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Cytochemistry studies of the nuclei of

the venom glands’ cells of worker bees

of Apis mellifera indicated that there is a

higher activity in the young workers

while there is a predominance of degen-

erative characteristics in the older

workers. In addition, we demonstrated

that there is an occurrence of differential

nuclear synthetic activities between the

cells of the distal and the proximal

regions of the secretory filament and of

the venom reservoir. Signs of a higher

nuclear activity were evidenced at the

distal regions of this gland in 14-day old

workers, while at the more proximal

regions of the venom gland of 40-day old

workers we identified the most obvious

signs of degeneration. Therefore, it was

evident that the process of glandular

degeneration begins at the distal region

of the venom gland instead of beginning

at the proximal region as had been estab-

lished previously. In addition, character-

istics of nuclear synthetic activities were

noted in the cells of the proximal region

of the reservoir; these cells were thought

to be non-secretory.
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I. Introduction

The venom gland of worker bees of Apis mellifera is

located at the posterior part of the abdomen, between the

rectum and the ovaries. In general, this gland consists of a

long, thin, convoluted, and bifurcated tubule.

The glandular cells compose the wall of the secretory

filament and the distal portion of the reservoir. To date, the

main alterations in the activity of these cells have been

described at the ultrastructural level and only with regard to

the cytoplasmic aspect of the glandular cells [6].

The nuclei of the glandular cells have been described

as large and spherical in the secretory filament of young

workers, and as having become small and irregular in the

older workers [3, 4, 6], thus accompanying the loss of sec-

retory characteristics that are observed during the aging

process. In the reservoir, no nuclear alterations have been

shown; these nuclei have been described as very small, flat,

and condensed [3, 4, 6].

In the present study, cytochemistry techniques were

employed in order to establish the location of DNA, RNA,

and nucleoproteins in the nuclei of the venom glands of Apis

mellifera. The object of this work was to provide details of

the structural organization of the nuclei, mainly at the stage

of nuclear metabolic activity, in relation to the cellular

location of those components and the age of the worker.

II. Materials and Methods

About 200 newly emerged workers were taken from a

colony during the period from September to December of

1997 and 1998. These workers were marked in the thorax

with synthetic aluminum paint (Suvinil) and returned to the

colony. Marked workers of 14 and 40 days of age were then

collected and dissected in order to remove the venom gland.

The venom glands were fixed in acetic acid: ethanol

(3:1) for five minutes, dehydrated in an ethanol series of

increasing concentration (70% to 100%), and subjected to

routine techniques for their inclusion in historesin from

Leica laboratories.
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Histological sections, 6 �m thick, were transferred to

glass slides and used for the cytochemistry analyses. For the

detection of DNA and RNA, we employed the dye toluidine

blue (Synth) at pH 4.0 [20]. In order to observe the nucleoli,

we employed two different techniques: 1) variation of the

critical eletrolytes concentration, in which the material was

stained with toluidine blue, pH 4.0, and exposed to 0.05 M

magnesium chloride during eight, nine, and ten minutes [15,

16]; and 2) silver nitrate (Merck) imbuing—AgNOR—[10],

which reveals proteins that constitute the nuclei with the

nucleolar activity [5]. The material was analyzed and photo-

graphed under a Zeiss photomicroscope.

III. Results

The staining procedure using toluidine blue showed

that the nuclei of the cells of the distal (Fig. 1A, C) and

proximal (Fig. 1B, D) regions of the secretory filament

of the venom gland of A. mellifera exhibit metachromasy,

independently of the age of the workers.

Throughout the secretory filament of workers at 14

days of age (Fig. 1A, B) the nuclei appear large and spheri-

cal, and are slightly more basophilic at the distal region than

at the proximal region (Fig. 1B). In workers at 40 days of age

(Fig. 1C, D), although still large, the nuclei assume an elon-

gated shape at the distal region (Fig. 1C), while they become

smaller, irregular, and with low metachromasy in the cells of

the proximal region (Fig. 1D). In addition, at the secretory

filament, the epithelial cells that form the intercellular

canaliculi and the intima that surrounds the lumen of the

tubules possess small and strongly dyed nuclei in all the

glands examined (Fig. 1B).

