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The paper deals with studies on the development, histology and histochemistry of the male 
accessory glands of Aedss aegypli and Culex pipiens fatigans. The paired accessory glands in 
both the species grow rapidly from pupal stage till they m ature in two-day old adults. The 
glands have an outer layer of muscles and an inner layer of simple columnar secretory cells. In 
Ciilex the gland has a central lumen in pupal stage while it Is partly filled with cells in Aedes. 
The secretory cells are similar morphologically hut secretory activity is more in the posterior 
part o f the glands than in the anterior part in both the species. The secretory granules in Aedes 
are small and are present in the lumen of the gland within polygonal cells whereas in Culex 
they are large and are not in bound form. Histochemical study suggests th a t the secretion is 
predominantly proteins, rich in SH -containing amino acids. Further histochemical evidences 
indicate the presence of glycogen in the secretions of Aedes and Culex, and mucopolysaccharide in 
Culex  only. The relevance of these findings is discussed.

IN T R O D U C T IO N

Recent studies have shown that the 
passage of male accessory gland substance 
into female m osquito triggers many physio­
logical changes in the female ( L e a h y  &  
C r a i g ,  1965; C r a i g ,  1967; D o w n e ,  1975; 
A d l a k h a  &  P i l l a i ,  1975, 1976). The
accessory glands in adult male mosquito 
enlarge prior to mating and diminish in 
size after mating (L u m , 1961; F o s t e r  &  
L e a ,  1975). However studies on histology 
and histochemistry of accessory glands have 
not received much attention. Only 
ultrastructure o f  the male accessory glands 
of Culex pipiens pollens ( T o n g u  et a l ,  1972) 
and of the secretory cells in Aedes aegypti 
have been reported so far ( D a p p l e s  ef al.,
1974). Stud'es on the chemical nature of 
the accessory gland secretion are incomplete. 
In Ae. aegypti, the secretion of the gland 
is reported to be proteinaceous and two
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proteins have been identified ( F u c h s  et al.,
1969). The present paper deals with a 
comparative study on the development, 
histology and histochemistry o f the male 
accessory glands in two species o f culicine 
mosquitoes viz. the yellow-fever m osquito, 
Ae. aegypti and the tropical house m osquito, 
Culex pipiens fatigans.

M A TERIALS AND M E T H O D S

M osquitoes for the present study were taken 
from  colonies o f Delhi stra ins o f Ae. aegypti and
C. m aintained a t 28" C  and 80%  R H  in
an inseciary ( A d l a k h a  &  P il lai , 1975). Accessory 
glands from male pupae and adults a t different 
time intervals after emergence were dissected ou t in 
/4«/ei-R inger solution. Size o f the gland was 
measured by means o f a calibrated ocular m icro­
meter, For histological studies the glands were 
fixed in Bo u i n ’s fluid and processed for paraffin 
em bedding and the sections were stained with either 
D elafield  or H arris  haem atoxylin and Alcoholic 
eosin. For histochem ical study Bo u i n 's fixative was 
used for carbohydrate, C a r n o y ’s fixative for D N A  
and R N A  and 10% neutral form alin for proteins 
and lipids. The tissues were either em bedded in



paraffin and processed or they were em bedded in 
gelatin and sectioned in a  cryostat. The 
following histochemical m ethods have been per­
form ed according to the different m ethods cited in 
Histochemistry  (P earse, 1968). Proteins were 
dem onstrated by m ercury brom ophenol blue 
m ethod, cysteine end cystine by paraldehyde 
fuchsin m ethod (E w e n , 1962), arginine by 
S akagucfti reaction, tyrosine by M il lo n 's reaction, 
basic protein by fast green staining at pH 8, 1 2 - 
glycol by PAS m ethod, acid mucopolysaccharides 
by alcian blue, lipids by sudan black B, neutral 
lipids by oil red O m ethod, and nucleic acids by 
methyl green pyronin m ethod and by F eul g en  fast 
green m ethod.

