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In this study SMS 201995 lowers the basal levels of PP, secretin,
motilin, pancreatic glucagon and insulin and also effectively
suppresses the postprandial release of PP, gastrin, secretin, GIP,
pancreatic glucagon and insulin. Hormone suppression was pro-
longed. SMS 201995 was found to have a similar pattern of
suppression of gastrointestinal hormones, compared to that pre-
viously reported for other analogues®.

SRIF and its analogues have been shown to suppress hormonal
hypersecretion in patients with insulinomas, glucagonomas, ga-
strinomas and VIPomas'' and to inhibit pentagastrin, nora-
drenaline and alcohol stimulated flushing in patients with carci-
noid syndrome, associated with good symptomatic remis-
sion'> !¢, However, a major problem in its therapeutic use is its
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short half-life. In view of the longer duration of action of SMS
201995 it may prove to be more useful than previous analogues
and valuable as an adjunct to surgery or chemotherapy in the
treatment of pancreatic endocrine tumors. Ongoing investiga-
tions in our department on cight patients with pancreatic endo-
crine tumors show that SMS 201995 administered s.c. twice per
day suppresses peptide secretion from these tumors resulting in
dramatic remission of symptoms'’.
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Ecdysteroids: possible candidates for the hormone which triggers salivary gland degeneration in the ixodid tick

Amblyomma hebraeum*

R.A. Harris! and W.R. Kaufman®

Department of Zoology, University of Alberta, Edmonton ( Alberta, Canada T6G 2E9 ), 23 December 1983

Summary. Following engorgement, female ixodid ticks secrete a ‘tick salivary gland degeneration factor’ (TSGDF) into the
hemolymph. Here we show that the arthropod ecdysteroid hormones, ecdysone and 20-hydroxyecdysone, induce degeneration of
tick salivary glands maintained in organ culture. The effective dose range in vitro is 30-300 ng/ml, a range reported to be
physiological for this species following repletion. In addition, infusion of 20-hydroxyecdysone in vivo induces salivary gland
degeneration. We therefore propose that TSGDF may be an ecdysteroid.

Key words. Ecdysone; 20-hydroxyecdysone; ticks; salivary gland degeneration.

Female ixodid ticks commeonly increase their b.wt 100-fold or
more by imbibing blood of the mammalian host’. The blood
meal is hyposmotic to tick body fluids (290 mOsm vs 360
mOsm?®); thus, osmoregulation during this period is accom-
plished by the secretion of a copious, slightly hyposmotic saliva
back into the host’s circulation®. The nutrient portion of the
blood meal is also concentrated as a result of salivary fluid
secretion.

Following detachment of the tick from the host, secretory ability
of the salivary glands is reduced®. This loss of function is due to
autolysis’ and is triggered by a blood-borne factor which we
have called ‘tick salivary gland degeneration factor’ (TSGDF)®.
Salivary gland degeneration will not proceed in female Am-
blyomma hebraeum unless they have fed beyond a weight of

approximately 0.30-0.40 g®. Degeneration is blocked by severing
the opisthosomal nerves; we have thus suggested that stretch
receptors in the abdomen signal the CNS to initiate salivary
gland degeneration, once a critical weight has been attained®.
The majority of females will not feed to the critical weight unless
they have mated. However, those virgin ticks which do feed
beyond the critical level nevertheless fail to resorb their salivary
glands’. The latter suggests that, in addition to promoting full
engorgement, mating exerts a direct influence on salivary gland
degeneration. We recently showed that a chemical factor,
distinct from TSGDF, must be transferred from the male to the
female during copulation in order for salivary gland degener-
ation to proceed®. The identity of the male factor is, as yet,
unknown,
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Recently, ecdysone and 20-hydroxyecdysone have been identi-
fied in the hemolymph of Amblyomma hebraeum . Ecdysteroid
titres in the hemolymph rise from approximately 10 ng/ml to
over 300 ng/m! during the period that salivary gland resorption
occurs'!. Here we propose that TSGDF is an ecdysteroid.
Materials and methods. 1) Ticks. Ticks (Amblyomma hebraeum
Koch) were obtained from a laboratory colony maintained in
darkness, at 26°C, at a relative humidity of 95%. An equal
number of males and females were confined to the backs of
rabbits as previously described*.

