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Abstract:  An ethyl acetate (EtOAc) extract of Laurencia nidifica was found to have toxic effect against brine 

shrimp larvae (Artemia salina). Bioassay-guided fractionation of the EtOAc extract resulted in the isolation of 

four known halogenated sesquiterpenes, laurinterol (1), isolaurinterol (2), aplysin (3), and -bromocuparene (4). 

Their structures were established on the basis of spectral analysis and comparison with literature data. Among 

isolated compounds, only laurinterol showed strong toxicity against A. salina. Further experiments revealed that 

laurinterol also exhibited repellent activity against the maize weevil Sitophilus zeamais, insecticidal activity 

against the termite Reticulitermes speratus, and acetylcholinesterase (AChE) inhibitory effect. This is the first 

report of insecticidal and repellent activities of laurinterol. 
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1. Plant Source 

Marine algae are potentially bountiful sources of biologically active secondary metabolites that 

might be useful as leads in the development of new pharmaceuticals, nutraceuticals, and 

cosmeceuticals [1-4]. Among the red algae, the genus Laurencia is distributed throughout the world’s 

oceans except in the Arctic and Antarctic waters and contains about 140 species, of which more than 

20 species occur in Okinawan Sea [5-7]. This genus is considered to be one of the richest producers of 

halogenated secondary metabolites with diverse and unique structural features depending on the 

species and localities [7-9]. To date, more than 600 halogenated secondary metabolites, mainly 

including sesquiterpenes, diterpenes, triterpenes, C15-acetogenins, and indoles, have been isolated from 

this genus [7,10]. These metabolites produced by Laurencia exhibit a variety of biological activities 

including antibacterial, antifungal, antifeedant, antiviral, anticancer, and antifouling activities 

[7,10,11], and these findings prompted us to investigate this genus to explore more interesting 

bioactive compounds having significant biological activities. 
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The red alga Laurencia nidifica was collected off the coasts of Tsuken Island, Okinawa, on May 

29, 2014. Voucher specimen was deposited in the Faculty of Agriculture, University of the Ryukyus.  

 

2. Previous Studies 

Despite a lot of bioactive halogenated natural products reported from Laurencia species, there are 

only several reports on compounds with insecticidal activity. For examples, insecticidal cyclic ethers, 

laurepinnacin and isolaurepinnacin were isolated from L. pinnata Yamada [12,13]. Deoxyprepacifenol, 

(Z)-laureatin, and (Z)-isolaureatin from L. nipponica Yamada possessed insecticidal activity against 

mosquito larvae (Culex pipiens pallens) [12,14]. A C15-acetogenin, cyclic enyne (12E)-cis-

maneonene-E from L. papillosa was active against the confused flour beetle larvae (Tribolium 

confusum) and mosquito larvae (C. pipiens) [15], while two sesquiterpenes, elatol and obtusol from L. 

dendroidea, and laureatin from L. nipponica showed larvicidal activity against the mosquito Aedes 

aegypti [16]. 

As part of our ongoing investigation to search for biologically active compounds from marine 

organisms in Okinawa, we primarily studied L. nidifica specimens collected off the coasts of Tsuken 

Island. The EtOAc extract of L. nidifica showed toxic activity against brine shrimp larvae (Artemia 

salina) and subsequently it was subjected to bioassay-guided separation to yield four halogenated 

compounds. In this paper, we describe the isolation of four halogenated secondary metabolites from L. 

nidifica, and insecticidal and repellent activities of the main active component, laurinterol. This study 

is the first step in a long-term plan dedicated to explore potential bioactive compounds produced by 

the red algae Laurencia spp. 

