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aqueous extract of Thuya (Tetraclinis articulata (Vahl) Mast) has larvicidal activity on
different mosquito species in wetlands in Mohammedia. However, the perspective of
using this substance as a larvicide should take into account the risk of this plant’s extract
on aquatic ecosystem species. The aim of the current study is to assess acute and
reprotoxicity effects induced by aqueous extract of wood of Thuya (Tetraclinis articulata
Vahl) on freshwater cladoceran Daphnia magna. To do that, Daphnia magna was exposed
S, sg;"’?\ﬁ; maana to different concentrations of aqueous extract of sawdust (Tetraclinis articulata) for acute
y AcSte toxicitg C and ch_ronic ecotoxicity evaluation. The effective concentrations immobilizing 50% of
P ICIty, Daphnia magna (EC50) after 24 h and 48 h were 8.171 + 0.743 mg/L and 6.490 + 0.541

Reprotoxicity mg/L, respectively. Reprotoxicity was also assessed after 21 days of exposure to aqueous
hirbessi@gmail.com extract_(TetracIinis articulata), the NOEC and LOEC values were 0.49 and 0.83 mg/L,
(H.Bessi); respectively for the number of neonates per female.
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1. Introduction

In view of controlling harmful organisms such as insects, mosquitoes etc., several insecticides have been used
like Organophosphorus, Pyrethroid and Carbamate as they are a very effective agents against pests. These
insecticides are found in air, waters, sediments, plants, animals and their presence can directly affect the health
of aquatic and terrestrial organisms.An insecticide is an active substance that has power to kill pests, larvae,
eggs and have a large spectrum; it can also have an effect on non-targeted organisms. On the other hand, pests
can develop an insecticide resistance [1, 2]. For these reasons and topreserve the environment, significant efforts
are thus currently being devoted to search new, highly efficient plant extracts based on plant essential oils or
aqueous extract having a biocidal activity [3].These could be suitable for the development of botanical
insecticides.

In Morocco, different plants have been the subject of several studies[4, 5, 6] and Tetraclinis articulata (T.
articulata) is one of these plants, especially to combat mosquitoes in wetlands in Mohammedia. The cedar
Maghreb T. articulata (Valh) Masters is genus of coniferous trees in the Cupressaceae (cypress family)[7]. It is
endemic to the South Western Mediterranean, especially in the Maghreb countries. T. articulata has an
important sociological and economical role; It is also used in traditional and veterinary medicine [8, 9].
Buhagiar et al. [10] showed the cytotoxic effects of T. articulata essential oil in different human cancer cell
lines. Previous studies showed an antimicrobial, antifungal, antioxidant and anti-inflammatory activities of
essential oils from leaves, branches and sawdust of T. articulata (Vahl) [11, 12, 13]. Several studies showed
composition of sawdust, leaves and branches essential oil for T. articulata. Barrero et al. [14] reported that the
main components of essential oil of T. articulata are sesquiterpenoid (56.4%), monoterpenoid (20.4%),
diterpenoid (23.2%). The major component found in the wood is cedrol (30.7%). Bourkhiss et al. [11, 12,13]
showed that the yield of essential oils of leaves is 0.22% andthe major components arebornyl acetate (30.74 %),
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a-pinene (23.54 %), camphor (17.27 %) and limonene (23.31 %). The yield of essential oils of sawdust is
1.63%, these oils are composed of a-acorenol (20.9%), cedrol (17.9 %), totarol (8.8 %), a-cedrene (8.7 %) and
B-acorenol (7.4%). The yield of essential oils of branches is 0.41% and their components are a-pinene (30.22
%), limonene (22.29 %), widdrol (5.41 %), bornyl acetate (4.76 %) [15].

To come up with a new method to combat mosquitoes in wetlands in Mohammedia, Aouinty et al. [16] tested
the possibility of using an aqueous extract of T. articulata to combat four mosquito species. All experiments
showed that aqueous extract of T. articulata have an important larvicidal activity against mosquitoes. These
authors concluded on the interesting possibility of the use agueous extract as biocide against mosquitoes in
wetlands. T. articulata was also showed to have a termiticidal activity [17]. All of these toxic effects observed
on T. articulata extract against different species can have potential damage to ecosystems and suggest the
necessity to evaluate their acute and chronic toxicity on key species of aquatic ecosystems. The water flea
Daphnia magna (D .magna) is widely used for acute and chronic toxicity assessment in aquatic ecosystems. Its
high sensitivity was largely demonstrated for several mineral and organic pollutants [8. It is easy to culture in
laboratory, has high fertility and a parthenogenetic mode of reproduction [18]. In addition, D. magna population
is representative of Moroccan aguatic ecosystems [19]

2. Experimental
2.1. Aqueous extract preparation

The biocide activity of T. articulata was explored by aqueous extract of sawdust. 100 mL of distilled water was
boiled and 10 g of sawdust of Thuya was transferred to beaker and stirred gently for 30 min. The solution was
filtered and the filtrate was recovered (pH of filtrate is 4.5). The pH was adjusted to 7.8 with sodium hydroxide
[16].This solution was considered as a stock solution of 100 %.

