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Hyptis brevipes (Lamiaceae) extracts are shown to exhibit strong insecticidal activity against the 3rd instar larva 
of the cotton leaf worm Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae), inducing complete larval 
mortality due to the arrest and/or disruption of metamorphosis. This disruption induced a wide range of 
abnormalities. The LC50 value of the dichloromethane extract of H. brevipes was 3.0% (95% F.L. = 2.2% - 4.4%; 
slope = 3.185± 0.952) after three days of treatment. Two active compounds were isolated from the extract 
following bioassay-guided fractionation and were identified as 5-hydroxy-7,4'-dimethoxy-flavon-3-ol and 5-
hydroxy-7-methoxy-2-(4`-methoxy-phenyl)-chromen-4-one based on spectroscopic data. This is the first report 
of these secondary metabolites in H. brevipes.  
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INTRODUCTION 
 

Medicinal plants have been recognized as natural sources 
of remedies for the treatment of various diseases since antiquity, 
and they continue to play significant roles in primary health care 
around the world (Scorzoni et al., 2007). Infectious diseases 
caused by bacteria, fungi, insects and arthropods are major threats 
to public health, despite the tremendous progress that has been 
made in the medicinal sciences (Cos et al., 2006). Numerous 
synthetic acaricides and insecticides have been developed to 
address problems of these kinds caused by insects and mites but 
they are often expensive and some have negative effects on non-
target organisms, including humans (Cetin et al., 2010). As a 
result, there is a pressing need for readily-available, sustainable, 
cheap and environmentally friendly alternatives (Jaenson et al., 
2006). Moreover, the rising costs of treatments based on synthetic 
chemicals and the associated risks for humans have created 
interest in potentially more being natural products that can fulfil 
the same functions (Hostettmann, 1984). Natural products that are       . 
 
* Corresponding Author 
Phone: + 20-482222753; Fax: +20-482235689.  
E-mail: hanem.sakr@science.menofia.edu.eg 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

lethal to the intermediate hosts of insects are considered to be 
relatively safe and to possess fewer risks to the environment and 
health than synthetic insecticides (Su and Mulla, 1998; Panella et 
al., 2005). We have previously tested the potential activity of plant 
extracts and the corresponding pure compounds using the larvae of 
the cotton leaf worm, Spodoptera littoralis (Boisd.) (Sakr and Abo-
El-Mahasen, 2006). These larvae feed on a wide range of field 
crops, vegetables and ornamental plants, causing substantial 
economic damage (Hamshou et al., 2010). We are therefore 
interested in identifying natural insecticides that are active against 
this species and could potentially be suitable for large scale 
applications.  

The genus Hyptis comprises around 400 species,                 
most of which are found in the Central States of Brazil. Its 
secondary metabolites are known for their medicinal utility                
and are used in folk medicine to treat conditions including                
skin diseases, gastric disorders and fever. Essential oils                
extracted from H. savoeolens and H. spicigera exhibit                    
insecticidal and repellent activity against Sitophilus granarius 
adults (Conti et al., 2011). In Indonesia, H. brevipes is used                  
as a   postpartum remedy in folk medicine (Roosita et al., 2008).  
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Moreover, both methylene chloride and methanol extracts of this 
species have antibacterial and antifungal activity (Goun et al., 
2003). However, the insecticidal activity of secondary metabolites 
from H. brevipes has not been investigated to date. 

To address this deficiency, H. brevipes (Lamiaceae) was 
collected from Ecuador in the course of our ongoing chemical and 
pharmacological studies of medicinal plants (El-Seedi et al., 
2012a, 2012b). We therefore investigated the insecticidal activity 
of H. brevipes against 3rd instar S. littoralis (Boisd.) larvae 
(Lepidoptera: Noctuidae) with the aim of isolating, purifying and 
elucidating the structures of potential active compounds from the 
crude extract. 

 
MATERIAL AND METHODS 
 

Tested plant  
The H. brevipes plant used in this work was collected in 

July 2003 from Ecuador and identified by Dr. Felipe Ghia (Botany 
Department, Reversa Forestal Endesa, Provincia del Prichincha, 
Ecuador). 

 
Instruments and materials 

Melting points were determined using a digital melting 
apparatus (Model 1A 8103, Electrothermal Engineering Ltd., 
Southend-on-Sea, Essex, U.K.) and are uncorrected. UV spectra 
were recorded with a Perkin-Elmer Lambda 2 UV/vis 
spectrophotometer. IR spectra were recorded with a Nicolet MX-S 
spectrophotometer. 

