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ABSTRACT

Previous studies have shown that the crude ettedcct and its ethylacetate fraction of
the plantEupatorium fortunei Turcz strongly inhibited the growth of a harmfukshwater
cyanobacteriunMicrocystis aeruginosa. However, the perspective of using these plantetg
as alternative algicides takes into account theitremqtial risks to other species in aquatic
ecosystems, includin@aphnia magna. The current study presents the acute toxicitythef
extracts tdD. magnha. The median lethal concentrations, immobilizing?s®f D. magna, (LCsg)
after 24 and 48 h of the ethanol extract were 247183 mg L', respectively. In the exposure to
ethyl acetate fraction, the values of 24hs} @nd 48h-LG, were 47 and 13 mg'1, respectively.
The values of dissolved oxygen (DO) and pH in tbatwl and treatments had little change
during the 48-hour experiment period, fluctuatimgni 6.44 + 7.90 and 6.07 + 7.78 md,L
respectively, and they were still good conditions D.magna growth. Finally, these results
prove clearly that the ethyl acetate fraction isentoxic to the freshwater cladoceran than the
ethanol extract. To our knowledge, it is the fireport of the acute toxic estimation Bf
fortunei extracts to zooplankton specid3, magna. Chronic toxicity of these extracts .
magna needs to be studied in next step.
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1. INTRODUCTION
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Acute toxicity of the ethanol extract and its ethyl acetate fraction of E. fortunei to D. magna

There has been various concerns on mass developrhertyfanobacteria in freshwater
bodies due to their notorious impacts on aquatisgstems and human health through out the
world [1]. Therefore, means of mitigation and cohttyanobacterial bloom have been attracted
by ecologists and environmentalists. Recently, wdthto control cyanobacterial bloom and
growth in fresh water ecosystem by using plantaets have been investigated and introduced
[2]. Among the cyanobacterial specidgicrocystis aeruginosa is the most common species
responsible for the water blooming and intoxicafiocidents. The previous investigations [3, 4]
indicated that the plant extracts fr@yperus rotundus, Chromolaena odorata, Callisia fragrans
and Eupatorium fortunei with their concentrations from 4 to 5@@.mL™ effectively inhibited
the growth ofM.aeruginosa. Among the extract&upatorium fortunel showed the highest anti-
cyanobacteria properties at the concentration 6ffEPmL™" with the inhibition efficiency (IE)
of 95.5 % which were comparable with that of CyS® 5 ug.mL* (IE of 81.7 %) [4].
Moreover, the extract was higher toxicNb aeruginosa (ICs, of 119.3pg.mL™) than to other
green algae such a@hlorella wulgaris (ICso of 315.1pg.mL™").The ethyl acetate and water
fractions from E. fortunei were also tested to combat the growth of the pigtikton
community andMicrocystis population collected from the Hoan Kiem lake [bhe authors
reported that the significant inhibition of phytapkton andMicrocystiscell density was
observed when the phytoplankton exposed to thd ettstate fraction at the concentration of
500 ug mL* for 14 days. The IE value was 34.5 % for Mizrocystis population, which was
much higher than that for the phytoplankton (IEL6f3 %). In term of the water fraction at 500
ug mL?, it showed the lower toxicity to boticrocystis species and phytoplankton with IE of
0.76 and 15.4 %, respectively. In another invetbga the toxicity of the extracts from
E. fortunel to duckweedslLemna minor and Spirodella polyrhiza) was tested as representatives
of sensitive non-target aquatic organisms to evaleavironmental safety [6].The significant
growth inhibition of the extract oM.aeruginosa was reported at the 5Q@ mL™*while L.minor
was slightly affected by the extracts at the saoreentration with IE of 25 % arf@polyrhiza
was stimulated to about 5 % through fresh weighdrda@nations. To provide a clear insight into
the environmental safety of tie fortunei extracts using as potential antialgal substanbeg,
influenceson other non-target aquatic organismd tebe studied. Many species are used as the
model organism for toxicity assessment such asngedga Ankistrodesmusconvolutus and
Scenedesmusguadricauda), duckweeds L. minor, S polyrhiza), freshwater cladoceran
(D. magna), and phytoplanktons [6, 7, 8D. magna is the typical species in the toxicological
studies and is used extensively in the studiesuatialy the safety of plant extracts. This study
aims to evaluate the acute toxicity of the ethaamal ethyl acetate extracts frdenfortunei to
D. magna.

