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sponse in PH than GGT activity during increased collagen
biosynthesis’™. The hydroxyproline concentration and total
hydroxyproline content of the cardiac muscle were also
unchanged in the present study. The mean cardiac collagen
concentration usually increases only during extensive myo-
cardial hypertrophy, e.g.%'%% It should be noted that the
hydroxyproline content reflects long-term events of col-
lagen synthesis and degradation. Moreover, the turnover in
cardiac collagen is slow, 0.56% per day®. It is also possible
that alterations in cardiac muscle collagen concentration
may be nonuniformly distributed transmurally during
hypertrophy**?*. Thus, the relatively small increase in the
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rate of collagen synthesis need not result in a measurable
increase in total collagen content in a non-hypertrophic
adaptation model such as the present one.

It has been suggested that myocardial collagen may be
composed of collagen of types I, III, IV and V at least®,
and the possible differential effects of exercise on the
turnover or net synthesis of different collagen types remain
to be established. The present results indicate that, al-
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Occurrence of a pheromone-producing gland in female tobacco beetles
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Max-Planck-Institut fiir Verhaltensphysiologie, D-8131 Seewiesen ( Federal Republic of Germany), May 4, 1983

Summary. A pheromone-producing gland was discovered in the second abdominal segment of virgin female tobacco
beetles, Lasioderma serricorne (Fabricius). The gland duct extends to an orifice below the genital pore and is supported by
a rigid invagination of the integument. Hexane extracts of intact pheromone glands were found attractive to male tobacco
beetles and also induced high receptor potentials in the olfactory sensilla of the antennae of male L. serricorne. A surface
extract of virgin females proved to be significantly more attractive than an extract of pheromone glands.

The sex pheromone emitted by female tobacco beetles
(Lasioderma serricorne F.) has been investigated mostly
from a chemical viewpoint', whereas the biological as-
pects of this subject have received less attention® . Since
studies on the site of pheromone production have been
neglected so far, a detailed investigation of the exocrine
gland producing the sex attractant was undertaken.

The tobacco beetles used were reared under constant
climatic and nutritional conditions'®; unmated females and
males were frozen at the age of 1-2 weeks after pupal-
imaginal ecdysis, decapitated and subjected to fixation and
embedding, subsequently cut into thin sections (average
thickness 10 pm) and stained by Ehrlich’s hematoxylin?.

The apodeme (integumental invagination) was removed
together with the adjoining gland (fig.1a) from the ab-
domen of virgin females of L.serricorne (1-2 weeks of age)
which had been frozen previously (—20°C for 24 h). The
5th abdominal segment was gently compressed, ovipositor
and ovaries removed, whereupon the apodeme and adjoin-
ing gland were pulled out with pointed forceps and cleaned
of adhering tissues. Batches of 200 extirpated glands, either
homogenized or intact, were immersed in 2-ml portions of
n-hexane for 48 h (20+1°C) and the resulting extracts
diluted to provide gland equivalents ranging from 107* to
10°. The gland and surface extracts of virgin females and
males were used for studies on the olfactory responses'®
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and behavior!! of unmated male tobacco beetles (13-16
days after pupal-imaginal ecdysis).

The pheromone gland. Using the above methods, we have
demonstrated the occurrence in virgin females of a lobate
exocrine gland (figs la, 1c¢) which is lacking in unmated
males of L. serricorne. This gland has a length of ~ 400 um,
a width of ~ 250 um and a depth of ~ 135 pm; itis situated
in the 2nd abdominal segment vertically below the alimen-
tary canal and close to the ventral epidermis (fig. 1b). The
gland is ventrally attached to the narrower part of an
inverted V-shaped apodeme consisting of 2 sclerotized rods
(length 700-800 um, diameter ~ 20 pm) which extend from
the terminal to the 2nd abdominal segment (fig.1a). The
apodeme is enveloped by a wrinkled cuticular sheath
(fig. 1d) appearing as a conical duct which extends from the
gland tissue to a horizontal orifice (length ~ 300 um) below
the genital opening (fig.la). The internal surface of the
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Figure 1. Structure and location of the pheromone-producing
gland, apodeme and efferent duct in the abdomen of female
tobacco beetles. @ Ventral view of the exocrine gland with adjoining
apodeme (integumental invagination) and abdominal tip, length
1.26 mm. b Transverse section through the 2nd abdominal segment
exposing the exocrine gland vertically below the alimentary canal
and close to the ventral epidermis, ~ 63 x natural size. ¢ Lobate
exocrine gland near proximal part of the apodeme in cross section,
~220% natural size. 4 Cuticular sheath around the sclerotized rods
of the apodeme displaying an intensely stained secretion in the
efferent duct, ~380x natural size. gl.t., glandular tissue; m.f.,
muscle fibers; eff.d., efferent duct; apod., apodeme; or., orifice;
t10, tenth tergite; sg, eight sternite (terminology according to Dailey
and Happ!®).

above sheath is ventrally covered by many denticles (length
5-8 um) which point towards the orifice. The gland tissue
comprises numerous secretory cells with large nuclei, opa-
que droplets and many tubuli leading to the conical duct
which frequently contains an intensely stained secretion
(fig. 1d).