General 1H and 13C NMR spectra were recorded on 
Bruker DRX 600 spectrometer at 600.1 and at 150.9 MHz, 
respectively, at 25 °C using CD3OD as the solvent. All chemical 
shifts are expressed relative to TMS.  

TLC was performed on percolated aluminum sheets 
[silica 60 F254, 0.25 mm (Merck, Darmstadt, Germany)] and 
preparative TLC on pre-coated glass sheets [silica 60 F254, 0.5 mm 
(Merck)], with detection under UV light (254 and 366 nm) and by 
spraying with vanillin-sulfuric acid followed by heating to 120 °C. 
 
Accelerating gradient chromatography (AGC) 

According to our established protocol, AGC was 
performed using variable-length medium pressure liquid 
chromatography (MPLC) glass columns (Baeckström Separo AB, 
Lidingö, Sweden) with inner diameters of 4.0, 2.5, and 1.5 cm, 
packed with silica gel 60, 40-63 µm (Merck), and an FMI Lab 
pump (model QD, Fluid Metering Inc., Oyster Bay, NY) 
delivering a flow rate of 15-18 ml/min. Fractions of 20 ml were 
collected manually. Analytes were eluted from the columns by 
continuous gradient elution running from CH2Cl2 through EtOAc, 
and then MeOH, to H2O. The eluent mixtures were generated 
using a SEPARO constant-volume mixing chamber with an open 
reservoir. The mixing chamber initially contained 100 ml of 
CH2Cl2 and the reservoir contained the first of 15-20 premixed 
binary gradient mixtures of gradually increasing polarity, each of 

15-30 ml, which were successively fed into the reservoir during 
the separation (El-Seedi, 2007). 
 
Extraction and isolation of H. brevipes 

The aerial parts of H. brevipes (1.4 kg) were extracted 
with CH2Cl2 at room temperature three times with occasional 
stirring and then filtered. The extracts were combined and 
evaporated in vacuo to give 50.7 g of crude material. The crude 
extract was then adsorbed onto silica gel (120 g) and 
chromatographed on a silica gel (280 g) column, eluting 
continuously with continuous hexane-CH2Cl2, CH2Cl2-MeOH, to 
MeOH gradients. The eluted tubes from AGC columns were 
evaluated by TLC to give 22 main fractions. Fraction 7 (3.3 g) was 
purified by repeated AGC eluting with CHCl3-MeOH (21:1) to 
ultimately yield 15 mg of compound 1 and 10 mg of compound 2.  
 
Screening experiment 

A portion of the crude dichloromethane extract was 
dissolved in a mixture of acetone and water (3:2 v/v) at a 
concentration of 5% (w/v) and tested against the 3rd larval instar of 
S. littoralis.  Thirty pieces of castor bean leaves (with areas of 2 
cm2 each) were treated with 1 ml of plant extract. Leaves treated 
with solvent alone or water alone was used as positive and 
negative controls, respectively. The treated and control leaves 
were left to stand (at room temperature) to allow solvent 
evaporation and then offered to the tested larvae. These larvae (25 
larvae per tested concentration and replicate) were fed on the 
treated leaves for three consecutive days, while control larvae were 
fed on leaves treated with the acetone: water mixture alone. Once 
the treated leaves had been consumed, the larvae were fed with 
fresh un-treated fresh castor bean leaves until pupation. All extract 
concentrations were tested in triplicate.  
 
Insect model 

A susceptible strain of the cotton leaf worm S. littoralis 
was obtained from the Agricultural Research Center (Dokki, Giza, 
Egypt) in February 2006. Larvae were kept in the laboratory at    
28 ± 2 °C and 65 % R.H. under a 14 h: 10 h light: dark cycle. The 
Spodoptera larvae were fed on castor bean leaves (Ricinus 
communis) until pupation. Pupae were separated in jars covered 
with muslin and tied around the neck with rubber bands until adult 
emergence. The adult stage was fed on 10% sucrose solution.  
 
