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Abstract 
Ethanol extracts of 20 plant species (Euphorbiaceae) were assessed for nematicidal activity against the 
root-knot nematode, Meloidogyne incognita (Kofoid and White) Chitwood. Out of these, four extracts: 
Croton tiglium, Euphorbia fischeriana, Leptopus chinensis and Ricinus communis caused 100% 
mortalities of the root-knot nematode at 1000 μg/ml for 72 h. The ethanol extract of E. fischeriana 
exhibited nematicidal activity against M. incognita with a 72-h LC50 value of 69.0 μg/ml. Six nematicidal 
constituents were isolated from E. fischeriana as 1-(2, 4-dihydroxy-6-methoxy-3-methylphenyl)-
ethanone (1), jolkinolide A (2), jolkinolide B (3), 12-deoxyphorbol 13-(9Z)-octadecenoate 20-acetate (4), 
17-hydroxyjolkinolide A (5), and 17-hydroxyjolkinolide B (6). Compound 4 and 1 exhibited strong 
toxicity against M. incognita with 72-h LC50 values of 48.6 μg/ml and 87.8 μg/ml, respectively. The other 
four compounds, compound 5 (LC50 = 354.6 μg/ml), 6 (LC50 = 539.4 μg/ml), 2 (LC50 = 627.7 μg/ml) and 
3 (LC50 = 825.2 μg/ml), also possessed toxicity against M. incognita. The above findings suggested that 
the four ethanol extracts and constituents of E. fischeriana especially compound 4 and 1 may be explored 
as natural potential nematicides. 
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1. Introduction 
Plant-parasitic nematodes cause severe crop losses every year. The root-knot nematode, 
Meloidogyne incognita (Kofoid and White) Chitwood is the most economically important and 
widely distributed nematode throughout China and causes considerable crop loss [1]. Control of 
plant-parasitic nematodes is still relied mainly on repeated applications of synthetic pesticides 
or soil fumigants rather than on other approaches e.g. using natural enemies, enhancing 
cultural practices, and cultivating resistant cultivars [1, 2]. Although effective, their repeated use 
fosters serious environmental and human health concerns. These problems have highlighted 
the need for development of selective nematode-control alternatives. The use of plants and 
plant products is one of the promising methods for nematode control. They are cheap, easy to 
apply, produce no pollution hazards and have the capacity to structurally and nutritionally 
improve the soil health [2]. In view of these facts, investigations have been undertaken by 
various groups of scientists, which have shown effective control of root-knot nematodes [3-7]. 
Many plant extracts and essential oils have been screened for their nematicidal activity against 
the plant-parasitic nematodes [8-14]. 
Euphorbia fischeriana Steud is a perennial herbaceous plant with latex, distributed mainly in 
north China [15]. The dried plant roots of E. fischeriana have long been used for the treatment 
of a wide range of ailments, including edema, ascites, ingestion, as well as liver and lung 
cancer [16]. Aqueous extract of E. fischeriana roots has been used to control aphids (Aphis 
gossypii), cabbage beetle (Colaphellus bowringi) and Pieris rapae on vegetables and rice leaf 
roller (Cnaphalocrocis medinalis) as well as spider mites [17]. Petroleum ether extract of E. 
fischeriana roots exhibited strong contact toxicity against the adults and eggs of carmine 
spider mite, Tetranychus cinnabarinus [18]. Moreover, one formulation based on ethanol extract 
of E. fischeriana roots had been evaluated in control of cabbage moth (Barathra brassicae) and 
green peach aphids (Myzus persicae) [19]. Four feeding deterrents were isolated from ethanol 
extract of E. fischeriana roots against two grain storage insects [20]. Previous phytochemical  
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investigations led to the isolation of diterpenoids, dimeric 
diterpenoid, triterpenoids, phenolics, and steroids from E. 
fischeriana [21-37]. However, the bioactive compounds of E. 
fischeriana against plant-parasitic nematodes have not been 
isolated and identified from this Chinese medicinal herb. In 
this paper, the ethanol extracts of 20 species of Euphorbiaceae 
plants were evaluated for nematicidal activity against M. 
incognita. In addition, we reported the isolation of six 
compounds contained in E. fischeriana roots against the root-
knot nematodes by bioassay-guided fractionation. 
 
2. Materials and Methods  
2.1. Plant extracts   
The plant samples were collected from Lishui City (27.54 N 

and 119.20 E, Zhejiang Province), Xiaolongmen National 
Forest Park (39.48 N and 115.25 E, Mentougou District, 
Beijing) and Xi Shuan Ba Na National Nature Reserve (22.02 
N and 100.80 E, Yunnan Province) (Table 1). The plant 
samples were identified, and the voucher specimens were 
deposited at the Museum of Department of Entomology, China 
Agricultural University. The samples were air-dried and 
grinded to powdered form using a grinding mill (Retsch 
Muhle, Haan, Germany). Approximately 100 g of dried power 
from each of 20 plant species were extracted in 700 ml of 75% 
ethanol over three weeks at room temperature. The extracts 
were concentrated using a vacuum rotary evaporator to afford 
syrupy gums.  