2) Organ culture. We used a modification of the ‘backless tick
explant’ organ culture method described by Bell'?. Briefly, fe-
male ticks were removed from the host and surface sterilized by
submersion for 1 min in 0.1% thimerosol (Sigma) followed by
submersion for 1 min in 70 % ethanol. The ticks were transferred
to a sterile air cabinet (horizontal laminar flow), and glued
(cyanoacrylate glue; alpha aron; Tagosei Chemical Co. Japan)
ventral side down to the bottom of a disposable petri dish and
covered with sterile tissue culture medium (TCM 199; Gibco).
The dorsal cuticle was removed along with the gut diverticula
and discarded. The explants were rinsed with three changes of
sterile TCM 199, covered with approximately 5 ml of culture
medium, and held for 4 days at 26°C, 95% relative humidity.

3) Assay for fluid secretory competence. Fluid secretory compe-
tence was assayed as previously described®. Briefly, salivary
glands were removed from the explants (or dissected out of
intact ticks) after the main salivary ducts had been ligated with
8-0 silk (Davis and Geck) and severed distal to the ligature. The
glands were rinsed in TCM 199 and blotted on filter paper for 15
s. After a further 15 s, wet weights were recorded to the nearest
20 pg (typical weights for salivary glands ranged from 3 to 11
mg). The glands were incubated in agitated TCM 199 containing
either 1 uM or 10 uM dopamine (Sigma), as indicated for each
experiment. These concentrations are known to elicit maximal
rates of fluid secretion’®. After 10~15 min incubation, the glands
were again blotted and weighed, and the net gain in weight taken
as an index of fluid secretory competence.

4) Infusion of small ticks. A Harvard pl-syringe pump was cus-
tom-fitted by the company with a two-tier platform bearing slots
for 12 syringes. The solution to be infused was taken up in 1-ml
all glass syringes fitted with 30-gauge needles. After selecting the
infusion rate, the pump was run for at least 15-20 min before
mounting the ticks, in order to achieve a stable rate of fluid

© Large ticks,cultured 0-4 days
& Small ticks, cultured for 4days
® Small ticks, 4 days off host
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Figure 1. Fluid secretory ability of salivary glands at 96 h post removal
following various treatments. For this experiment, 10 pM dopamine was
used to assay fluid secretory competence. O, Large ticks cultured for 04
days; A, small ticks cultured for 4 days; @, small ticks 4 days post
removal (these data being taken from Harris and Kaufman®). Salivary
gland degeneration did not occur in ticks put into culture up to 12 h after
removal from the host. However, degeneration proceeded virtually to
completion in ticks placed into culture 24 h or more after removal from
the host. In this and other figures, SEM is shown when it exceeds the
dimension of the symbol. * denotes a significant (p < 0.05) loss of secre-
tory competence as compared to ticks put into culture at time 0.
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delivery. Prior to mounting it on the infusion apparatus, each
tick was injected with a priming dose of the infusion medium
(2 pl/100 mg b.wt), by means of an ‘Alga’ pum-syringe unit
(Wellcome Reagents Ltd), as previously described™. To mount
the tick, the needle was introduced into the hemocoel through
the articulation between the scutum and capitulum. On pushing
the tick gently forward, the needle tip glided easily a few mm into
the hemocoel without rupturing the gut diverticula. An adjusta-
ble platform was then moved into position to support the ticks.
All ticks were infused for 22-24 h at 3.5 or 4.9 ul/h. However,
their weight gain was much less than would be indicated by these
figures, because much of the fluid injected was excreted by the
salivary glands. Thus, the ticks which received 3.5 pl/h (84 pul/
day) gained only 21 + 8 mg (mean + SEM, n = 10), and the ticks
which received 4.9 pl/h (118 pl/day) gained only 42 + 6 mg
(n = 27). Any tick which attained a net weight greater than 0.28
g following infusion was discarded. 20-Hydroxyecdysone (1 mg/
ml) was dissolved in 70% ethanol, and this stock solution di-
luted to the final infusate concentration in sterile TCM 199
containing 200 units/ml penicillin G and 200 pg/ml streptomycin
sulphate (Gibco). Since the highest concentration of ethanol in
the infusate was 0.7 %, vehicle injected controls were infused
with that concentration of ethanol. It was necessary to infuse a
vehicle rich in nutrients, such as TCM 199. Infusion of isosmotic
saline or water vehicle was detrimental to subsequent salivary
gland function. To avoid serious bacterial infection, it was also
imperative to maintain sterility when infusing TCM 199. At the
conclusion of each infusion session, the rate of fluid delivery for
each syringe was measured directly. Calibrated ul capillary tubes
(containing a small column of liquid paraffin to prevent evapo-
ration) were placed over the needles, and the infusate collected
for a few h. The doses of 20-hydroxyecdysone infused into the
ticks were 0, 0.07 £ 0.002, 0.68 + 0.02, 3.62 + 0.04, 7.15 £ 0.34
and 10.9 = 0.5 nmoles/g b.wt.