Cells with small and metachromatic nuclei compose the

wall of the venom reservoir. Nevertheless, there is an evi-

dent loss of metachromasy from the 14th (Fig. 1E, F) to the

40th day of age (Fig. 1G, H). In the venom glands of workers

with 40 days of age, the nuclei of the cells of the reservoir

appear more dilated and irregular (Fig. 1G, H) than in the

glands of 14-day old workers (Fig. 1E, F).

The results obtained using the technique of variation of

the critical electrolyte concentration showed that in the cells

of the distal and proximal regions of the secretory filament

of the venom glands of workers at the 14th (Fig. 1I, J) and

40th (Fig. 1K, L) day of age, the critical electrolyte concen-

tration (CEC) point of the DNA is reached after the first time

range used in this study: 8 minutes. At that point, in which

the nuclei lose metachromasy, numerous nucleoli appear

more evident at the distal portion of the secretory filament of

workers at the 14th (Fig. 1I) and 40th (Fig. 1K) day of age

than at the proximal region (Fig. 1J, L) for workers at the

14th and 40th day of age, respectively.

The results obtained with the technique of AgNOR

show that in the cells of the secretory filament (Fig. 2A–D)

as well as in those that form the wall of the reservoir (Fig.

2E–H) there is an imbuing of the nucleoli by the silver

nitrate; thus, they appear very evident. However, in workers

at 14 day of age, the nucleoli appear more numerous and

evident in the cells of the distal region of the secretory fila-

ment (Fig. 2A) than at the proximal region (Fig. 2B). In the

venom glands of 40-day old workers, these aspects become

less evident but it is still possible to note differences

between the distal (Fig. 2C) and the proximal regions (Fig.

2D); in the latter, the nucleoli are smaller in the glandular

secretory portion as well as in the reservoir.

IV. Discussion

The cytochemistry analyses performed on the venom

gland of worker bees of Apis mellifera allowed the charac-

terization of the nuclei from the distal and proximal regions

of the reservoir and of the secretory filament. In general, at

these glandular portions the nuclei are large and more

spherical in workers with 14 days of age, which perform

tasks inside the colony [9]. The nuclei become irregular at

the proximal region of the gland of workers with 40 days

of age, which spend most of the day outside the colony and

execute tasks related to foraging [9].

The small nuclei of the cells that compose the reser-

voir’s wall presented a shape that varied from spherical to

flattened, depending on the age of the worker and on the

region of the reservoir.

The present study demonstrated differences in the

metachromatic characteristics of the nuclei of the secretory

filament stained with toluidine blue, which presents a flat

structural conformation and thus allows the phenomenon of

metachromasy resulting in a blue violet stain. A specific loss

of metachromasy at the proximal region during the period

from 14 to 40 days of age was observed. This fact suggests

that, at 40 days, a higher number of phosphate groups of the

nuclear DNA are blocked by bonds with basic proteins, thus

showing a higher chromatin condensation and a reduction in

nuclear activity [19]. The same authors used the toluidine

blue stain on testicle cells of the amphibian Hyla ranki and

showed varying degrees of nuclear basophily in relation to

chromatin condensation in cells undergoing cytodifferentia-

tion. According to them, immature spermatids showed a

deep blue stain while the mature spermatozoids displayed

light green coloration. Other results describing the variations

in intensity of the staining reaction with toluidine blue [13–

16] have also been attributed to the progressive blocking of

the phosphate groups of the DNA by amino groups of basic

proteins.

The nucleoli, evidenced by the AgNOR technique, ap-

peared clearer and in higher numbers in workers at 14 days

of age; the nucleoli become smaller and less visible in 40-

day old workers. This indicates a reduction in the process of

rRNA synthesis in relation to age and, consequently, a dim-

inution in the rate protein synthesis that is more accentuated

at the proximal region than at the distal region of the secre-

tory filament. According to some authors [8], the variation

in the shape of the nucleolus is related to variations in its

transcriptional activities. In this way, the more active stage

of the glandular cells of the bees studied occurred in workers

at 14 days of age. The larger nucleolar size in these bees
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strengthens this hypothesis, since in cells with a high rate of

ribosome production, the nucleoli are large and complex,

while in most cells with a low rate of ribosome production

the nucleoli are small and possess a simple structure [18].