Morphology
RESU LTS

In Ae. aegypti and C. p. fatigans the 
accessory glands develop as a pair of 
bud-like outgrowths from either side of the 
seminal vesicles in early pupal stage (Figs.
1 & 6). At this stage the glands are tran ­
slucent and occupy two th ird s 'o f the last 
abdom inal segment. In the adult, the glands 
increase in length and diam eter and 
occupy almost the whole o f the last 
abdom inal segment. The glands in both 
Culex and Aedes exhibit a progressive 
increase in size from pupal stage till two 
days after adult emergence as evidenced by 
the data presented in Table 1. Tw o-day 
old males are m ature enough to inseminate 
the females and normally the males mate 
only on the third day. The accessory glands 
in Aedes grow more in diameter, the 
increase being about 67 % as com pared to 
increase in length which was only about

30% from  pupal to tw o-day old adults. On 
the other hand, in Culex the glands grow 
more lengthwise, the increase being about 
55% while the diam eter increased only 
about 30% from the pupal stage. The 
m ature glands Aedes are opaque white in 
colour while in Culex they are yellowish. 
A t this stase the glands are fully filled with 
their secretions.

Histology

Accessory glands in both Aedes and 
Culex have an outer thin muscular layer and 
an inner layer o f colum nar cell?. The 
centre o f the gland has a lumen partly 
filled by secretory cells in the pupa which 
later on gets completely filled with secre­
tions in the adults. Each secretory cell has 
a large nucleus with 12 to 14 nucleoli. The 
secretory cells are absent where the glands 
join the seminal vesicle. The glands in 
Aedes and Culex do not have sperms at any 
time in them.

In Aedes the accessory glands in the 
pupal stage show loosely packed secretory 
cells with round nuclei and large inter­
cellular spaces (Figs. 2 & 3). In newly 
emerged adults the secretory cells enlarge 
and also increase in num ber thereby redu­
cing the intercellular spaces (Fig. 4). In the 
pupal stage the lumen is partly packed with 
secretory cells and later these cells filled 
with more secretion and become polygonal 
in shape. In 1-day males the num ber of 
polygonal cells become more and in 2-day

T able 1. M easurem ents o f the male accessory glands of Ae. aegypti and C. p. fatigans

Stage
Length in micron D iam eter in micron

Aedes Culex Aedes Ciiiex

Pupa 293.3 ±  16.7 112 ±  12.6 108.3 ±  2 .5 132.2 ± 5.8

Newly emerged adult 330.3 +  10.3 319 +  6 .3 119.2 ±  5 .9 137.5 3.3

1 day old adult 374.7 ±  7 .4 334 d= 2 .7 163.9 ±  6.1 151.8 5.3

2 day old adult 391.7 ±  12.8 492 ±  11.5 177.1 ±  5 .0 170.5 ± 9.3



Figs. 1-5. M ale accessory glands o f A. aegypti. Fig. 1. accessory glands of 2 -day old adults; 
Fig. 2. 1 .s . o f the gland of early pupa showing the secretory cells and central lum en; Fig. 3. t. s. of 
the gland o f late pupa showing the central lumen filled with secretory cells; Fig. 4. t. s. o f the gland 
of newly emerged adult and 5. t. s. o f the gland of 2-day old adult showing secretory granules in 
polygonal cells.

Figs. 6-9. M ale accessory glands of C. p. fatigans. Fig. 6. accessory glands of late pupa; Fig. 7a. t. s. 
o f the gland o f late pupa showing central lum en ; Fig. 7b. the same enlarged; Fig. 8a. t. s. o f the 
gland of 1 -  day old adult showing secretion in the lum en; Fig. 8b. the same enlargea and Fig. 9. t.s. 
o f the gland o f 2 - day old adult showing the lumen completely filled with secretory granules.





l igs to 11 I S of the gland of/Iw/i'.v an J  C h / i ' a  respectively showing glycogen (PAS m ethod:,
l-igs 12'13. 1. S. o f the gland or and V respectively showing PA I- response (c\stem e and
cystine bound proteins)
Kig 14 T S. o f the gland of Aedcs showing lipids (Sudan black B m ethod),
t-'ig, !5 r  S, o f the gland of Aedes showing neutral lipids (Oil red 0 method).
Fig, 16. I . S, o f the gland of Cidex showing acid m ucopolysaccharide (Alcian blue m ethod).





old glands the lumen shows the secretion 
partly free and partly within the cells 
(Fig. 5). The secretary granules are small 
in size.