Larvicidal activity 

Complete larval mortality was observed for the crude H. 
brevipes extract, whereas the mortality for negative control larvae 
was only 10%. Consequently, the activity of the extract against the 
3rd larval instar of S. littoralis was tested at a range of different 
concentrations. In these experiments, the crude CH2Cl2 extract was 
redissolved in pure acetone when making up the solutions used to 
treat the leaves. LC50 values were calculated according to Finney 
(Finney, 1971) and reductions in adult emergence were calculated 
according to Khazanie (Khazanie, 1979). 
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RESULTS AND DISCUSSION 
 

A preliminary screening experiment was used to evaluate 
the potential larvicidal activity of the H. brevipes extract used in 
this work. The CH2Cl2 extract induced 100% larval mortality when 
tested against 3rd instar S. littoralis larvae at a concentration of 5% 
using the feeding method (Table 1). Based on this result, the 
compounds within the extract were separated and characterized 
using AGC. This led to the isolation and identification of two 
flavonoid derivatives: 5-hydroxy-7,4'-dimethoxy-flavon-3-ol (1) 
and 5-hydroxy-7,4'-dimethoxy-flavone (2).  5-Hydroxy-7,4'-
dimethoxy-flavon-3-ol (1) was obtained as amorphous solid whose 
HRFABMS (positive ion mode) mass spectrum contains a 
molecular ion peak at m/z 299 [M+H]+ corresponding to the 
molecular formula C17H14O6. Its structure was further confirmed 
by its 1H NMR (CDCl3) spectrum, in which m-coupling is apparent 
between the peaks at  6.48 ppm (1H, d, J=1.1 Hz, H-6),  6.65 
ppm (1H, d, J=1.3 Hz, H-8), p-substitution is indicated by the 
peaks at  7.07 ppm (2H, d, J=5.9 Hz, H-3`, H-5') and  7.79 ppm 
(2H, d, J=6.2 Hz, H-2`, H-6`), and the presence of methoxy groups 
is indicated by peaks at  3.9 ppm (C-4`) and 4.1 ppm (C-7). 
Moreover, the 13C NMR data for this species are consistent with 
those reported by Harborne and Mabry (1982).  5-Hydroxy-7,4'-
dimethoxy-flavon (2) was obtained as amorphous solid whose 
HRFABMS (positive ion mode) mass spectrum contains a 
molecular ion peak at m/z 299 [M+H]+ corresponding to the 
molecular formula C17H14O5. Its 1H NMR (CDCl3) spectrum 
contains peaks corresponding to m-coupled aryl protons at  6.59 
ppm (1H, s, H-3),  6.38 ppm (1H, d, J=1.8 Hz, H-6), and  6.49 
ppm (1H, d, J=2.2 Hz, H-8); a p-substituted aryl ring with protons 
at  7.02 ppm (2H, d, J=5.6 Hz, H-3', H-5') and  7.85 ppm (2H, d, 
J=6.7 Hz, H-2`, H-6'); and methoxy groups at  3.9 ppm (C-4`), 
4.1 ppm (C-7). The 13C NMR data for this compound are 
consistent with those reported by Harborne and Mabry (1982).  A 
literature search revealed that Hyptis species are known to produce 
a wide range of terpenoids, flavonoids and pyrones (Piozzi et al., 
2009). It is well known that this genus produces secondary 
metabolites with diverse biological effects, including a novel 
trypsin inhibitor isolated from the seeds of H. suaveolens that 
exhibits potent and specific activity against specific trypsin-like 
enzymes from insects (Aguirre et al., 2004). Deng (2010) 