 
Table 1: Nematicidal activity of the ethanol extracts of Euphorbiaceae plants against Meloidogyne incognita

 

Species Parts used Harvest Site Mortality % 
(Mean ± SD) 

Acalypha australis L. Aerial parts Beijing 41.8 ± 15.2 
Aleurites moluccana (L.) Willd. Twig and leaf Yunnan 43.5 ± 12.9 

Croton tiglium L. Seeds Yunnan 100.0 ± 0 
Euphorbia esula L. Roots Yunnan 39.9 ± 10.1 

Euphorbia fischeriana Steud. Roots Yunnan 100.0 ± 0 
Euphorbia helioscopia L. Aerial parts Zhejiang 62.5 ± 18.5 

Euphorbia hirta L. Aerial parts Zhejiang 59.7 ± 10.9 
Euphorbia humifusa Willd. Aerial parts Beijing 37.8 ± 11.2 
Euphorbia jolkinii Boiss. Roots Yunnan 34.2 ± 9.8 
Euphorbia maculata L. Aerial parts Beijing 53.5 ± 12.6 

Euphorbia pulcherrima Willd. ex Klotzsch Aerial parts Beijing 58.9 ± 16.7 
Flueggea suffruticosa (Pall.) Baill. Twig and leaf Beijing 48.3 ± 14.3 

Glochidion eriocarpum Champ.ex Benth. Twig and leaf Yunnan 62.7 ± 10.6 
Jatropha curcas L. Stem barks Yunnan 32.6 ± 7.4 

Leptopus chinensis (Bge.) Pojark. Twig and leaf Yunnan 100.0 ± 0 
Mallotus apelta (Lour.) Müll.Arg. Roots Yunnan 43.5 ± 15.1 

Mallotus repandus (Willd.) Mull.Arg. Twig and leaf Zhejiang 29.5 ± 6.9 
Phyllanthus urinaria L. Aerial parts Yunnan 69.9 ± 14.4 

Ricinus communis L. Aerial parts Beijing 100.0 ± 0 
Triadica sebifera (L.) Small Stem barks Zhejiang 86.8 ± 6.5 

Control   0 ± 0 
 

2.2. Nematicidal toxicity 
Experiments were performed under laboratory conditions at 
26-28 C. Second stage juveniles (J2) of M. incognita were 
obtained from a pure culture that was previously initiated by 
egg masses and propagated on tomato (Solanum lycopersicum) 
in the glasshouse. Egg masses were hand-picked using 
sterilized forceps from heavily infected roots. These egg 
masses were washed in distilled water, placed in 15 mesh 
sieves (8 cm in diameter) containing crossed layers of tissue 
paper at 25-26 C to obtain freshly hatched second stage 
juveniles (J2). Only juveniles collected within 48 h were used. 
For bioassays, the ethanol extracts of each plant were diluted 
with 10 μl ethanol and the final concentration is 1 mg/ml. 
Aliquots of H2O (20 µl) containing ca. 100 juveniles (J2) were 
transferred to vials to which 980 µl of the solution containing 
ethanol extract was added. The vials were kept on a hood at 25 
C. The inactive nematodes were counted every 24 h for 72 h. 
After the last count, the inactive juveniles were maintained in 
distilled H2O for 24 h to observe their revival.  
Range-finding studies were run to determine the appropriate 
testing concentrations of the ethanol extract of E. fischeriana 
and isolated compounds. A serial dilution of the ethanol 
extract (five concentrations, dissolved first in 10 μl ethanol) 

and pure compounds (five concentrations) was prepared in 
H2O with 2% DMSO. Aliquots of H2O (20 µl) containing ca. 
100 juveniles (J2) were transferred to vials to which 980 µl of 
the solution containing ethanol extract or pure compounds was 
added. The vials were kept on a hood at 25 C. The inactive 
nematodes were counted every 24 h for 72 h. After the last 
count, the inactive juveniles were maintained in distilled H2O 
for 24 h to observe their revival. Six repetitions for each 
treatment were performed using H2O and a 2% DMSO in H2O 
solution as well as a 2% DMSO in H2O solution containing 10 
μl ethanol as a negative control. The experiments were 
repeated three times.  
 
