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 Bio-pesticide has an increasing importance in both commercial agriculture and small 

plot subsistence farming. One of the sources of bio-pesticide is „Tuba‟ plant, also 

known as Derris elliptica. Rotenone (C23H33O6) is one of the bio-active compounds 

from the extract of Derris elliptica known to be harmless to plants, but highly toxic to 
many insects and relatively innocuous to mammals. From the preliminary results (of 

previous study), the optimization process was employed using central composite design 

(CCD) to study the effects of two processing parameters on mortality (LC50) of Artemia 
salina. The processing parameters studied were the types of solvent (acetone and 

ethanol), solvent-to-solid ratio (10 ml/g and 2 ml/g) and raw material particle size (0.5 

mm and 5 mm). The biological activity (LC50) was evaluated for all treatment 

conditions generated from the Design Expert


 software. Various concentrations of 

rotenoids resin were prepared and exposed to brine shrimps for 6, 12 and 24 hrs. Next, 

the mortality of Artemia salina was evaluated using probit analysis. The results showed 

that rotenoids resin extracted from local plant species of Derris was very active (level 
of toxicity) whereby all treatments produced LC50 less than 1 ppm irrespective of 

different processing parameters used. For that reason, rotenone and other toxic 

constituents available in the resin were considered the most important toxic constituents 
of Derris root and proved to exhibit strong „knock off‟ effect to the aquatic organisms. 
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INTRODUCTION 

 

 Rotenone and its derivatives that commonly refer to rotenoids are well known for their insecticidal 

properties. They occur naturally as constituents of the roots, stems and leaves of many leguminous species of the 

genera Derris, Lonchocarpus, Tephrosiaand Amorpha. „Tuba‟ plant is a woody plant, which grows along the 

ground, crawling and climbing to other plants. It needs at least 75% moisture and a temperature of 25 to 30 
o
C to 

live [1]. „Tuba‟ is known by its botanical name as Derris elliptica. Rotenone is the bio-active compound 

extracted from Derris elliptica and other important constituents of Derris root (e.g.,deguelin and tephrosin) 

which indicated to be toxic to insects. However they are less active than rotenone [2]. Meanwhile, commercially 

important plants like Derris elliptica and Derris malaccensis contain approximately 4 to 5% (w/w) of rotenone 

[3]. The content varies with respect to geographical locations, species and processing methods.  

 For several centuries, these plants have been used to prepare hunting and fishing poisons. More recently, 

rotenone has appeared to be of interest because of its selectivity and low environmental hazard. Rotenone is 

highly toxic to insects but relatively non-toxic to plants and mammals [4]. This moderate-polar molecule is toxic 

towards cold-blooded animals and when exposed to sunlight, it easily biodegrades to form dihydrorotenone and 

water [1]. Rotenone is extremely active as contact and stomach poisons against many crop pests such as 

Mexican bean beetles, apple and pea aphids, corn borers and household pests. Besides having low mammalian 

toxicity, it is reasonably safe to honeybees [3]. 

 Bioassays offer a special advantage in the standardization and quality control of heterogeneous botanical 

products. Products can be “heterogeneous” due to the presence of mixtures of bio-active compounds either from 

the same or from purposefully mixed botanical sources [5]. A physical analytical method, such as 
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chromatography is inadequate for this purpose as they are usually insensitive to the chemical complexities found 

in crude botanicals extract. Most often the desired biological response is due to a mixture of bio-active 

components and the relative proportions of single bio-active compounds can vary from one batch to another 

while the bioactivity still remains within tolerable limits. Thus, the physical or chemical analysis of a single 

component in such mixture is not completely satisfactory [6]. Unfortunately, the goal of many phytochemists 

has been simply to isolate, characterize and publish botanically derived chemical substances without regard to 

bioactivities. To achieve applied meaning and significance, today‟s work in natural product chemistry must 

incorporate bioassay. For that reason, the aim of this work is to determine the lethal concentration (LC50) of the 

rotenone extracted from local plant species of Derris. The pre-screening bioassays that useful are brine shrimp 

lethality: a rapid general bioassay for bio-active compounds. 

 

MATERIALS AND METHODS 

Plant collection: 

 Derris elliptica was collected in the state of Johor; Kota Johor Lama, Malaysia [7,8,9]. 