2.2. Test organism and culture media

Experiments were conducted with strains of D. magna. Cultures of D. magna were maintained at temperature of
20 = 2°C in ISO (International Organization for Standardization 6341, 1996) medium (containing only 11.76
g/L CaCl,, 2H,0; 4.93 g/L MgSO,, 7H,0; 2.59 g/L NaHCO3, 0.23 g/L KCL) [20] with a pH of 7.8, a
conductivity of 10 pS cm™ and a total hardness of 250 mg CaCO; L™. The culture medium was renewed three
times weekly and D. magna was fed with a mixture of three algal species (5x10° Pseudokirchneriella
subcapitata, 2.5x10° Scenedesmus subspicatus, 2.5x10° Chlorella vulgaris /Daphnia/day). These algae have
been cultured in our laboratory [21, 22].

2.3. Test with reference substance

A reference test with potassium dichromate (K,Cr,O;) was also performed in our lab to test D. magna
sensitivity. The test was performed in glass tubes (180 x15 mm) containing 10 mL of test medium. For each
concentration, five neonates were exposed to concentration from 0.17 to 2.2 mg/L without feeding during the
test for 24 h. For each concentration, we had four replicates. Test tubes were incubated in darkness at 20 + 2 °C.
24 h-EC50 value should be in the range between 0.9 and 1.5 mg/L as required by ISO 6341, 1996. Results were
expressed as effective concentration immobilizing 50% of treated organisms and the 24 h-EC50 was determined
by an appropriate statistical method (REGTOX).

2.4. Acute ecotoxicity

A preliminary test was conducted to determine the range of concentration for the final test. Acute ecotoxicity
test for D. magna was performed using immobilization as an endpoint according to 1ISO 6341, 1996. D. magna
was exposed to aqueous extract concentrations from 0.5 mg/L to 17 mg/L during 24 h and 48 h. Four replicates
of five neonates of D. magna (aged < 24 h) were placed in glass test tubes containing 10 mL for each test
concentration and control. Tests were conducted in complete darkness at 20 + 2 °C and the neonates were not
fed during the test. The assessment endpoint examined was the immobilization. After 24 h and 48 h of exposure,
neonates still moved their antennae but did not swim within 15 second after shaking gently was considered
immobile.

2.5. Chronic ecotoxicity
The neonates of D. magna (aged < 24h) were exposed to nominal concentration from 0.13 to 3.7 mg/L for 21
days. They were exposed individually in 50 mL glass beakers containing 40 mL of test solution, in semi-static
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conditions with medium renewal at each 48 h. The experiments were conducted in 10 replicates for control and
each concentration and were performed following the OECD guideline procedures (OCDE 211, 2012) [23]. D.

magna were fed daily with a mixture of three algal species 5><106 Pseudokirchneriella subcapitata, 2.5><106

Scenedesmus subspicatus, and 2.5><106 Chlorella vulgaris /Daphnia/day).All test beakers were checked daily for
parental mortality and offspring production of neonates were counted and removed when the exposure medium
was renewed. The reproductive endpoints assessed were longevity, days of the first brood, number of broods,
brood size, total number of neonates produced per female and to determine the NOEC (No Observed Effect
Concentration) and LOEC (Lowest Observed Effect Concentration).

2.6. Statistical analyses

The experimental data was reported as mean values of three measurements + standard deviation (SD). Toxicity
endpoints, such as effective concentration values (EC50) that was used for D. magna was estimated using the
bootstrap method in the REGTOX Excels macro. To assess the effects of aqueous extract in number of brood,
first days brood and brood size, data was first tested for normality and homogeneity of variances using
Kolmogorov—Smirnov test and Levene’s test, respectively. Then, single factor one-way analysis of variance
(ANOVA) to detect significant differences between treated groups and control was used. The NOEC (No
Observed Effect Concentration) and LOEC (Lowest Observed Effect Concentration) was determined for each
endpoint. All statistical analyses were performed with Statistica for Windows (P < 0.05: STATISTICA version
6 for Windows, Statsoft, Tulsa, OK, USA).

