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Abstract: In this study toxicity of Euphorbia royleana latex and stem bark extract was evaluated in a static bioassay
test for the fry and fingerlings of freshwater fish Channa punctatus. For fry the LCso values for Euphorbia royleana
latex were 12.66, 6.27, 4.04 and 3.05 mg/L whereas for stem bark extract the LCso values were 113.77, 89.16, 71.99
and 56.59 mg/L for 24, 48, 72 and 96 h, respectively. It seems that toxicity of latex was more pronounced as
compared to stem bark extract. The LCsp values for latex for fingerlings were 22.58, 18.14, 14.99 and 12.34 mg/L
whereas for stem bark extract the LCsp values were 614.35,585.06,535.93 and 475.37 mg/L for 24, 48, 72 and 96 h,
respectively. The activities of the latex and stem bark extract were time- and dose-dependant. The present study
clearly indicates that Euphorbia royleana extracts should be applied with great precautions nearby the aquatic
reservoirs as it is toxic to growing stages of the fish.
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Introduction

Medicinal plants have been widely used in
India to treat various disorders, including
Indeed, important
epizootic  ulcerative

infectious  diseases.

diseases, such as
syndrome, myxobolasis, gyrodactylosis and
argulosis have been successfully controlled

using turmeric, garlic, onion and other herbal

materials (Dey et al., 1997; Malik et al., 2018).
In recent years, various medicinal plants have
been used in aquaculture as molluscicides and
piscicides for the removal
aquatic organism (Rug and Ruppel, 2000;
Yadav and Singh, 2002; Tiwari et adl,
2005; Singh et al., 2009; Kaur et al., 2016;

of unwanted
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Singh and Singh, 2020).

Natural products have gained greater
importance, since it is believed that the
natural compounds are ecologically sound and
culturally more acceptable. Several plants,
such as Euphorbia royleana, possess bioactive
chemical constituents that have high
pesticidal activity, making this plant useful for
controlling predatory fish, disease causing
insects and freshwater snails in the water
bodies (Okunji and Iwu, 1988; Gopalsamy et
al.,, 1990; Alard et al.,, 1991; Singh et al., 1996;
Singh and Singh, 2003; Singh et al, 2009;
Prasad et al., 2010, 2016, 2017; Kaur and Gill,
2014). Yet, the eco-toxic properties of these
plant materials on non-target animals sharing
the habitat with target animals have not been
investigated.

We are interested in eco-toxic properties
of plant origin pesticides. This study examined
the toxicity of Euphorbia royleana latex and
stem-bark extracts against fry and fingerlings
of freshwater fish Channa
Euphorbia royleana is a plant used in fish
catching practices (Prakash and Singh, 2000,
Ahmad, 2016; Singh et al, 2017). C. punctatus,
is an important fish of Indian fisheries and a

punctatus.

good experimental animal due to its size, easy
availability and good survival in laboratory.

Materials and Methods
Physico-chemical characteristics of water:

Water containing the fish had a pH 7.3 to 7.5,
dissolved oxygen of 6.9 to 7.7 ul/L, free
carbon dioxide of 4.5 to 6.5 ul/L and
bicarbonate alkalinity of 105.0 to 109.0 mg/L
as measured according to methods of APHA et
al. (1998). Atmospheric and  water
temperature ranged from 29.5 to 30.5 C and
from 28.0 to 29.0 C, respectively.

The Test animal:

Fry (2.1-3.2 cm) and fingerlings (4.2- 6.7 cm)
of the fish Channa punctatus were collected
from Ramgarh Lake, Gorakhpur, India. After
collection they were stored in glass aquaria
containing 50 L de-chlorinated tap water for
acclimatization for 7 days to laboratory
conditions. Dead fish were removed as soon as
possible to prevent the fouling of the
aquarium media. Water was changed every 24
h. Average size of growing stages of the fish
were used for the experiment.

Preparation of extract:

The latex and stem-bark extract of Euphorbia
royleana (collected from plants growing
locally in their natural habitats) were used in
this study. The latex, collected by draining into
a glass tube after cutting the stem apex, was
lyophilized at -40 C and the dried powder was
used in experiments. The collected stem-bark
was dried overnight at 38 C and then
pulverized in a mortar and pestle for use in
the experiments. Dried powder of each plant
sample was mixed with appropriate volumes
of distilled water to obtain desired
concentration.

Treatment protocol for dose-response relation:

Toxicity experiments were performed by the
method of Singh and Agarwal (1988). For each
experimental, ten fry and fingerlings were
placed separately in a glass aquarium
containing 6 L of de-chlorinated tap water.
The fry and fingerlings were exposed to four
concentrations of the extracts for 96 h.
Separate matched with
treatment, but containing no extract, were
kept in similar conditions as controls.
Mortality was recorded at 24 h, 48 h, 72 h and
96 h. Fry and fingerlings were considered

aquaria, each
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dead if they failed to respond to prodding with
glass rod. Dead fish were removed from the
test container to prevent water fouling. LC
values, upper and lower confidence limits and
slope value, ‘g’ values and heterogeneity factor
were calculated according to the methods of
Russel et al. (1977).