In the pupal stage of Ciilex the secre­
tory colum nar cells are closely packed 
leaving no intercellular spaces (Figs. 7a, b) 
and the central lumen of the gland has less 
secretory ceils than in Aede^. In 1-day old 
males the lumen shows presence o f free 
secretory granules which are bigger in size 
(Figs. 8a, b). The nuclei in the secretory 
cells are oval in shape. In 2-day old glands 
the entire lumen is filled with secretory

granules (Fig. 9). In m ature glands the 
secretory cells recede to  the lining epithelium 
thereby increasing the space o f the lumen.

Histochemistry

The results o f the histochemical tests 
are summarized in Table 2. In the adult 
Aedes posterior region of the gland shows 
more intense PAS positive response as 
compared to the anterior region indicating 
difference in the secretory activiiy o f the 
cells (Fig. 10). In the adult Culex the PAS 
positive granules were confined to  the 
central lumen only (Fig. 11). Acetylation

T ablh 2. D ata on the histochemical tests perform ed on the male accessory 
glands of Ae. aegypti and C. p. fatigans

Adult

Test perform ed Pupa Newly emerged 1 day old 2 day old

Aedes Culex Aedes Culex Aedes Culex Aedes Culex

A. Protein and am ino acids
i) General (brom ophenol

blue) *
ii) Arginine (Sakaguchi

oxine reaction) —
iii) Tyrosine (■ M u l o n 's

reaction) —
iv) Cysteine and Cystine

(Paraldehyde fuchsin 
m ethod) ♦

B, C arbohydrates
i) General (Periodic Acid

Schiff reaction) ♦
ii) Acid m ucopolysacc­

haride (alcian blue)

C. Lipids
i) General (Sudan-black B ) - -

ii) N eutral lipids (Oil red O) —

D, Nucleic acids
i) M ethyl green pyronin ***

ii) Feulgen fast green ***

---------- N ot observed-
-----------N ot observed-

**5fe

— N o response to  tests
* Faint reaction 

** M oderate reaction 
*** High intensity



with acetic anhydride and pyridine blocks 
the PAS response. This confirms the pre­
sence o f neutral polysaccharides in the 
secretion. Treatm ent with 1 % diastase before 
PAS treatm ent showed almost no staining 
with PAS further confirming that the poly­
saccharide is glycogen. Presence of acid 
mucopolysaccharide is tested by alcian blue 
method. The secretion of mature glands of 
Culex has showed positive response (Fig. 15) 
but not so o f Aedes.

M ercury brom ophenol blue method 
shows positive response in pupal and adult 
accessory glands of both the species. With 
increase in age the intensity o f staining is 
more in the secre.ion than in the secretory 
cells and thus it indicates it is mainly pro- 
teinaceous. S a k a g u c h i  reaction for argi­
nine and M il l o n ’s reaction for tyrosine are 
negative in all developing stages of both the 
species. However, the secretory granules 
are found to  be positive to PAF reaction 
for cysteine and cystine. In the adult glands 
the staining is m ore intense in the posterior 
region than in the anterior region both in 
Aedes and Culex (Figs. 12 & 13). G lands 
stained with fast green at pH  8 .0  show 
positive response indicating the presence of 
more of basic amino acids in proteins.

Tests for lipids are performed only in 
the adult glands. Sudan black B for general 
lipids is positive in the proximal part o f the 
secretory cells in both the species, though 
the staining was faint as compared to  fat 
cells. Oil red O staining shows a small 
am ount of neutral lipids detected as small 
droplets uniformly distributed in the secre­
tory cells o f the glands. The staining re­
action is not intense as normally seen in the 
fat cells (Figs. 14 & 15).

Methyl green pyronin staining is posi­
tive in the gland. In the pupal stage the 
cells show mainly bluish green colour of the 
methyl green but in the adult stage the

cells become pinkish due to pyronin 
staining. These indicate that there is 
abundant DNA in the secretory cells o f 
the pupal stage and R N A  in the secretory 
cells of the adult stage o f both  Aedes and 
Culex. Control slides hydrolysed by 1 N  
HCI at 90°C did not take up the stain. 
These results are further confirmed by 
F e u l g e n  fast green method.

