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Abstract – Apitoxin harvesting is a stressful practice for honey bees Apis mellifera L. due to the release of alarm
pheromones that alter communication and behaviour and may also affect their physiology. Thus, the goal of this
research was to verify the effects of apitoxin harvesting on the development of the hypopharyngeal glands (HGs),
evaluating the number and area of acini. For this, ten beehives were subjected to one of two treatments: T1, without
apitoxin harvest and T2, with apitoxin harvested by an electric collector. We collected ten 6-day-old honey bees in
each treatment once every month (October through December). The HGs were removed and were processed for
morphological-stereological analysis. The worker bees from hives subjected to treatment T2 showed a smaller acinar
area and lower number of acini than those from hives subjected to treatment T1. Thus, apitoxin harvest negatively
affects the structure of the hypopharyngeal glands, consequently affecting the production of royal jelly.

apitoxin / beekeeping / hypopharyngeal glands /morphology / nutrition

1. INTRODUCTION

Apitoxin (bee venom) is used by honey bees as a
defence mechanism and for colony protection, via
signalling by means of alarm pheromones to other
bees regarding the presence of a possible enemy
and the consequent need for defence (Van der Burg
et al. 2014; Danneels et al. 2015). Apitoxin has
several identified components, such as mellitin,
apamim and phospholipase, for example, toxic to
several animal species (Schmidt 1994; Resende
et al. 2013). Despite its toxicity, apitoxin has bene-

ficial effects on human beings, as biological and
antimicrobial effects (Erler and Moritiz 2016).

However, apitoxin harvest by means of an
electric collector promotes the release of alarm
pheromones, altering the communication and the
behaviour of bees by modifying the routine activ-
ities, such as the division of labour (Johnson
2003). This harvesting practice can also cause
physiological changes in bees, such as damage
to the development of the hypopharyngeal glands.
This gland produces the protein fraction of royal
jelly, which is responsible for the differentiation of
caste and is used to feed young larvae and queens
(Feng et al. 2009; Kamakura 2011).

The developmental peak of the hypopharyngeal
glands is reached when honey bees are 5 to 8 days
old (the nurse bee phase) (Deseyn and Billen 2005;
Rahman et al. 2014; Omar et al. 2016; Renzi et al.
2016). The size of the gland is related to its activity,
and the amount of royal jelly secreted is related to
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the size of the acini. Therefore, developed glands
produce more royal jelly (Deseyn and Billen 2005).

Due to the importance of royal jelly for colony
nutrition, the goal of this research was to evaluate
whether the apitoxin harvest can influence the
development of hypopharyngeal glands (area
and acini number) in 6-day-old Africanized honey
bees, Apis mellifera .

2. MATERIALS AND METHODS

2.1. Treatments

Ten beehives of Africanized honey bees,
A. mellifera L., were used, subjected to one of
two treatments: T1, five control beehives, without
apitoxin harvesting; and T2, five beehives subject-
ed to apitoxin harvesting. Apitoxin harvest was
carried out during 3months, once each inOctober,
November and December of 2014. Electric col-
lectors were installed in T2 treatment beehives;
the apitoxin harvest was performed in the morn-
ing, starting at 09:00 and finishing at 10:00
(Modanesi et al. 2015). The effect of the apitoxin
harvest was assessed from the developmental cy-
cle of the hypopharyngeal glands of worker bees.
According to Deseyn and Billen (2005), the de-
velopment of glands begins in the prepupal phase
and reaches maximal development in the worker
bees with 6 days of age; thus, apitoxin harvest was
conducted when bees were in the following de-
velopmental stages: phase 1: brood comb with 5-
day-old larvae; phase 2: capped brood (15th day
of development)—pupal phase; and phase 3: 3-
day-old adults honey bees.

2.2. Collection of honey bees for analysis
of hypopharyngeal glands

Twenty 6-day-old worker bees were collected
once a month from the T1 and T2 beehives
(n = 10/group). For this procedure, capped brood
was removed from each beehive; these were then
wrapped in tulle fabric to confine the adults after
emergence from the brood cells. The brood combs
were placed in an incubator with a temperature of

± 30 °C and a humidity of ± 60% until emergence
of the adults. The workers that emerged were
marked on the pronotum region using a non-
toxic pen and then reintroduced to their beehive
of origin. After 6 days, four marked worker bees
from each beehive, totalling ten worker bees per
treatment, were collected using entomological for-
ceps, stored in a plastic container with ventilation
holes and subsequently anaesthetised with CO2
and decapitated with a scalpel. The heads were
fixed for 24 h in 4% formaldehyde dissolved in
0.1 M phosphate buffer pH 7.3.

2.3. Morphology and morphometric
analysis of the hypopharyngeal gland

The methodology for morphometric analysis
was adapted from that reported by Smodiš Šker
and Gregorc (2010). The heads were dehydrated
in a series of ethanol (80, 90 and 95%) for 1 h each
and then embedded in methacrylate resin
(HistoResin®, Leica, Heidelberg, Germany). His-
tological sections of 3 μm thickness were cut on
rotating microtome and collected on glass slides.
The histological sections were stained with
haematoxylin and eosin for analysis.

2.4. Calculation of the mean number
and mean area of the secretory acini

Means of glandular acini number were
calculated from 20 histological fields of ten
heads per group at ×200 magnification, total-
ling 200 measurements per group. The histo-
logical sections were grouped with spacing
of 30 μm to avoid that the same acini was
measured more than once. Mean acinar area
(μm2) was determined by measuring the all
acinar cross-sectional area. Thus, considering
the variation of the area of the acini of the
hypopharyngeal glands and to avoid misinter-
pretation, for statistical analysis, only the 100
acini with the highest area of each group
were compared.

