Biochemistry and Biophysics Reports 37 (2024) 101624

Contents lists available at ScienceDirect

BB

Biochemistry and Biophysics Reports Repo

FI. SEVIER

journal homepage: www.elsevier.com/locate/bbrep

Analysis of Achyranthes aspera leaf extract and acute toxicity study on
fingerlings of Nile tilapia, Oreochromis niloticus

Belayhun Mandefro *°, Workineh Mengesha Fereja®, Dawit Fremichael ©¢, Seid

Tiku Mereta ™', Argaw Ambelu®

& Department of Environmental Health Science and Technology, Jimma University, Jimma, Ethiopia

Y Department of Biology, Dilla University, Dilla, Ethiopia

¢ Department of Chemistry, and Energy and Environment Research Center, Dilla University, Dilla, Ethiopia
d Center for Environmental Science, Addis Ababa University, Addis Ababa, Ethiopia

ARTICLE INFO ABSTRACT

Keywords: Schistosomiasis is a debilitating chronic disease with great socioeconomic and public health impact affecting the
Achyranthes aspera poor rural populations who lack access to sanitation, and safe water supply. The high cost of synthetic mol-
Molluscicidal luscicides, their toxicity to non-target organisms, and their persistence in the environment have forced the
I;Z‘:fh(; omis niloticiss research of plant-derived molluscicides. Although plant molluscicides are cheap, biodegradable, ecofriendly and
piscicidal less toxic to higher animals, unregulated applications could affect non—target organisms. Therefore, ecotoxi-
Phytochemical cological studies are essential to assess the toxicity of these substances to economically and ecologically sig-

nificant fish species and to establish safe dosage level. This study is intended to investigate the acute toxicity of a
molluscicidal plant Achyranthes aspera to Nile tilapia fingerlings, Oreochromis niloticus (O. niloticus) (n = 7) were
exposed to serial dilutions of A. aspera leaf aqueous extract using maceration method for 96 h in triplicate setup.
Phytoconstituents were identified by GC-MS. Mortality data were analyzed by probit regression to determine
lethal concentrations. The NOAEC was ascertained through hypothesis testing based on survival data. The
respective piscicidal LC; and LC;o values were 897.43 and 1063.87 mg/L while the LCsp is 1310.74 mg/L. In
addition, the NOAEC was 1100 mg/L (p > 0.05). This piscicidal toxicity is much lower than its molluscicidal
potency may be due to the presence of rotenones and triterpenoides which are commonly found in piscicidal
natural products. The GC-MS analysis revealed 12 phytoconstituents including a monoterpene. This study in-
dicates that A. aspera has low toxicity to Nile tilapia could be due to monoterpenes are nontoxic. The findings of
this study demonstrate that, at this dose, the plant is safe to the test fish. Thus it can be effective, eco-friendly and
sustainable alternative for the development of molluscicides for snail control.

1. Introduction

Schistosomiasis, a neglected tropical disease (NTD), is one of the
most important prevalent human and animal parasitoses in tropical and
subtropical region worldwide [1]. Schistosomiasis is a debilitating
chronic disease with great socioeconomic and public health impact
affecting the poor rural populations who lack access to sanitation, and
safe water supply [2]. In this regards, snail control plays a central role in
schistosomiasis [3]. The applicability of the available synthetic
molluscicide (niclosamide) is challenging due to high cost and
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environmental concern.

Although it is a great challenge to control schistosomiasis in unde-
veloped regions because of financial burden and environmental pres-
sures [3]. Therefore, the current strategies for schistosomiasis control
mainly rely on snail control [4]. Thus forced researchers look for
alternative botanical products. Ease of access at low cost and environ-
mental friendliness is the major attributes of many medicinal plants.
Similar refreshment is being observed in the search for molluscicidal
plants against vector snails transmitting schistosomiasis and other
trematode parasites [5-7].
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Plant molluscicides are generally considered as eco-friendly, rapidly
biodegradable and less toxic to higher animals. Some plant mollusci-
cides are considered inexpensive and environmental friendly to the
health of aquatic organisms and mammals, and some pure compounds
have also been isolated from plant and proven to have molluscicidal
activity against snails [1]. Development of natural plant molluscicides
may be a suitable alternative for snail control [8,9]. However, their
indiscriminate use could affect nontarget organisms. The toxic effects of
these products, especially on important species like fish, should be
investigated before widespread use. Such ecotoxicological information
also fosters their practical applicability [10,11]. Acute fish toxicity has
been assessed for only few molluscicidal plants like Phytolacca dodeca-
ndra [12], Jatropha curcas [13] and Moringa oleifera [10,14].

