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In this study, biologically active compounds were isolated from Protaetia brevitarsis larva (PBL) 
by dichloromethane extraction. The dichloromethane extract from PBL was highly cytotoxic to 
various cancer cells. From a silica gel column chromatograpy of this extract, we obtained four 
fractions (F-2, F-4, F-5 and F-7) having apoptosis-inducing activity. These fractions induced 
DNA ladder and caspase-3 activation during apoptosis in colon 26 tumor cells. In 1H and ~3C 
NMR and mass spectral analysis of the fraction F-2 showing the highest apoptosis-inducing 
activity, we found that the fraction was composed of three free fatty acids such as palmitic acid, 
(Z)-9-octadecenoic acid and octadecenoic acid. These results indicate that the dichlo- 
romethane extract of PBL includes anticancer components composed of at least three fatty 
acids, and apoptosis-inducing activity of the extract was mediated by caspase-3 activation in 
tumor cells. 

Key words: Protaetia brevitarsis, Apoptosis, Caspase-3, Fatty acid 

INTRODUCTION 

It has been well known that many natural source-derived 
constituents can suppress the proliferation of cancer cells 
(Yang et al., 2003; Abdullaev and Espinosa-Aguirre, 2004; 
Cozzi et aL, 2004; Farkya et al., 2004; Kostova, 2005). In 
the traditional medicine, many insects and their larva such 
as Mylabris sidae, Bombyx mori, Protaetia brevitarsis, 
Pheretima asiatica Hirudo nipponia, Scolopeudra sub- 
spinipes multilas and Buthus martensis were broadly 
applied to the therapy of cancer and various types of adult 
diseases (Xu et al., 2004; Coo et al., 2004; Park et al., 
2004; Tanaka et al., 1999; Tettamanti et al., 2004; You et 
al., 2004; Fu et aL, 2004). During of metamorphosis, the 
insects produce a variety of bio-active materials to fulfill 
tissue remodeling and development of the host. Especially 
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the amount of the bio-active materials is increased in the 
larva stage. For these reasons, many investigators have 
tried to find new biologically active compounds from 
insects and their larva (Cai et al., 2004; Vergote et al., 
2004; Xu et al., 2004). 

P. brevitarsis larva (PBL), called Jejo in Korea, has been 
often used for treatment of hepatic cancer, liver cirrhosis, 
hepatitis, breast cancer and inflammatory disease in a folk 
remedy (Boman, 1995; Lee etal., 1997; Tossi etal., 1997; 
Yoon et al., 2003). However no scientific evidence for anti- 
cancer activity of PBL has been reported yet. It prompted 
us to investigate anticancer activity of the extract of PBL 
and to isolate components related to its anticancer activity. 
In this study we investigated anticancer activity of PBL to 
induce apoptosis in tumor cells, and isolated three fatty 
acids responsible for its apoptosis-inducing activity. 

MATERIALS AND METHODS 

General 
PBL from Jeju island was purchased from the market 

place located in Seoul, Korea. 1H- and 13C-NMR were 
recorded on a Bruker Avance Digital 400 Spectrometer 
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(Karlsruhe, Germany) at 400 and 100 MHz, respectively. 
HPLC was a Jasco system (Japan) equipped with a 
PU2080 pump, AS2055 auto sampler, and MD2010 PDA. 
GC-MS was analyzed with a JMS 700 (JEOL, Japan) with 
an HP-1 column (0.25 mm• m) at 70 eV. TLC was per- 
formed on a pre-coated silica gel plate (Kieselgel 60 F2~, 
Merck, N J, U.S.A.). Silica gel chromatography was carried 
out with Kieselgel 60 (Art.7734, 70-230 mesh, Merck, N J, 
U.S.A.). Authentic fatty acids were the products of Sigma 
(U.S.A.). 

