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Ethyl acetate soluble extract from the heartwood of 72 years old teak (Tectona grandis) tree grown in 

Central Java, Indonesia, exhibited strong activity against termites (Reticulteremes speratus) and brine 

shrimps (Artemia Salina) in bioassay tests. Several chromatographic fractionations led to the isolation of 

7 compounds that exhibited moderate and strong activities in a termite antifeedant test. 
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1. Introduction1. Introduction1. Introduction1. Introduction    

The woods of teak (Tectona grandis L.f) 

have been recommended for various uses due to 

its high durability. There is no doubt that 

extractives play important role against termites 

and fungus attacks. Some works dealing with 

teak extractives suggested all quinone 

compounds showed activity as an anti-termite 1. 

As the ethyl acetate extract of the heartwood of 

teak exhibited a high level of activity in our 

bio-assay tests both against brine shrimps or 

termites, the present study was concerned with 

the isolation of some compounds in order to 

determine the nature of active compounds.  

 

2. Materials and meth2. Materials and meth2. Materials and meth2. Materials and methodododod    

Extraction and IsolationExtraction and IsolationExtraction and IsolationExtraction and Isolation        

The wood sample of teak was collected from 

lower part of a 72 year old tree planted in 
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Central Java, Indonesia. The sample was 

converted into wood powder and kept in room 

temperature to reach air dry condition 

(17.59 %). The air dried wood powder (1000 g 

based on o.d. weight) was extracted respectively 

three times with n-hexane and ethyl acetate in 

succession under heating, yielded hexane and 

ethyl acetate extractives of 42.12 and 22.55 g, 

respectively.  

The 10 g ethyl acetate (EtOAc) extract was 

flash column chromatographed (silica gel 

63-210 mesh, Kanto chemical) with benzene, 

benzene-ethyl acetate on ratio 1:1; 1:2; 1:5; 

ethyl acetate and finally methanol as the 

eluents. This separation gave 6 fractions (Table 

1). Fraction 1 (2.8 g) was further fractionated by 

column chromatography (silica gel 20-40 mesh, 

Kanto chemical), eluted with n-hexane and 

n-hexane - benzene (2 : 1) to yield fraction 1-1 

(0.44 g) and 1-2 (0.43 g), respectively. Fraction 

1-1 on repeated column chromatography 

successively eluted with n-hexane - benzene 

10:1 and 5:1 gave compound 1 and 2, 

respectively. Fraction 1-2 was subjected to 
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column chromatography eluted with 

n-hexane-benzene 1 :5  and 1 : 10. The former 

followed by preparative thin layer 

chromatography (benzene-acetic acid 9:1) 

afforded compound 3 and 4, the latter deposited 

compound 5, 6 and 7. Compound 6 and 7 was 

obtained after recrystalisation with methanol. 

Scheme of separation can be seen below (Fig. 1). 

 

 

Teak heartwood powder (1000 g o.d.) 

             

 successive extraction (n–hexane and ethyl acetate)    

 

 n– hexane extractives (42.12 g)       ethyl acetate extractives (22.55 g) 

 

 silica gel flash column chromatography  

per 10 g extractives 

 

 

Fr. 1 (2.80 g)      2         3          4             5           6 

                                               

silica gel column chromatography  

 

 

n-hexane eluate                  n-hexane – benzene eluate  

 

Fr.  1-1 (0.44 g)             Fr. 1–2  (0.43 g)                      

                   

Comp. 1              2        3        4      5         6    7 

 

Fig. Fig. Fig. Fig. 1.1.1.1. Separation scheme of ethyl acetate 

extract 

 

Identification of compoundsIdentification of compoundsIdentification of compoundsIdentification of compounds    

Compound identifications were based on 

melting point determination (YANACO Micro 

Melting Point Apparatus) and thin layer 

chromatography (TLC/ Precoated aluminum 

sheets silica gel 60 F254, Merck) analysis.  

Spots were visualized by UV light irradiation 

(λ254 nm and λ360 nm) and by spraying with 

vanillin-sulfuric acid (for colour test) followed 

by heating at 110 0C for 10 minutes. 

Further, injection of standards into GC-MS 

was also conducted, as well as comparison with 

published reference mass spectra from previous 

studies. The commercial tectoquinone 

(2-methyl anthraquinone, 25753-31 Kanto 

Chemical) was used as a reference. Mass 

spectrometry was obtained from GC-MS 

analysis on a Shimadzu QP-5000 with 

operation conditions: DB-1 column,  operation 

temperature was 120 - 300 0C with a heating 

rate of 4 0C/min and held at 300 0C for 15 

minutes. Injector and detector temperatures 

were set at 250 0C. Helium was used as carrier 

gas.  