2.3. Bioassay-directed fractionation 
The powdered roots of E. fischeriana were extracted with 95% 
ethanol (50 l) at room temperature over a period of three 
weeks, and the extract was evaporated under reduced pressure 
using a vacuum rotary evaporator to afford a syrupy gum (256 
g). This syrup was partitioned between methanol-water and 
petroleum ether (35 l). The petroleum ether extracts were 
evaporated off to given a residue (38 g). The aqueous layer 
was re-partitioned with chloroform (35 l) to provide a residue 
(173 g) after evaporation of chloroform. Further partitioning 
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with ethyl acetate (3 5 l) gave a residue (76 g) after 
evaporation of the solvent.    
The CHCl3 residue (25 g) (based on bioassay results) was 
applied to a silica gel column (160-200 mesh, Qingdao Marine 
Chemical Plant, Shandong, China), eluting with petroleum 
ether containing increasing accounts of ethyl acetate to give 14 
combined fractions according to TLC detection. 1-(2, 4-
dihydroxy-6-methoxy-3-methylphenyl)-Ethanone (1, 18.5 mg) 
and jolkinolide A (2, 59.9 mg) were isolated from Fraction 3 
(421 mg) after repeated purification on silica and preparative 
thin-layer chromatography (PTLC, pre-coated GF254 plates, 
Qingdao Marine Chemical Plant, Shandong, China). 
Jolkonolide B (3, 31.2 mg) was isolated from Fraction 6 (330 
mg) after repeated purification on silica, Sephadex LH-20 and 
PTLC. Fraction 8 (141 mg) was further chromatographed on 
silica gel column, Sephadex LH-20 as well as repeated PTLC 
to provide 12-deoxyphorbol-13-(9Z)-octadecanoate-20-acetate 
(4, 16.2 mg). 17-Hydroxyjolkinolide A (5, 86.8 mg) was 
obtained from further chromatographed on silica gel TLC and 
Sephadex LH-20 and recrystallized from Fraction 10 (409 
mg). Fraction 11 (555 mg) was further chromatographed on 
silica gel column, Sephadex LH-20 and PTLC to obtain 17-
hydroxyjolkinolide B (6, 73.4 mg). The structures of the 
compounds were elucidated based on high-resolution electron 
impact mass spectrometry and nuclear magnetic resonance. 1H 
and 13C NMR spectra were recorded on Bruker Avance DRX 
500 instruments using CDCl3 as solvent with TMS as internal 
standard. EIMS were determined on a ThermoQuest Trace 
2000 mass spectrometer at 70 eV (probe). 
 
2.4. Statistical analysis  
Results from all replicates for the pure compounds and ethanol 
extract were subjected to probit analysis using the PriProbit 
Program V1.6.3 to determine LC50 (median lethal 
concentration) values and their 95% fiducial limits (FL 95%) 
[38]. 
 
3. Results and Discussion  
3.1. Bioassays  
Eleven of the 20 extracts killed at least half of second stage M. 
incognita juveniles (J2s) in an in vitro assay at a concentration 
of 1 mg/ml after 72 h exposure including Croton tiglium, 
Euphorbia fischeriana, E. helioscopia, E. hirta, E. maculate, 
E. pulcherrima, Glochidion eriocarpum, Leptopus chinensis, 
Phyllanthus urinaria, Ricinus communis, and Triadica sebifera 
(Table1). Four ethanol extracts, e.g. C. tiglium, E. fischeriana, 
L. chinensis and R. communis, gave 100% mortality of M. 
incognita at a concentration of 1 mg/ml after 72 h exposure.  
Among 20 extracts of Euphorbiaceae plants used in bioassays, 
18 of them were evaluated for their nematicidal activity for the 
first time and only Jatropha curcas, L. chinensis and R. 
communis extracts had been screened for nematicidal activity 
in previous report [39, 40]. Aqueous extracts of 15 species of 
plants (fresh leaf) were assessed for hatching inhibition effects 
on M. incognita and extracts derived from Calotropis procera 
and R. communis gave the best results against the nematodes 
[39]. Moreover, Gao et al. [41] measured nematicidal activity of 
R. communis extract and alkaloid ricinine, an active compound 
against M. incognita juveniles and R. communis extract also 
exhibited toxicity to M. arenaria [42]. In addition, R. communis 
extracts have been shown to possess insecticidal activity 
against several insects e.g. leave-cutting ants (Atta sexdens 
rubropilosa), the pulse beetle (Callosobruchus chinensis) and 
the fall armyworm (Spodoptera frugiperda) [43-46]. The above 

findings suggested that the four extracts (100% mortality): C. 
tiglium, E. fischeriana, L. chinensis and R. communis may 
have potential for development as new natural nematicides to 
control plant-parasitic nematodes. Thus, the ethanol extract of 
E. fischeriana roots was chosen for further isolation in the 
present study. 
 
