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ABSTRACT 
 
Betulinic acid, a terpenoid isolated from the bark of Ziziphus jujuba [Rhamnaceae] exhibited growth regulating 
activity against the stored grain pest Tribolium confusum [Duval] [Coleoptera: Tenebrionidae]. The fifth instar, 
sixth instar larvae and pupae were treated with 1µg/µl of Betulinic acid. 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 Betulinic acid shows an effective insect growth regulating activity and exhibits great promise in 
suppressing the population of stored grain pest, Tribolium confusum. 
 
Key words: Betulinic acid, Tribolium confusum, Insect growth regulator, Morhogenetic abnormalities, ecdysial 
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INTRODUCTION 

 
The growing awareness of hazards associated with the large scale use of synthetic insecticides has evoked a 
worldwide interest in pest control agents of plant origin [Feeny, 1992]. These pesticides aim to exploit the insect 
hormonal systems, affecting metamorphosis and resulting in deformed progenies incapable of further reproduction. 
They are comparatively less toxic, biodegradable, have no residual effects and hold great promise as insect growth 
regulators [Vardhini et al. 2001]. 
 
Most of the insect growth regulators [IGRs] with juvenile hormone activity which have been synthesized and 
reported to date are derived from terpenes and sesquiterpenes [Pallos et al. 1976]. 
 
Terpenes are a wide spread group of natural compounds with considerable practical significance. The most 
important group of terpenes are triterpenes, triterpene glycosides and other triterpenoids, representing one of the 
numerous classes of natural compounds abundant in plant kingdom. There are atleast 4000 known triterpenes [Jiri 
Patocka, 2003]. 
 
There is growing interest in natural triterpenoids because of their wide spectrum of biological activities [Dzubak et 
al. 2006]. Triterpenoids have also been shown to possess anti-insect properties. Azadirachtin, a triterpenoid isolated 
from the Indian neem tree Azadirachta indica is a potent insect antifeedant with growth regulatory activity and 
reproductive effects [Gonalez et al. 2011].  
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The antifeedant properties of limonoids from Melia azaderach [China berry] and related plants have been reviewed 
[Nakatani, 1999]. The insect antifeedant and toxic effects of several triterpenes isolated from the latex of Euphorbia 
species have been described [Mazoir et al. 2008].  
 
Betulin derivatives are effective agents against bollworm larvae [Heliothis zea] [Lugemwa et al. 1990] and Colarado 
potato beetle [Leptinotarsa decemlineata] [Huang et al. 1995]. The quassinoids are well known nortriterpenes with 
insecticidal properties which have been found in the Simarubaceae family [Almeida et al. 2007]. A pentacyclic 
triterpene, β-amyrin palmitate  isolated from Santalum album acts as an insect growth inhibitor and exhibits 
chemosterilant properties [Shankaranarayana et al. 1980].  
 
In this line of exploration of natural triterpenoids which could exhibit insect growth regulating activity, Betulinic 
acid [Fig 1], the bark extract of Ziziphus jujuba is choosen. 
 
Betulinic acid is a widely distributed pentacyclic triterpene in the plant kingdom. Considerable amounts of Betulinic 
acid [up to 2.5%] is available in the outer bark of a variety of tree species that are valuable for timber purposes. 
White birch bark, Betula alba [which contains betulinic acid] has been used by Native Americans as a folk remedy. 
They used it in tea and other beverages to treat stomach and intestinal problems such as diarrhea and dysentery 
[Yogeeswari and Sriram, 2005]. 
 
Betulinic acid is isolated from various plants. It can be isolated from methanol, hexane  and ethyl acetate extracts of 
stem bark of Berlinia grandiflora , stem barks of Physocarpus intermedium and Tetracentron sinense, chloroform 
extract of barks of Syncarpa glomulifera, dichloromethane extract of stem bark of Brazilian medicinal plant 
Zizyphus joazeiro etc [Yogeeswari and Sriram, 2005].  
 
Betulinic acid is a very promising compound. This terpene has been extensively investigated for its pharmacological 
properties [Dzubak et al. 2006]. However, there is little information about its action on insect pests. Therefore an 
attempt has been made to study the growth regulating activity of Betulinic acid against the stored grain pest 
Tribolium confusum.  
 

