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Abstract 

Injection of the insect growth regulator azadirachtin into 40-h-old last larval instars of Epilachna varivestis 
(Mulsant) inhibited metamorphosis at doses lower than 0.3 #g. Various higher doses (0.3-1.0 #g) caused in 
addition weight gain reduction, whereas weight gain was almost entirely suppressed after injection of 2.5 #g. 
Histological and electrophoretical analyses showed that storage protein formation in the fat body, necessary 
for pupation, did not occur in higher dose treated (1.0 #g) individuals, but it was not affected by low dose 
(0.1 #g) treatment. It is assumed that azadirachtin causes metabolic defects at higher concentrations. 

Introduction 

Azadirachtin - a compound from the neem tree 
Azadirachta indica (A. J u s s )  - is one of the most 
potent insect growth regulators (IGR) known so far 
(for surveys see Schmutterer et al., 1981; Schmut- 
terer & Ascher, 1984). Although some insects may 
be deterred from feeding azadirachtin, its primary 
action is thought to be on the hormonal system 
(Sieber & Rembold, 1983; K~user & Koolman, 
1984), leading to inhibition of larval moulting, me- 
tamorphosis, or other hormone dependent pro- 
cesses. 

After feeding larvae and adults of the Mexican 
bean beetle, Epilachna varivestis with azadirachtin, 
Steets (1975) observed numerous effects that were 
partially analyzed by histology and electronmicros- 
copy (Schltiter & Schulz, 1984; Schulz & Schliiter, 
1984). However, feeding did not allow an exact 
separation of single events from the broad spectrum 
of phenomena, since the feeding rate and therefore 
the uptake ofazadirachtin were very different. Thus 
injection of azadirachtin was found more suitable. 
The objectives of the present study were to separate 
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moulting inhibitory effects from those of weight 
gain reduction. Furthermore, indications for an in- 
terference of azadirachtin with metabolic processes 
should be found. 

Materials and methods 

The experiments were carried out on last larval 
instars (g4) of Epilachna varivestis under constant 
conditions (65% R.H., 24°C, and LD 16:8 photope- 
riod). The larvae were fed on bean leaves that were 
daily replaced with fresh ones. Azadirachtin solu- 
tions were prepared at corresponding concentra- 
tions with 90% ethanol and each larva was injected 
0.5 #1 into the left body half, 40 h after moulting to 
the last instar. Controls were injected with solvent 
only. For separation of polypeptides by SDS-po- 
lyacrylgelelectrophoresis (SDS-PAGE) small pie- 
ces of the abdominal fat body were removed from 
treated and untreated individuals and washed twice 
in ringer solution. They were homogenized in 50 #1 
Tris-HC1 buffer (pH 6.8, containing SDS, brom- 
phenolblue, and mercaptoethanol) in Eppendorf 
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vials with a tef lon pestle and by subsequent  sonica-  
t ion.  The samples  were hea ted  at  100°C for 2 min. 
and centr i fuged.  The superna tan t  was ei ther  di rect-  
ly used for  e lect rophores is  or s tored in a refrigera-  
tor  at  -18°C.  Slab gels (12%) were p repared  
(Laemmli ,  1970) and s tained with Coomass ie  bri l-  
l iant blue in me thano l / ace t i c  acid. 

Microscopic  techniques were descr ibed previous-  
ly (Schltiter,  1984). 

Results and discussion 

Weight  gain reduct ion.  Fig. 1 shows the weight gain 
after  inject ion of different  doses of azadi racht in .  
The cont ro ls  reach near ly  50 mg. When  enter ing the 
p repupa l  stage (day 5-6) growth  s tops as larvae 
s top feeding.  P u p a t i o n  takes place 1.5-2 days  later.  

Single doses of 0.3, 0.5, 0.65 and 1.0 #g revealed 
no different  effects on weight gain and behaviour .  
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Fig. I. Weight development after injection of different doses of 
azadirachtin (A) in 40 h 4th instar larvae (L4 of E. varivestis. * 
control (solvent only); • 0.1 and 0.2 #g; • 0.3, 0.5, 0.65, 1.0 ,ag; • 
2.5 #g. 

This is especia l ly  expressed  by the low s tandard  
dev ia t ion  of the means  if all values of the four  
groups  were combined  (Fig.  1). There was a moder -  
ate increase in weight beyond  the third day,  fol- 
lowed by an equal ly  modera te  decline. A more dras-  
tic effect was detectable  in those individuals  that  
received 2.5 #g azad i rach t in ;  af ter  a very low in- 
crease the weight d r o p p e d  below the s tar t ing weight.  

There was a significant difference between these 
larvae and those injected with 0.1 and 0.2 #g only. If 
the weight values of these individuals  were pooled  
also,  no s ignif icant  difference in weight to the con- 
trols were shown (Fig. 1). None of the t reated larvae 
in any of these groups  reached the p repupa l  stage or 
even pupated .  
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Fig. 2. SDS-PAGE of fat body lobes. Controls of day 3 and 4 
(D3, D4), of a prepupa (PP) and a pupa (P) on the left. On the 
right fat body samples of 0.1 and 1.0 ~g azadirachtin treated 
individuals removed on day 6. Bands indicated by arrowheads 
represent subunits of storage proteins. 



There is no detectable difference in feeding be- 
haviour during the first days after treatment. Later 
on, especially the individuals treated with higher 
doses showed mobility defects and deficiencies in 
coordination of the legs, so that they dropped from 
the leaves. 