3.2. Isolated bioactive compounds 
1-(2,4-dihydroxy-6-methoxy-3-methylphenyl)-Ethanone(1). 
Colorless needle (MeOH), m.p. 223-224 C. EI-MS m/z (%): 
196 [M+] (38), 181 (100), 166 (10), 43 (15), 32 (17), 28 (72). 
1H-NMR (500MHz, CDCl3) δ ppm: 6.01 (1H, s, H-5), 3.34 
(3H, s, OCH3), 2.58 (3H, s, COCH3), 1.96 (3H, s, ArCH3). 13C-
NMR (125 MHz, CDCl3) δ ppm: 202.8 (C=O), 164.4 (C-6), 
162.7 (C-4), 161.4 (C-2), 104.5 (C-1), 103.3 (C-3), 89.6 (C-5), 
54.4 (6-OCH3), 31.7 (1-COCH3), 5.87 (3-CH3). The 1H and 
13C NMR data were in agreement with the reported data [27, 28]. 
Jolkinolide A (2). Colorless needle. EI-MS m/z: 314 [M+] (15), 
271 (10), 176 (100), 160 (37), 95 (58), 81 (62), 69 (100). 1H-
NMR (500MHz, CDCl3) δ ppm: 5.45 (1H, d, J = 4.6 Hz, H-
11), 3.72 (1H, s, H-14), 2.63 (1H, d, J = 4.6 Hz, H-9), 2.05 
(3H, s, H-17), 0.94 (3H, s, H-18), 0.85 (3H, s, H-19), 0.71 
(3H, s, H-20). 13C-NMR (125 MHz, CDCl3) δ ppm: 170.0 (C-
16), 147.5 (C-12), 145.0 (C-13), 125.1 (C-15), 104.0 (C-11), 
61.1 (C-8), 54.4 (C-14), 53.4 (C-5), 51.8 (C-9), 41.5 (C-3), 
41.4 (C-10), 39.8 (C-1), 34.1 (C-7), 33.5 (C-4), 33.4 (C-18), 
21.9 (C-19), 20.8 (C-6), 18.4 (C-2), 14.9 (C-20), 8.66 (C-17). 
The 1H and 13C NMR data were in agreement with the reported 
data [28]. 
Jolkinolide B (3). White needle-like crystals. EI-MS m/z (%): 
329 [M+] (4), 306 (14), 193 (30), 177 (36), 164 (38), 149 (40), 
148 (98), 141 (72), 109 (94), 96 (100), 69 (43). 1H-NMR (500 
MHz) 4.07 (s, 1H, H-11), 3.71 (s, 1H, H-14), 2.32 (s, 1H, H-
9), 2.11 (s, 3H, H-17), 0.97 (s, 3H, H-18), 0.88 (s, 3H, H-19), 
0.85 (s, 3H, H-20). 13C-NMR (125 MHz) 169.0 (C-16), 148.6 
(C-13), 130.2 (C-15), 85.2 (C-12), 66.0 (C-8), 60.9 (C-11), 
55.3 (C-14), 53.4 (C-5), 48.0 (C-9), 41.2 (C-3), 39.2 (C-10), 
39.1 (C-1), 35.6 (C-7), 33.5 (C-4), 33.4 (C-18), 21.8 (C-19), 
20.8 (C-6), 18.4 (C-2), 15.4 (C-20), 8.75 (C-17). The 1H- and 
13C-NMR data were in agreement with the reported data [20]. 
12-Deoxyphorbol 13-(9Z)-octadecenoate 20-acetate (4). White 
powder (CHCl3), EI-MS m/z (%): 654 [M+] (3), 337 (24), 311 
(22), 313 (35), 239 (23), 108 (26), 97 (67), 69 (63), 55 (100). 
1H-NMR (500 MHz) 7.63 (1H, s, H-1), 5.73 (1H, d, J = 4.1Hz, 
H-7), 5.36 (2H, m, H-9’ and H-10’), 4.48 (2H, ABq, J = 12.3, 
7.3 Hz, H-20), 3.30 (1H, brd, J = 2.2 Hz, H-10), 3.02 (1H, t, J 
= 5.1 Hz, H-8), 2.02 (3H, s, OAc-20). 13C-NMR (125 MHz) 
209.1 (C-3), 161.4 (C-1), 135.0 (C-6), 133.8 (C-7), 132.8 (C-
2), 75.9 (C-9), 73.6 (C-4), 69.4 (C-20), 63.2 (C-13), 55.7 (C-
10), 39.4 (C-8), 38.9 (C-5), 36.3 (C-11), 32.4 (C-14), 31.9 (C-
12), 23.2 (C-16), 22.6 (C-15), 18.5 (C-18), 15.3 (C-17), 10.0 
(C-19), 175.9 (C-1’), 34.2 (C-2’), 24.9 (C-3’), 28.9-29.8 (C-4’-
C-8’ and C-12’-C-15’), 31.8 (C-16’), 22.6 (C-17’), 14.1 (C-
18’), 173.4 and 21.2 (OAc-20). The 1H- and 13C-NMR data 
were in agreement with the reported data [20, 31]. 17-
Hydroxyjolkinolide A (5). White needle-like crystals. EI-MS 
m/z (%): 329 [M+] (5), 175 (58), 173 (100), 162 (24), 94 (38), 
78 (45), 68 (53), 54 (42), 40 (55). 1H-NMR (500 MHz) 5.60 
(d, J = 4.6 Hz, 1H, H-11), 4.05 (s, 1H, H-14), 2.68 (d, J = 4.6 
Hz, 1H, H-9), 4.65 (s, 2H, H-17), 0.97 (s, 3H, H-18), 0.88 (s, 
3H, H-19), 0.76 (s, 3H, H-20). 13C-NMR (125 MHz) 169.2 (C-
16), 147.3 (C-12), 146.6 (C-13), 127.3 (C-15), 106.5 (C-11), 
61.3 (C-8), 56.5 (C-17), 54.4 (C-14), 53.5 (C-5), 51.8 (C-9), 
41.5 (C-3), 41.3 (C-10), 39.9 (C-1), 34.0 (C-7), 33.6 (C-4), 
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33.4 (C-18), 21.9 (C-19), 20.8 (C-6), 18.4 (C-2), 14.1 (C-20). 
The 1H- and 13C-NMR data were in agreement with the 
reported data [20]. 
17-Hydroxyjolkinolide B (6). White needle-like crystals. EI-
MS m/z (%): 346 [M+] (3), 257 (12), 114 (32), 104 (38), 94 
(43), 90 (66), 78 (63), 68 (65), 54 (82), 40 (100). 1H-NMR 
(500 MHz) 4.70 (d, J = 12.0 Hz, 2H, H-17), 4.14 (s, 1H, H-
14), 4.09 (s, 1H, H-11), 2.32 (s, 1H, H-9), 0.96 (s, 3H, H-18), 
0.88 (s, 3H, H-19), 0.88 (s, 3H, H-20). 13C-NMR (125 MHz) 
168.1 (C-16), 151.0 (C-13), 132.9 (C-15), 85.4 (C-12), 66.7 
(C-8), 61.5 (C-11), 56.5 (C-17), 55.2 (C-14), 53.5 (C-5), 47.8 
(C-9), 41.2 (C-3), 39.2 (C-10), 39.1 (C-1), 35.6 (C-7), 33.5 (C-
4), 33.4 (C-18), 21.8 (C-19), 20.8 (C-6), 18.4 (C-2), 15.5 (C-
20). The 1H- and 13C-NMR data were in agreement with the 
reported data [20]. 
 