performed a cytotoxicity-guided fractionation of a H. brevipes 
extract using the MCF-7 human breast cancer cell line that led to 
the isolation of six new 5,6-dihydro-α-pyrone derivatives  and one 
known analog, as well as six other known compounds.  We also 
tested the insecticidal activity of the CH2Cl2 H. brevipes extract 
against 3rd instar S. littoralis larvae at different concentrations. The 
extract’s LC50 value was 3.0 % (95% F.L. = 2.2 % - 4.4 %; slope = 
3.185 ± 0.952) for three day treatments (Table 1). For all tested 
concentrations, non-zero mortality was observed within 24 h of the 
extract’s application and mortality increased substantially over a 
three day period (Table 1). The extract severely inhibited the 
development of the treated larvae relative to controls in a dose-
dependent fashion, ultimately causing death in all cases. Larvae 
treated with the extract had difficulty in shedding their cuticles and 
died during ecdysis (Fig. 1-5). Most larvae treated with the CH2Cl2 
extract showed signs of incomplete moulting and became unable 
to feed normally. These larvae initiated apolysis but failed to 
achieve ecdysis, resulting in death.  These results clearly indicate 
that the H. brevipes extract is toxic towards S. littoralis larvae. 
This activity may derive from the flavonoids, terpenoids and 
pyrones. Insect enzymes play important roles in the degradation  
and resistance to some insecticidal compounds. Sousa et al. (1993) 
reported that the gut enzymes of S. littoralis larvae (proteases) 
were able to digest the seed protein entrolobin before it could exert 
any toxic effect, whereas proteases from Callosobruchus 
maculates were unable to hydrolyse entrolobin. The glutathione S-
transferase (GST) variant expressed by Tenebrio molitor offers 
passive protection against pyrethroid insecticides by sequestering 
them and thereby inhibiting their action (Kostaropoulos et al., 
2001). Compounds in the ethanolic extract of H. suaveolens bind 
competitively to both the active and hydrophobic sites of the 
glutathione S-transferase of C. Maculates (Kolawole et al., 2011). 
It is possible that similar mechanisms are responsible for the 
toxicity of H. brevipes extract towards S. littoralis larvae. 
Numerous publications have described the deleterious effects of 
various plant extracts on insects. At a concentration of 9%, the 
CH2Cl2 extract of Artemisia monosperma CH2Cl2 decreased 
pupation and adult emergence in S. littoralis by 83.3% and 85.1%, 
respectively, when administered by feeding (Sakr and Abo-
Elmahasen, 2006). Similarly, a methanolic extract of 
Chrysanthemum macrotum caused 100% larval mortality when 
administered to the 3rd larval instar of S. littoralisat 10 mg/g 
(Haouas et al., 2010). Moreover, the essential oil and ethanolic 
extracts of H. suaveolens have been shown to exhibit insecticidal 
activity against Sitophilus granarius (Conti et al., 2011) and C. 
maculates (Kolawole et al., 2011), respectively. The metamorphic 
changes induced by the H. brevipes extract as observed in this 
work may be due to the effects of the plant’s secondary 
metabolites on the nervous system of the tested larvae. This would 
be consistent with the findings of authors such as Koolman et al. 
(1988), Younes et al. (1998), Shoukry et al. (2003), Sakr (2007) 
and Sahayaraj et al. (2011).  The antifeeding activity observed in 
this work resembles that observed for the essential oil of H. 
suaveolens against S. litura (Raja et al., 2005), for the  
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Table. 1: Latent effects of the H. brevipes CH2Cl2 extract against the third larval instar of S. littoralis (feeding method) when applied over three days. 

Concentration(%) 
% Larval mortality 

*%Pupation *% Adult emergence 
1st  day 2nd day 3rd   day 4th  day Total Total +Reduction (%) 

5 50 50 80 100 100 0 0 100 
4 40 40 60 100 100 0 0 100 
3 10 30 50 70 100 0 0 100 
2 10 30 40 60 100 0 0 100 
0 10 10 10 10 10 90 90 0 
LC50 (%)  95% confidence intervals (%)                                 Slope ±SE 
3.0 %                                          Lower                    Upper                                     3.185±0.952      
                                                       2.2                       4.4 
*Relative to the number of larvae. 
+ Reduction %= (C-T/C) X 100 [Khazanie, 1979]; where C = number of emerged adults in control and T = number of emerged adults after treatment. 
 

 

 

 
Fig. 1-5: Morphological changes induced by the crude H. brevipes extract. 1- Dorsal view of the head and thorax of a control S. littoralis larva showing normal 
mouth parts. 2- Lateral view of a treated larva that completely failed to shed its old cuticle, resulting in shrinkage and finally death. 3- Lateral view of the non-

functional mouth parts in the ecdysis-inhibited treated larva. 4-5: Lateral view of treated larvae, showing the partial moulting that preceded death in some cases. 
4- Moulting occurred only on the dorsal side of this treated larva. 5- A larva with a partially-shed old cuticle and a deformed head and abdominal legs (indicated 

by the dark arrow) while other body parts remain encased in the old cuticle (white arrow). 
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furocoumarin and rutamine compounds isolated from ethanol 
extracts of Ruta chalepensis against S. littoralis (Megally et al., 
2009) and the ethyl acetate extract of Pergularia daemia against 
Helicoverpa armigera and S. litura (Pavunrai et al., 2011). 
 
CONCLUSION 
 

The extracts of H. brevipes (Lamiaceae) displayed 
insecticidal activity against the 3rd instar larva of the cotton leaf 
worm S. littoralis (Boisd.) (Lepidoptera: Noctuidae). H. brevipes 
hasnot been investigated chemically or pharmacologically before. 
The CH2Cl2 extract showed activity with LC50 3.0% (95% F.L. = 
2.2% - 4.4%; slope =3.185± 0.952) after three days of treatment. 
Bio-assay guided isolation strategy leads to identification of two 
bioactive flavonoids named; 5-hydroxy-7,4'-dimethoxy-flavon-3-
ol and 5-hydroxy-7-methoxy-2-(4`-methoxy-phenyl)-chromen-4-
one.  
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