Pheromone perception. Olfactory perception of extracts of
exocrine glands obtained from virgin females was demon-
strated by recording receptor potentials from the antennae
of male tobacco beetles'. Relatively high receptor poten-
tials were induced in olfactory sensilla upon stimulation of
the latter by a hexane extract of intact glands applied in
graded dosages of 107 up to 10° gland equivalents (fig.2).
The threshold dosage eliciting a receptor potential was
found to be approximately 107 of a gland equivalent, and
the response increased, dose-dependently, to 2.4 mV with
one gland equivalent. On the other hand, 10" and 10°
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Figure 2. Receptor potentials recorded from olfactory sensilla on
the terminal antennal segment of male Lasioderma serricorne F.
evoked by surface extracts (hexane) of intact female glands and
male abdomina.

Stimulation was carried out by passing air puffs (20 ml/0.5 sec)
over graded levels of the above extracts. Extracellular DC poten-
tials were recorded by glass electrodes (microcapillaries) containing
Beadle-Ephrussi’s Ringer solution. Each point on the curves repre-
sents the average receptor potential recorded from eight antennae
and the relevant standard deviation (vertical line).

equivalents of a hexane extract of abdomina excised from
unmated male L.serricorne caused receptor potentials of
0.3 and 0.5 mV respectively, which failed to differ signifi-
cantly from the control values (stimulation by air puffs).

Premating behavior. Bioassays'! on circular filter papers
(diameter 75 mm) impregnated in the central region
(diameter 3 mm) by a hexane extract of intact glands
displayed the attractiveness of the latter for unmated male
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tobacco beetles. The tests involved responses of 100 insects
exposed in groups of 10 to the above experimental condi-
tions and revealed the following average results: 1 gland
equivalent of the above extract induced 39.7 (s.d.=1.8)
visits of male L. serricorne on the impregnated region, while
10 gland equivalents increased this parameter to 51.2
(s.d.=2.4) and also caused several attempts of copulation,
within an observation period of 15 min. However, a surface
extract (hexane) of virgin females proved to be significantly
more attractive than the gland extract inducing 62
(s.d.=2.7) visits and repeated attempts of copulation, when
compared at the level of one equivalent. This is probably
due to repeated pheromone secretion from the gland resuit-
ing in pheromone accumulation in the cuticle lipids of
virgin females. Moreover, the mean receptor potentials
induced by the surface extract of virgin females were
significantly higher than those elicited by the gland extract:
one equivalent of the former induced 3.2+ 0.3 mV, whereas
one equivalent of the latter elicited 2.4+0.2 mV in the
antennae of male tobacco beetles.

Interestingly, the behavior of male tobacco beetles induced
by a hexane extract of homogenized glands was found to
differ from that observed in presence of a hexane extract of
intact glands: although unmated males rapidly approached
the region impregnated with extract of the homogenate (1
or 10 gland equivalents), they left it instantaneously fol-
lowed by a sharp turning. It appears that the extract of
intact glands merely provides the sex pheromone emitted
from the orifice (fig.1a), whereas the extract of homoge-
nized glands also comprises less volatile components and/
or metabolites evoking the repulsion of male tobacco
beetles.
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Fat-supplemented diet protects against activity-stress ulcers in rats!

G.B. Glavin
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Summary. Rats were exposed to a fat-supplemented (32.5% beef tallow) diet from weaning until they were 200 g in weight.
Half the animals were exposed to the activity stress paradigm consisting of housing in standard activity-wheel cages while
restricting their food intake to 1 h each day. Control rats were treated in the same fashion but on a fat-free (0.08%) diet.
Fat-supplemented activity-stressed rats exhibited high levels of running wheel activity but less mortality and less gastric
pathology than fat-free controls which were exposed to the activity-stress procedure. Ulcers were not observed in home
cage housed rats in either diet condition.

If young adult male rats are housed in standard laboratory
activity wheel cages and fed only 1 h each day, they will die
within 7-10 days and reveal massive gastric glandular

ulcers®™. Much of this gastric damage is indeed true ulcer,
penetrating the muscularis’. Home cage housed rats which
are also fed only 1 h per day (food ‘yoked’ to the wheel-



