 63% comigrates 
with the 3~ epimer of 20E (20E') (Fig. 3c). 
The ratio of 20E' to 20E remained the same 
in the 30 and 45 day embryos and the 
larvae. 
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Fig. 4. Metabolism of maternally incorporated radio- 
active compounds found in the eggs after injection 
of [3H]-20E into ovipositing A. hebraeum females. 
The results are expressed as percentage of total 
radioactivity in the sample. 20-hydroxyecdysone 
( - - - - I - - l - - - - ) ,  polar product 2 ( - - - - - I I - - . - - ) ,  apo- 
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( ..... A ..... ). 

Table 1. Ecdysone and its metabolites in freshly laid 
eggs oviposited 2-4 days after injection of [3H]-E into 
vitellogenic A. hebraeum females, expressed as per- 
centages of the total radiolabei recovered in extracts 

Time of  oviposition 
(days) after 

injection of[3H]-E PP2' 20E E AP1 AP2 

2 15.5 34 48 - -  - -  
3 15 58 26 - -  - -  
4 23 53 15 6 1 

PP2'-Polar product 2'; 20E: 20-hydroxyecdysone; E: 
ecdysone; AP1 and AP2: apolar products. 

Metabolism of [3H]-ecdysone in the embryos 

When [3H]-E was injected into engorged 
A. hebraeum females at the beginning of 
oviposition, E, 20E, polar product 2' (and 
in some cases a small amount of polar 
product 2, which is probably the 20-hy- 
droxy homologue of polar product 2') and 
apolar products AP1 and AP2 were found 
in the eggs (Table 1). Percentages of radio- 
label corresponding to these products 
varied with each day of oviposition. As 
oviposition progressed, the proportion of 
radiolabel corresponding to E decreased as 
the other products increased in the freshly 
laid eggs. The AP2 were found only in eggs 
that were produced after 4-6 days of ovi- 
position. The fate of the radiolabelled 
compounds was monitored throughout em- 
bryonic development with reference to the 
percentages found in the corresponding 
freshly laid eggs. By day 15, the E had been 
reduced to slightly more than half and the 
2' had doubled. The amount of 20E had 
only decreased by 4%. The radioactive E 
was completely metabolized by day 30 
(Fig. 5). The amount of radiolabel corre- 
sponding to 2' increased while the E was 
being metabolized. Because product 2' had 
a retention time of 5 min instead of 15 min 
when H20 (pH 7.0) was used in the place of 
Tris buffer (pH 7.5, 20 mM) as the elutant 
on HPLC (data not shown), it appeared to 
be ionic in nature. In addition, it was 
resistant to Helix and esterase hydrolysis. 

Production of AP2 followed a similar 
pattern to that observed with the metab- 
olism of [3H]-20E (Fig. 5). The formation of 
these products was first observed in the 15 
day cultures (8% of the radiolabel). AP2 
increased to 50% of the radiolabel in the 25 
day culture (Fig. 6b) and then decreased to 
represent only 18% of the radiolabel at the 
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end of development (Fig. 5). AP1 were first = ~,o0 
observed in the 20 day culture. These prod- 
ucts increased as the AP2 were decreasing 20°0 
and reached 38% of the metabolites in the 
45 day embryos. ,.o 

Esterase hydrolysis of the AP1 and AP2 
released four peaks of material, which cor- ~000 
responded to the incorporated E and 20E 
and to their 3~ epimers, E' and 20E' "0 
(Fig. 6c). In the 25-day-old embryos, E and 
20E make up 11 and 9%, respectively, of ° 
the AP, whereas E' and 20E' represented 20 
and 58%, respectively. When calculated as ~ '5°° 
a percentage of the total radioactivity of the 
sample, the 20-hydroxy compounds (20E 1200 
and 20E') represented 45% and the E and 
E' together represented 21%. In compari- ~*° 
son with the homologous freshly laid eggs 
(Table 1), the E compounds appeared to "0 
have decreased from 48 to 21% of the 
radioactivity. Not only was the E epimer- 3oo 
ized and conjugated, it was also hydroxyl- 
ated to form 20E compounds which ° 
increased from 34 to 45%. E was converted 
to polar product 2' which increased from ~.~ too0 
15.6 to 31% (Fig. 7). '~ 

° 0 0  

Discussion 
Cuticle development 

The three embryonic (A, B and C) 
cuticles produced by A. hebraeum embryos 
are very similar in thickness and structure 
to those produced in embryos of O. mou- 
bata (Vogel, 1975; Dotson et al., 1991) and 
of B. microplus (Crosby et al., 1987; Dot- 
son, unpublished results). The fact that 
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Fig. 5. Metabolism of maternally incorporated radio- 
active compounds found in the eggs after injection of 
[3H]-E into ovipositing A. hebraeum females. The 
results are expressed as percentage of total radio- 
activity in the sample. Ecdysone (--C)--), polar 
product 2' ( - - ' - - O - - ' - - ) .  For other metabolites 

see Fig. 4. 
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Fig. 6. Reversed phase HPLC radiochromatograms 
of eggs from .4. hebraeum females injected with 
[3H]-ecdysone during vitellogenesis. E and 20E mark 
the retention of ecdysone and 20-hydroxyecdysone 
standards, respectively. 2' is an unidentified polar 
product and AP1 and AP2 are apolar products with 
similar retention times as fatty acid ester conjugates. 
E' and 20E' mark the retention time of the 3ct epimers 
of E and 20E, respectively. (a) Freshly laid eggs 
oviposited 2 days after injection; (b) embryos, 
25 days after oviposition; (c) esterase hydrolysis 
of apolar metabolites from embryos 25 days after 

oviposition. 