3.3. Nematicidal activity  
Compound 4 and 1 exhibited strong nematicidal activity 
against the root-knot nematode with LC50 values of 48.6 μg/ml 
and 87.8 μg/ml, respectively while the ethanol extract of E. 
fischeriana roots had a LC50 value of 59.3 μg/ml (Table 2). 
When compared with the positive control, carbofuran (LC50 = 
72.3 μg/ml) [12], compound 4 and the crude ethanol extract 
showed a little more potent activity and compound 1 had the 
same level of toxicity against the root-knot nematode. It is 
suggested that the activity of the crude ethanol extract of E. 
fischeriana roots against the root-knot nematode was mainly 
attributed to compound 4 and 1. The other three compounds, 
compound 2 (LC50 = 627.7 μg/ml), compound 5 (LC50 = 354.6 
μg/ml) and compound 6 (LC50 = 539.4 μg/ml) also possessed 
toxicity against the root-knot nematode. Among the six 
isolated constituents, compound 3 exhibited the weakest 
toxicity against the root-knot nematode with a LC50 value of 
825.2 μg/ml (Table 2). In previous studies [47, 48], several 
ingenane diterpenes derived from Euphorbia kansui were  
 

found to exhibit nematicidal activity against the pine wood 
nematode (Bursaphelenchus xylophilus). There were no 
reports on nematicidal activity of the isolated compounds 
against nematodes so far. The above finding suggest that 
nematicidal activities of the crude extract of E. fischeriana 
roots and the isolated compounds, especially compound 4 and 
1 are quite promising and they show potential for development 
as novel natural nematicide for the control of nematodes by 
considering the currently used nematicides are synthetic and 
usually have strong toxicity against mammals.  
Among the five isolated diterpenoids (Figure 1), compound 4 
belongs to tigliane types and the four others belong to abietane 
types. It seems that tigliane types of diterpenoids exhibit 
stronger nematicidal activity against the root-knot nematode 
because the weakest nematicidal diterpenoid, compound 3 was 
almost 17 times less active than compound 4. Moreover, 
among abietane types of diterpenoids, group 17-hydroxy 
(Figure 1) seems to increase nematicidal activity because 
compound 5 exhibited stronger activity than compound 2 and 
compound 6 also possessed stronger nematicidal activity than 
compound 3. In traditional Chinese medicine, the roots of E. 
fischeriana have been used for the treatment of a wide range of 
ailments, including edema, ascites, ingestion, as well as liver 
and lung cancer [16]. However, no experimental data about the 
safety of extracts of this medicinal herb and the six isolated 
constituents is available so far. Therefore, any attempt to 
develop an E. fischeriana-derived agrochemical must be 
carefully evaluated for harmful effects. Further studies will be 
extended to evaluate the mode of action of the nematicidal 
principles as well as the practical challenge of their integration 
in phytonematode management practices. Moreover, further 
studies on the safety of the isolated compounds to humans and 
on development of formulations are necessary to improve the 
efficacy and stability and to reduce cost.  
  