MATERIALS AND METHODS 
 

Tribolium confusum were reared on mixed flour of wheat and jowar and maintained at 27 ± 10C temperature and 60 
± 5% relative humidity. Freshly moulted fifth instar, sixth instar larvae and zero hour pupae were treated topically 
on the abdominal region with 1µg of Betulinic acid dissolved in 1µl of acetone with the help of a Hamilton micro 
syringe. Thirty fifth instar, sixth instar larvae and zero hour pupae were treated each time and the experiments were 
replicated five times. Parallel controls treated with 1µl of acetone were maintained. After the treatment a suitable 
gap of time was given for the total absorption of the extract and they were transferred into the diet. The treated 
larvae and pupae were observed daily to note the changes.  
 

 
Fig1: Structure of Betulinic acid 
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RESULTS 
 

Thirty fifth instar, sixth instar larvae and zero hour pupae of Tribolium confusum were treated topically with 
betulinic acid and the experiments were replicated five times. 1µg/µl of Betulinic acid resulted in moulting 
disruption and induced severe morphogenetic abnormalities in Tribolium confusum. 
 
Effect of Betulinic acid 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. 
 
26.66% of the treated fifth instar larvae failed to moult and died after 2-3 days. 6.66% of the treated fifth instar 
larvae remained as “permanent larvae” and did not accomplish the pupal metamorphosis. 33.33% of the fifth instar 
treated larvae moulted into larval-pupal intermediates. Most of the intermediates produced exhibited pupal abdomen 
with larval thoracic legs. These larval-pupal intermediates suffered from ecdysial failure and larval exuviae 
remained attached to the posterior region of the body [Fig 6 A]. Such forms were inactive and their life cycle was 
terminated. 
 
13.33% of the treated fifth instar larvae metamorphosed in to abnormal pupae exhibiting uneven tanning of the 
pupal case [Fig 6 B]. These abnormal pupae eclosed in to adults which failed to survive for a long time. 20% of the 
treated fifth instar larvae pupated normally and eclosed in to morphologically normal adults. [The percentages are 
depicted in Fig 2] 
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Fig 2. Morphogenetic effects of Betulinic acid against V instar larvae of Tribolium   confusum 
 
Effect of Betulinic acid on sixth instar larvae of Tribolium confusum  
Some of the treated sixth instar larvae failed to pupate while few of them developed in to abnormal pupae, pupal-
adult intermediates, abnormal adults and rest of them metamorphosed into morphologically normal adults. 
 
30% of the treated sixth instar larvae failed to pupate and finally died. 23.33% of treated sixth instar larvae emerged 
into larval-pupal intermediates with exuvium attached to the body. These intermediate forms remained inactive and 
died after few days.10% of the treated sixth instar larvae metamorphosed in to abnormal pupae with exuvium 
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attached to the abdomen [Fig 6 C]. These abnormal pupae failed to emerge into adults. 13.33% of the treated sixth 
instar larvae moulted in to pupal-adult intermediates. Adults developed within the pupal cuticle unable to shed the 
exuviae. These intermediates did not undergo subsequent developmental changes and ultimately died. 
 
 6.66% of the treated sixth instar larvae developed in to normal pupae which eclosed into abnormal adults. Most of 
these forms showed elongated antenna, fused transparent forewings and hindwings with no sign of sclerotization and 
the abdominal end covered with a cap of hard cuticle with no sign of external genitalia [Fig 6 D]. These forms were 
ruled out from further development and reproduction. 16.66% of treated sixth instar larvae pupated normally and 
morphologically normal adults eclosed from these pupae. [The percentages are depicted in Fig 3] 
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Fig 3. Morphogenetic effects of Betulinic acid against VI instar larvae of Tribolium confusum 
 

Effect of Betulinic acid 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.  
 