2. MATERIAL AND METHOD

2.1. Daphnia magna laboratory culture

Daphnia magna Strauss was purchased from MicroBioTests Inc.giBetl and used for the
bioassay. This animal was raised in ISO mediumainimg CaCJ, KCI, NaHCQ and MgSQ
dissolved in reverse osmosis water (OECD, 19B@phnia magna was fed with a mixture of
green algaeChlorella sp. and YTC (US.EPA, 2002). The organisms weret lkap the
temperature of 20 £ 2 °C and under a light dendfitground 1000 Lux and a photoperiod of 14
h light and 10 h dark.
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2.2. Preparation of different extractsfrom E. fortunei

The aerial parts (leaves and stemapatorium fortunei; collected in January 2016 from
Hoa Binh province and Soc Son district, Ha Noi,t\Milam; were used for the experiment. The
cleaned material was dried at room temperatureotsstant weight (5.19 kg), cut into small
pieces and then ground into powder. Then, the preddmaterial was immersed separately in
ethanol solvents 96 % (5L x 3 times) and subsetjuenacerated for two days at room
temperature (23 + 2%). The combined extracts were concentrated uraerum to obtain the
crude residue. This extract was resuspended itietisivater (2 L) and successively partitioned
in hexane (1 L x 3 times) and ethyl acetate (1L tkries). Ethanol, ethyl acetate and hexane
solvents were products of Merck (Germary). The legiogtate organic layers were concentrated
to give ethyl acetate fraction, respectively. Thesacts were kept at °& for two weeks until
use.

2.3. Acutetoxicity test procedure and median lethal concentration calculation

Prior to conducting the experiment, fifty femdle magna were incubated in a beaker
containing 500 mL ISO medium, and fad libitum with Chlorella sp. and YTC (OECD, 1998;
US.EPA, 2002) over a period of two weeks in theotalory conditions as mentioned above.
The acute test was performed according to the US.ER®02). Briefly, theD. magna neonates
(< 24 h old) from the second or third brood weredufor the acute test. The neonates were fed
(green alga and YTC) ad libitum for 2 h before thst, but not during the exposure time. The
neonates were exposed to either the ethanol cixtdaceat 7 different concentrations or the
ethyl acetate fraction, from 0 to 400 pg ethandfaet mL* from 0 to 160 pg ethyl acetate
fraction mL2. In each concentration, ten neonates were intedlinto a flask containing 40 mL
of ISO medium, and four replicates were prepardek @cute test was run in the dark and the
death of animals was checked, and dead neonatesr@rapved every 24 h or 48 h. The dead of
neonates was confirmed by the stop of heart besgrebed on a microscope [9]. The mortality
data were utilized for determining median lethahaantration (LG via EPA Probit Analysis
Program.

3. RESULTS AND DISSCUSSION

3.1. Acute toxicity of the ethanol extract and ethyl acetate fraction from E. fortunei
on D.magna

After 24 hours of ethanol extract's exposure, thertafity percentage oD. magna
fluctuated from 0 % (for the control did not expaséhe extract) to 85 % (for the sample adding
the extract at 360 pg.r) and reached to 100 % (for the sample under tratrirent of 400
ng.mLY). The mortality rate oD.magna was fastly increased after 48 hours exposure o th
extract. In detail, the sample exposed the exat860 pg.ml*had already led to 100 % death
of D. magna. Obviously from the Figures 1 and 2, the ethyl ateefraction was greater toxic to
D.magna than the ethanol extract. At the concentrations68f and 120 pg.mtthe ethyl acetate
fraction killed all D.magna with mortality rate reached to 100 % after 24 &®l hours,
respectively. The 24h-L&gand 48h-LG, of the ethanol crude extract Bbmagna were 247 and
183 pug.ml?, respectively. However, those of ethyl acetatetiva were just 47 and 13 pg.mL
respectively (Table 1). To the best of our knowkedgo previous study was conducted to
evaluate acute toxicity &. fortunel extracts tdD. magna.
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Figure 1. Acute toxicity of the ethanol extract from  Figure 2. Acute toxicity of the ethyl acetate
E. fortunel onD. magna after 24 (a) and 48(b) hours.fraction fromE. fortunel onD. magna after 24 (a)
and 48 (b) hours.

Table 1. LCsq value of the crude ethanol extract and the etbgtate extract fraction after 24 and 48

hours.
Concentration of the ethanol Concentration of the ethyl
Mortality Rate extract (ng.mb) acetate fraction (pg.mt)
(%) 24 hours 48 hours 24 hours 48 hours