Table 2: Nematicidal activity of the compounds isolated from Euphorbia fischeriana roots against Meloidogyne incognita

Treatments Concentrations 
(μg/ml) LC50 (μg/ml) 95% fiducial limits Chi square (χ2) 

Compound 1 10.0-200.0 87.76 71.31- 85.37 11.87 
Compound 2 250.0-4000.0 627.73 566.44 - 691.93 16.16 
Compound 3 160.0-2000.0 825.20 739.17 - 908.72 12.04 
Compound 4 4.0-100.0 48.64 43.96 - 53.86 7.95 
Compound 5 100.0-1500.0 354.60 321.45 - 389.22 17.65 
Compound 6 100.0-1500.0 539.41 578.42 - 584.30 12.39 
Carbofuran* - 72.29 - - 

E. fischeriana 4.0-100.0 59.03 54.61 - 66.56 9.56 
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Fig 1: Nematicidal constituents isolated from Euphorbia fischeriana roots. 
  
 

4. Conclusions 
Ethanol extracts of 20 species of Euphorbiaceae plants have 
been evaluated for nematicidal activity against M. incognita. 
The extracts of C. tiglium, E. fischeriana, L. chinensis and R. 
communis exhibited strong nematicidal activity in mass 
screening bioassay. Based on bioactivity-directed 
fractionation, six compounds were isolated and identified from 
E. fischeriana. Compared with carbofuran, compound 4 and 
the crude extract exhibited stronger toxicity and compound 1 
had the same level of toxicity against the root-knot nematode. 
These findings suggest that the extracts and the isolated 
compounds have potential for development as novel 
nematicides for the control of the root-knot nematodes. Further 
studies are needed to evaluate the safety of the extracts and 
isolated compounds to humans.  
 
5. Acknowledgments 
This project was supported by Special Fund for Agro-scientific 
Research in the Public Interest (Grant No. 201003058). We are 
grateful to Dr QR Liu (College of Life Sciences, Beijing 
Normal University, Beijing, China) for identification of wild 
plants used in the screening assays. The authors are also 
thankful to Dr. Chen XB (College of Ecology, Lishui 
University, Zhejiang, China) and Mr. Tan YH (Xi Shuang Ban 
Na Tropical Botanical Garden, Chinese Academy of Sciences, 
Yunnan, China) for their helping collecting samples. 
 
6. References 
1. Liu QZ, Li HQ, Liu ZL. Nematicidal constituents from the 

ethanol extract of Evodia rutaecarpa Hort unripe fruits. J 
Chem 2013; Article ID 939215. doi:10.1155/2013/939215 

2. Sultana N, Akhter M, Khan RA, Afza N, Tareen RB, 

Malik A et al. Nematicidal natural products from the 
aerial parts of Buddleja crispa. Nat Prod Res 2010; 24: 
783-788. 

3. Begum S, Perwaiz S, Siddiqui BS, Khan S, Fayyaz S, 
Ramzan M et al. Chemical constituents of Cordia latifolia 
and their nematicidal activity. Chem Biodivers 2011; 8: 
850-861. 

4. Du SS, Zhang HM, Bai CQ, Wang CF, Liu QZ, Liu ZL et 
al. Nematocidal flavone-C-glycosides against the root-
knot nematode (Meloidogyne incognita) from Arisaema 
erubescens tubers. Molecules. 2011; 16:5079-5086. 

5. Li HQ, Bai CQ, Chu SS, Zhou L, Du SS, Liu ZL et al. 
Chemical composition and toxicities of the essential oil 
derived from Kadsura heteroclita stems against Sitophilus 
zeamais and Meloidogyne incognita. J Med Plant Res 
2011; 5:4943-4948.  

6. Li HQ, Liu QZ, Liu ZL, Du SS, Deng ZW. Chemical 
composition and nematicidal activity of essential oil of 
Agastache rugosa against Meloidogyne incognita. 
Molecules 2013; 18:4170-4180 

7. Zhang HM, Wang GL, Bai CQ, Liu P, Liu ZM, Liu QZ et 
al. A new eudesmane sesquiterpene glucoside from 
Liriope muscari fibrous roots. Molecules 2011; 16:9017-
9024. 

8. Hong LJ, Li GH, Zhou W, Wang XB, Zhang KQ. 
Screening and isolation of a nematicidal sesquiterpene 
from Magnolia grandiflora L. Pest Manag Sci 2007; 63: 
301-305.  

9. Elbadri GAA, Lee DW, Park JC, Yu HB, Choo HY. 
Evaluation of various plant extracts for their nematicidal 
efficacies against juveniles of Meloidogyne incognita. J 
Asia-Pacific Entomol 2008; 11:99-102. 



