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The effects of azadiraehtin A , given oral ly, on the reproduct ion of mature females of Rhodnius 
prolixus were studied. Azadiraeht in A caused a reduction in oocyte growth and consequently in 
the egg product ion in a dose-dependent manner. Eggs layed had no alteration in their viabil it ies. 
A significant correlat ion between these effects and the titers of both vi tel logenin in the 
haemolymph and vi tel l in in the ovaries was observed. Ecdysteroid titers in haemolymph and 
ovaries, as determined by radioimmunoassay, were decreased by this treatment. In vitro analysis 
suggested that azadiraehtin may directly interfere in ovarian ecdysteroid product ion. The signifi-
cance of these findings in relat ion to the mode of action of azadiraehtin is discussed. 

Since the discovery of azadiraehtin as a feeding 
and growth inhibitor, a significant body of literature 
has accumulated detailing these effects for most in-
sect orders [1—7]. In general this compound disrupts 
the ecdysteroid-induced moulting process in holo-
metabolous [7, 8] and in hemimetabolous insects [4, 
9]. In Rhodnius prolixus, low doses of azadiraehtin, 
given orally, cause inhibition of both feeding and 
moulting [5, 10]. The latter effect can be partially or 
completely rescued by simultaneous administration 
of either juvenile hormone or ecdysone, respectively 
[5]. Ecdysteroid titers in the haemolymph of Rhod-
nius larvae treated with azadiraehtin are too low for 
an induction of ecdysis [11]. 

In addition to inhibiting feeding, development and 
ecdysteroid production, azadiraehtin may induce 
sterilization in several species of insects [3, 12, 13]. 
Azadiraehtin suppresses the juvenile hormone [13] 
and ecdysteroid titers in adult females of Locusta 
migratoria [3]. 

In this paper, we investigated the effects of 
azadiraehtin A on both oogenesis and vitellogenin 
synthesis which in Rhodnius are dictated by juvenile 
hormone [14], Accordingly, we also studied aza-
diraehtin action on in vivo and in vitro production of 
ovarian ecdysteroids in adult females of Rhodnius 
prolixus. A preliminary account of some of the work 
presented in this paper appeared elsewhere [15]. 
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Materials and Methods 

Insects 

Rhodnius prolixus were reared and maintained as 
described elsewhere [16]. Adult females were re-
moved from the stock colony on the day of their last 
ecdysis and kept separately in glass jars. Virgin 
females were mated 1—2 days before the first feeding 
as adults. 

Human blood and feeding procedure 

Citrated human blood, stored at 4 °C for some 
hours, was used. Groups of at least 20 females, 
weighing 65.1 ± 8.5 mg, were starved following the 
imaginai ecdysis for 15—20 days. They were then 
allowed to feed for 30 min on human blood by use of 
a special feeding apparatus [17]. Purified azadiraeh-
tin A was diluted in 1:4 ethanol-saline and added to 
the meal as described previously [5]. Only insects 
that ingested at least 2.5 times their body weight 
in one feeding session were used. Control groups 
received blood and azadiraehtin solvent. 

Measurement of oocytes 

The ovarian growth was determined at various 
times after feeding and the length of the seven termi-
nal oocytes (T oocytes) of each ovary was measured 
[18]. 

Preparation of vitellogenin antiserum 

Antiserum to egg proteins of R. prolixus was ob-
tained by subcutaneous injection of 1.5 mg of egg 
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proteins emulsified with Freund's complete adjuvant 
(Difco) into rabbits. Six weeks later the process was 
repeated with Freund's incomplete adjuvant. The 
endovenous booster (with 500 pg of egg proteins) 
was given two weeks after the second injection. The 
sera from three rabbits were collected 9 days later 
and combined. The antiserum titer was monitored by 
the Ouchterlony immunodiffusion test [19]. 

Vitellogenin and vitellin determination 

The concentration of the haemolymph vitellogenin 
and vitellin in the ovaries was determined by the 
Mancini technique [20]. 