Results

Investigations on the toxicity of latex and
stem-bark extracts of Euphorbia royleana
against the fry and fingerlings of freshwater
paddy fish C. punctatus showed that latex was
more toxic than the stem-bark extract (Tables
1-4). For fry the LCso values for Euphorbia
royleana latex were 12.66, 6.27, 4.04 and 3.05
mg/L (Table 1) whereas for stem bark extract
the LCso values were 113.77, 89.16, 71.99 and
56.59 mg/L (Table 2) for 24, 48, 72 and 96 h,
respectively. It seems that toxicity of latex was
more pronounced as compared to stem bark
extract. The LCso values for latex for
fingerlings were 22.58, 18.14, 14.99 and 12.34
mg/L (Table 3) whereas for stem bark extract
the LCsp values were 614.35, 585.06, 535.93
and 475.37 mg/L (Table 4) for 24, 48, 72 and
96 h, respectively.

In case of both the extracts, the LCso values
were time- and dose-dependent. A decrease in
the dose necessary to produce the response
occurred with an increase in exposure time--
for fry the LCso for latex decreased from 12.66
to 3.05 mg/L when the exposure period was
increased from 24 h to 96 h.

A value of the ‘t’ ratio greater than 1.96
(indicating a significant regression) and the
heterogeneity values of less than 1.0 denoting
that in the replicate tests of random samples,
the concentration response lines would fall
within 95 per cent confidence limits and thus

model t-data adequately. The index of

significance of potency examination of ‘g
indicates that the value of the mean was
within limits at all probability levels.

Discussion

The present study demonstrated that both the
latex and the stem-bark extract of E. royleana
were lethal to C. punctatus at both stages of
fish growth. The latex, however, was more
toxic than the stem-bark extract. The lethality
of a given concentration of the latex and stem-
bark extracts to fish increased with exposure
time.

The most obvious sign of distress in the
fish treated with
restlessness, labored breathing,
equilibrium and lethargy. Other altered
behaviour noticed was frequent surfacing,
muscular tetany and jumping from the water.
The progressive toxic effects of the latex and
stem-bark extract caused the fry and
fingerlings to sink to bottom of the aquaria
and usually lead to death. Singh and Agarwal
(1984, 1990) have reported earlier that latex
of E. royleana and Jatropha gosspyfolia cause
inhibition of acetylcholine esterase and reduce
the endogenous level of other known neuro-
transmitters (5-hydroxytrytamine, epineph-

latex or extract was
loss of

rine and dopamine) in nervous tissues of the
freshwater snail Lymnaea acuminata and fish
Channa marulius in the time- and dose-
dependent manner.

Similar behavioural responses have been
observed in fish exposed to organophosphate
and carbamate pesticides (Ahmad, 1975;
Verma et al., 1978; Ghosh, 1986; Gill et al.,
1991; Singh et al, 2004). These compounds,
which are cholinergic inhibitors, are known
nerve poisons (Stansely, 1993). Gill et al
(1991), Singh (2001) and Singh et al. (2020)
described that the behavioural anomalies are
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Table 1: Toxicity of latex extracts of E. royleana to fry of the fish C. punctatus

Exposure Limits Slope value | ‘g’ value ‘t Hetero-
ri val nei
pertod Parameter Upper - lower [mg/L] Tue | genelty
LC10=348 1.92-4.43
24 h LCso= 12.66 9.54-2628 2.28+0.56 0.24 4.03 0.22
LCoo= 46.07 23.42-35.14
LC10=1.93 0.96 - 2.67
48 h LCs0=6.27 5.34-7.55 2.5+0.49 0.15 5.10 0.24
LCoo=20.40 14.0 - 46.16
LC10=1.60 0.92-2.19
72h LCso=4.04 3.51-4.60 3.19+0.51 0.09 6.32 0.15
LCoo=10.19 841-1421
LC10=1.29 0.69-1.81
96 h LCs0= 3.05 2.35-3.57 3.44+0.56 0.10 6.13 0.33
LCoo=7.12 6.18-9.17
e  Batches of 10 fish were exposed to four different concentrations of E. royleana latex.
e  Mortality was determined every 24h. Each set of experiment was replicated six times.
e Concentrations given are the final concentration (w/v) in the aquarium water.
e Regression coefficient showed that there was significant (P<0.05) negative correlation between exposure
period and different LC values.
Table 2: Toxicity of stem-bark extracts of E. royleana to fry of the fish C. punctatus
Exposure Limits Slope value | ‘g’ value t Hetero-
eriod value | geneit
b Parameter Upper - lower [mg/L] s ¢
LC10=41.18 23.71-52.67
24 h LCso=113.77 98.61 - 146.54 2.91+0.61 0.17 4.75 0.15
LCoo=314.34 21247 -787.18
LCi0=34.74 20.14 - 45.16
48 h LCso= 89.16 78.73 - 102.59 3.13+0.59 0.14 5.30 0.48
LCoo= 228.84 171.65-417.79
LC10=29.83 17.23 -39.36
72h LCso=71.99 61.98 - 80.77 3.35+0.58 0.12 5.69 0.60
LCoo=173.79 13993 -264.02
LC10=23.53 12.09 - 32.69
96 h LCs0= 56.59 45.04 - 64.89 3.36x0.60 0.13 5.59 0.52
LCoo=136.11 11448 -189.48
o Batches of 10 fish were exposed to four different concentrations of E. royleana stem bark.
e Mortality was determined every 24h. Each set of experiment was replicated six times.
e Concentrations given are the final concentration (w/v) in the aquarium water.
L]