Extraction and isolation 
As preliminary test, 10 g of PBL powder was extracted 

with 500 mL of dichloromethane twice. The filtrate was 
combined and evaporated to dryness (PBL-CH2CI2). The 
residue was refluxed in ethyl acetate (EtOAc) to be 
evaporated (PBL-EtOAc) and the residue was extracted 
again with n-butanol to obtain PBL-BuOH. Five hundred g 
of PBL powder was refluxed thrice with 6 L of dichloro- 
methane in a water bath for 3 h. The solution was filtered 
through filter paper and the filtrate was concentrated by 
rotary evaporator to give 37.7 g of dichloromethane soluble 
fraction. Silica gel column chromatography (12 • 45 cm, 
Merck Art. 7734, benzene-EtOAc = 100:1 100% EtOAc) 
of this fraction afforded Fr. 1 to 8. 

Cell culture and cytotoxicity assay 
Colon 26 murine carcinoma cells were maintained as 

monolayer cultures in Eagle's minimal essential medium 
(MEM) supplemented with 10% fetal calf serum, vitamin 
solution, sodium pyruvate, nonessential amino acids and 
L-glutamine. Colon 26 cells (5xl04/wetl)in 96-well plates 
were incubated with various doses of the indicated sam- 
ples at 37~ for 24 h. The cultures were added by 10 #L/ 
well of Cell Counting Kit (Allexis, MA, U.S.A.) solution, 
and incubated for 2 h before termination. Cytotoxic activity 
was determined using absorbance value of each well at 
450 nm. 

DNA fragmentation 
Fragmentation of genomic DNA of the cells was analyzed 

as described previously (Yoo et al., 1997). Colon 26 cells 
(1 x106) that had been treated with each fraction (100 #g/ 
mL) of PBL-CH2CI2 for 24 h were digested in in 50 t~L of a 
lysis buffer, 0.5% sodium-N-tauroyl-sarcosinate, 10 mM 
EDTA and 50 mM Tris-HCI (pH 7.8) containing RNAse-A 
(20 pg/mL), at 50~ for 30 min. Digestion was continued 
for 60 min after addition of proteinase K (20 #g/mL). After 
centrifugation at 10000 rpm for 1 min, DNA samples were 
loaded on 1% agarose gel containing 0.1 #g/mL ethidium 
bromide and visualized under UV light. As the positive 
control, the cells were treated with 0.5 #g/mL of adriamycin 
(ADR). 

Assay of caspase-3 enzyme activity 
Enzyme activity of the intracellular caspase-3 in colon 

26 cells undergoing apoptosis induced by the fractions of 
PBL extract was determined using a caspase-3 activity 
determination kit (Allexis) according to the manufacturer's 
recommendation. 

R E S U L T S  A N D  D I S C U S S I O N  

The PBL powder was consecutively extracted with di- 
chloromethane (PBL-CH2CI2), ethyl acetate (PBL-EtOAc), 
and butanol (PBL-BuOH). In the assay for cytotoxic activity 
of the PBL extracts using colon 26 murine tumor cells, 
PBL-CH2CI2, but not PBL-EtOAc and PBL-BuOH, showed 
high cytotoxic activity to colon 26 tumor cells in a dose- 
dependent manner (Fig. 1). It was also likely that PBL- 
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Fig. 1. Cytotoxic effect of PBL extracts on colon 26 tumor cells. Colon 
26 tumor cells (5xl04/well) were treated with the indicated doses of 
PBL-CH2CI2, PBL-Et0Ac or PBL-BuOH for 24 h. Cytotoxicity was 
evaluated by Cell Counting Kit. 
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Fig. 2. Time-course analysis of PBL-CH2CI2 on colon 26 tumor cells. 
Colon 26 cells were treated with 50 or 100 gg/mL of PBL-CH2CI2 for 
the indicated times.. 
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CH2CI2 completely killed colon 26 tumor cells within 5 h at 
100 pg/mL and within 12 h at 50 pg/mL (Fig. 2). 

