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Corpus eardiaeum - a target for azadirachtin 
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Summary. Azadirachtin A, an insect growth inhibitor derived from neem seed, when injected at a physiological dose, 
inhibits the hormonally controlled ovarian development in Locusta migratoria. Its tritiated dihydro derivative 
concentrates more in the corpus cardiacum than in the brain. Translocation and release of the neurosecretory proteins 
labeled with L-[3 sS]-cysteine in the corpus cardiacum is very poor in locusts under azadirachtin stress. It is concluded 
that azadirachtin may influence the release of trophic hormones from the corpus cardiacum leading to alterations in 
timing and titer of morphogenetic hormone pools. 
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Azadirachtin is a tetranortriterpenoid whose structure 
has been unambiguously determined recently 1. At least 
four isomers (A - D) are known to occur in neem seed 
kernels 2, 3. Azadirachtins A and B have identical biolog- 
ical activity 4. This group of isomeric compounds has 
attracted attention mainly because of its antifeedant and 
growth disrupting properties for a wide variety of insect 
species s- l~ Administration of this drug to locusts 
through their food is not possible, since it is a strong 
antifeedant. However, the growth-inhibiting effects of 

injected azadirachtin are well documented 11-14. in in- 
sects like Rhodnius prolixus and Epilachna varivestis, 
azadirachtin is not an antifeedant and hence can be ad- 
ministered through food. In these cases, very low doses 
are sufficient for growth disruption compared to those 
needed for feeding inhibition is,  16. So far it is not clear 
whether azadirachtin, when injected into locusts, also 
causes feeding inhibition. The present data clarify that 
injection of azadirachtin does not lead to starvation. Not 
much is known about its exact mode of action though 
physiological studies show alterations in morphogenetic 
hormone pools 1~ 13, 17 However, tritiated dihydro- 
azadirachtin A, which induces the same biological ef- 
fects as azadirachtin A 2, mainly concentrates in the 
Malpighian tubules TM. Influence of azadirachtin A on 
endocrine centers is yet to be investigated. In this com- 
munication we show the recovery of free dihydro- 
azadirachtin A from the endocrine centers of Locusta 
migratoria, and correlate this with the influence of 
azadirachtin A on neurohormone release, following the 
incorporation of L-[35S]-cysteine into neurosecretory 
protein. 
Methods'. The experimental insects were derived from 
gregarious colonies of the migratory locust, L. migrato- 
ria, maintained under laboratory conditions as already 
described 11. For the feeding experiment, individual in- 
sects were transferred on day 3 to plastic containers 
(18 x 13 x 6 cm) covered by a mesh. The control and the 
treated insects were offered ad libitum tender wheat 
seedlings and bran, whereas only tap water was provided 
to insects under starvation conditions. Data on body 
weight and feces produced were collected up to day 10. 

Azadirachtin A was purified from neem seed kernels fol- 
lowing standard procedures 2. It was dissolved in 10% 
ethanol-water and injected under CO2 anesthesia at a 
dose of 2.5 gg/g into female adults on the third day after 
emergence. Control insects were injected with an equal 
volume of 10 % ethanol-water. 
[22,23-3H2]Dihydroazadirachtin A (sp. act. 18.7 Ci/ 
mmol) was prepared 4, 18 and dissolved in 10 % ethanol- 
water. Day-3 adult females were given a dose of 2.5 lag/g 
b. wt. Dissected tissues were oxidized in a sample oxidiz- 
er (Packard) 5 days after injection and the tritiated water 
was counted in Oxisolve-T (Zinsser, FRG) using a Kon- 
tron Analytical Scintillation Counter (BetaMatic Plus). 
Incorporation of L-[3SS]cysteine into neurosecretory 
protein of the corpus cardiacum, translocated from the 
neurosecretory cells of the brain, was investigated in 
azadirachtin A treated (3 gg/g on day 3) and control fe- 
males of the same age (day 10). The labeled amino acid 
(sp. act. 80 120 mCi/mmol, Amersham) was diluted in 
locust saline containing unlabeled cysteine and injected 
at a dose of 0.31 mg/g (3 laCi). The storage lobes of the 
corpus cardiacum were dissected out, washed in locust 
saline, dissolved in Biolute-S (Zinsser) and counted in 
Quickszint 501 (Zinsser). 
Results.The food consumption and excretion of insects 
injected with azadirachtin A were compared with those 
of control and starved insects, during days 3 to 10 after 
adult emergence. It is clear from table 1 that locusts 
injected with azadirachtin did not undergo starvation. 
While the starved insects significantly lost body weight 
between days 7 and 10, azadirachtin-treated insects con- 
tinued to feed and produce feces, though there was no 
significant increase in body weight. The body weight of 
the control insects increased markedly in this time peri- 
od. Concomitantly they excreted more feces. Hence on 
day 10, the azadirachtin-injected insects had a body 
weight of 1.34 _+ 0.18 g as compared to 1.85 _+ 0.13 g of 
normally maturing and of 0.86 g of the starved insects. 
The mortality due to starvation was as high as 80 % on 
day 10. Examination of the state of ovarian development 
indicates that while control insects have maturing 
oocytes (4-5 mm) on day 10, the ovary remains imma- 
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Table 1. Effect o f  azadiracht in  A on the body  weight and  fecal p roduc t ion  o f  Locusta migratoria females 
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Days  Azadi racht in  A g roup  * Contro l  g roup  ** Starvat ion  group*** 
after  Body weight Feces Body weight Feces Body weight  Feces 
eclosion (g) (mg) (g) (mg) (g) (mg) 