5) Experimental protocol. For experiment 1, ticks over 0.40 g
(henceforth called ‘large ticks”) were put into culture at 0, 12, 24,
48, and 96 h after removal from the host. Fluid secretory com-
petence (in 10 uM dopamine) was assessed 96 h after the ticks
were removed from the host. For experiment 2, ticks which
weighed 0.18-0.30 g (henceforth called ‘small ticks’) were cul-
tured for 4 days in the presence of a mixture of ecdysone and
20-hydroxyecdysone (1/1; w/w). The concentrations tested were
10, 30, 100, 300 and 1000 ng total ecdysteroid/ml. Control ticks
were cultured in sterile TCM 199 containing 0.07 % ethanol (the
highest concentration of ethanol in the vehicle). Fluid secretory
competence was assayed in 10 pM dopamine. For experiment 3,
small ticks, which normally do not suffer salivary gland degener-
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Figure 2. Secretory ability of salivary glands from small ticks cultured in
the presence of ecdysone and 20-hydroxyecdysone. A dose dependent loss
of secretory function was induced by the ecdysteroids. O, Glands cul-
tured with an equal mixture (w/w) of ecdysone and 20-hydroxyecdysone;
A, glands cultured with ecdysone; 0, glands cultured with 20-hydroxyec-
dysone. * denotes a significant loss (p < 0.05) of secretory ability as
compared to glands from ticks cultured in 0.07% ethanol in TCM 199.
For this experiment, 10 uM dopamine was used to assay fluid secretory
competence.
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ation within 4 days, were infused with 20-hydroxyecdysone dur-
ing the first 24 h post-removal from the host, as described in
detail above. 3 days after the termination of infusion, fluid
secretory competence (in 1 M dopamine) was tested.

6) Statistical analysis. All treatments were compared by one-way
analysis of variance followed by a Student-Newman-Kules
test'. Differences were considered significant at the p < 0.05
level. Data are expressed as mean + SEM (n).

Results and discussion. Normally, salivary glands from engorged
female Amblyomma hebraeum lose irreversibly over 95 % of their
secretory ability by 4 days post-removal from the host
(12.93 + 1.50 mg/gland/15 min (n = 10) for day 0 vs 0.31 = 0.10
mg/gland/15 min (n = 11) for day 4)%. However, the salivary
glands of small mated ticks lose only about 73% of their fluid
secretory competence during the same period (11.62 &+ 1.11 mg/
gland/15 min (n = 11) for day 0 vs 3.10 & 0.26 mg/gland/15 min
(n = 12) for day 4)*, and retain this level of secretory ability for
at least 11 more days (3.12 £+ 0.19 mg/gland/15 min (n = 6) for
day 15)%. Much of the lost secretory ability is regained if such
ticks are allowed to reattach and recommence feeding®. Salivary
glands from small ticks cultured for 4 days secreted 3.00 = 0.34
mg/gland/15 min (n = 18; fig. 1). This rate was not significantly
different from the value of 3.10 + 0.26 mg/gland/15 min (n = 12)
previously reported for small ticks 4 days post-removal from the
host (Harris and Kaufman®; also shown in fig. 1). Thus, salivary
glands fare very well during 4 days of organ culture.