these cuticles are found in tick species 
from both of the major tick families 
suggests that these cuticles may form in all 
tick embryos. 

Whether all of these three embryonic 
cuticles are true cuticles is questionable. 
The thin electron-dense layer A may not 
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Fig. 7. Possible metabolic pathways of  [3H]-ecdysone 
in A. hebraeum embryos. 

correspond to a cuticle. However, of the 
three produced, the second embryonic 
cuticle, B, is the most similar to cuticles 
found in immatures and adults. Its outer 
two layers and the electron-dense layer of C 
may be remnants of an epicuticle and the 
inner layer of B and of C, a very diffuse 
procuticle. 

Formation of embryonic cuticles has 
been well documented in crustaceans and 
insects (see Dotson et al., 1991). Less is 
known about these embryonic membranes 
in arachnids. The "vitelline membrane" of 
a Lychosid spider resembles cuticle A 
(Kondo, 1969). In the spider Chiracanthium 
virescens, the "embryonic" cuticles, which 
form after the embryo breaks the egg mem- 
brane, could correspond to those of the 
ticks (Canard, 1987). 

Our results show that the larval cuticle of 
A. hebraeum is composed of an epicuticle, 
an outer procuticle deposited before hatch- 
ing and an inner procuticle that is deposited 
after hatching. The outer procuticle appears 
to correspond to the exocuticle that is des- 
posited before ecdysis of other tick stages 
(Nathanson, 1967, 1970; Beadles et al., 
1973; Beadle, 1974; Diehl et al., 1982; 
Stauffer and Connat, 1990) and the inner 
procuticle corresponds to endocuticle de- 
posited after ecdysis. No endocuticle was 
found beneath sclerotized exocuticle of the 
scutum of A. hebraeum larvae. This is the 
case in females and larvae of B. microplus 
and B. decoloratus (Beadle, 1974; Filshie, 
unpublished results, in Hackman, 1982). In 
the opisthosomal region of A. hebraeum, 
nonsclerotized exocuticle and endocuticle 

are present (Fig. 1 g) and both layers appear 
lamellate. This differs from the much 
studied B. microplus female (Hackman and 
Filshie, 1982) and the larvae of B. decol- 
oratus and B. microplus (Beadle, 1974) and 
O. moubata (Vogel, 1975; Dotson et al., 
1991) where no lamellae are distinguishable 
in the exocuticle. Lamellae have been found 
in the exocuticle of Ixodes ricinus females 
(Lees, 1952, cited in Hackman and Filshie, 
1982). 

Ecdysteroid titres 

In embryos (Dotson et al., 1991) and 
nymphs (Germond et al., 1982) of O. mou- 
bata and in nymphs of the ixodid ticks 
A. hebraeum (Diehl et al., 1982) and A. 
variegatum (Stauffer and Connat, 1990), 
high ecdysteroid titres were temporally cor- 
related with cuticle deposition. It is possible 
that they also are needed for stimulation of, 
at the least, the larval cuticle during embry- 
onic development of A. hebraeum. In the 
embryos examined, larval epicuticle pro- 
duction begins around the 40th day. How- 
ever, because of poor synchronization of 
development and the protocol using 
approximately 200 eggs or more, the combi- 
nation of the high titres in embryos at time 
of epicuticle production with low titres of 
embryos at a slightly different developmen- 
tal stage may have obscured any peak. 

Esterase hydrolysis of extracts from em- 
bryos of different stages never released 
more RIA-positive material than those of 
the 1st day of development. This is unlike 
O. moubata embryos and larvae where at 
the appearance of each ecdysteroid peak, an 
increase in the RIA-positive material 
releasable by esterase hydrolysis was noted 
(Dotson et al., 1991). In A. hebraeum 
embryos endogenous ecdysteroids are prob- 
ably conjugated to ecdysteroid esters be- 
tween 10 and 20 days of development. The 
metabolism of tritiated E and 20E in the 
embryos to form AP1 and AP2 corrobo- 
rates this idea. 