 

~ 316 ~ 

Journal of Entomology and Zoology Studies 
 

10. Taba S, Sawada J, Moromizato ZI. Nematicidal activity of 
Okinawa Island plants on the root-knot nematode 
Meloidogyne incognita (Kofoid and White) Chitwood. 
Plant Soil 2008; 303:207-216. 

11. Zia-ul-Haq M, Ahmad M, Akhter M. Nematicidal activity 
of selected flora of Pakistan. Pak J Bot 2010; 42:2119-
2123.  

12. Bai CQ, Liu ZL, Liu QZ. Nematicidal constituents from 
the essential oil of Chenopodium ambrosioides aerial 
parts. E-J Chem 2011; 8(S1):143-148.  

13. Bai PH, Bai CQ, Liu QZ, Du SS, Liu ZL. Nematicidal 
activity of the essential oil of Rhododendron 
anthopogonoides and its constituent compounds against 
Meloidogyne incognita. Z Naturforsch 2013; 68C:307-
312. 

14. Andrés MF, González-Coloma A, Sanz J, Burillo J, Sainz 
P. Nematicidal activity of essential oils: a review. 
Phytochem Rev 2012; 11:371-390. 

15. The Pharmacopoeia Commission of China. 
Pharmacopoeia of the People’s Republic of China. , Vol. 
1, p135. Guangdong Science and Technology Press, 
Guangzhou, China 1995.  

16. Jiangsu New Medical College. Encyclopedia of Chinese 
Medicinal Substances; 1898-1900. Shanghai People’s 
Publisher, China 1896. 

17. Yang RZ, Tang CS. Plants used for pest control in China: 
a literature review. Econ Bot 1988; 42:376-406.  

18. Gu YJ, Yang LF, Zhang LJ, Li XH, Liu SQ, Cao H et al. 
Studies of acaricidal activity of Euphorbia fisheriana 
against Tetranychus cinnabarinus (Boisduval). J Shanxi 
Agric Univ 2007; 27:394-396 (in Chinese with English 
abstract).  

19. Ntalli NG, Ferrari F, Giannakou I, Menkissoglu-Spiroudi 
U. Synergistic and antagonistic interactions of terpenes 
against Meloidogyne incognita and the nematicidal 
activity of essential oils from seven plants indigenous to 
Greece. Pest Manag Sci 2011; 67:341-351. 

20. Geng ZF, Liu ZL, Wang CF, Liu QZ, Shen SM, Liu ZM 
et al. Feeding deterrents against two grain storage insects 
from Euphorbia fischeriana. Molecules 2010; 16: 466-
476. 

21. Schroeder G, Rohmer M, Beck JP, Anton R. 7-Oxo-, 7α-
hydroxy- and 7β-hydroxy-sterols from Euphorbia 
fischeriana. Phytochemistry 1980; 19:2213-2215. 

22. Lee SH, Tanaka T, Nonaka G, Nishioka I, Zhang B. 
Allose gallates from Euphorbia fischeriana. 
Phytochemistry 1991; 30:1251-1253. 

23. Liu WZ, Wu XY, Yang GJ, Ma QG, Zhou TX, Tang XC 
et al. 12-Deoxyphorbol esters from Euphorbia 
fischeriana. Chin Chem Lett 1996; 7:917-918. 

24. Ma QG, Liu WZ, Wu XY, Zhou TX, Qin GW. Chemical 
studies of Lang-Du, a traditional Chinese medicine. 1. 
Diterpenoids from Euphorbia fischeriana. Phytochemistry 
1997; 44:663-666. 

25. Che CT, Zhou TX, Ma QG, Qin GW, Williams ID, Wu 
HM et al. Diterpenes and aromatic compounds from 
Euphorbia fischeriana. Phytochemistry 1999; 52:117-121. 

26. Pei YH, Koike K, Han B, Jia ZH, Nikaido T, Fischeria A 
et al. ss novel norditerpene lactone from Euphorbia 
fischeriana. Tetrahedron Lett 1999; 40: 951-952. 

27. Liu WZ, He FL, Ruan ZY, Gu XF, Wu XY, Qin GW et 
al. Studies on chemical constituents from Euphorbia 
fischeriana Steud. Chin J Chin Mater Med 2001; 26:180-
182. 

28. Pan Q, Shi MF, Min ZD. Studies on the 2D NMR spectra 
of jolkinolide diterpenoids from Euphorbia fischriana. J 
Chin Pharm Univ 2004; 35:16-19. 

29. Zhou TX, Bao GH, Ma QG, Qin GW, Che CT, Yang L et 
al. Langduin C, a novel dimeric diterpenoid from the roots 
of Euphorbia fischeriana. Tetrahedron Lett 2003; 44:135-
137. 

