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ABSTRACT 
Forskolin (A diterpene extracted from the roots of a medicinal plant, Coleus forskohlii) affected 
normal growth and development of Tribolium confusum (Duval) (Coleoptera : Tenebrionidae). 
The fifth instar, sixth instar larvae and pupae were treated with 1μl of Forskolin. Forskolin 
resulted in marked growth and developmental disruption and inhibition of metamorphosis.  
Interference in moulting process, ecdysial failure and blockage of adult emergence were the 
important morphogenetic abnormalities observed which resulted in the formation of permanent 
larvae, larval-pupal intermediates, abnormal pupae, pupal-adult intermediates and deformed 
adults. These resultant forms were ruled out from further development and reproduction. Our 
results suggest that Forskolin can prevent or reduce progeny production by influencing growth 
and development of immature stages of Tribolium confusum. Moreover, the inhibition of 
metamorphosis would prevent subsequent generations from propogation. 

Key Words : Forskolin, Tribolium confusum, Morhogenetic abnormalities, Moulting, 
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INTRODUCTION 

Storage of agricultural produce is part of post-
harvest system through which food material 
passes on its way from field to consumer. Post-
harvest losses primarily due to insect pests 
represent major economic constraint to 
worldwide food security. The presence of 
insect pests in stored food directly affects both 
the quantity and quality of the commodity.1 In 
India, post harvest loss caused exclusively by 
insect pests is 12%.2 India is basically an agro-
based country and more than 70% of Indian 
population depends on agriculture for its 
livelihood.3 Indian economy is largely 
determined by agricultural productivity. 
Increased agricultural productivity is required 
in future to supply the needs of increasing 
population. The success of agricultural 
operations depends on effective storage of 
food grains. 
Around the world, synthetic chemical 
insecticides   and   fumigation   are   currently the  

methods of choice for the control of stored 
product insects.4 The intensive and uncontrolled 
utilization of synthetic insecticides for the control 
of stored product pests has resulted in residual 
effects on stored grain, health hazards, 
destruction of natural enemies, pest resurgence 
and environmental pollution.5 Because of the 
increasing problems associated with the use of 
acutely toxic synthetic insecticides, there is an 
imperative need for the development of safer, 
alternative nontoxic grain protectants. In recent 
years, there has been renewed effort globally at 
developing botanicals as new classes of insect 
control agents which are safe and biodegradable.6 

The approach is designed to disrupt the 
physiology, development, growth, reproduction 
and behavioural responses of pests.  

AIMS AND OBJECTIVES 
In the present work an attempt has been made 
to study the effect of Forskolin, a diterpene 
obtained from the roots of a medicinal plant 
Coleus forskohlii on Tribolium confusum one *Author for correspondence 
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of the most serious cosmopolitan pest in stored 
grain and related products. 

MATERIAL AND METHODS 
Tribolium confusum is one of the most serious 
pests in stored grain and related products. It is 
considered a secondary pest, which can easily 
infest damaged or broken kernels and apart 
from grain, it is particularly destructive to flour 
and other processed grain products. The 
Tribolium confusum were reared on jowar 
flour at a temperature of 27 ± 10C and 60 ± 5% 
relative humidity. A commercial diterpene, 
Forskolin, with the empirical formula of 
C22H34O7 extracted from the roots of a 
medicinal plant, Coleus forskohlii was used for 
this study. 1ml of Forskolin was dissolved in 
1ml of acetone to get 1% solution. From this 
preparation, 1μl was very carefully applied 
topically on the abdominal region of the 
freshly ecdysed fifth instar, sixth instar larvae 
and zero-hour pupae using Hamilton micro 
syringe. Thirty larvae and pupae were treated 
each time with Forskolin and the experiments 
were replicated five times. Controls were 
treated each time with an equivalent volume of 
carrier solvent acetone. After total absorption 
of Forskolin the larvae and pupae were 
transferred into the diet. The treated larvae and 
pupae were observed daily to note the changes. 

RESULTS  AND DISCUSSION 
1µl  of   Forskolin  affected  moulting,  growth,  
development and induced a wide range of 
morphological abnormalities in Tribolium 
confusum. 
Effect of Forskolin on fifth instar larvae of 
Tribolium confusum 
Among the treated fifth instar larvae few of 
them died during moulting, few remained as 
permanent larvae, some of them developed into 
larval-pupal intermediates, abnormal pupae and 
remaining treated fifth instar larvae developed 
into morphologically normal adults 33.33% of 
the treated fifth instar larvae died during 
moulting and often the nymphal exuviae was 
attached to the next instar10% of the treated 
fifth instar larvae were unable to metamorphose 
into pupae and their larval period was extended 
and these forms remained as “permanent 
larvae” without further development 26.66% of 
the treated fifth instar larvae moulted into 
larval-pupal intermediates with larval exuvium 
attached to the anterior region of the body. 
These intermediate forms remained inactive for 
several days and ultimately died 6.66% of the 
treated fifth instar larvae metamorphosed into 
abnormal nonviable pupae. (Fig.1)  23.33% of 
the treated fifth instar larvae gave rise to 
morphologically normal adults. The percentages 
are depicted in Fig. 2. 