The role of  free endogenous ecdysteroids 

Previous studies with radioimmunoassay 
revealed that high titres of 20E and some E 
are incorporated into the eggs of A. he- 
braeum (Connat et al., 1985). The role of 
these maternal hormones in embryogenesis 
is unknown. Several experiments with insect 
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embryos have shown that maternal ecdy- 
steroids are necessary for early develop- 
ment. In the posterior pole of the Locusta 
oocyte where the nucleus is located, the 
ecdysone titres increase twice, at the first 
and second meiotic reinitiation (Lanot 
et al., 1989b). This role of ecdysone has also 
been demonstrated in Periplaneta ameri- 
cana and Gryllus bimaculatus (Lanot et al., 
1989a). Furthermore, studies on Manduca 
sexta demonstrated that cultured germ 
bands separated from the yolk will not 
undergo elongation or segmentation; how- 
ever, the addition of ecdysteroid-laden 
yolk, or free ecdysteroids (E, 20E or Makis- 
terone A) to the cultures stimulates these 
processes (D/ibendorfer, 1989). In two 
mutant strains of Drosophila, a decrease in 
the production of ovarian ecdysteroids oc- 
curs when the females are kept at a certain 
restrictive temperature and the eggs pro- 
duced fail to develop (see Diibendorfer, 
1989). The oocytes of Locusta females 
reared on fenpropimorph-treated wheat 
have a reduced ecdysteroid titre (by as 
much as 80%) and will not undergo meiotic 
reinitiation in vivo. In vitro ecdysone applied 
to these oocytes dissected from the females 
will stimulate this process in 50% of the 
oocytes (Lanot et al., 1989b). It would be 
interesting to see whether decreasing the 
amount of ecdysteroids incorporated into 
the eggs would affect the development of 
A. hebraeum embryos. 

In the tick O. moubata, the apolar conju- 
gates incorporated into the eggs do not 
appear to be used by the embryo (Connat 
et al., 1988). The free ecdysteroids incorpor- 
ated into A. hebraeum eggs appear to be 
completely inactivated by the 25-30th day 
of development. They may be involved in 
events during oocyte maturation or early 
embryogenesis. Diehl et al. (1986) suggested 
that the ecdysteroids may play a role in 
eggshell production by the oocyte, a process 
that resembles cuticle production (Aeschli- 
mann and Hecker, 1969). They may be 
involved in the production of A and B, 
which are produced before the free hor- 
mones are metabolized. It is also possible 
that they act as a feeding deterrent to 
predators in a way similar to the allochem- 
icals found in the eggs of certain plant- 
feeding insects (Connat et al., 1987). 

Ecdysteroid metabolites 

Amblyomma hebraeum embryos appear 
to use similar pathways as the adults to 
metabolize ecdysteroids. The polar path- 
way leads to the still unknown polar prod- 
ucts 2 and 2'. They appear to be esterase 
and Helix resistant, which indicates that 
they are probably not conjugates. Because 
polar product 2 is incorporated into the 
eggs when [3H]-20E is injected into oviposit- 
ing females, and polar product 2' is incor- 
porated when [3H]-E is injected, polar 
product 2 may be the 20-hydroxy homol- 
ogue of polar product 2'. Interestingly, the 
product 2 increases only slightly during 
embryonic development whereas product 2' 
increases to almost 40% of the radiolabel in 
the eggs. The increase appears to be due to 
a conversion of [3H]-E. 

The apolar pathway leads to AP1 via the 
production of AP2 (Fig. 7). The AP2 found 
in A. hebraeum appear to be the same as 
those described in O. moubata nymphs 
(Diehl et al., 1985) and in B. microplus 
females (Crosby et al., 1986), namely, long- 
chain fatty acid esters conjugated to the 
C-22 position. 

The most interesting phenomenon noted 
in this study was the release of 3a epimers 
of E and 20E by esterase hydrolysis of the 
apolar products. However, no free epimers 
are observed during development. This 
suggests either that the epimers are formed 
after conjugation or that once they are 
formed, they are quickly conjugated. The 
fact that the relative proportions of the 
epimers to the 3-fl form of the ecdysteroids 
did not change after day 30 suggests that, 
after day 30, the conjugated ecdysteroids 
are sequestered to a place where epimeriza- 
tion cannot take place or that the epimer- 
ization does not take place after 
conjugation. Although epimerization prob- 
ably does not begin until around day 15, 
homogenates of all stages of A. hebraeum 
embryos (even frozen eggs) are able to 
convert E to E' via the formation of 3-dehy- 
droecdysone (Dotson, Connat and Lafont, 
unpublished results). 

Epimers of E and 
conjugated form in A. 
the end of oviposition 

20E were found in 
hebraeum females at 
(Connat et al., 1987) 

and are released in the nonconjugated form 
into the media when A. hebraeum ovaries 
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are cultured (Connat et al., 1986). These 
compounds have also been found in a few 
Lepidopteran and Orthopteran species (see 
reviews by Lafont and Koolman, 1984; 
Koolman and Karlson, 1985) and most 
likely, they represent inactivation metab- 
olites (Lafont and Connat, 1989). The E 
and 20E incorporated into the freshly laid 
eggs of A. hebraeum appear to be doubly 
inactivated during embryonic development. 
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