BioassaysBioassaysBioassaysBioassays    

Brine shrimp lethality test.  

Brine shrimp eggs (Artemia salina Leach) 

were purchased in the locality and hatched in 

artificial sea water (solution of NaCl 3.8%) at 

26-28 0C for 24 h. From each fraction, 10 mg of 

substance was taken and dissolved in 1 ml 

DMSO (dimethyl sulfoxide). From this solution, 

100, 10 and 1 µl was transferred to vials 

corresponding to 200, 20 and 2 ppm, 

respectively in 3 replications. Vials added by 

DMSO only were used as a control. The active 

hatched brine shrimp (10 pieces) were added in 

respective vials and incubated at 26-28 0C for 

24 hours. After this period, the number of died 

brine shrimp in each vial was counted and data 

were analyzed by probit analysis with Minitab 

ver. 13 computer program to calculate the 

concentration of the extract or fractions that 

would kill 50% (LC50) at 95 % confidence 

interval. 

Termite antifeedant test.  

No choice antifeedant bioassay test was 

carried out in this research. A petri dish  
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(diameter 9 cm, height 2 cm) containing 20 g 

moistened and sterilized sea sand was used as 

a container test. Paper disc (diameter 8 mm; 

Whatmann International) were impregnated 

with chloroform solution containing each of the 

test fractions. The treatment retention was 5 % 

(w/w) per disc and 5 duplicates were applied for 

each sample. After drying at 60 0C for 2 hours, 

followed by drying in a vacuum dessicator for 

24 hours, they were put on a petri dish. The 

control discs were impregnated with chloroform 

only and dried with the same manner. Fifty 

worker Reticulitermes speratus Kolbe termites 

were introduced into the petri dish. The petri 

dishes were placed in a dark chamber at 27 0C 

and 80 % relative humidity. After 10 days the 

disc were taken out, dried in the same manner 

and the weight loss was determined. 

 

 

3333....    Results and discussionResults and discussionResults and discussionResults and discussion        

The fractionation by flash column 

chromatography of ethyl acetate extract as 

shown in the Table 1 : 

 

Table 1.Table 1.Table 1.Table 1. Column chromatography of ethyl 

acetate fraction  

 

Column chromatogram of ethyl acetate fraction (10 g) 

Eluting solvent Fraction 

number 

Weight 

(g) 

Benzene 

Benzene-ethyl acetate (1 : 1) 

Benzene-ethyl acetate (1 : 1) 

Benzene-ethyl acetate (1 : 1) 

Benzene-ethyl acetate (1 : 2) 

Benzene-ethyl acetate (1 : 5) 

Ethyl acetate 

Methanol 

1 

2 

3 

4 

4 

5 

5 

6 

2.80 

1.54 

2.04 

0.64 

0.45 

0.62 

0.39 

1.38 

     Total                   9.86 

 

To find out bioactive compounds, fractions 1 

to 6 were tested by brine shrimp lethal and 

termite antifeedant test as described before. 

The result is shown in the Table 2. 

    

Table 2. Table 2. Table 2. Table 2. Result of bioassay test of ethyl acetate 

fractions   

 

Fraction 

 number 

LC50 (ppm) 

Brine shrimp 

 test for 24 hrs 

Weight loss (mg) 

  Termite antifeedant 

test for 10 days 

1 

2 

3 

4 

5 

6 

Control 

2.31 

1.41 

118.96 

> 200 

> 200 

> 200 

> 200 

2.83 

3.29 

6.04 

13.42 

15.73 

15.82 

14.44 

 

Fraction 1 and 2 exhibited a good level of 

activity with an LC50 of 2.31 and 1.41 ppm, 

respectively, as well as 2.83 and 3.29 mg loss of 

weight (150 mg original weight) while those of 

fraction 3 only in moderate level (118.96 ppm 

and 6.04 mg). This finding suggests the more 

polar eluted fractions have less activity against 

brine shrimps and termites. Thus, both brine 

shrimp lethal and termite antifeedant test 

result the same trend to all fractions. The 

strongest activity against termites, namely 

fraction 1, was further separated by repeated 

column chromatography to obtain compounds 1 

to 7. The physical properties of those 

compounds are described in the Table 3. 

Compound 1 and 2 are suggested 

belonging to steroids or terpenes since they 

showed blue-green spots on TLC plate after 

vaniline-sulfuric acid reagent spraying followed 

by heating. Compound 3 is tentatively assigned 

as dehydro-α-lapachone 3, while, compound 5 

and 7 are assigned as tectoquinone (lit. m.p. 