3 1.31 _ 0.10 -- 1.27 _+ 0.08 -- 1.12 _+ 0.16 - 
6 1.38 + 0.11 154.3 + 29.1 1.45 _+ 0.08 246.1 _+ 34.0 1.06 _ 0.13 - 

10 1.34 __+ 0.18 135.2 _+ 89.9 1.85 _+ 0.13 524.1 _+ 71.5 0.86 a - 

The da t a  represent  the mean  values _+ SD. D a t a  on feces are on dry weight bases. * n = 15, ** n = 8, *** n = 10, " n = 2. 

Table 2. Specific incorpora t ion  o f  [22,23-3H2]dihydroazadiracht in  A in- 
to tissues o f  female Loeusta migratoria 

Tissue pmol  d ihydroazadi rach t in  A / m g  

Malp igh ian  tubules * 29.60 + 5.8 
Corpus  ca rd iacum ** 6.42 _+ 3.2 
Brain*** 2.57 _+ 1.6 

The values represent  the mean (_+ SD) on the basis o f  the freeze-dried 
weight of  tissue. * n = 5 ,  ** n = 4 ,  *** n = 1 5 .  

ture as at day 3 in the case of azadirachtin-treated insects. 
Hence, the difference in body weight is attributed mainly 
to ovarian development. 
Five days after injection of a physiological dose of 2.5 gg 
[22,23-3H2]dihydroazadirachtin A/g (3000 pmol/g) into 
3-day-old females, only a minor fraction could be recov- 
ered from the tissues (table 2). Most of the radioactivity 
was identical with the unchanged injected compound as 
shown by HPTLC. Based on dry weight, Malpighian 
tubules retained 29.6 pmol/mg. Very minute quantities 
were recovered from the endocrine centers, namely brain 
and corpus cardiacum. Though the dry weight of the 
corpus cardiacum is ten times lower than that of the 
brain, recovery of this drug from it was twice as high as 
that from the brain. 
Keeping the specific storage of dihydroazadirachtin A in 
the corpus cardiacum in mind, the turnover of neu- 
rosecretory protein labeled with L-[35S]cysteine was in- 
vestigated (table 3). Azadirachtin A (3 gg/g) was injected 
at day 3 after the adult molt and L-cysteine (0.31 mg/g) 
at day 10. The amount of L-cysteine incorporated into 
the neurosecretory proteins transported from the neu- 
rosecretory cells of the brain to the corpus cardiacum 
increased significantly in control insects 2.5 h after injec- 
tion of the label. In the next 1.5 h, incorporation of the 
amino acid reached a maximum of 429.6 pmol/4 storage 
lobes, followed by a sharp decrease. The amount of L- 
cysteine in the neurosecretory proteins dropped to 
158.1 pmol storage lobes at 8 h after injection. In the 
course of 2 .5-4  h, azadirachtin A-treated insects incor- 
porated 79.7-106.3 pmol L-cysteine/4 storage lobes into 
the neurosecretory proteins. At 4 h after injection of the 
label, the control insects had incorporated four times as 
much of L-cysteine into the neurosecretory proteins, in 
comparison to the azadirachtin A-treated insects. In con- 
trast to the control, there was only an insignificant clear- 
ance of labeled neurosecretory protein from the storage 

Table 3. Translocat ion and  release o f  L-[35S]cysteine labeled neurosecre- 
tory  protein by corpus  ca rd iacum of  10-day-old female Locusta migrato- 
ria. Azadi rach t in  A: 3 gg/g  body  weight  a t  day  3; control :  same volume 
of  10% ethanol-water .  

Time after  injection pmol  L-cysteine/4 storage lobes 
o f  the label (h) o f  corpus  ca rd iacum 

Azadi racht in  Contro l  
1.5 80.2 _ 16.2 49.5 _+ 46.3 
2.0 159.7 + 61.8 20.0 _+ 15.2 
2.5 79.7 __ 28.7 160.2 _+ 34.0 
3.0 62.8 + 21.2 325.9 _+ 10.8 
3.5 98.4 _+ 14.2 335.4 _+ 19.9 
4.0 106B _+ 44.2 429.6 _+ 7.1 
6.0 90.4 _+ 24.4 161.3 _ 53.8 
8.0 122.0 _+ 67.0 158.1 _+ 14.7 

The values represent  the mean  of  3 replicates ( +  SE). 