Beside toxicity studies, knowledge of the chemical constituents of
such plants is desirable to develop a more comprehensive information
regarding its toxicological potential, safety and efficacy [15]. In addi-
tion, identification and validation of the bioactive compounds is useful
for further understanding of its molluscicidal properties and for the
synthesis of effective chemical substances [16].

Achyranthes aspera (A. aspera), a member of the Amaranthaceae
family, is a perennial herb growing in many parts of Asia, Africa,
America, Europe and Australia [17,18]. It is a well-known medicinal
plant in Ethiopia, India and other countries [19,20]. A. aspera is tradi-
tionally popular in folk remedy in tropical Asia and in different African
countries. It’s used in various traditional health care systems including
the treatment of fever, wound healing, tooth ache, arthritis, gyneco-
logical disorders, urinary disorders, insect and snake bites, abdominal
tumor, stomach pain and elsewhere for a number of ailments treatment
[21-24]. In east Africa the plant is used for treating tonsillitis, head
wounds and ringworm. Different plant parts (root, stem, leaf, inflores-
cence, and seeds) are used individually for treating different illnesses,
though the whole plant is also often used [25,26].

Studies reported that Achyranthes aspera extract can be used as
antifungal, antibacterial, antioxidant, antifertility and in the treatment
of renal dropsy, skin rash, chronic malaria, impotence, asthma, diabetes
etc [27-29]. Recently, the molluscicidal properties of A. aspera have
been discovered [24]. Phytochemical studies on A. aspera revealed
presence of flavonoids, alkaloids, saponins and cardiac glycosides
[29-31]. Saponins and alkaloids are molluscicidal; also, piscicidal.

Nile tilapia is an African freshwater cichlid fish naturally occurring
in rivers, dams and lakes as an important ecological entity. It is an
important food fish all over the world and is most exploited species
constituting 60-80 % total fish capture [32-35]. Moreover, it is one of
the predominantly stocked fish in aquacultures, artificial lakes, reser-
voirs and small water bodies. Yet, the action of A. aspera on those
economically important fingerlings of Nile tilapia, Oreochromis niloticus
is not known so far.Therefore, the plant’s molluscicidal application re-
quires further phytochemical analysis and ecotoxicological in-
vestigations. Herein, this study is aimed to investigate acute toxicity of
A. aspera leaves aqueous extract to Nile tilapia fish, O. niloticus and
identify major phytoconstituents.

2. Materials and methods

A standard non-renewed static test was adopted for this test to
evaluate the fish acute toxicity of A. aspera leaves aqueous extract in 96
h exposure time.

2.1. Plant material collection and processing

In Ethiopia, A. aspera grows abundantly as a weed on abandoned
lands. Verbal consent for this research was obtained from the district
agricultural office. Fresh leaves were collected from a natural habitat at
9°43'45.59" N, 39°37'2.71" E in Keyit district, North Shewa, Oromia,
Ethiopia. Specimen was kept in Addis Ababa University Herbarium with
number: M.B.1. It was dried in shade and powdered to 200 pm particle
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size.

For each serial dilution, crude aqueous extraction was made using
maceration method as described by Ref. [36] with slight modification.
The required amount of the plant powder was placed in 400 mL aged
water in a conical flask and shaking at 160 rpm, overnight. Finally, it
was filtered using a clean cotton cloth and stored at 4 °C until used [37].

2.2. Test animal collection and maintenance

110 fingerlings of O. niloticus were taken by permission from an
artificial fishpond owned by Department of Biology, Dilla University,
Ethiopia. Fingerlings of either sex were evenly distributed into the test
concentrations at equal chance, measuring 6.27 + 0.2 cm in length, and
mass of 3.89 + 0.25 g were selected for this test and the remaining was
immediately returned in to the pond [38].