Radioimmunoassay (RIA) for eedysteroids 

For the RIA procedure an ecdysone antiserum 
(DHS # 1—3.5 wk) binding ecdysone and 20-hy-
droxyecdysone in the ratio 1:2.6, respectively (gener-
ous gift of Dr. J. D. O'Connor, U.S.A.) was used. 
RIA activity was defined as pg equivalent to 20-hy-
droxyecdysone since this ecdysteroid was used as the 
standard. 

In vitro ovary assay 

Ovaries used for the in vitro assay for eedysteroids 
were dissected from adult females on day 4 after 
feeding. After washing in cold Rhodnius saline [24] 
one pair of ovaries was transferred to 100 pi of 
TC 199 medium (Boehringer Mannheim) and incu-
bated for 4 h at 28 °C under gently shaking. The 
ecdysteroid content in all groups of ovaries was 
determined just before incubation. After incubation 
the medium plus ovaries were collected and prepared 
for ecdysteroid determination. A linear relationship 
between the production of ecdysteroid and time of 
incubation was observed. 

Results 

Effects of azadirachtin A on oviposition 

Four groups of 20 insects each (A—D) received 
different doses of azadirachtin A. The doses (pg/ml 
of blood) were: 0.1 pg (B); 1.0 pg (C); 5.0 pg (D); 
and a control group (A) that received blood with 
solvent only. Egg production during the first oviposi-
tion cycle is shown in Fig. 1. Azadirachtin A drasti-
cally decreased egg production in Rhodnius at the 
two higher concentrations (1.0 pg and 5.0 pg/ml of 

days a f t e r feeding 

Fig. 1. Cumulative number of eggs laid in the first cycle of 
oviposit ion by adult females of Rhodnius prolixus. Controls 
( A ) ; treated wi th 0.1 (B) ; 1.0(C) or 5 . 0 (D ) pg azadirachtin 
A / m l of blood. Groups of 20 adult females. 

blood; groups C and D). These groups never reached 
the same rate of egg production attained by the con-
trol females (group A). For a period of 24 days after 
feeding, control females produced an average of 23 
eggs. In the azadirachtin-treated groups at the higher 
doses 7 eggs or even less were produced (Fig. 1). The 
group B which was treated with 0.1 pg azadirachtin 
A/ml of blood only, did not present significant differ-
ence from the control (group A). The eggs laid by 
treated females were not apparently affected in their 
viabilities. The azadirachtin A effect was not revers-
ible by the third oviposition cycle after the females 
received two fresh blood meals without the com-
pound (data not shown). 

Oogenesis in normal and azadirachtin-treated females 

Each of the two teletrophic ovaries of R. prolixus 
has seven ovarioles containing oocytes in various 
stages of development. After feeding and mating, 
yolk deposition begins and as yolk accumulates the T 
oocytes enlarge. The effect of azadirachtin A on 
oogenesis is shown in Table I. The ingestion of 
5.0 pg azadirachtin A/ml of blood markedly pre-
vented yolk deposition during the seven days after 
feeding and the T oocytes showed only a small in-
crease. In the group treated with 0.5 pg azadirachtin 
A/ml a reduced growth of the T oocytes was 
recorded. 
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Table I . Effect of azadiraehtin A on the growth of T oocy-
tes, 0—6 days fo l lowing feeding. 

Groups Days after Average length 
feeding of T oocytes 

[mm]* 

0 0.39 + 0.01 

Cont ro l 3 
5 

0.91 
1.30 

± ± 0.05 
0.08 

7 1.85 + 0.07 

3 0.85 + 0.04 
Azadiraeht in (0.5 ng/ml) 5 1.05 + 0.06 

7 1.15 + 0.05 

3 0.45 ± 0.02 
Azadiraeht in (5.0 (xg/ml) 5 0.58 ± 0.04 

7 0.84 + 0.05 

* Each value represents the mean ± S.E.M. of the T oocy-
tes present in both ovaries of 5 females. 