lobes of the corpus cardiacum in the azadirachtin A- 
treated insects. 
Discussion. Azadirachtin is a strong antifeedant to lo- 
custs. However, injection of a physiological dose (2.5- 
3.0 gg/g) does not induce starvation. Such insects feed 
less and maintain their initial body weight but fail to 
undergo normal ovarian development. Since in these in- 
sects the hemolymph titer of the morphogenetic hormone 
pools and vitellogenesis are disturbed 13, it is reasonable 
to assume that azadirachtin interferes with the endocrine 
control of vitellogenesis. It was also shown for fifth instar 
L. migratoria that feeding inhibition is not the primary 
cause of growth disruption 11. 
In this study, distribution of tritiated dihydroazadiracht- 
in A in certain tissues is studied with a view to under- 
standing its functional significance. When azadiracht- 
in A was administered at a physiological dose (2.5 gg/g), 
only 0.5 ~tg/g was stored in the whole body, the rest 
being eliminated rapidly 18. Hemolymph is free from 
azadirachtin A within 24 h after injection. Malpighian 
tubules account for a major fraction of azadirachtin, the 
functional significance of which is not fully understood. 
It is unlikely that it would be released into the ovary 
where it may have a direct effect on oocyte development, 
since azadirachtin is stored unchanged (quantitatively 
and qualitatively) even 15 days after injection, in several 
tissues including Malpighian tubules is 
The observation that dihydroazadirachtin A is stored 
quantitatively more in corpus cardiacum than in brain, 
brings out its functional significance in the control of 
endocrine events. The corpus cardiacum in locusts is di- 
vided into storage lobes that receive the neurosecretory 
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axons  f rom bra in  and g landula r  lobes whose  intrinsic 
cells p roduce  ad ipokine t ic  h o r m o n e s  t9 -  21. The  corpus  

c a r d i a c u m  plays a vi tal  role as a n e u r o h e m a l  o rgan  f rom 

which t rophic  h o r m o n e s  like a l l a to t rop in  or ig ina t ing  in 

the neurosec re to ry  cells o f  the bra in  are released. 

The  role o f  a l l a to t rop in  in ac t iva t ing  juveni le  h o r m o n e  
synthesis by co rpo ra  al lata  22, and the g o n a d o t r o p i c  ac- 
t ivity o f  juveni le  h o r m o n e  23, 24 are well documen ted .  

T h o u g h  these t rophic  h o r m o n e s  have no t  been chemical -  

ly identified,  there is ample  p r o o f  that  the neurosec re to ry  

proteins  (car r ie r /precursor  proteins)  are r ich in cys- 
teine 25, 26. The  study on the tu rnove r  o f  L-[aSS]cysteine 

labeled secretory prote ins  demons t ra t e s  a r emarkab le  

difference be tween  the ma tu r ing  con t ro l  females  and the 

exper imenta l  females,  whose  ovar i an  d e v e l o p m e n t  was 

inhibi ted by a single dose o f  azad i rach t in  A. In  the exper-  
imenta l  group,  p o o r  tu rnove r  is a t t r ibu ted  no t  only to 

reduced t ranspor t  f rom neurosec re to ry  cells but  also to 

its marg ina l  release. Dif ference  in up take  o f  cysteine 

could  also cont r ibu te  to p o o r  turnover .  Howeve r ,  such a 

difference in up take  o f  cysteine into the cerebral  neu- 
rosecre tory  cells a lone canno t  be measured ,  owing  to the 

impossibi l i ty  o f  r emov ing  the su r round ing  non-neu-  
rosecre tory  tissue 26 

Synthesis  and release o f  neurosec re to ry  mater ia l  are at an 

equ i l ib r ium cont ro l led  by feedback regula t ion  opera t ing  
under  no rma l  condi t ions  o f  deve lopmen t  27. in  add i t ion  

to recovery  o f  a larger quan t i ty  o f  [22,23-3H2]dihydro - 

azad i rach t in  A f r o m  the corpus  card iacum,  his to logical  
studies zs indicate  that  while this drug  does  no t  penet ra te  

the b lood-b ra in  barr ier  efficiently, it covers  the entire 

corpus  ca rd i acum and concent ra tes  more  in the neu- 

rosecre tory  axons  located in the s torage lobes. The  p o o r  

tu rnove r  o f  the neurosecre to ry  proteins  could  hence be a 

result  of  the interference of  azad i rach t in  A with  the 

mechan i sm of  their  release f rom the corpus  card iacum.  
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Regular oscillations in suspensions of a putatively chaotic mutant of Dictyostelium discoideum 
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Summary. We have tested the l ight-scat ter ing proper t ies  o f  suspensions o f  the Dictyostelium discoideum m u t a n t  

HH20I  der ived f rom the m u t a n t  FrI7. Previous  studies indicated that  H H 2 0 I  and Frl7  possess highly i r regular  

rhy thmic  proper t ies  which  migh t  represent  aper iodic  oscil lat ions,  i.e. chaos.  We repor t  that  the fo rmer  m u t a n t  can  
display regular  osci l la tory behavior .  Possible  explana t ions  for this result  are  discussed, inc luding tha t  o f  a t rans i t ion  

f rom chaot ic  to per iodic  behav io r  resul t ing f r o m  some p a r a m e t e r  change or  f r o m  s t rong  intercel lular  coupl ing  in cell 
suspensions.  

Key words. Dictyostelium discoideum; c A M P  osci l la t ions;  b iological  rhy thms ;  chaos.  