13.33% of the treated pupae failed to eclose in to adults. 33.33% of the treated pupae moulted in to pupal-adult 
intermediates. They were unable to extricate from the pupal case exhibiting ecdysial failure. These forms were ruled 
out from further development. 30% of the treated pupae developed in to abnormal adults with exuviae seen attached 
to appendages and posterior region which prevented the insects from flying, defaecation and mating [Fig 6 E,  F]. 
23.33% of the treated pupae metamorphosed in to morphologically normal adults. [The percentages are depicted in 
Fig 4] 
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Fig 4. Morphogenetic effects of Betulinic acid against Zero hour pupae of Tribolium confusum 

 
Betulinic acid induced a decrease in the percentage of adult emergence compared to the controls. Only 19.99 ± 
3.335 adult emergence was observed with Betulinic acid while 100% adult emergence was seen in controls [Fig 5]. 
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Fig 5. Effect of Betulinic acid on adult emergence of Tribolium confusum. 
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Fig 6 

A. Larval-pupal intermediate with larval thoracic legs and exuvium  attached to the posterior end 
B. Pupa exhibiting uneven tanning of the pupal case 

C. Pupa with exuvium attached to the abdomen 
D. Abnormal adult with elongated antenna and fused forewings and hind wings  with abdominal end covered with a cap of hard cuticle 

E. Adult with exuvium attached to the posterior region 
F. Adult with exuvium attached to the appendages 

 
DISCUSSION 

 
The present study suggests that topical application of Betulinic acid prevented normal development and 
metamorphosis of Tribolium confusum, which was manifested at different stages of the life cycle. 
 
Most of the treated fifth instar larvae of Tribolium confusum died after the moult was prolonged for several days. 
This may be due to an imbalance in the hormone titers at critical times of moulting [Retnakaran et al.1985]. Similar 
observation was reported by Martinez and Embden [2001] in Spodoptera littoralis [Boisduval] treated with 
azadirachtin. 
 
Gandhi et al. [2010] reported that the extracts of plants like Annona squamosa [L.], Lantana camara, Cleodendrum 
inerme, Cassia fistula, Azadirachta indica and Calotrophis procera interfere with moulting process. 
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Some of the treated fifth instar larvae of Tribolium confusum larvae remained as permanent larvae which showed 
prolonged larval periods. The prolongation of larval duration may be due to the persistence of juvenile hormone in 
the haemolymph where it is only in the absence of juvenile hormone that ecdysone could be activated and lead to the 
formation of the next stage [Kuwano et al. 2008].    
 
Most of the treated sixth instar larvae of Tribolium confusum failed to pupate. It is likely that pupation in treated 
larvae is inhibited by disturbance in ecdysteroid regulation shortly before ecdysis as observed in Helicoverpa 
armigera [Nabawy Elkattan et al. 2001]. 
 
Inhibition of metamorphosis was observed to varying degrees. Some of the treated fifth instar larvae of Tribolium 
confusum moulted in to larval-pupal intermediates. Most of these intermediates produced exhibited pupal abdomen 
with larval thoracic legs. These suffered from ecdysial failure and larval exuviae remained attached to the posterior 
region of the body preventing their further development. This suggests that betulinic acid might act as an insect 
growth inhibitor, where Wright [1970] indicate that such malformation [larval-pupal intermediate] is a true juvenile 
hormone effect. 
 
Formation of larval-pupal intermediates was also observed in the larvae of Synthesiomyia nudiseta treated with 
botanical volatile oils [Abdel Fattah A. Khalaf et al. 2009]. 
 
Some of the treated fifth instar and sixth instar larvae of Tribolium confusum metamorphosed in to abnormal pupae. 
The abnormal pupae that managed to eclose into adults failed to survive for a long time. Few of the treated sixth 
instar larvae emerged into pupal-adult intermediates. Adults developed within the pupal cuticle unable to shed the 
exuviae. These intermediates did not undergo subsequent developmental changes and ultimately died. Similar 
observations were also noticed in Dysdercus similis treated with methanol leaf extract of Chrysanthemum indicum 
[Kaur et al. 1989]. 
 
The inability of the insects to extricate from the old exuvium during ecdysis, is one of the most common effects, 
associated with juvenile hormone action on morphogenesis. Such inhibition is of considerable practical significance 
since most of the insects which fail to ecdyse, are ruled out from further reproduction.  
 
Deformities and death in larval, larval-pupal intermediate, pupal and pupal-adult intermediate stages may be due to 
change in the ecdysteroid titre as demonstrated in coffee bug treated with methanol extract of neem leaves [Prathiba 
V. Deshmuke et al. 2011]. Similar morphogenetic effects of Azadirachtin rich fractions against Spodoptera litura 
were observed by Nelson and Venugopal [2006]. 
 