Caught fish were promptly put into clean plastic buckets containing
the pond water and immediately brought to the Biology laboratory for
acclimatization. During acclimatization the physicochemical properties
of water were maintained at temperature (21 °C), dissolved oxygen (75
%), pH (7.8) and total hardness (85 mg/L as CaCO3) were used. They
were maintained in two 80 cm x 60 cm x 60 cm aquaria for one week in
aged tap water under continuous aeration and 12-h light, 12-h dark
photoperiod. They were fed with flakes of tasty soya (Pramukh Agro-
industry PLC, Ethiopia) as recommended by Ref. [39]. Feeding was
stopped 24 h before the experiment [40,41]. In the course of the
experiment, the fingerlings of O. niloticus were ethically handled in
accordance with the principles of animal welfare in scientific
experiments.

2.3. Fish acute toxicity test

The range finding test was set according to the protocols defined by
OECD [42] and EPA [43]. Five serial dilutions of 100, 400, 800, 1200
and 1600 mg/L aqueous extract were prepared in 10 L aged water. Three
randomly selected healthy fish were exposed to each test solution for 24
h. The purpose of the range finding test is to identify the useful con-
centration range that would probably produce mortality rates between
0 and 100 % and guess the range of concentrations for the definitive test.
Initially, a range—finding test was conducted. As a result, six dilutions:
600, 800, 1000, 1100, 1200 and 1400 mg/L, each in 30 L aged tap water,
were prepared for the definitive test. According to the protocols [42,44,
45], seven healthy fishes of either sex were randomly placed and
exposed to each test solution for 96-h being intermittently aerated in
every 2-3 h. Aged tap water was used for negative control. The test was
prepared in triplicates. Mortalities were recorded at the end of 12, 24,
48,72 and 96 h [42]. Dead fish were identified by absence of tail and gill
movements and loss of sensation to gentle prodding with a glass rod
[46]. Dead fish were immediately picked out from the solutions to
minimize contamination. Surviving fish were euthanized by immersion
in 40 L 0.4 mL/L clove oil solution according to AVMA guideline [47,
48].

2.4. Water physicochemical characteristics

Dissolved oxygen, temperature and pH were measured in every 24 h
using a calibrated multiparameter probe. Before every measurement,
the probe was calibrated according to its operating manual. Total
hardness was determined only at the start by EDTA titrimetric method
using Eriochrome Black T (EBT) as indicator and calculated using the
described equation below.

Hardness in mg/L as CaCO3—(V x N x 50 x 1000)/(SV)

Where: V = volume of titrant (mL); N = normality of EDTA; 50 =
equivalent weight of CaCO3; SV = sample volume (mL)
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2.5. Phytochemical analysis of A. aspera by GC-MS

The phytochemical profile of A. aspera leaf crude ethanolic extract
was carried out using the procedure described by Olivia, N.U. et al. [49].
Briefly, the GC-MS analysis was carried out in a combined 7890A gas
chromatograph system (Agilent 19091-433HP, USA) and mass spectro-
photometer, fitted with a HP-5 MS fused silica column (5 % phenyl
methyl siloxane 30.0 m x 250 pm, film thickness 0.25 pm), interfaced
with 5675C Inert MSD with Triple-Axis detector. Helium gas was used as
carrier gas and was adjusted to column velocity flow of 1.0 ml/min.
Other GC-MS conditions are ion-source temperature, 250 °C; interface
temperature, 300 °C; pressure, 16.2 psi; out time, 1.8 mm; and 1 pl
injector in split mode with split ratio 1:50 with injection temperature of
300 °C. The column temperature started at 40 °C for 5 min and changed
to 150 V at the rate of 4 °C/min. The temperature was raised to 100 °C at
the rate of 20 °C/min and held for 5 min and from 100 to 310 °C at
10 °C/min while initial and final holdup time was 1 and 16 min,
respectively. The temperature of the injector and MS transfer line were
set at 250 and 280 °C, respectively. The total elution was 47.5 min. The
relative percent amount of each component was calculated by
comparing its average peak area to total areas. MS solution software
provided by supplier was used to control the system and to acquire the
data. An electron ionization system (with ionization energy of 70eV)
was used for GC-MS detection while the scanning mass was ranged from
33 to 500 m/z.