Effects of azadiraehtin A on vitellogenin 
and vitellin titers 

Blood meal stimulates vitellogenin production by 
fat bodies in several haematophagous insects [14]. To 
determine whether azadiraehtin A induces steriliza-
tion due to the inhibition of yolk protein synthesis 
and/or its deposition in eggs, we measured vitelloge-
nin and vitellin in the haemolymph and ovaries, re-
spectively. The content of vitellogenin and vitellin 
rose sharply to a peak of vitellin in the ovaries on day 
8 and the vitellogenin in the haemolymph on day 10, 
both decreasing rapidly later. The females treated 
with 0.5 pg azadirachtin/ml of blood and-5.0 pl/ml 
failed to show the normal increase of vitellin in the 
ovaries. The vitellogenin titers presented a small in-
crease in the haemolymph but they never reached 
the contents found in the maximum peak of the con-
trol groups (Fig. 2). 

Azadiraehtin A and ecdysteroid production 

RIA analysis of ecdysteroid titers in the ovaries 
and haemolymph indicated that ecdysteroid synthe-
sis is also stimulated by feeding (Fig. 3). Ovarian 
ecdysteroid contents attained a maximum peak on 
day 4 after feeding; the amount of ecdysteroid re-
mained higher on day 4 and 5 in the haemolymph. 
The ingestion of 0.5 pg and 5.0 pg azadiraehtin A/ml 
of blood significantly reduced the ecdysteroid levels 
in both tissues (Fig. 3). 

In vitro analysis of ecdysteroid synthesis can give 
insights into the mode of action of azadiraehtin on 

mature females of R. prolixus. We analyzed the 
ecdysteroid production by ovaries 4 days after feed-
ing. Table II illustrates the results obtained and com-
pares the production of ecdysteroids of control, 
group receiving treatment in vivo with 1.0 pg 
azadiraehtin A/ml of blood, and ovaries taken from 
controls and incubated in a culture medium contain-
ing 0.5 pg and 5.0 pg azadiraehtin A/ml of medium. 
When the control ovaries were removed 4 days after 
feeding and analyzed immediately for ecdysteroid 
content they were found to contain 2520 ± 85 pg 
ecdysteroid/ovary (n = 5 determinations). However, 

Fig. 2. Ef fect of azadiraehtin A on the haemolymph vitel lo-
genin (below) and ovarian v i te l l in (above) in adult females 
of Rhodnius prolixus. ( • ) Contro ls ; ( • ) treated wi th 0.5 ng; 
and ( A ) treated w i th 5.0 (xg azadiraehtin A / m l of b lood 
meal. Each point is the mean of two individual determina-
tions, except those w i th vert ical bars ( ± S .E .M. ) which 
were obtained w i th four determinat ions. 
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Fig. 3. Effect of azadirachtin A on both ovar ian (above) 
and haemolymph (below) eedysteroids in adult females of 
Rhodnius prolixus. Detai ls as in Fig. 2. 

the incubation of control ovaries significantly in-
creased the total ecdysteroid content (820 ± 105 pg/h/ 
ovary, n = 5 determinations). Ovaries from insects 
treated in vivo with azadirachtin produced little 
eedysteroids. While the incubation of control ovaries 
with 5.0 pg azadirachtin A/ml profoundly reduced 
ecdysteroid production compared with the control, 
the ovaries cultured in presence of 0.5 pg/ml had only 
little inhibition in the production of eedysteroids. 

Discussion 

Our results indicate that, in addition to inhibit 
feeding and moulting in larvae [5, 10, 11], azadirach-
tin A induces a pronounced sterilization effect in 
mature females of Rhodnius prolixus. We showed 
that ingestion of azadirachtin A inhibits egg produc-
tion as measured by oogenesis and egg deposition 
(Fig. 1 and Table I). This is possibly a consequence 
of azadirachtin A interference with the synthesis of 
vitellogenin and/or vitellin deposition into the 
oocytes, or both. In partial support for this hypothe-
sis we show that both vitellogenin titers in the 
haemolymph and vitellin contents in the ovaries are 
markedly reduced in the azadirachtin-treated 
females (Fig. 2). 