Some of the treated resultant pupae of Tribolium confusum exhibited uneven tanning of the pupal case. According to 
Hori et al. [1984] this may be due to low levels of ecdysone.  
 
Those treated sixth instar larvae of Tribolium confusum that metamorphosed into pupae eclosed into abnormal 
adults. Most of these forms showed elongated antenna, fused transparent forewings and hind wings with no sign of 
sclerotization and the abdominal end covered with a cap of hard cuticle with no sign of external genitalia. These 
forms were ruled out from further development and reproduction. These observations signifies a derangement in 
endocrine mechanisms.  Similar results were recorded by Shaheen and Osmani [1980] on castor semi-looper moth. 
 
The gradual changes that occur in the successive stages of insects, especially the more striking changes in 
metamorphosis are likewise controlled by a delicate balance in timing and concentrations of the secretions from the 
corpus allatum and prothoracic gland. Application of Betulinic acid, probably disturbed the delicate balance of 
timing and concentration of the hormones in the intact insect, resulting in the formation of abnormal, non-viable 
forms.  
 
Most of the trerated pupae  of Tribolium confusum moulted in to pupal-adult intermediates which failed to extricate 
from the pupal case while few of the pupae eclosed in to abnormal adults with exuviae seen attached to appendages 
and posterior region preventing the insects from flying, defaecation and mating. Several adult deformities were also 
observed in Schistocerca gregaria after treatment with an essential oil from ageratum conyzoides [Pari et al. 2000].    
The adult malformation of Tribolium confusum can be attributed to the intervening of Betulinic acid with the 
hormonally controlled program of morphogenesis. This may be due to the modification of ecdysteroid titer, which in 
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turn leads to changes in lysosome enzyme activity causing overt morphological abnormalities as also reported by 
Samira A.Aly et al. [2010] working with different extracts of Fagonia bruguieri on Schistocerca gregaria.  
 
A very few of the treated larvae and pupae metamorphosed into morphologically normal adults. Betulinic acid 
exhibited moult inhibition, affected larval growth and development, deranged pupal and adult morphogenesis and 
inhibited adult emergence. Inhibition of adult emergence was also observed in Callasobruchus maculatus with 
various plant products [Shifa vanamathi et al. 2010].  
 
Application of Betulinic acid to larvae and pupae prevented subsequent development to adult stage, thus reducing 
the reproductive potential of the population. The disruption of reproductive capability could lead to substantial 
population decline overtime. 
 

CONCLUSION 
 

Our results infer that Betulinic acid, a terpenoid extracted from the bark of Ziziphus jujuba which is eco-friendly and 
cost effective shows effective insect growth regulating activity and exhibits great promise in suppressing the 
population of the stored grain pest Tribolium confusum.   
 
Acknowledgements 
The authors are thankful to Natural Products Lab, Department of Chemistry, Osmania University, Hyderabad, 
Andhra Pradesh for providing Betulinic acid extracted from the bark of Ziziphus jujuba and to Prof. Naidu Ashok, 
Principal, Nizam College [A] Osmania University for extending lab facilities and for his encouragement.  
 