 

3.  Present Study 

3.1. Isolation and identification of halogenated secondary metabolites 

The red alga L. nidifica was collected in May 2014 from coastal areas of Tsuken Island (Okinawa, 

Japan) and extracted with MeOH. The MeOH extract was partitioned between EtOAc and H2O. The 

EtOAc fraction, which showed the toxicity against brine shrimp larvae, was separated by Si-gel 

column chromatography to obtain a main active fraction. This active fraction was further subjected to 

preparative TLC to yield four known compounds consisting of halogenated sesquiterpenes, laurinterol 

(1) [17-20], isolaurinterol (2) [18,19,21], aplysin (3) [22,23], and -bromocuparene (4) [24] (Figure 1). 

Laurinterol (1) was regarded as the major secondary metabolite of L. nidifica in Okinawa [18]. Their 

structures were determined on the basis of spectroscopic analysis (
1
H-NMR and MS). All known 

compounds were identified by comparing their spectral data with those reported in the literature 

[20,21,23,24]. 
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Figure 1. Structures of compounds 1-4. 

3.2. Toxic activity of isolated compounds against brine shrimp 

Artemia salina, commonly known as the brine shrimp, has been used as a model for several 

preliminary evaluations of insecticidal, acaricidal, ecotoxicological, and pharmacological activities 

[25]. The toxicity assay using larvae of A. salina has been considered as one of the useful tools for 
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detection of residues of insecticides [26]. This assay was used in this study to search for biologically 

active compounds from L. nidifica. The toxic activity of the isolated compounds 1-4 was shown in 

Table 1. Only laurinterol (1) had acute toxicity against A. salina with LC50 4.14 g/mL, whereas the 

other compounds 2-4 showed no toxicity at 10 g/mL. A positive compound, natural insecticide 

rotenone was highly toxic with LC50 0.31 g/mL. 

 
  Table 1. Brine shrimp toxic activity of 1-4 

Compounds LC50 (g/mL) 

Laurinterol (1) 4.14 ± 0.19 

Isolaurinterol (2) > 10 

Aplysin (3) > 10 

-Bromocuparene (4) > 10 

Rotenone 0.31 ± 0.01 

        Data have statistical significance at p < 0.01. 

 

3.3. Repellent activity of laurinterol 

The maize weevil Sitophilus zeamais Motschulsky is a serious pest of a variety of grain crops 

both in the field and in storage units. Since there is currently no effective control agent for S. zeamais, 

repellency test against them was examined in this study. Repellent activity of major active metabolite, 

laurinterol and five kinds of insecticides was evaluated by a modified repellency test against adults of 

S. zeamais. Among all tested samples, laurinterol and pyrethrins exhibited strong repellent activity 

toward S. zeamais with ED50 values of 12.65 and 1.67 g/cm
2
, respectively. Three natural insecticides, 

rotenone, nereistoxin, and spinosad were inactive at 104 g/cm
2
 (1 mg/disc). On the other hand, 

fenitrothion did not show any repellent effect in a wide range of concentrations (1.04-104 g/cm
2
), but 

killed the insects at 10.4 g/cm
2
. 

 
                                  Table 2. Repellent activity of laurinterol against the maize  

                                  weevil S. zeamais 

Compounds ED50 (g/cm
2
) 

Laurinterol 12.65 ± 0.30 

Rotenone > 104 

Fenitrothion > 104 

Pyrethrins standard   1.67 ± 0.17 

Nereistoxin standard > 104 

Spinosad standard > 104 

       Data have statistical significance at p < 0.01. 

 

3.4. Insecticidal activity of laurinterol 

The termite R. speratus Kolbe, which is one of the most common species in Japan, is a serious 

destructive pest, causing great economic losses in wood-frame constructions in Japan [27]. Insecticidal 

activity was evaluated by a topical application method using adult termites of R. speratus. Termiticidal 

activity of laurinterol and positive controls (commercial insecticides) was shown in Table 3. Even 

though laurinterol exhibited lower activity than all of the commercial insecticides including rotenone, 

fenitrothion, and pyrethrins, it showed good activity against termites with LD50 2.2 g/insect. 