In R. prolixus it is well known that juvenile hor-
mone controls vitellogenesis [14, 25]. Since aza-
dirachtin depresses the production of juvenile hor-
mone in Locusta migratoria [13] we could imagine a 
similar effect in Rhodnius. However, the therapy 
with juvenile hormone III did not rescue either the 

Table I I . Spontaneous synthesis of eedysteroids by ovaries der ived 
f rom either control or azadirachtin A treatments. The ovaries were 
removed day 4 after feeding, and they were incubated in T C 199 
medium wi th or wi thout azadirachtin A . 

Doses of azadirachtin A 
Treatment pg/ml of b lood pg/ml of medium pg eedysteroids 

product ion/ 
ovary/h 

- — — 820 ± 105*** 
In vivo* 1.0 110 ± 22 
In vitro** 0.5 610 ± 82 
In vitro** 5.0 210 ± 55 

* See Materials and Methods. 
* * Ovaries taken f rom controls and incubated in culture media con-

taining azadirachtin A . 
* * * Each number represents the mean ± S .E .M. of 4 ind iv idual 

determinations. 
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synthesis of vitellogenin or the growth of the ovaries 
in azadirachtin-treated females [26]. By use of micro-
derivatization and determination of the analyte by 
combined gas chromatography — selected ion moni-
toring mass spectrometry, a method which quantifies 
JH 0—III in the range of 10 femtomoles [27], we 
analyzed Rhodnius haemolymph samples taken from 
mated adult females from day zero up to day eight 
after feeding (M. Uhl, unpublished results). Even 
when one milliliter of haemolymph was analyzed in 
total, we did not detect any of the four JH homologs. 
In other words — if any of them would have been 
present, its concentration would be below 10-12 M. 
This clearly proves that Rhodnius does not use the 
JH 0—III type of hormone molecules and this may 
be one explanation for the failure of JH III treat-
ment. It seems with this reservation in mind that the 
effect of azadirachtin on the reproduction of R. pro-
lixus females does not relate to the inhibition of 
juvenile hormone production. 

In many insects eedysteroids play a role in vitello-
genesis control [28]. In Rhodnius virtually nothing is 
known about the possible regulation of vitellogenin 
synthesis by eedysteroids. However, it has been 
shown that in adult females the ovaries were re-
quired for the appearance of an ecdysteroid peak in 
the haemolymph [29] and that ovaries accumulated a 
large amount of ecdysteroid ([26], present paper). 
Ruegg et al. [30] suggested that ovarian eedysteroids 
might stimulate the release of the ovulation hormone 
from the median neurosecretory cells of the brain of 
mated females. Possibly this neurohormone is in-
volved in ovulation [31]. In contrast, eedysteroids 
also decreased egg deposition [18] and reduced activ-
ity of the corpus allatum [32, 33]. Therefore, a ques-
tion arises of a possible relationship between eedy-

steroids in adult females and the effect of azadirach-
tin on reproduction. We showed that azadirachtin 
limits and reduces the ecdysteroid contents in both 
haemolymph and ovaries (Fig. 3). Furthermore, we 
also showed that azadirachtin acts directly on the 
ovaries decreasing ecdysteroid production (Table 
II). The relevance of the in vitro inhibition of ovaries 
in secreting hormones compared to the overall ef-
fects in vivo is often difficult to establish since 
azadirachtin may act simultaneously on other target 
systems. On the other hand, the dose of azadirachtin 
used for in vitro experiments may not correspond to 
the dose utilized for in vivo tests, i.e., it is possible 
that the effects observed for in vitro assay is due to a 
pharmacological and not a physiological dose of the 
compound. We therefore assume that azadirachtin 
may interfere in the reproduction by depressing the 
release of neurohormones and hormones related to 
vitellogenesis and oogenesis. 

Notwithstanding these regulatory considerations, 
our studies are consonant with the hypothesis that 
azadirachtin may be used as a tool in a great many 
questions of a fundamental biological and biochemi-
cal nature on the reproduction of adult females of 
R. prolixus. We are currently studying the inter-
action of this compound in the brain — corpus alla-
tum — ovary interaction, and whether or not it inter-
feres with ecdysone metabolism or the general 
metabolic pathways in this insect. 
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