REFERENCES 
 
[1] Abdel Fattah A. Khalaf, Karam T. Hussein and Khater K. Shoukry . Egypt. Acad. J. biolog. Sci.2009, 2 [1]: 89-
101. 
[2] Almeida MMB, Arriaga AMC, Dos Santos AKL, Lemos TLG, Braz-Filho R and Curcino-Vieira IJ ,  Quim Nova 
2007, 30:935-951. 
[3] Amarjit Kaur, S. S. Thakur and S. Sabita Raja , J. Environ. Biol. 1989,10[4]: 373-377.      
[4]Azucena González-Col.oma,  Carmen López-Balboa, Omar Santana, Matías Reina and Braulio M. Fraga , 
Phytochem Rev 2011,10[2]: 245–260. 
[5] D. Vardhini, S. S. Raja, K. Varalakshmi and K. M. A. Quddus , Sujiol, Journal of Applied Entomology 
2001,125[8]: 479-481. 
[6] Dzubak P, Hajduch M, Vydra D, Hustova A, Vasnika M, Biedermann D, Lenka M, Urban M and Sarek J , Nat 
Prod Rep 2006, 23: 394-411. 
[7] Feeny, P . “Herbivours: their interaction with secondary plant metabolites”. Edited by Rosenthal, G.A and 
Berentawn, M.R. Acad press, San diego,1992, Vol 2:1-44. 
[8] Ferenc M.Pallos, Peter E.Letchworth and Julius J. Menn . J. Agric. Food Chem, 1976, 24[2]: 218-221. 
[9] Gandhi, N., S. Pillai and P. Patel , Int. J. Agric. Biol., 2010,12: 616-620. 
[10] Hervé B. D. Bisseleua, Seth W. K. Gbewonyo and Daniel Obeng-Ofori . African Journal of Biotechnology 
2008, 7 [24]: 4635-4642. 
[11] Hori, M., K. Hiruma and L.M. Riddiford.  Insect Biochem. 1984, 14: 267-274. 
[12] Huang F, Chung BY, Bentley MD and Alford AR,. J Agric Food Chem 1995,43:2513-2516. 
[13] J. Shifa vanamathi, C.Padmalatha, A.J.A. Ranjit Singh and S. Suthkar Isaac , Global Journal of Science 
Frontier Research 2010,10 [8]: 2-3. 
[14] Jirí Patocka . Journal of Applied Biomedicine, 12003,: 7-12.  
[15] Kuwano E., Fujita N., Furuta K. and Yamada N, J. Pestic. Sci.2008, 33 [1]: 14-16. 
[16] Lugemwa PN, Huang FY, Bentley MD, Mendel MJ and Alford AR  A J Agric Food Chem 38,1990,:493-496. 
[17]Mazoir N, Benharref A, Baile´n M, Reina M and Gonza´lez-Coloma A, Phytochemistry 2008, 69:1328-1338. 
[18] Nabawy A. I. Elkattan, Khalafalla S. Ahmed, Saadya M. Elbermawy and Rabab M. Abdel-Gawad , The 
Egyptian Journal of Hospital Medicine.2011, 42: 33-48. 
[19] Nakatani M ,  Insect antifeeding limonoids from the chinaberry tree Melia azedarach Linn. and related 
compounds. In: Cooper R, Snyder JK [eds] Biology–chemistry interface: a tribute to Koji Nakanishi. Marcel 
Dekker, New York, 1999,1-22. 
[20] Nelson, Jeyarajan, S. and Venugopal, M. S., Journal of Entomological Research, 30 [2]2006, 93-102. 



Vasudha Lingampally et al                                   Asian J. Plant Sci. Res., 2012, 2 (2):198-206    
_____________________________________________________________________________ 

206 
Pelagia Research Library 

[21] Pari, K. ; Subrahmanyam, B. ; Rastogi, J. N. ; Devakumar, C. and Rao, P. J. Indian J. Chem. [Sec. B], 2000, 39 
[6]: 451-454. 
[22] Perumal Yogeeswari and Dharmarajan Sriram , Current Medicinal Chemistry 12,2005, 657-666. 
[23] Pratibha V. Deshmukhe, Ashok A. Hooli and S. N. Holihosur . Karnataka J. Agric. Sci., 2011,24 [2]: 137-139. 
[24] Retnakaran, A., J. Granett, and T. Ennis,  Insect growth regulators. In G. A. Kerkut and L.I. Gilbert [eds.], 
Comprehensive insect physiology, biochemistry, and pharmacology. Pergamon Press, Oxford ; New York 1985, 
529-601. 
[25] S.Shaheen and Z. Osmani , Indian J. Exp. Biol. 18,1980, 1042-1044. 
[26] Samira A. Aly, Ahmed S. ElEbiarie and Khalid S. Hamadah . Egypt. Acad. J. biolog. Sci. 2010, 3 [2]: 133-147. 
[27] Shankaranarayana KH, Ayyar KS and Rao GSK,.  Phytochemistry 1980,19:1239-1240. 
[28] Sueli S. Martinez and Helmut F. Van Emden, Neotrop. Entomol.  2001, 30[1]: 113-125.  
[29] Wright, J.E. J. Econ. Entomol. 1970, 63: 878-883. 