 
  
                
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Abnormal pupa with larval exuvium attached to the anterior region 
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Effect of Forskolin on sixth instar larvae of 
Tribolium confusum 
Some of the treated sixth instar larvae failed to 
pupate while few of them developed into 
abnormal pupae, pupal-adult intermediates, 
abnormal adults and rest of them 
metamorphosed into morphologically normal 
adults 33.33% of the treated sixth instar larvae 
failed to pupate and ultimately died 20% of the 
treated sixth instar larvae moulted into mosaics 
exhibiting larval and pupal characters with 
attached larval exuviae. These intermediate 
forms failed to develop further 6.66% of the 
treated sixth in star larvae metamorphosed into  

abnormal pupae with exuvium attached to the 
anterior region. These abnormal pupae failed 
to emerge into adults 16.66% of the treated 
sixth instar larvae developed into pupal-adult 
intermediates. They exhibited ecdysial failure 
and could not develop into adults. 3.33% of the 
treated sixth instar larvae emerged into normal 
pupae and abnormal adults eclosed from these 
pupae. (Fig. 3) These forms survived for only 
few hours and therefore were unable to mate or 
oviposite. 20% of the treated sixth instar larvae 
developed into morphologically normal adults. 
The percentages are depicted in Fig. 4. 

        
 
 
 
 
 
 
 
 
 
 
 
 
 

 
A-Larvae died during moulting,B-Permanent larvae,C-Larval-pupal intermediatesD-Abnormal pupae,E-Morphologically 
normal adults 

Fig. 2 : Morphogenetic effects of Forskolin against V instar larvae of Tribolium confusum 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 3 : Abnormal adult ventral view 
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A- Larvae unable to pupate,B- Larval-pupal intermediates,C- Abnormal pupae D- Pupal-adult intermediates,E- 
Abnormal adults,F- Morphologically normal adults 

Fig. 4 : Morphogenetic effects of Forskolin against VI instar larvae of Tribolium confusum 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 : Adult died during eclosion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 :  Abnormal adult with protruding genitalia 
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Effect of Forskolin on zero hour pupae of 
Tribolium confusum 
Few of the treated pupae died during adult 
eclosion, few of them developed into pupal-adult 
intermediates and abnormal adults and the 
remaining emerged as morphologically normal 
adults 16.66% of the treated pupae did not 
develop into adults. They exhibited serious 
disturbances during eclosion . (Fig. 5) 30% of the 
treated pupae developed into pupal-adult 
intermediates. These intermediates failed to 

emerge into adults. 23.33% of the treated pupae 
emerged into adults which were morphologically 
aberrant. Protruding genital organs from terminal 
abdominal segments, asymmetric bodies with 
pale coloration, incomplete metamorphosis of the 
abdomen with no sign of sclerotization, 
abnormal wings and abnormal appendages were 
the common abnormalities observed.  (Fig. 6) 
30% of the treated pupae eclosed into 
morphologically normal adults. The percentages 
are depicted in Fig. 7. 

               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A-Adults died during eclosion,B-Pupal-adult intermediates C-Abnormal adults,D-Morphologically normal adults 

Fig. 7 : Morphogenetic effects of Forskolin against zero hour pupae  
of Tribolium confusum 

Forskolin induced a decrease in the 
percentage of adult emergence compared to 
the controls. Only 24.44 ± 5.092 adult 

emergence was observed with Forskolin 
while 100% adult emergence was seen in 
controls Fig. 8. 

                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 : Effect of Forskolin on adult emergence of Tribolium confusum 
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Botanicals that act as insect growth regulators 
affect growth and development and lead to 
various deleterious effects upon exogenous 
application. 
Forskolin caused moult disruption, formation 
of permanent larvae, larval-pupal intermedi-
ates, pupal-adult intermediates, deformed, non-
viable pupae and abnormal adults in Tribolium 
confusum.    
Most of the treated fifth instar larvae failed to 
shed their exuvia. The development of these 
larvae upto apolytic stage was normal. Death 
during emergence may be a consequence of 
insufficient availability of chitin during 
metamorphosis. Larval mortality with exuvia 
attached to the body was a common observation 
in larvae of Helicoverpa armigera treated with 
leaf extract of Lantana camara (L.) indicating 
the effect of the extract on chitin synthesis of 
the insect.7  