After 4 days of organ culture, salivary glands from large ticks
secreted 3.15 & 0.48 mg/gland/15 min (n = 8), a rate not sig-
nificantly different from that found in small ticks cultured under
the same conditions (see above and fig. 1). Thus, under organ
culture conditions, TSGDF either was not released in large ticks
or else it was diluted to below threshold concentration by the
large volume (5 ml) of culture medium. Figure 1 shows, however,
that if organ culture is initiated 24 h after removal of large ticks
from the host, salivary gland degeneration proceeds normally.
In other words, even though loss of secretory competence is only
partial in engorged ticks by 24 h post-detachment (7.00 + 0.63
mg/gland/15 min, n = 7), further progression of degeneration
cannot be halted by removing TSGDF from the bathing me-
dium.

Figure 2 illustrates the effect of ecdysteroids on the secretory
competence of salivary glands from small ticks kept in organ
culture, Salivary glands taken from control ticks (cultured with
0.07% ethanol) secreted 4.88 & 0.32 mg/gland/15 min (n = 13),

a value significantly higher (p < 0.05; t-test) than that observed
for the salivary glands of small ticks cultured without ethanol
(3.00 £ 0.34 mg/gland/15 min, n = 18; fig.1). Thus, very low
concenirations of ethanol might actually improve the viability of
tick tissues maintained in organ culture.
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Figure 3. Secretory ability of salivary glands taken from ticks infused with
20-hydroxyecdysone for 22-24 h. A dose dependent loss of secretory
ability resulted from the infusion of 20-hydroxyecdysone. * denotes a
significant (p < 0.05) loss of secretory function as compared to salivary
glands taken from ticks infused with vehicle. For this experiment, 1 pM
dopamine was used to assay fluid secretory competence.
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Salivary glands exposed to as little as 300 ng ecdysteroids/ml
culture medium degenerated to the same degree (0.73 & 0.50
mg/gland/15 min, n =9) as salivary glands from large unop-
erated ticks 4 days off the host (0.44 + 0.16 mg/gland/15 min,
n = 14). Ecdysone or 20-hydroxyecdysone alone was equipotent
to the mixture (fig. 2). As shown in figure 1, salivary glands from
large ticks kept in organ culture for 4 days do not degenerate.
However, salivary glands from such ticks, cultured in the pres-
ence of 100 ng ecdysteroid/ml, secreted 1.38 £ 0.36 mg/gland/15
min (n = 6). This was not significantly different from the secre-
tory ability of salivary glands taken from small ticks cultured
under the same conditions (1.12+0.29 mg/gland/15 min,
n = 10; fig.2). Thus, ecdysteroids induce degeneration of sali-
vary glands from small and large ticks maintained in organ
culture.

Constant infusion of 20-hydroxyecdysone in vivo also caused a
dose dependent loss of secretory competence (fig. 3). The hor-
mone was infused only during the first 22-24 h, since salivary
gland degeneration is irreversible 24 h after initiation (see fig. 1).
Small ticks infused with as little as 0.68 nmoles 20-hydroxyec-
dysone/g b.wt lost a significant degree of secretory function
compared to vehicle injected controls. Thus, 20-hydroxyec-
dysone triggers salivary gland autolysis in vivo. The hormone
must be infused over a relatively long period of time. Earlier
attempts in our laboratory to induce salivary gland degeneration
by single or double bolus injections proved relatively ineffective
(Kaufman, unpublished data). This might have been due to the
short half life of 20-hydroxyecdysone in tick hemolymph, as
observed in some other arthropods. For example, in the dipte-
ran, Sarcophaga peregrina, about half the molting hormone ac-
tivity of injected, radiolabeled 20-hydroxyecdysone was lost 1 h
after injection'®. Thus, large, but infrequent, doses are probably
soon reduced to ineffective titres.

The doses of ecdysteroids used in our in vitro experiment were
well within the physiological range found in A. hebraeum ticks
during the period that salivary gland degeneration normally
occurs; hemolymph ecdysteroid titres rise from approximately
10 ng/ml, to over 300 ng/ml at the initiation of egg production!!.
Our data strongly suggest that an ecdysteroid is the ‘tick salivary
gland degeneration factor’.
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