174-176 0C, molecular mass 222) 1-2, and 

tecomaquinone I  (lit. m.p. 198-199 0C,     
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molecular mass 448) 2&4 respectively, by 

comparing their physical properties and 

GC-MS analysis from references. Their 

chemical structures are given in Fig. 2. 

    

       ((((aaaa))))                    

O

O

O

O

                           

                                ((((b)b)b)b)    

Fig.Fig.Fig.Fig. 2 2 2 2. Structure of tectoquinone (a) and 

tecomaquinone (b) 

 

 

Due to the paucity of some compounds, 

further bioassay investigation was only carried 

out toward compound 1, 2, tectoquinone and 7 

on termite antifeedant activity. The result of 

termite antifeedant test is given in Fig. 3. 

Tectoquinone and tecomaquinone I  

exhibited strong antifeedant activity with a 

weight loss of 0.72 and 0.04 mg (75 mg original 

weight), respectively. Compound 1 showed 

activity in moderate level (weight loss of 11.70 

mg), while compound 2 is the weakest (weight 

loss of 17.28 mg) compared with the control  

 

 

 

 

 

 

  

 

 

    

    

    

    

    

(weight loss of 21.59 mg). Tecomaquinone I 

gave the strongest activity indicating that the 

more aromatic ring would be necessary for 

enhancing the activity. In a review by 

Sandermann and Simatupang, while 

acknowledging tectoquinone is the principal 

antitermitic compound, it is mentioned that 

tecomaquinone (dehydrotectol) is not active 

against termites and fungi 1. It shoud be 

noticed that the termite used in this 

experiment, Reticulitermes speratus, is not a 

native pest of teak. Therefore, further 

confirmation of the bioactivity of 

tecomaquinone I should be conducted against a 

native pest such as the aggressive Coptotermes 

sp. In an earlier report, Becker observed that 

the resistance and susceptibility of the wood 

species varies with every termite tested 5. 

Antifeedancy may be insufficient for 

chemical defense of teak trees. The combination 

of toxicity and antifeedancy of quinones will 

provide more protection. In this experiment, 

mortality numbers in tectoquinone, 

tecomaquinone I and control sample were 36, 

17, and 9 termites, respectively. It means 

tecomaquinone I exhibited less termicidal effect 

than tectoquinone and comparable to the 

control. The mode of action of quinones could be 

Table 3.Table 3.Table 3.Table 3. Physical properties of compounds from fraction 1  

TLC behaviour Comp. 

number 

Yield (mg) Property M.p  

 (0C) Rf Spot detection Developing solvent 

1 

2 

3 

4 

5 

6 

7 

30 

110 

8 

5 

110 

20 

22 

white semi-solid 

pale yellow oil 

orange crystal 

red crystal 

yellow crystal 

pale pink crystal 

dark-blue green crystal 

n.d 

n.d 

142-144 

n.d 

175-177 

176-178 

196-198 

0.68 

0.55 

0.72 

0.78 

0.64 

0.75 

0.69 

VSA 

VSA 

UV 

UV 

UV 

UV 

UV 

hex.-benz. 2:1 

benzene 

benzene 

benzene 

benzene 

benzene 

benzene 

Note :    M.p. = melting point;          TLC  Merck Silica gel 60 F254 aluminum sheets         

               VSA = vaniline-sulfuric acid;  n.d.  = not determined;   UV   = ultra violet irradiation               

 

O

O

CH3
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due to a combination of antifeedant action and 

toxicity, as suggested by the present findings. It 

has been proposed by Ganapaty et al. (2004) 

that the quinones kill symbiotic protozoa and 

bacteria in the termite guts. As the results, 

termites have no longer ability to digest the 

cellulose and eventually die 6.     

Windeisen et al. suggested that effectiveness 

of tectoquinone with regard to durability may 

be under questioned because it was detected 

even in sapwood 7. Present finding confirms the 

effectiveness of quinones against termites on 

teakwood, especially for tectoquinone.  

Spectroscopic investigation of compound 1, 2, 4 

and 6 is underway.  

 

 

11.78

17.28

0.72 0.04

21.59

0

5

10

15

20

25

Weight loss 

(mg)

1 2 5 7 Control

Compound

Termite antifeedant test 

 

Fig. Fig. Fig. Fig. 3333.... Result of the termite antifeedant test of 

isolated compounds 

 

 

4. 4. 4. 4. ConclusionConclusionConclusionConclusion    

1.  The less polar fractions of EtOAc soluble 

extract have strong bioactivity against brine 

shrimps and termites. 

2. Tectoquinone and tecomaquinone I 

exhibited strong termite antifeedant activity. 
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