LC1 71.4 37.0 7.8 1.8

LC5 102.8 59.2 13.2 3.2

LC 10 125.0 76.0 17.6 4.4

LC 15 142.4 90.0 21.2 5.4

LC 50 247.8 183.2 474 13.6

LC 85 431.2 373.4 105.8 43.2

LC 90 491.6 442.0 128.0 42.4

LC 95 596.8 567.2 169.6 58.6

LC 99 859.2 885.8 287.8 107.4

However, Huang et al. [10] evaluated the acutecttyxof the different fractions obtained
from methanoE. fortunel crude extracts oBactylogyrus intermedius (Monogenea), a parasitic
species of goldfishGarassius auratus). The results showed that the chloroform fracidéri.
fortune had the most effective inhibition with an E®alue of 85 mg.Ll. The other fractions
only caused weak effects @ intermedius (ECs, from 100 to over 500 mg.L). However, in
comparison with the results of Park et al. [8], ¢leanol extract fron®ryza sativa showed the
inhibition effect on the Dragna growth with |E of 53.3 % at the concentration ahg.L™” after
7 days of exposure. The other results about acuxieitty of plant extracts td.magna were
reported [7]. The aqueous extracts of five speokesamily Papaveracea showed different
inhibition effects on the growth @.magna with their EG, values ranged from over 32 to 1000
mg.L'".The aqueous extract froBicranostigma lactucoides revealed the highest toxicity .
magna (ECs, -24 h of 81 mg.! and EG, - 48h of 31 mg.[}) and following by that from
Sanguinaria canadensis L. (ECso 24h of 82 and E& 48h of 62 mg.[%). In our case, the ethanol
extract fromk. fortunei was less toxic t®.magna than the aqueous extracts fr@mlactucoides
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and S canadensis. However, our ethyl acetate fraction indicated i@st toxic toD. magna of

all. The high total phenolic compounds of the etlgétate fraction could be responsible for the
higher antibacterial and antifungal properties a$f as more toxic t®. magna compared to the
ethanol extract [11, 12

3.2. Effect of the extracts on environmental variables DO and pH of the culture medium

There was no significant change in the DO and pHies during the 48 hours of
experiment (Tables 2 and 3). The DO and pH of #mpdes exposed to ethanol crude extract at
the concentrations of 0 + 360 m¢ Huctuated from 6.83 to 7.92 mg'land from 6.15 to 7.78,
respectively, and those exposed to ethyl acetat#idn at the concentrations of 0 + 160 mig.L
were 6.44 + 7.88 mg:tand 7.03 + 7.77, respectively.

Table 2. DO and pH value ob. magna exposured to the ethanol extract fr&fortunel at 0 and
after 48 hours.

Concentration of the ethanolDO (TO)mg L* DO (T48) mg I* |pH (TO) pH (T48)
extract (pgmr?)

0.00 7.77 7.72 7.78 7.42

100.00 7.76 7.52 6.87 7.54

200.00 7.82 7.40 6.57 7.56

240.00 7.85 7.57 6.07 7.57

280.00 7.92 6.83 6.18 6.76

320.00 7.86 6.72 6.17 6.55

360.00 7.86 7.34 6.15 7.14

Table 3. DO and pH value ob. magna exposured to the ethyl acetate fraction flasfortunei at O and
after 48 hours.

Concentration of ethyl acetate DO (TO) mg L* | DO (T48) mg [* | pH (TO) | pH (T48)
fraction (ug mL*)

0.00 7.77 7.42 7.77 7.42

10.00 7.87 7.51 7.78 7.49

20.00 7.85 7.44 7.70 7.44

40.00 7.88 6.88 7.65 7.37

80.00 7.83 6.44 7.52 7.17

120.00 7.86 6.92 7.44 7.15

160.00 7.85 7.72 7.29 7.03
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They were still good conditions f@. magna growth.D. magna shows good survival, such
as 85 % survival at the DO of 1.8 mgdnd over 90 % at 2.7; 3.7 and 7.6 my.Che Daphnia
exposed to the lowest DO concentration testedrig®) had significantly reduced responses
for other parameters measured. In addition, tharosgns exposed to 2.7 mg @, gained less
weight than did the controls [13]. In term of pHtb& culture medium, it is important to aquatic
life since it affects the normal physiological ftioos of aquatic organisms, including the
exchange of ions with the water and respiratiorcodding to the previous study, at the pH of
8.33, group ofD. magna recorded the highest survival and growth rate #rel optimum
condition is from 7.9 to 8.3. When pH decreasethfrb66 to 4.44 and increased pH from 10.13
to 10.55 leading to the decrease in survival amivtir rates oDaphnia species. In our study,
the DO and pH values during the 48-hour experinveste in suitable range fdd. magna
growth [14]. Depending on the chemical compositbithe plant, the pH of the sample-treated
solutions could increase (flavonoid, alkaloid comgats) or decrease (in case of phenolic
compounds). In our case, pH values of all treatmevere slightly lower than those of the
controls at the beginning and after 48 hours. Iy rha explained by the presence of similar
compounds such as polyphenolic compounds in bdihnet extract and the ethyl acetate
fraction. The difference in composition and ratib flavonoids and phenolic acids in these
extracts which led to the several chemical prosesseh as oxidation or reduction may occur
which could be responsible for the changes in pdes[4, 11, 12].

4. CONCLUSION

The present work indicated that the ethanol extemud its ethyl acetate fraction of
Eupatorium fortunel Turcz had the different acute toxicity Bb magna after 24 and 48 hours of
exposure. The ethanol extract was less toxiD.tonagna with LCso-24h and LGy-48h of 247
and 183 mg.L, respectively. In terms of ethyl acetate fractitive values of Lg- 24h and
LCso-48h were 47 and 13 mg-Lrespectively. The values of dissolved oxygen (R@) pH in
the control and treatments measured during theo#8-bxperiment period were still in the
suitable ranges fdb.magna growth.
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