30. Wang YB, Yao GM, Wang HB, Qin GW. A novel 
diterpenoid from Euphorbia fischeriana. Chem. Lett 
2005; 34:1160-1161. 

31. Wang YB, Huang R, Wang HB, Jin HZ, Lou LG, Qin GW 
et al. Diterpenoids from the roots of Euphorbia 
fischeriana. J Nat Prod 2006; 69:967-970. 

32. Wu QC, Tang YP, Ding AW, You FQ, Duan JA. 
Diterpenes and triterpenes from the roots of Euphorbia 
fischeriana. Chin J Nat Med 2010; 8:101-103. 

33. Wang HB, Chu WJ, Wang Y, Ji P, Wang YB, Yu Q et al. 
Diterpenoids from the roots of Euphorbia fischeriana. J 
Asian Nat Prod Res 2010; 12:1038-1043. 

34. Cui J, Yang X, Dong AJ, Cheng DY, Wang J, Zhao HT et 
al Chemical composition and antioxidant activity of 
Euphorbia fischeriana essential oil from China. J Med 
Plant Res 2011; 5:4794-4797.  

35. Pan LL, Fang PL, Zhang XJ, Ni W, Li L, Yang LM et al. 
Tigliane-type diterpenoid glycosides from Euphorbia 
fischeriana. J Nat Prod 2011; 74:508-1512. 

36. Yang LB, Liu SJ, Zhang B, Suo Y. Alboatisin A. a new 
diterpenoid from Euphorbia fischeriana. J Chem Res 
2011; 35:692-693. 

37. Wang H, Chen W, Zhang YY, Wang XY, Liu LP, Tong 
LJ et al. Four new diterpenoids from the roots of 
Euphorbia fischerian. Fitoterapia 2013; 91:211-216.    

38. Sakuma M. Probit analysis of preference data. Appl 
Entomol Zool 1998; 33:339-347. 

39. Sharma N, Trivedi PC. Screening of leaf extracts of some 
plants for their nematicidal and fungicidal properties 
against Meloidogyne incognita and Fusarium oxysporum. 
Asian J Exp Sci 2002; 16:21-28. 

40. Nguyen DMC, Nguyen VN, Seo DJ, Park RD, Jung WJ. 
Nematicidal activity of compounds extracted from 
medicinal plants against the pine wood nematode 
Bursaphelenchus xylophilus. Nematology 2009; 11:835-
845.   

41. Gao QY, Hu FL, Zhu HH, Du ZM, Liu MQ, Li HX et al. 
Controlling effects of Ricinus communis extracts and 
Paecilomyces lilacinus against Meloidogyne incognita. 
Chin J Ecol 2011; 30:2250-2256.  

42. Ismail AE, Mahfouz SA, Mohamed MM, Hassan RA, 
Abou-Setta LM. Environmentally safe substances for 
controlling the root-knot nematode, Meloidogyne arenaria 
infested potato and their influence on yield and alkaloidal 
content in Egypt. Arch Phytopathol Plant Prot 2014; 47: 
600-609. 

43. Upasani SM, Kotkar HM, Mendki PS, Maheshwari VL. 
Partial characterization and insecticidal properties of 
Ricinus communis L foliage flavonoids. Pest Manag Sci 
2003; 59:1349-1354. 

44. Bigi MFMA, Torkomian VLV, Groote STCS, Hebling 
MJA, Bueno OC, Pagnocca FC et al. Activity of Ricinus 
communis (Euphorbiaceae) and ricinine against the leaf-
cutting ant Atta sexdens rubropilosa (Hymenoptera: 
Formicidae) and the symbiotic fungus Leucoagaricus 
gongylophorus. Pest Manag Sci 2004; 60:933-938. 

45. Ramos-Lopez, MA, Perez SG, Rodriguez-Hernandez C, 



 

~ 317 ~ 

Journal of Entomology and Zoology Studies 
 

Guevara-Fefer P, Zavala-Sanchez MA. Activity of Ricinus 
communis (Euphorbiaceae) against Spodoptera frugiperda 
(Lepidoptera: Noctuidae). Afr J Biotechnol 2010; 9:1359-
1365. 

46. Youssef DTA, Ramadan MA, Khalifa AA. 
Acetophenones, a chalcone, a chromone and flavonoids 
from Pancratium maritimum. Phytochemistry 1998; 
49:2579-2583. 

47. Shi JX, Li ZX, Nitoda T, Izumi M, Kanzaki H, Baba N et 
al. Three antinematodal diterpenes from Euphorbia 
kansui. Biosci Biotechnol Biochem 2007; 71:1086-1089. 

48. Shi JX, Li ZX, Nitoda T, Izumi M, Kanzaki H, Baba N et 
al. Antinematodal activities of ingenane diterpenes from 
Euphorbia kansui and their derivatives against the pine 
wood nematode (Bursaphelenchus xylophilus). Z 
Naturforsch 2008; 63C:59-65. 

 
 
 
 
 
 
 
 
 