In the case of the reservoir, the basophilic response of

the nuclei suggested the occurrence of chromatin condensa-

tion in 40-day old worker bees but it did not show evidence

of differences among the nuclei of the distal and proximal

Fig. 1. Secretory filament and venom reservoir of the venom glands of worker bees of Apis meliffera L. at 14 and 40 days of age. 1. Toluidine

blue stain. Secretory filament: (A) Distal region (14 days), (B) Proximal region (14 days), (C) Distal region (40 days), (D) Proximal region (40

days); Venom reservoir: (E) Distal region (14 days), (F) Proximal region (14 days), (G) Distal region (40 days), and (H) Proximal region (40

days). 2. Variation of the critical electrolyte concentration. Secretory filament. (I) Distal region (14 days), (J) Proximal region (14 days), (K)

Distal region (40 days) and (L) Proximal region (40 days). Large arrows, chromatinic granule; small arrows, intercellular space; c, cuticle; ca,

canaliculum; l, lumen; nc, canaliculum cell; nu, nucleoli. Bars�0.5 �m (A, C, I, J, K, L), 10 �m (B, D, E, F, G, H).
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regions at each age range studied. Such results suggest that,

at least in the 14-day old workers, the nuclei of those two

regions showed evidence of secretory activity. This observa-

tion contradicts the results of several other researchers [2, 6,

7, 11], according to whom only the cells of the distal region

of the reservoir display secretory characteristics. In the cells

Fig. 2. Secretory filament and venom reservoir of the venom glands of worker bees of Apis meliffera L. at 14 and 40 days of age. AgNOR

Technique. Secretory filament: (A) Distal region (14 days), (B) Proximal region (14 days), (C) Distal region (40 days), (D) Proximal region

(40 days); Venom reservoir: (E) Distal region (14 days), (F) Proximal region (14 days), (G) Distal region (40 days) and (H) Proximal region

(40 days). nu, nucleoli; c, cuticle; l, lumen; n, nuclei. Bars�0.5 �m (A–E), 10 �m (F–H).
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of the reservoir, the nucleoli that predominated in the

workers at 14 days of age were also good indicators of the

occurrence of synthetic activities. This observation was

confirmed by the results obtained with the technique of

variation in CEC.

Therefore, the techniques employed revealed nuclear

changes related to the aging process of the workers, provid-

ing evidence of the existence of a differential synthesis

among young and old workers, with this process being more

intense in the younger ones. This observation agrees with the

results obtained by other authors [2, 7, 17], according to

whom the period of glandular activity is during the 5th and

the 15th days after the emergence of the adult, and with

the process of cellular degeneration of the venom gland

beginning at the 20th day of age during summer or at the

30th day of age during winter [2, 7].

The process of degeneration, based on the nuclear and

nucleolar modifications found, can be considered to be more

advanced at the proximal region of the gland of worker bees

at 40 days of age. Such modifications correspond to the loss

of metachromasy and to the diminution of the nuclear size as

well as the lower visibility, definition, and number of the

nucleoli. Therefore, this work confirms the morphological

results we obtained [1], which established that the degen-

eration process of the venom gland commences at the

proximal region at the age of 40 days, thus contradicting

the propositions made by other authors who suggested that

this process starts at the distal glandular region and ends in

the proximal region [7]. It was also shown in this study that

there is a differential metabolic activity between the nuclei

of the distal and proximal regions of workers with the same

age, with the ones in the distal region being more active than

in the proximal region at both 14 and 40 days of age.

Finally, besides indicating a differential activity

between the cells of the proximal and the distal regions of

the secretory filament, our data also extend this function to

the cells of the proximal region of the reservoir. The first

studies concerning the venom gland of Apis mellifera pro-

posed that only the distal region of the secretory filament

had a secretory function [12]. Later works showed that the

whole glandular filament and the distal portion of the

reservoir had a secretory function [3, 4, 6].
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