2.6. Data analysis

The phytoconstituents were identified by comparing the spectra of
each unknown compounds with that of known compounds archived in a
database repository. Effective doses (LC;, LCyp and LCso) were deter-
mined from the mortality data by probit regression method in IBM SPSS
software. The NOAEC (No observed adverse effect concentration) is by
definition, the highest concentration at which survival of the test or-
ganism is not significantly different from the control [43,50]. Therefore,
the NOAEC was determined by hypothesis testing using Dunnett t-test at
95 % confidence interval [43].

First: the mortality rates are recorded as response proportion data for each
concentration and control group. (RP) = Number of survivors/Total number of
exposed.

Where RP is response proportion.
Second: The resulting RPs are transformed to arc sine values in
radian as follows.

(1) For RPs greater than zero or less than one

Angle (in radians) = arc sine/ (RP)

(2) Modification of the arc sine when RP = 0.
Angle (in radians) = arc sine /1/4n

Where n = number of animals per treatment replica.

(3) Modification of the arc sine when RP = 1.0.
Angle = 1.5708 radians — (radians for RP = 0)

Third: Dunnett test is performed on the arc sine transformed mor-
tality data at 95 % confidence interval to determine the concentration
that exhibit statistically insignificant mortality difference from the
control.
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3. Results
3.1. Bench side observation

The fingerlings remained very active in swimming and feeding in the
course of acclimatization. No fish has died in the aquaria and no one has
exhibited any abnormal operculum beating as signs of stress or suffo-
cation. In few moments following loading of fish to the aquaria, few
fingerlings jumped out but were promptly picked up and returned. Af-
terwards, they became calm and relaxed within 2-3 h. Unlike the control
groups, fish exposed to the test solutions are constantly coming to the air
water interface and continuously gulp. They usually come to the surface
and gulp in groups or rest at the bottom unlike the control groups which
were freely moving and chasing each other.

3.2. Water physicochemical properties

In every measurement, dissolved oxygen level was above 60 %
however, it was lower in the test solutions than the control. The physi-
cochemical properties such as temperature (°C), dissolved oxygen (%),
pH and total hardness (mg/L as CaCO3) at different measurement time
are presented in Table 1. The pH level decreased over the days yet its
sstandard deviation was below the 1.5 limit for a valid test [42].

3.3. Fish acute toxicity test results

The majority of fish mortalities occurred within the first 48 h
(Table 2). No fish has died in the control, 600 mg/L and 800 mg/L di-
lutions. Dying fish gradually become sluggish, unable to escape when
touched. They continuously swirl about and finally sank down.

Concentrations of LC;, LCyo and LCsy with respective confidence
limits were estimated from the mortality data by probit analysis

Table 1
Measurements of some physicochemical characteristics of test water in fish acute
toxicity test.

Measurement Test Test Temp. Dissolved pH Total
hours groups conc. (°C) oxygen hardness
(mg/ (%) (mg/L as
L) CaCOs)
24 h Control 0 21 75 7.8 85
T.S. 1 600 21 65 7.6 89
T.S. 2 800 21.2 69 7.8 85
T.S.3 1000 21.2 71 7.5 85
T.S. 4 1100 21.5 67 7.7 86
TS. 5 1200 21.5 64 7.6 82
T.S. 6 1400 20.4 73 7.2 86
48 h Control 0 20.8 80 7.2
T.S. 1 600 20.6 61 7
T.S. 2 800 20.5 64 7
T.S. 3 1000 20.6 66 7
T.S. 4 1100 20.5 60 7
T.S. 5 1200 20.6 61 7
T.S. 6 1400 20.6 61 7.1
72h Control 0 20.9 76 7
T.S. 1 600 20.7 60 7
T.S. 2 800 20.8 61 7
T.S. 3 1000 20.8 62 7
T.S. 4 1100 20.9 68 7
T.S.5 1200 21.3 61 7
T.S. 6 1400 20.4 69 7.2
96 h Control 0 21.4 78 7
T.S. 1 600 21.2 64 7
T.S. 2 800 21.1 76 7
T.S. 3 1000 21.2 72 7
T.S. 4 1100 21.1 70 7
T.S.5 1200 20.9 73 7.1
T.S. 6 1400 20.4 70 7.2
Mean 20.87 67.75 7.18 8543

SD 0.38 6.01 0.27  2.07
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Table 2
Cumulative mortalities of O. niloticus fish fingerlings in different extract con-
centrations during 24, 48, 72 and 96 h of exposure.