 

 



Biological activities of laurinterol from Laurencia nidifica 

 

66 

 
                              Table 3. LD50 values of laurinterol against termites  

                                  by topical application 

Compounds LD50 (g/insect) 

Laurinterol 2.20 ± 0.34 
b
 

Rotenone 0.11 ± 0.01 
a
 

Fenitrothion     0.025 ± 0.0 
a
 

Pyrethrins standard 0.013 ± 0.002 
a
 

                                                          a,b Mean values with different letters in the same column are  

                                      significantly different at p < 0.01. 

 

3.5. AChE inhibitory activity of laurinterol 

The in vitro inhibitory effect of laurinterol on acetylcholinesterase (AChE) activity was examined 

to explore the mode-of-action. AChE inhibitory activity of laurinterol and three kinds of commercial 

insecticides was shown in Table 4. In topical application test, laurinterol had a lower inhibitory effect 

than all of the commercial insecticides including rotenone, fenitrothion, and pyrethrins. However, 

laurinterol showed the strongest AChE inhibition compared to other tested compounds, and was more 

potent than a known AChE inhibitor, fenitrothion. 

 
      Table 4. Inhibition of AChE activity of laurinterol 

Compounds IC50 (g/mL) 

Laurinterol 46.85 ± 0.05 
a
 

Rotenone > 100 

Fenitrothion 79.12 ± 3.47 
b
 

Pyrethrins standard 88.73 ± 0.73 
b
 

                                                         a,b Mean values with different letters in the same column are  

                                      significantly different at p < 0.01. 

3.6. Discussion 

The EtOAc extract of the red alga L. nidifica showed toxic activity against larvae of A. salina. 

Laurinterol, a cyclolaurane-type halogenated sesquiterpene identified as a major secondary metabolite 

in this extract, exhibited repellent activity against the maize weevils S. zeamais, insecticidal activity 

against the termites R. speratus, and AChE inhibitory activity as well as toxicity against A. salina. The 

red alga L. nidifica has been reported to produce a variety of halogenated secondary metabolites (more 

than 30 compounds) such as nidificene, nidifidiene, laurinterol, isolaurinterol, and laurenidificin 

[18,28-30]. However, there are only a few reports on the biological activities of L. nidifica [18,28,29]. 

In addition, a literature review showed that laurinterol exhibited significant antibacterial activity 

against pathogenic bacteria, cytotoxicity against human tumor cell lines, antifouling activity, Na/K-

ATPase inhibitory activity, and antioxidant activity [20,31-35]. To our knowledge, this is the first 

report of toxicity on A. salina, repellent activity against S. zeamais, insecticidal activity against R. 

speratus, and AChE inhibitory activity of laurinterol. 

Stored-product insects and termites are one of the major pests in the world. Control of these 

insects is primarily dependent on excessive use of synthetic insecticides and fumigants, which has led 

to some serious problems such as toxic residues, disturbances in the environment, pest resistance, and 

lethal effects on non-target organisms [36]. Hence, researchers are nowadays focused on finding 

available alternative insecticides which will be effective, selective, biodegradable, and 

environmentally benign. The development of environmentally-friendly natural pesticides would help 

to decrease the negative impacts of synthetic agents; however, there are not many examples of 

commercially available insecticides derived from marine organisms. Therefore, in order to improve 
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the functionality of laurinterol and overcome the above-mentioned problems, chemical conversion of 

promising compounds based on laurinterol and evaluation of structure-activity relationship (SAR) are 

needed for further research. 

In conclusion, the present study reports the repellent, insecticidal and AChE inhibitory activities 

of laurinterol from L. nidifica for the first time. These findings suggest that the red algal genus 

Laurencia may be a good source of bioactive natural products with insecticidal activity, and 

laurinterol have potential for future development of new repellents and/or insecticides for controlling 

the pests like stored-product insects and termites. Results of this study could be helpful in further 

research on the isolation of natural products with insecticidal activity from marine organisms in 

Okinawa. 
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