Reena et al8 have reported similar results with 
the chitin synthesis inhibitor penfluron in 
Dysdercus cingulatus F. The Penfluron and 
Forskolin seem to have identical morphogenetic 
activity, though the mode of action of a chitin 
synthesis inhibitor is different  
Failure in moulting and attachment of the 
larval exuviae to the body show the potent 
growth and development inhibiting activity as 
also reported by Kaur et al9 working with 
methanol leaf extract of Crysanthemum 
indicum on Dysdercus similis. 
Some of the treated fifth instar larvae did not 
undergo ecdysis and survived for a long time 
as permanent larvae while most of the treated 
sixth instar larvae failed to pupate and 
ultimately died.  Prolonged larval duration was 
also observed in Helicoverpa armigera treated 
with petroleum ether extracts of Jatropha 
curcus, Pergularia extensa and Withania 
somnifera.10 
According to Schmutterer and Mordue an 
increase in the levels of prothoracico hormone 
is necessary to begin the transformation in to 
pupa without this increase, the larvae remain in 
a state of wandering and die.11,12  
Few of the treated fifth instar and sixth instar 
larvae moulted in to larval-pupal intermedia-
tes. These intermediates suffered from ecdysial 
failure  and  exuviae  remained  attached  to the  

body. These intermediates did not undergo 
subsequent developmental changes and ultim-
ately died. Similar observations were rep-orted 
by Saxena et al working with alkaloids 
extracted from Annona squamosa on 
Anopheles stephensi.13 
Some of treated sixth instar larvae emerged 
into pupal-adult intermediates. They exhibited 
ecdysial failure and failed to develop into 
adults. Similar observation was seen in sixth 
instar larvae of Spodoptera litura treated with 
acetone leaf extract of Withania 
somnifera.14According to Sieber & Rembold  
and Dorn et al prevention of ecdysis and 
subsequently death, could be attributed to the 
reduction in ecdysteroid peak or interference 
with the release of eclosion hormone.15,16 
Some of the treated fifth instar and sixth instar 
larvae resulted in abnormal and deformed 
pupae. These pupae perished without 
transforming into adults. The appearance of 
abnormal and deformed pupae may be due to 
alterations in ecdysteroid and juvenoid titers 
Schluter et al and Barnby & Klocke  as also 
observed in the red palm weevil,17,18 
Rhyncophorus ferrugineus treated with 
Azadirachtin and Jojoba. 19 
Those treated sixth instar larvae that managed 
to pupate metamorphosed into abnormal 
adults. They survived only for a few hours and 
therefore were not able to mate or oviposite. 
Similar observations were noticed with other 
insect growth regulators.20,21 The treated pupae 
exhibited serious disturbances during adult 
eclosion. Few of the pupae died unable to 
extricate from the pupal case while some of 
them moulted into pupal-adult intermediates 
which failed to emerge into adults. A few 
treated pupae metamorphosed into adults 
which were morphologically aberrant. 
Asymmetric bodies with pale colouration, 
incomplete metamorphosis of the abdomen, 
abnormal wings and abnormal appandages 
were the common abnormalities observed. 
In some treated resultant adults protruding 
external genitalia were found. The muscular 
system manipulating the external genitalia 
might have been affected, losing its capacity of 
normal functioning. Jaipal and Singh have also 
noted such results with various plant extracts 
in Dysdercus similis F.22 Sukumar and 
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Osamani while reporting such results in 
Dysdercus koenigii F. on treatment with the 
leaf alkaloids of Catharanthus roseus conclude 
that mating was normal with such insects. No 
mating was observed in Tribolium confusum in 
the present study as they survived only for few 
hours after the emergence.23 
Forskolin also occasionally inhibited 
sclerotization of the emerging insects as 
observed in Togoderma granarium and 
Caryedon gonagra treated with olive oil.24 
According to Riddiford low ecdysteroid peaks 
result in incomplete sclerotization and 
pigmentation of the new cuticle.25  
A very few treated larvae and pupae 
metamorphosed into morphologically normal 
adults as Forskolin inhibited moulting, affected 
larval-pupal and pupal-adult transformation, 
disrupted adult morphogenesis and inhibited 
adult emergence. Inhibition of adult emergence 
was also reported in Sitophilus granaries and 
Rhyzopertha dominica treated with black 
pepper (Piper nigrum L.) seed powder and red 
pepper (Capsicum annum L.) fruit powder.26,27 

Forskolin can prevent or reduce progeny 
production by influencing growth and 
development of immature stages. Moreover, 
the inhibition of metamorphosis would prevent 
subsequent generations from propogation. 

CONCLUSION 
From these results, it is evident that Forskolin 
shows an effective growth and development 
inhibiting activity in the stored grain pest 
Tribolium confusum. Forskolin as an effective 
growth and development inhibitor in Integrated 
pest management modules against the pest 
insects in stored products is worthy of further 
investigation. 
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