 

Raw material preparation: 

 For the preliminary phase, the procured Derris roots were sifted and separated into 2 main particle size, 

smooth (2 to 0.5 mm) and rough (5 to 2 mm) in diameter [7,8,9] and for the optimization phase, the procured 

roots were sifted and separated accordingly to several particle size generated from the software. 30 g of each 

respective Derris root particle sizes was used in preliminary, optimization and verification phases. The samples 

were dried separately in a forced air oven 1375 FX (Sheldon Manufacturing, Inc.) at 30 
o
C for 3 hours. The 

preliminary processing parameters are shown in Table 1. 

 
Table 1: Preliminary processing parameters. 

Factor names Factor levels 
aTypes of solvent Chloroform, ethanol and acetone 
bSolvent-to-solid ratio 10 ml/g and 3.3 ml/g 
cRaw material particles size Fine and coarse particles size (mm in diameter) 

Extraction duration 0 to 1440 mins (2 hrs interval observation) 
aPurity of the solvents were 95% (v/v). 
bThe solvent-to-solid ratio of 3.3 ml/g was selected from the previous study [8,9] to evaluate the significant effect on the response variable 

as compared to the ratio carried out by Grinda & Gueyne (1986) (2 ml/g) [1] - the lowest ratio used in the extraction of rotenone. 
cSource: Pagan & Hageman (1949) [10]; Zubairi et al. (2014) [9]: (a) Fine; 0.5 mm to 2 mm in diameter (b) Coarse; 2 mm to 5 mm in 

diameter.  

 

Design of experiments (DOE): 

 The design of experiments used in the study was a Central Composite Design (CCD) with 2
nd

 order model: 

(2
3
) with 30 runs including 3 centre point, 2 replicates and 1 alpha point (α). Table 2 and 3 show the CCD 

specification and processing parameters used in the optimization phase experiment respectively. Design of 

experiment (DOE) was used to evaluate the effects of several different factors on selected response variables. 

Statistical tool of analysis of variance (ANOVA) was used to analyze the data from the experiments and to 

decide whether a given factor has a significant impact on the response variable. The type of experiment often 

used in experimental design is called factorial experiments where treatments (factors) consist of a combination 

of levels. The main interactions effects of the factors towards the response variables can be calculated. Results 

can be presented in graphical tools such as response surface [11]. The results of 30 experiments should be 

subjected to the analysis of mathematical model that has been constructed in order to determine the accuracy of 

the response variables. All the data from the CCD (generated from the Design Expert


 software) will be suited 

to the 2
nd

 order model with the factors of k [12]. 

 
Table 2: Specification of Central Composite Design (CCD). 

Centre Point (CP) Alpha Point (α) Replicate 

3 1 2 

TOTAL OF EXPERIMENT = [2n + 3 CP (Centre Point)]  2 Replicates + (2n (α)) = (23 2 Replicates) + (3 CP  2 Replicates + [(23 1(α)] 

= 16 + 6 + 8 = 30 experiments. 
 

Table 3: Optimization processing parameters. 

Factors Factor names aFactor levels 

X1 
cTypes of solvent bEthanol(-α) and acetone (+α) 

X2 Solvent-to-solid ratio 10 ml/g (-α) and d2 ml/g (+α) 

X3 
eRaw material particles size 0.5 mm (-α) and 5 mm (+α) in diameter 

Response variable: Lethal concentration (LC50) 
aFactor levels range is denoted as (α): +α = The highest level; -α = The lowest level. bEthanol was added with the H2O and oxalic acid - A 

ratio of ethanol (9): H2O (1) [Prepare 1 mg/ml of   oxalic acid solution from the volume (ml) of H2O ratio (1)]. cPurity of the solvents were 

95% (v/v). dSource: Grinda & Gueyne (1986) [1]. eSource: Pagan & Hageman (1949) [10]; Zubairi et al. (2014) [9].   
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Extraction of rotenoids resin: 

 A normal soaking extraction method (batch solid-liquid extraction) was used to extract rotenoids resin from 

Derris roots. For the preliminary phase, 30 g of Derris roots of different sizes (smooth and rough) was added to 

300 ml of different solvent types (ethanol and acetone) with a solvent-to-solid ratio of 10 ml/g in a 500 ml 

beaker. Extraction process was carried out at 26 to 30 
o
C by placing the extraction vessel (500 ml beaker) in a 

dark place for 24 hrs.  For the optimization phase, the extraction duration was set to be 10 to 12 hrs to get the 

exhaustive extraction of rotenone (the exhaustive extraction time was obtained from the preliminary studies [8]). 