D ISC U SSIO N

The present study has revealed that the 
accessory glands o f Ae. aegypti and C .p .  
fatigans have an outer circular muscle 
sheath and an inner layer of simple cells. 
The development and subsequent increase 
in size o f the glands in mature males are 
almost identical. The increase in size during 
post emergence m aturation period is due to 
the accumulation o f secretory materials in 
the gland cells ( D a ppl e s  et al„ 1974). 
Accessory glands of Aedes differ from those 
of C. p. fatigans in having small central 
lumen. In C. p. pallens {lotiG V et al., 1972) 
the glands have narrow canals in the centre 
in place of lumen. The cells of the glands 
are all morphologically identical and are 
found to be secretory. U ltrastructural 
studies have shown that the cells o f the 
accessory glands in Ae. aegypti are m orpho­
logically similar ( D a ppl e s  et al., 1974) unlike 
in C. p. pollens wherein there are four types 
o f morphologically different secretory cells 
in the accessory glands (T o n g u  et al., 1972).

In Ae. aegypti the secretion of the 
mature glands is bound in polygonal cells. 
This is supported by the findings of D a ppl e s  
ct al. (1974) as they have suggested that the 
secretion is apocrine in Ae. aegypti and that 
the secretion-laden cells are pinched off 
torm ing mem brane bound packets of 
secretory granules and other cytoplasmic 
com ponents and that the loose cytoplasmic 
material is also released during the apocrine 
process and before the cell membranes are



reformed. However, in C. p. fatigans  the 
secretion is not in bound form. In C. p. 
pollens three types o f secretory granules have 
been observed; of these only one type is 
found to be free and the other two types are 
bound in membranes ( T o n g u  et al., 1972). 
W hether the release of secretion in C. p. 
fatigans is holocrine or apocrine is not clear 
from the present study. The glands in both 
the species are devoid o f secretory granules in 
their pupal stage. The secretory granules of 
Aedes seem to be finely granular and in 
bound form while in Culex they are bigger 
and not in bound form.

In both the species the secretory cells 
of the posterior region are shown to be 
more active with regard to PAS staining and 
PAF staining suggesting the existence of two 
types of secretory cells. Electron microscopic 
studies of the glands of Ae. aegypti have 
revealed only two types of secretory cells, 
the anterior cells being less active than the 
posterior ones ( D a p p l e s  a/., 1974). Histo- 
chemical studies on nucleic acids reveal that 
the DNA content was more in early stages 
of the development of gland and later more 
RN A  could be seen in cells near the 
centre. This evidently coincides with the 
biosynthesis o f secretory substances in the 
cells of the glands. The present study 
indicates that the secretions in both the 
glands are predom inantly protemaceous. 
The accessory gland substance o f Ae. 
aegypti known as m atrone ( C r a i g ,  1967) 
consists o f two protein fractions. O f these 
only one fraction stimulates oviposition, 
but both together ensure monogamy in 
females ( F u c h s  et at., 1969; F u c h s  &  
H is s , 1970, Hiss & F u c h s ,  1972). The 
accessory gland secretion of Aedes and 
Culex is found to be rich in SH -containing 
amino acids. Similarly in C. p. pallens the 
secretion o f the gland is stainable with 
aldehyde fuchsin and the authors have 
suggested a ptobable horm onal function for 
{he accessory glands ( T o n g u  et al., 1972).

The presence o f the polysaccharide gly- 
cogn in adult gland suggets that the secretion 
may be a glycoprotein. Earlier biochemical 
evidence in Ae. aegypti indicates that the 
main constituents o f m atrone may be 
glycoproteins or a protein and a polysaccha­
ride ( F u c h s  et a l ,  1969). The secretion of 
the accessory glands o f Culex shows the 
presence o f acid mucopolysaccharides 
though its significance is not clear. Recent 
studies have shown that the accessory 
gland substance is involved in blood intake 
and blood digestion o f the female mosquitoes 
( A d l a k h a  &  PiLLAi, 1976; D o w n e ,  1975) 
and it is also essential for the fertility of 
the eggs ( A d l a k h a  &  P i l l a i  1975). The 
multifarious functions of glands do suggest 
the possibility of many chemical components 
in their secretion.
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