Test conc. (mg/L)  Number of fish exposed  Fish cumulative mortalities at

different time intervals

24h  48h 72h 9h

0 (Control) 14 0 0 0 0
600 14 0 0 0 0
800 14 0 0 0 0
1000 14 0 0 0 1
1100 14 0 1 1 1
1200 14 3 5 5 5
1400 14 3 6 7 9
Table 3

Lethal concentrations and confidence intervals resulted from probit analysis.

Lethal Concentration (in Confidence interval (at 95 2
concentrations mg/L) %)

LC1 897.43 642.48-1006.01 1.02
LC10 1063.87 903.01-1140.89

LC50 1310.74 1229.53-1484.42

(Table 3). The calculated Xz at 95 % confidence interval asserts it’s
goodness-of-fit.

The response proportions (RP) and corresponding arc sine trans-
formed values in each test solutions are summarized in Table 4. The
result indicated the highest concentration in which survival of the fin-
gerlings is not significantly different from the control is the 1100 mg/L
(p > 0.05). This level is therefore, the NOAEC
(No—Observed—Adverse—Effect—Concentration).

3.4. Phytochemical analysis of A. aspera leaf ethanolic extract

The leaf powder was extracted using 85 % ethanol through a
microwave-assisted extraction technique. The resulting extract was
analyzed by GC-MS and revealed 12 major phytoconstituents (Fig. 1).

4. Discussion

A. aspera is a well-known medicinal plant traditionally used for ail-
ments of various diseases in many parts of the world [19,51]. In addi-
tion, the molluscicidal potential of this plant is recently discovered [52].
But assessment on its negative toxic impact on non-target species is
mandatory before applied in the aquatic environment for snail control.

Here, the toxic effect of A. aspera leaf aqueous extract on an impor-
tant fish species, O. niloticus fingerlings, was studied to evaluate the
possible adverse impact on survival of such non-target and important
species in case of its application against aquatic vector snails. As a result,
the NOAEC was determined to be 1100 mg/L (p > 0.05) and the LCsq
was 1310.74 mg/L. In addition, the respective LC; and LC;( values were
897.43 mg/L and 1063.87 mg/L.

Fish toxicity effects of different molluscicidal plants such as Sapindus

Table 4
Arc sine transformation of survival proportion data.

Biochemistry and Biophysics Reports 37 (2024) 101624

mukorossi exhibited an LCsg of 10 ppm while its molluscicidal LCs is
119.57 ppm [53], Jatropha gossypifolia had piscicidal LCsy of 10.490
mg/L [11] while its molluscicidal LCs is over 100 ppm [12,54,55]. The
piscicidal LCsg of Endod (Phytolacca dodecandra) is 4.4 mg/L and its
molluscicidal LCsq is 10 ppm [12,55]. Similarly, Carica papaya exhibited
piscicidal LCsg of 700 ppm against O. mossambicus fish while its
molluscicidal LCsq is from 619.1 to 2716.3 ppm [56]. These data indi-
cate the molluscicidal medium lethal dose (LCsp) of each plant exceeds
its respective piscicidal LCso. And hence, they are more toxic to those
nontarget fish than to the target snails. Such problem in selectivity and
target specificity limits application of these natural products for snail
control in habitats where fishes and snails co-exist.

On the contrary, the current study showed that the piscicidal LCsg of
A. aspera leaf aqueous extract to Nile tilapia fingerlings is 1310.74 mg/L
and the NOAEC level is 1100 mg/L. These concentrations are much
higher than its molluscicidal LCsp which is 72.4 ppm, according to
Mandefro et al., [24]. This shows a considerable gap between the
molluscicidal and piscicidal lethal doses of A. aspera. This indicates the
plant has minimum toxic effect to this economically and ecologically
valuable fish, O. niloticus, especially at its molluscicidal dose limits. This
selectivity fosters the plant’s applicability for snail control in habitats
where fishes and snails co-exist.