The raw material particle size, types of solvent and solvent-to-solid ratio differ according to the phases of the 

experiments involved. In the case of optimization phase, types of solvent, raw material particle size and solvent-

to-solid ratio were based on the experimental matrix generated from the Design Expert


 software. The 

exponential kinetic extraction curves of each experiment were constructed to check the extracts‟ content for 

each 2-hr interval using the reversed-phase high performance liquid chromatography (RP-HPLC) [13] until the 

exhaustive extraction of rotenone occurred and was equilibrated. The exhaustive extraction time might vary for 

each processing parameter generated by the software. Then, the extracts were filtered using the Whatman filter 

paper No. 4 with the aid of Altech filter GAST laboratory diaphragm vacuum pump at 0.3 mbar to remove any 

impurities [14,15]. The liquid crude extracts (LCE) were transferred into a round-bottom flask with reflux 

condenser and were concentrated by using a rotary evaporator Laborata 4001 (Heidolph) under vacuum pressure 

at 0.3 mbar to remove 100% of the solvent. The concentrated liquid crude extract (CLCE) was analyzed again 

using RP-HPLC to check any losses of rotenone content prior to the brine shrimp lethality study. Finally, the 

rotenoids resin obtained was stored in a cool room at 10 
o
C. 

 

Brine shrimp lethality study: 

 Bio-active compounds are almost always toxic in high doses [16]. Thus, in vivo lethality in a simple 

zoological organism can be used as a convenient monitor for screening and fractionation in discovery and 

monitoring of bio-active natural products. The eggs of brine shrimp, Artemia salinas (Fig. 1) are readily 

available in pet shops at low cost and they remain viable for years in dry state. Upon being placed in seawater, 

the eggs hatch within 48 hrs to provide large numbers of larvae (nauplii) for experimental use. The sea salt can 

be obtained from the fish store. The small tank (hatching chamber) was used to grow shrimp with dividing dam, 

cover and lamp to attract shrimp eggs. 3 days were needed for the shrimp to hatch and mature as nauplii. The 

concentration of the concentrated liquid crude extract (CLCE) was set to be the initial concentration. The 

solution was diluted accordingly to the amount of test concentration. To prepare the testing vial; for each of the 

concentration fractions of 1000, 500, 100, 50, 10, 1 g/ml, 2 vials were prepared at each concentration for a 

total 10 vials plus a control. 100 µl was transferred from each respective solution to the other respective vials 

that correspond to 1000, 500, 100, 50, 10, 1 g/ml. The solvent was allowed to evaporate overnight in a dark 

place at ambient temperature. Solvent evaporation is needed so that only the rotenoids resin is remained in the 

vials, not the CLCE. After 4 days of preparing the shrimps (the shrimps larvae are ready to be used), about 2 ml 

of seawater was put into each vial. 10 shrimps per vial (in total of 50 shrimps/dilution) were prepared and the 

volume of seawater was adjusted to 4 ml/vial.  

 

 

 

 

 

 

 

 

    

  

 

                                            (a)                 (b) 

 

Fig. 1: An adult of Artemia salina: (a) male; (b) female [17]. 

 

 The vials were uncovered under the lamp. Time of treatment was set at 6, 12 and 24 hrs and the number of 

survivors or dying shrimps of each phase was counted and recorded. Then, the mortality of the Artemia salina 

was evaluated using a probit analysis [16] which was based on the dose-response curves to determine the LC50 

(lethal concentration of rotenone in rotenoids resin). By plotting a probit mortality versus log-dose of rotenoids 

resin (ppm), the approximately linear plot data and LC50 value can be determined by anti-logging the dose of 

rotenoids resin (10
x
; x - log-dose of rotenoids resin). 
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RESULTS AND DISCUSSION 

 

 Designs of Experiment (DOE) of 30 experiments in this screening was evaluated, listed and summarized in 

the Figure 2, 3, 4, 5 and Table 4. They were distributed among 3 sets of experiments on the 2-centre point (CP), 

2 sets of experiments on the 8 replicate point and 1 set of experiment on the () point. The model for this 

response variable (bioassay) that was generated from the Design-Expert


 software version 6.0.4 [18] appeared 

to be insignificant (ANOVA model lack of fit: significant. Optimization model: insignificant) to attain the 

optimum processing parameters of raw material particle size and solvent-to-solid ratio (ANOVA response 

surface 2FI model (response variable: LC50)). For that reason, the analysis of the bioassay data was interpreted 

manually based on the selected processing parameters with respect to the rotenoids resin dosage. Data 

interpretation was made accordingly to the protocol established by McLaughlin [19] whereby all treatments 

should be observed minimally 24 hrs and the extracts with LC50 less than 100 ppm were considered active. 