3.Results and discussion

3.1. Test with reference substance

At the end of 24 h-testing potassium dichromate (K,Cr,O-), we counted immobile D. magna and calculate the
percentage inhibition for each concentration. The 24 h-EC50 value was 0.955 * 0.018 mg/L. This value was
between 0.9 and 1.5 mg/L confirming the sensitivity of the strain D. magna. This result satisfied the validity
conditions of 1SO standard and validity of biological material used in our laboratory.

3.2 Acute toxicity

The immobilization of D. magna was recorded after 24 h and 48 h of exposure to aqueous extract (T.
articulata). Our results demonstrated significant acute toxicity onD. magna. The 24h-EC50and 24h-EC10were
8.177 + 0.743 mg/L and 3.852 = 0.782 mg/L, respectively. The 48h-EC50and 48h-EC10 were6.490 + 0.541
mg/L and 3.308 + 0.544 mg/L, respectively. These values give an estimate of aqueous extract’s acute toxicity
and underline that these concentrations cause D. magna immobilization and the death of 50% of freshwater
microcrustaceans populations. No mortality was observed at control and at both concentrations 0.5 and 1.3 mg/L
(Fig 1). Immobilization began at 2.7 mg/L with 5 % and 15% after 24 h and 48 h of exposure, respectively.
35% and 50% of immobility were observed after 24 h at 6.2 and 8 mg/L, respectively. The same percentages
were observed after 48 h of exposure at 4.8 and 6.2 mg/L. 80% and 90% of immobility were observed at 10 and
13 mg/L, respectively after 48 h of exposure. At 17 mg/L, 90% and 100% rate of immobility were observed
after 24 h and 48 h of exposure, respectively.

As previously mentioned, Aouintyet al. [16] tested the effects of aqueous extract on several stages of four
mosquito species (Culexpipiens, Aedescaspius, Culisetalongiareolata, Anopheles maculipennis) which were
collected originally in wetlands in Mohammedia. The 24 h-LC50 values were ranged from 110 to 220 mg/L and
from 210 to 530 mg/L, respectively for the 2" instar and the 4™ instar larvae. Our results showed clearly that D
.magna is more sensitive to aqueous extract of T. articulate than wetlands mosquito species. In fact, 24h-EC50
registered for D. magna (8.177 mg/L) was 12 times less than 110 mg/L observed for the most sensitive larvae
mosquitoes.

No previous study was conducted to evaluate acute toxicity of aqueous extract of T. articulate on non-target
aquatic ecosystems. However, other extracts of different plants were tested for acute toxicity on D. magna.
Mousa et al. [24] tested the effects of aqueous extract of Azadirchtaindica on freshwater community especially
Daphnia sp. (96h-LC50 = 0.1 g/L). Olaruet al. [25] reported thatLC50 values were ranged from 0.3255 to
0.9043 mg/mL for three aqueous extracts (Euphorbia platyphyllos, Euphorbia stricta and Euphorbia
cyparissias). In another study, the 24h and 48h-EC50 were ranged from 82.30 to >1000 mg/L and from 31.25 to

>1000 mg/L, respectively for five plant species [26]. Ferreira et al. [27] reported that 24h-EC50 was 188.7

JMES, 2017, 8 (2), pp. 770-776 772



pg/mL for aqueous extract of Moringaoleifera. All these authors underline the toxicity of aqueous extracts and
the high sensitivity of D. magna. The 48h-EC50 obtained in this study (6.490 mg/L) inducing 50% of
immobility is comparable to 48h-EC50 (0.028 mg/L) for a conventional insecticide such as malathion [28].
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Figure 1: Acute toxicity of aqueous extract of T. articulata to D.magna after 24 h and 48 h of exposure

3.3. Chronic toxicity results
For chronic test, D. magna was exposed to a range of concentrations of aqueous extract (0, 0.17, 0.28, 0.49,
0.83, 1.42 and 2.42 mg/L). Effects on survival and different reproductive parameters of D. magna were
guantified at 21 days of exposure and described in Table 1. We chose to express measurement endpoints in
terms of NOEC and LOEC.