In order to investigate the active fractions responsible 
for PBL-CH2CI2-induced cell death, the extract was applied 
to a silica gel column, and 8 fractions were obtained. Out 
of 8 fractions from the silica gel chromatography, 4 fractions 
(F-2, F-4, F-5 and F-7) showed high cytotoxic activity (Fig. 
3). Among the 4 fractions, F-2 was the most effective, and 
this fraction appeared to be a single spot on the TLC plate. 
The cells undergoing cell death by these fractions exhibited 
apparent typical apoptotic characteristic like fragmented 
genomic DNA (Fig. 4). Furthermore, in an enzyme activity 
analysis, it was shown that treatment of each of the active 
fractions (100 mg/mL) for 2 h enhanced the intracellular 
level of caspase-3 enzyme activity (Fig. 5). 

Next we tried to identify active compounds associated 
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Fig. 3. Cytotoxic activity of various fractions obtained from a silica gel 
chromatography of PBL-CH2CI2. Colon 26 cells were treated with each 
fraction (50 #.g/mL) of PBL-CH2CI2 for 24 h, and its cytotoxic activity 
was calculated by Cell Counting Kit. 

Fig. 4. DNA ladder induction by various fractions of PBL-CH2CI2. Colon 
26 cells (1• were treated with 50 pg/mL of the indicated 
fractions of PBL-CH2CI2 for 24 h. Fragmented DNA was visualized by 
the method described in Materials and Methods. 
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Fig.5. Activation of caspase-3 enzyme during apoptosis induced by 
PBL-CH2CI2-derived fractions. Colon 26 cells (1• were treated 
with the indicated fractions (50 p.g/mL) for 2 h. Caspase-3 activity of 
the cells was determined by a caspase-3 activity detection kit. 

with apoptosis-inducing activity of F-2 fraction of PBL- 
CH2CI2. In the 1H-NMR (chloroform-d) (Palik, 1985), an 
olefinic proton at 65.34 (m) was detected with the charac- 
teristic signals of fatty acids at 62.37 (t, J =6.40), 62.02 (t. 
J =7.56), 51.64 (m), 61.25 (m), 0.87 (t). In the 13C-NMR 
(chloroform-d), two sp 2 carbon signals were detected at 
6129.74 and 130.02, suggesting that F-2 was an unsatu- 
rated fatty acid. Overlapped carbonyl carbons at 6180.29 
and 180.32 indicated that F-2 was a mixture of at least two 
fatty acids. In the GC-MS analysis, 3 peaks [tR's (retention 
times); 18.04, 19.63, and 19.80 min] were found (Fig. 6). 
The peak at tR 18.04 min was identified as palmitic acid by 
its molecular ion peak (m/z 256) and co-chromatography 
with an authentic sample. By means of similar methods, 
the peaks at tR 19.63 and 19.80 min were identified as 
(Z)-9-octadecenoic acid and octadecanoic acid (stearic 
acid, m/z 282), respectively. The chemical structures of 
identified compounds are presented in Fig. 7. The peak 
ratio of palmitic acid, (Z)-9-octadecenoic acid, and octade- 
canoic acid was 37.4-40.5-22.1. 

It is known that high concentration of certain fatty acids 
can cause cell death via apoptosis or necrosis (Andrade 
et al., 2005). Palmitic acid has been also observed to 
induce apoptosis in tumor cells although the mechanism 
of this cytotoxicity is unsolved (Kong et aL, 2002). Since 
the dichloromethane extract of PBL contained palmitic 
acid, and the standard palmitic acid induced apoptosis 
effectively in colon 26 cells (data not shown), this fatty 
acid is thought to be a major molecule responsible for 
PBL-CH2CI2-induced apoptosis. However, whether or not 
(Z)-9-octadecenoic acid and octadecanoic acid participate 
to apoptosis induction by PBL-CH2CI2 is unclear. 

This suggests that PBL contains cytotoxic compounds 
to induce apoptosis in tumor cells and its apoptosis- 
inducing activity is associated with caspase-3 enzyme 
activation. Further studies to isolate additional cytotoxic 
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Fig. 6. Total ion chromatogram of F-2 of PBL-CH2CI2 
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Fig. 7. The structure of palmitic acid, (Z)-9-octadecenoic acid and 
octadecenoic acid 

molecules from PBL and to analyze the mechanisms of 
PBL-induced apoptosis are currently underway. 
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