Although the recommended minimal observation is 24 hrs, this work was also studied in a short period of time 

of 6 and 12 hrs to observe the toxicity of aquatic organism from the extract of local plant Derris species.    

 
Fig. 2: Relationship between the probit of Artemia salina mortality proportion and log10 dose of rotenoids resin 

(S1) at 24 hrs of treatment. 

 
Fig. 3: Relationship between the probit of Artemia salina mortality proportion and log10 dose of rotenoids resin 

(S1, S7, S20 and S23) at 12 hrs of treatment. 
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Fig. 4: Relationship between the probit of Artemia salina mortality proportion and log10 dose of rotenoids resin 

(S7, S11, S13, S19, S23, S24, S25, S28 and S29) at 12 hrs of treatment - Continued. 

 

 
 
 

Fig. 5: Relationship between the probit of Artemia salina mortality proportion and log10 dose of rotenoids resin 

 (S3, S8 and S12) at 6 hrs of treatment. 

 

The effect of processing parameters on the brine shrimp bioassay: 

 In general, the results of the bioassay (Table 4) showed a decrease pattern of LC50 values as time of 

treatment increased from 6 to 24 hrs (p<0.05) irrespective of different particle size and solvent-to-solid ratio 

used. In particular, the diameter of dried Derris root of 0.5 to 2.75 mm in diameter extracted by acetone was the 

most toxic to produce the LC50 that was less than 1 ppm. Additionally, the toxicity level of ethanol extract was 

also as toxic as the acetone extract which produced LC50 less than 1 ppm from the finest (0.5 mm) to the thickest 

particle size (5 mm). Surprisingly, the ability of ethanol (polarity of 5.2) to diffuse into the thickest particle size 

was the main reason why it produced toxicity values (LC50) of less than 1 ppm. The increase in toxicity due to 

the availability of rotenoids was very noticeable for the particle size of 2 to 4 mm in diameter [3]. All 

experimental results were close enough to confirm that the chosen particle sizes were in line with the above 

mentioned findings. Moreover, the results strongly indicate that ethanol might have the ability to extract other 

constituents such as deguelin, elliptone and toxicarol as compared to acetone (polarity of 5.1). Although both 

solvents could extract rotenone and other toxic constituents efficiently, the yield of rotenone was always higher 
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in acetone extract than in ethanol (p<0.05). This is because the toxic constituents particularly rotenone tends to 

be more stable in acetone than in the other solvents [19].  

 
Table 4: Effect of rotenoids resin against Artemia salina at varies time of treatment (6, 12 and 24 hrs). 

Central Composite Design (CCD) of Response 

Surface Method (RSM) 

a6 hrs a12 hrs a24 hrs bCLCE 

(mg/ml) 

dYield of rotenone; % 

(w/w) LC50 LC50 LC50
 

CP point  (3 sets of experiment) 

2.75 mm, 6 ml/g and acetone (S13, S17 and S24)- A 5.15 2.62 cND 10.47 0.66 

2.75 mm, 6 ml/g and ethanol (S10, S18 and S23) - B 4.83 1.82 cND 2.00 0.31 

Replicate point (2 sets of experiment) 

4.09 mm, 3.62 ml/g and ethanol (S3 and S14) - C 7.83 3.00 cND 1.99 0.20 

1.41 mm, 3.62 ml/g and acetone (S4 and S9) - D 5.42 0.69 cND 38.44 0.69 

4.09 mm, 8.38 ml/g and ethanol (S5 and S8) - E 4.88 0.61 cND 1.92 0.46 

4.09 mm, 3.62 ml/g and acetone (S7 and S16) - F 5.74 1.21 cND 12.48 0.52 

1.41 mm, 8.38 ml/g and ethanol (S12 and S22) - G 9.65 4.51 cND 1.69 0.34 

1.41 mm, 8.38 ml/g and acetone (S19 and S27) - H 1.27 2.69 cND 2.39 0.41 

4.09 mm, 8.38 ml/g and acetone (S20 and S25) - I 3.68 2.50 cND 7.95 0.49 

1.41 mm, 3.62 ml/g and ethanol (S26 and S30) - J 2.36 2.12 cND 5.03 0.39 

 point (1 set of experiment) 