All analysis was done using a Leica DMLB 80
microscope (×200 magnification) connected to a
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Leica DC300FX camera. The digitalized images
were analysed using Leica Q-win software Ver-
sion 3 forWindows. The results were expressed as
mean ± standard deviation.

2.5. Statistical analysis

The data obtained were analysed using non-
parametric Mann-Whitney tests. Differences were

Figure 1. Hypopharyngeal glands of 6-day-old Africanized honey bees Apis mellifera . T1: beehives without
apitoxin harvesting and T2: beehives subjected to apitoxin harvesting. a October, T1. b October, T2. c November,
T1. d November, T2. e December, T1. f December, T2. Gain: Image 200×, detail 1000×.
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considered statistically significant when P < 0.05
(Zar 1996).

3. RESULTS

Figure 1 (a–f) shows the secretory units of the
hypopharyngeal glands, represented by multicel-
lular acini. It is apparent that the secretory units of
hypopharyngeal glands from bees submitted to
apitoxin harvesting (T2) were considerably fewer
than those in the control (T1) throughout all
3 months of the study period.

Figure 2 represents the mean number of acini
for T1 and T2 throughout the experimental period.
The number of acini in T2 treatment bees was
considerably lower than that for T1 treatment bees
in all months of harvesting (October: Mann-
Whitney U test = 1178, P < 0.001; November:
Mann-Whitney U test = 1441, P < 0.001; De-
cember: Mann-Whitney U test = 2085,
P < 0.001).

Figure 3 represents the mean acinar area fol-
lowing treatments T1 and T2. Acinar area was
smaller in T2 treatment than in T1 treatment bees
in all months of the harvesting (October: Mann-
Whitney U test = 463, P < 0.001; November:
Mann-Whitney U test = 217, P < 0.001; Decem-
ber: Mann-Whitney U test = 700, P < 0.001).

4. DISCUSSION

The hypopharyngeal glands of honey bees are
important for colony development, and the num-
ber and area of acini are indicators of their activity,
reflecting the amount of protein secretion pro-
duced. For this reason, the area of the
hypopharyngeal gland acini has been used as an
indicator of their development and activity under
different management conditions, stresses and nu-
trition (Babendreier et al. 2005; Smodiš Šker and
Gregorc 2010).

During the study period, there was a significant
reduction in the number and area of acini in the
glands of honey bees subjected to the stress in-
duced by apitoxin harvesting. Thus, this study
shows that this practice has a negative effect on
the development of the gland, even considering
that the period during which the colonies was
stressed was short (1 h per month) this is in

accordance with results reported by Modanesi
et al. (2015). Onari et al. (2016) showed that the
apitoxin harvest impairs the population develop-
ment of the colonies, also evidencing the negative
effects of this management.

The reduction of the hypopharyngeal glands
caused by apitoxin harvest could be generated
by the stress induced by this management pro-
cedure. It is known that this activity stimulates
the release of an alarm pheromone (isopentyl
acetate), which causes behavioural and

Figure 2.Mean number of acini for treatments T1 and
T2, in Africanized honeybees Apis mellifera (October,
November and December 2014). T1: beehives without
apitoxin harvesting and T2: beehives subjected to
apitoxin harvesting. The bars show the mean and stan-
dard deviation. Asterisks indicate significant differ-
ences between groups T1 and T2 for the same month
(P < 0.001).

Figure 3. Mean area of acini (μm2) for treatments T1
and T2, in Africanized honeybees Apis mellifera (Oc-
tober, November and December 2014). T1: beehives
without apitoxin harvesting and T2: beehives subjected
to apitoxin harvesting. The bars show the mean and
standard deviation. Asterisks indicate significant differ-
ences between groups T1 and T2 for the same month
(P < 0.001).
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physiological changes in honey bees. Accord-
ing to Urlacher et al. (2014), isopentyl acetate
exerts considerable influence on honey bees
during the guard and foraging phases, although
it cannot be ruled out that this pheromone has
different effects at each age of the bee (Hunt
2007).

Recent research has shown that other types of
stressors can also reduce HPGs. Renzi et al.
(2016) showed that honey bees fed thiametoxan
diet had malformed acini and reduced acinar area.
Omar et al. (2016) showed that 1–8-day-old hon-
ey bees fed with a mix of pollen or monofloral
pollen from Asparagus sp., or Castanea sp. had
well-developed HPGS compared to honey bees
were fed a 50% sucrose solution. However, in this
research, the honey bees tested were not exposed
to contamination by agrochemicals or suffered
restrictive diets, confirming that the reduction ob-
served in our study is due to the stress caused by
the apitoxin harvesting.

Consequences of the reduction in this gland
could be the reduced production of royal jelly
and deficient larval feeding (Di Pasquale et al.
2013). In addition, malnourished honey bees
may have impaired development, thus reducing
their longevity and activities (Li et al. 2014; Perry
et al. 2015). It is also possible that the apitoxin
harvest can lead to poor quality of royal jelly
produced by nurse bees, consequently negatively
affecting the feeding of the queen and decreasing
the brood area, promoting a vicious cycle that
could lead to a gradual reduction in colony size
and eventual loss of colonies, though these were
not observed in the present study.

Hence, it can be concluded that apitoxin harvest
impairs the structure of hypopharyngeal glands of
6-day-old Africanized honey bees Apis mellifera.
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