Weight gain reduction effected by azadirachtin 
was also found in other insect species (Warthen & 
Uebel, 1981; Rembold el al., 1982; Gaaboub & 
Hayes, 1984). However, in contrast to the present 
case, this is strongly dose-dependent. Moreover, 
individuals showing reduced weight gain often were 
still able to moult, as is the case in Acheta domestica 
(Warthen & Uebel, 1981). The present study sug- 
gests that azadirachtin action may be twofold: 
moulting is blocked at low concentrations, whereas 
higher concentrations cause additional phenomena 
such as weight gain reduction. 

Storage protein format ion .  The question of re- 
duced weight gain led me to study the conditions of 
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the fat body which is the central organ of interme- 
diary metabolism in insects. Especially in the last 
larval stage, the fat body plays an important  role in 
metamorphosis  preparation: the fat cells accumu- 
late vast amounts of special proteins (storage pro- 
teins) that are sequestered from the haemolymph 
(Locke, 1984). These are needed by the pupa for 
building up imaginal organs. Late L 4 Of E. varives- 
tis exhibit fat cells with densely packed protein 
storage vacuoles (Schltiter, 1984). 

Normally, the quantity of fat body storage pro- 
tein increases drastically after the third day (Fig. 2). 
Injection of 0.1 #g azadirachtin causes no essential 
structural alterations in the fat cells for at least the 
first 8 to l0 days (Fig. 3a). Thereafter increased 
autophagy and cell death may be observed. Addi- 
tionally, electrophoresis of the fat body proteins on 
day 6 shows an almost normal pattern, comparable 
with that of the prepupa. After injection of 1.0 #g 
azadirachtin this protein accumulation is sup- 
pressed for the most part. Some of the cells degen- 

Fig. 3a and 3b. Light microscopic section through 6-day-old L 4 fat body lobes after treatment with 0.1 #g (3a) and 0.5 ~g (3b) 
azadirachtin. Note presence of numerous protein granules in fat cells of 0.1 #g-individuals. Some granules marked by arrows. × 900. 
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erate as, for example ,  was observed after  feeding 
azad i rach t in  (Schlt i ter  & Schulz,  1984). However ,  
the intact  fat cells did not  show notab le  pro te in  
granule  accumula t ions  (Fig. 3b). The lack of s tor-  
age pro te in  is also suppor t ed  by e lec t rophores is  
(Fig.  2): the pa t te rn  is s imilar  to that  of no rma l  
3-day-old  indiv iduals  before pro te in  s torage takes 
place. On no account  inhibi t ion of s torage pro te in  
fo rma t ion  could  be effected by reduced feeding ac-  
tivity. 

As suggested previously  (Schlt i ter  & Schulz,  
1984) weight gain reduct ion  may be the conse- 
quence of a metabo l ic  defect ra ther  than  effected by 
the an t i feedant  proper t ies  of azad i rach t in  at higher 
doses.  This was concluded  a m o n g  others  f rom de-. 
s t ruct ion of par ts  of the fat body.  Growth  regulat-  
ing act ivi ty  tha t  is independen t  f rom feeding inhibi-  
t ion was also demons t r a t ed  in non-feeding spinning 
stages of  Ephestia kuehniella ( R e m b o l d  et al., 
1981). Fagoonee  (1984) presumed f rom his studies 
on the cabbage  webworm,  Crocidolomia binotalis, 
that  poor  weight gain may be referred to energy 
wast ing de tox ica t ion  processes if azad i rach t in  is 
admin i s te red  at higher  concent ra t ions .  This may  be 
accepted herein also,  wi thout  prejudice  to metabo l -  
ic defects. 

However ,  it is not  yet  clear,  whether  inhib i t ion  of 
fat  body  prote in  accumula t ion  is effected by defi- 
cient up take  by the gut  epi thel ium,  or  by general  
fai lure of u t i l iza t ion  of  food,  or by b lockage  of 
specific pa thways  of s torage pro te in  synthesis, 

Acknowledgments 

The au tho r  thanks  Prof.  H. Schmut t e re r  for  pro-  
v iding the beetle larvae.  Azad i r ach t in  was a gift of 
Prof.  Rembold .  This work  was suppo r t ed  by the 
Deutsche Forschungsgemeinschaf t  ( D F G  Schl 
210/1-2) .  

Zusammenfassung 

Verminderung der Gewichtszunahme und Hem- 
mung der Metamorphose und der Speicherprotein- 
synthese beim letzten Larvenstadium des Mexika- 
nischen Bohnenkilfers, Epi lachna  varivestis,  nach 
Injektion von Azadirachtin 

In jek t ion  verschiedener  Dosen von Azad i r ach t in  

in Larven  des letzten S tad iums  von Epilachna vari- 
vestis ftihrt zu folgenden Ergebnissen:  Niedrige 
Dosen (0.1-0.2 ~g) erzeugen keine Verminderung  
des Gewichtszuwachses ,  verh indern  aber  vollst~in- 
dig die Verpuppung .  Bei etwas h6heren Dosen 
(0.3-1.0 #g) tr i t t  zus~itzlich eine einheitl iche Ver- 
minderung  der  Gewich tszunahme auf, die in diesem 
Bereich nicht  dosisabh~ingig ist. Es wird vermutet ,  
dab  Azad i r ach t in  in h6heren Dosen bes t immte  me- 
tabol i sche  Prozesse in einer bisher  unbekann ten  
Weise beeinf lugt .  Es wird wei terhin gezeigt,  daf~ 
nach In jek t ion  h6herer  Dosen die fiir die M e t a m o r -  
phose  wicht igen Spe icherpro te ine  im Fe t tk6 rpe r  
nicht oder  nur unzureichend gebildet  werden. 
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