2.75 mm, 2 ml/g and acetone (S6) - K 0.56 cND cND 5.12 0.09 

5 mm, 6 ml/g and ethanol (S11) - L 5.62 0.77 cND 2.63 0.23 

0.50 mm, 8.38 ml/g and ethanol (S15) - N 0.59 cND cND 6.64 0.75 

0.50 mm, 6 ml/g and acetone (S21) - M 5.50 5.50 cND 36.03 0.69 

2.75 mm, 2 ml/g and ethanol (S28) - O 6.44 4.21 cND 1.31 0.05 

2.75 mm, 10 ml/g and acetone (S29) - P 7.43 3.08 ND 60.20 2.40 

5.00 mm, 6 ml/g and acetone (S1) - Qe 10 7.16 5.91 11.61 0.39 

2.75 mm, 10 ml/g and ethanol (S2) -R 1.82 cND cND 2.86 0.99 
aLethal Concentration (LC50) - ppm. 
bConcentrated Liquid Crude Extract (CLCE) was obtained after the concentration process. The CLCE was used as an initial concentration 

(Co) for the biological activity and then diluted accordingly to the testing fractions of 1000, 500, 100, 50, 10, 1 ppm respectively.  
cND: 100% mortality was achieved at the lowest concentration treatment (1 mg/ml). 
dYield of rotenone in dried roots after the concentration process, % (w/w) = Mass of rotenone after the concentration process (mg)/weight of 

dried roots  100%. This response variable was insignificant for identifying the optimum processing parameters [8, 13]. 
eOnly S1 was eligible for the probit analysis on the 24 hrs of treatment.  This was due to the others treatment produced 100% mortality at the 

lowest concentration treatment (1 ppm) and the number of reasonable point of mortality (%) for constructing a linear proportion graph of 

mortality (%) versus log10 concentration (ppm) was less than 1 point.   

 

 The data presented in Table 4 also shows a significant effect of solvent-to-solid ratio on the toxicological 

values. Both solvents were again considered to be toxic to produce LC50 less than 1 ppm (p>0.05). There was a 

strong correlation between the solvent-to-solid ratio and LC50 values for both extracts. As the ratio of both 

solvents increase, toxicity values increase significantly (p<0.05). In theory, the increase of solvent-to-solid ratio 

with the increase of rotenone content was consistent with mass transfer principles [20]. The driving force during 

mass transfer within the solid and bulk liquid is considered to be the concentration gradient, which was greater 

when a higher solvent-to-solid ratio was used. This phenomenon resulted in an increase of diffusion rate. 

However, increasing the solvent-to-solid ratio did not affect the diffusivity as the extraction stops at the 

equilibrium phase. Therefore, in order to achieve a high yield, the rotenone solubility needs to be 

adjusted/studied with various operating temperatures and compositions of the solution (other chemical added to 

facilitate solubility) [21].   

 

Conclusion: 

 After extensive studies done, there are several conclusions that can be drawn: On the basis of these data it is 

observed that rotenone and other toxic constituents available in the resin are generally considered the most 

important toxic constituents of Derris root. The biological activity‟s results showed that the rotenoids resin can 

be considered very active in terms of its toxicity whereas all treatments at the minimal exposure of 24 hrs 

produced LC50 less than 1 ppm. This was by far very toxic as compared to the criterion of any botanical extracts 

that has the LC50 of less than 100 ppm. Moreover, the identification of optimum processing parameters using a 

response variable of LC50 was excluded as the generated model was significantly lacked of fit. The CCD 

analysis revealed that both solvents (acetone and ethanol) produced the same level of toxicity (24 hrs of 

exposure) even though the acetone extract yielded a high amount of rotenone. However, the analysis indicates 

that the toxicological value of this local plant species of Derris was not strongly affected only by rotenone but 

also other rotenoids substances which play an important role even though the quantity of these substances was 

less than 1% (data not shown). 
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