Table 1: Longevity, size, molting and reproduction of Daphnia magna exposed to concentrations of T.
articulata aqueous extract in a 21-day life study (values are means + standard deviation) (*p < 0.05)

T. articulata Longevit Number of Day to first Number of Number of
' gevity cumulative y neonates per Brood size broods
(mg/L) (days) brood
molts female
0 21+0.0 9.9+0.316 7.6 £0.69 100.3+£7.58 20.47+091 49+031

0.17 21+0.0 9.8 £+0.421 7.8+0.78 93.3+£8.55 19.46 £1.11 4.8 +0.42
0.28 21+0.0 9.5 +0.527 8.2+1.03 87.5+11.72 19.45%155 4.5 +0.52
0.49 199+191 8.1+2.469 8.6 +0.51 73.4+21.43 19+£1.47 3.9+1.19
0.83 18.8+2.44 7.3+2.21* 8.9+0.87 54.2+16.53* 15.86 + 1.40* 3.4 +0.96*
1.42 17.7 +3.16 6.6 + 2.50* 9.1+0.73* 40 +16.27* 12.71+2.71* 3.1£1.10*
242 16.1+3.41* 6.1+£2.33* 9.3+1.15% 32.1+10.20* 1155+1.27* 2.8+0.91*

The evaluation of toxicity of aqueous extract on 21-days reproduction test showed that both survival and
reproduction of D. magna decreased with increasing concentration of aqueous extract. The results showed that
mortality was 30% (after 19 days) at 0.49 mg/L, 60 % (after 20 days) at 0.83 mg/L, and 80 % (after 19 days) at
2.42 mg/L (Fig 2). The percentage of survival decreased with increased aqueous extract concentrations. This
showed that dose-response and time dependent relationship exist. The NOEC and LOEC values were 1.42 and
2.41 mg/L, respectively.
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Figure 2: Effects of aqueous extract of T. articulata on the survival of D. magna for 21 days.
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Figure 3: Effects of aqueous extract of T. articulata on the number of neonates per female of D. magna exposed for 21 days

Reproduction parameters were affected at concentrations lower than survival and an inverse relationship was
clearly registered between the number of neonates per female and aqueous extract of T. articulata
concentrations (Fig 3). After 21 days of exposure, the number of neonates decreased progressively with
increased concentration. No significant effect was registered at 0.49 mg/L after 21 days. The number of
neonates were 93.3 + 8.55, 87.5 £ 11.72 and 73.4 + 21.43 at 0.17, 0.28 and 0.49 mg/L, respectively. At 0.42
mg/L, only 32.1+10.20 neonates were produced, compared to 100.3+7.58 for control. The NOEC and LOEC
values were 0.49 mg/L and 0.83 mg/L, respectively for number of neonates. These results clearly showed the
high toxic effects of aqueous extract on D. magna fecundity during 21 days. In case of the use of T. articulata as
biocide to combat mosquito species, this generates a major aftereffect on the population’s reproduction of D.
magna.

At 0.49 mg/L, the number of broods was 3.9 compared to 4.9 for control, and this value decreased to 3.4 and 3.1
at 0.83 and 1.42 mg/L, respectively (Fig 4). At 2.42 mg/L, the number of broods was 2.8. Similarly, the brood
size was reduced from 20.47 in control to 15.86 at 0.83 mg/L, 12.71 at 1.42 mg/L and 11.55 at 2.42 mg/L (Fig
5). The NOEC value was 0.49 mg/L for both number of broods and brood size. For the parameter “day to first
brood”, a significant delay was observed at concentration 1.42 mg L™. The NOEC and LOEC values were 0.83
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and 1.42 mg/L, respectively. No significant effect was observed at 0.49 mg/L for number of cumulative molts.
The NOEC and LOEC values were 0.49 and 0.83 mg/L, respectively. The longevity was reduced from 21 at
control to 18.8, 17.7, and 16.1 at 0.83, 1.42 and 2.42 mg/L, respectively. The NOEC and LOEC values were
1.42 and 2.42 mg/L, respectively for longevity. These results showed that the use of aqueous extract of T.
articulata can have a major effect on D. magna maturity. These findings agree those obtained by other natural
compounds [29-31]
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Figure 4: Effects of aqueous extract of T. articulata on number of brood exposed for 21 days.
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Figure 5: Effects of aqueous extract of T. articulata on brood size exposed for 21 days
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The present study is the first and the only one conducted on the assessment of T. articulata chronic effects on D.
magna. Mousa et al., [24] showed that aqueous extract of Azadirachta indica has also a chronic effect on
Daphnia sp. Similar results were also obtained by ibuprofen [32], dimethoate and pirimicarb [33]...

Conclusion

Our study is the first one to explore the toxic effects of aqueous extracts of T. articulata on aquatic organisms.
D. magna was selected to serve as a test organism, giving an important role to the food chain of aquatic
ecosystems.Our results clearly show significant effects of acute toxicity and reprotoxicity on D. magna
population. This suggests that the use of the aqueous extracts of T. articulata for its biocidal activities in
Mohammedia wetlands can generate effects on non-target populations. The balance and dynamics of these
ecosystems may be altered. In conclusion, this study draws attention to the need to integrate ecotoxicological
approach to study the biological activities of natural substances extracts.
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