Several phytochemical studies on the same plant have identified
different classes of saponins [17,57,58]. But in the current GC-MS
analysis, saponins are not detected (Fig. 1). However, some com-
pounds identified are molluscicidal by nature. For example, cis-p-men-
tha-1(7), 8-dien-2-ol is an oxygenated monoterpene, a terpenoid
saponin moiety [59]. In addition, the larvicidal property of eicosanoic
acids and phthalates is indicated in many literatures. The molluscicidal
effect of terpenoids is documented in numerous studies [10,60]. In
general, the bioactivity of crude extracts often results from the syner-
gistic effects of its constituents.

In all physicochemical measurements, lower dissolved oxygen (DO)
level was recorded in test solutions than in the control. The decrease in
DO of the test solutions was within the suggested tolerance and so could
not have affected the mortality of the test fish [46]. This phenomenon
agrees with the studies of Ayuba et al. [46], and Ojutiku et al., [61].
Biodegradation of the phytochemicals leads to higher biological and
chemical oxygen demand and causes depletion of DO in the test solution
[43,61].

Fingerlings in the test solution were seen motionless resting at the
bottom or incessantly gulping at the water air interface. These behav-
ioural changes also happened in many similar studies [11,40,62]. The
reactions could be due to dissolved oxygen depletion by the chemicals
leading to oxidative stress [61]. It can also be a manifestation of neuro
toxicity and poisoning of the gills by the toxicants [61,62].

5. Conclusion

As a general principle, molluscicides are directly applied to snail-
infested water bodies where many other non-target species live
together. As a result, they are always subjected to deleterious toxicity by
such chemicals applied in to their common habitats. To mitigate such

Replicate RP in test concentrations (mg/L) and the control
Control 600 800 1000 1100 1200 1400

Raw data A 1.0 1.0 1.0 1.0 1.0 0.7 0.4

B 1.0 1.0 1.0 0.9 0.9 0.6 0.3
Arc sine value A 1.3807 1.3807 1.3807 1.3807 1.3807 1.0069 0.7137

B 1.3807 1.3807 1.3807 1.1832 1.1832 0.8531 0.5640

Mean 1.3807 1.3807 1.3807 1.2820 1.2820 0.9300 0.6389

Var. 0 0 0 0.0195 0.0195 0.0118 0.0112

Note: RP is response proportions.
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Fig. 1. Phytoconstituents of A. aspera leaf ethanolic extract analyzed by GC-MS. (a) Cyclohexane, 1-methyi-4-(2-hydroxyethyl) CoH;50; (b) Benzene, (1-methyl-
propyl) C10Hi4; (¢) Cis-p-mentha-1(7),8-dien-2-ol C;0H;60; (d) 1,2-Benzenedicarboxilic acid, butyl 8-methylnonyl ester Co2H3404; (€) Octadecanoic acid, 2-hydroxy-
1,3-propanediylester C3gH7¢Os; (f) Oleic acid, eicosyl eter C3gH7402; (g) Benzene,1,3-diethyl C;oHi4; (h) Naphthalene, 2-methyl C11H;¢; (i) Naphthalene,1,7-
dimethyl C;5H;9; (§) Eicosanoic acid CpoH40O2; (k) Benzene, 1,2,3-trimethyl CoHjo; (1) Oleic acid C;gH3405.

ecological damage, the molluscicide should be selective in action or the
dose limit applied for snail control is proved to be safe to such non-target
species. The general notion of biodegradability, target specificity and
low mammalian toxicity of plant derived molluscicides does not guar-
antee their safe and indiscriminate usage. Their toxicity to at least those
important non-target groups and the safe dose level to be applied should
be known beforehand. The application of phytochemicals in the field

can be better justified when molluscicidal efficacy studies are backed by
ecotoxicological data. This particular study showed that the toxicity of
A. aspera aqueous extract to O. niloticus fingerlings is very much lower
than its molluscicidal efficacy. Therefore, it is possible to conclude that
application of the plant product for snail control at the specified LCs( or
LCyo dose is safe to this fish. The findings of this study demonstrate that,
at this dose, the plant is safe to the test fish. Thus it can be effective,
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economical, eco-friendly and sustainable alternative for the develop-
ment of molluscicides for snail control. However, further studies on
non—target groups such as aquatic invertebrates and mammals should
be conducted to generate more complete ecotoxicological information.
Furthermore, long-term study is required to assess the potential chronic
effects of A. aspera on aquatic organisms.
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