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Summary
The hypopharyngeal glands (HGs) are important protein-producing food glands in worker honeybees (Apis
mellifera L.). A simple in vivo method is described for estimating HG activity. Radioactive 14C-L-Ieucine (0'1 /-lei
in 1 /-If) is injected directly into the haemocoele of honeybees, and is subsequently incorporated into the HGs
during protein synthesis. After 2 h incubation, the amount of radioactive leucine incorporated by the gland is
measured and serves as an indicator of synthetic activity in the glands. The technique has been used
successfully to reveal gland activity differences in bees from hives with and without brood. This technique is
simple, fast, and reliable. Its advantages and disadvantages compared with the in vitro assay method of
Brouwers (1982) are also discussed.

Introduction
The hypopharyngeal glands (HGs) are pairs of food glands located in the heads of worker
honeybees (Apis melli/era L.). Consisting of many acini attached to a central duct, the glands
produce proteinaceous secretions which are fed to the larvae, queens, and drones (Ribbands,
1953; Snodgrass, 1956). These glands also produce digestive enzymes for honey processing
(Simpson et aI., 1968). The development and activity of these glands have been subjects of
study since early this century because the glands are intimately involved in many important
aspects of honeybee biology, including the division-of-Iabour (Free, 1961; Fluri et aI., 1977);
differentiation of summer and winter bees (Halberstadt, 1966); queen-worker differentiation
(Jung-Hoffman, 1966); and worker-brood interactions (Halberstadt, 1967; Buhler et aI.,
1983; Huang & Otis, 1989; Huang et aI., 1989).

Several different methods have been developed to estimate HG activity. The earlier methods
mostly relied on morphology and/or sizes of acini, and implicitly assumed that larger glands
were always more active. For example, Maurizio (1954) used four arbitrary categories based on
glandular morphology; Hassanein (1952) used the size of globules of the glands; Rosca et ai.
(1972, cited by Brouwers, 1982) used the total protein content of the glands; and Fluri et ai.
(1982) used the dry weight of the glands. Brouwers (1982) developed a novel method to
measure gland activity. Strictly speaking, only this method measures the actual 'glandular
activity', because the rate of protein synthesis was measured by incubating isolated glands in
vitro. Brouwers (1982) showed that the correlation between size and glandular activity is not
straight-forward, because broodless bees (such as winter bees or bees in a swarm) usually have
hypertrophied glands and a low rate of protein synthesis. Huang et ai. (1989) also observed
that medium-sized glands were more active in broodfood production.

In a series of experiments to investigate the brood-worker interactions (Huang, 1988), it
became necessary to use a simple and accurate technique to estimate the HG activity due to the
large numbers of bees being sampled. In this paper, an in vivo method is described, in which
the gland activity is estimated by using a 14C-Iabelled amino acid. This new method has several
advantages over previous techniques.

Materials and Methods
Honeybees (Apis mellifera L.) from the University of Guelph apiaries were used throughout
the experiment. These bees represent a mixture of European races of bees. Capped brood was
kept in incubators (34-35°C, 50% RH) to obtain newly emerged bees which were either used
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