Regression coefficient showed that there was significant (P<0.05) negative correlation between exposure

period and different LC values.
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Table 3: Toxicity of latex extracts of E. royleana to fingerlings of fish C. punctatus

Exposure Limits Slope value t ‘g’ value | Hetero
period Parameter Upper - Tower /L] value geneity
LCi0= 896 5.25-11.25
24h LCso= 22.58 19.79-28.90 3.19+0.71 4.53 0.18 0.27
LCoo= 65.86 39.32-141.03
LC10=7.53 4.20-9.73
48h LCso= 18.14 16.17-20.80 3.54+0.69 4.82 0.17 0.72
LCoo=43.73 32.84-84.316
LC10=6.88 4.00-8.89
72h LCso= 14.99 13.10-16.60 3.78+0.72 5.26 0.14 0.80
LCoo= 32.69 26.72-49.65
LC10=6.16 3.51-8.05
96 h LCso= 12.34 10.12-13.78 4.24+0.78 5.37 013 0.74
LCoo= 24.72 21.45-32.54

Batches of 10 fish were exposed to four different concentrations of E. royleana latex.
Mortality was determined every 24h. Each set of experiment was replicated six times.
Concentrations given are the final concentration (w/v) in the aquarium water.
Regression coefficient showed that there was significant (P<0.05) negative correlation between exposure

period and different LC values.

Table 4: Toxicity of stem-bark extracts of E. royleana to fingerlings of fish C. punctatus

Exposure Limits Slope value | ‘g’ value t Hetero-
period Parameter value | geneity
Upper - lower [mg/L]
LC10=396.53 260.67-417.09
24 h LCs0= 614.35 572.31- 666.03 5.48+1.05 0.14 4.73 0.53
LCoo=1052.55 891.22-1499.54
LC10=358.58 289.57- 45582
48 h LCs0= 585.06 650.12-814.82 5.12+1.08 0.17 5.20 0.17
LCoo= 1253.67 1003.27-2119.08
LC10=312.88 213.28-374.66
72 h LCs0= 535.93 485.86-574.77 5.48+1.04 0.14 5.24 0.60
LC90o=917.98 800.60-1219.03
LC10=289.26 195.69-349.50
96 h LCso=475.37 416.47-513.76 5.94+1.08 0.13 5.45 0.59
LCoo=781.22 705.89-948.278
e Batches of 10 fish were exposed to four different concentrations of E. royleana latex.
e Mortality was determined every 24h. Each set of experiment was replicated six times.
e Concentrations given are the final concentration (w/v) in the aquarium water.
e Regression coefficient showed that there was significant (P<0.05) negative correlation between exposure

period and different LC values.
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due to inhibition of cholinergic impulses by
the hydrolysis of neurotransmitter
acetylcholine released during synaptic
transmission. Similar anticholinergic activity
may be responsible for behavioural changes
observed with the growing stages of fish
exposed to the plant latex and stem-bark

extract.

Increase of mortality with increased
exposure time could be due to several factors
acting separately or conjointly. For example,
uptake of pesticides is time dependent,
leading to a progressive increase of pesticides
in the animal body. Stability of pesticide in an
environment and the rate of detoxification by
the animal can also affect relationship
between mortality and exposure period (Kaur
and Garg, 2014). Kinghorn and Evans (1975)
demonstrated that the toxicological action in
many plants of euphorbiales is due to
presence of a group of diterphene phorbal
esters, while in plants of the family
euphorbiaceae, the alkaloids, sterols and
triterpenoids are responsible for toxicity
(Wealth of India., 1995). Singh et al. (2003)
and Malik (2018) have shown, however, that
sub-lethal doses of extract increase lipid
peroxidation and causes reduction in the
levels of phospholipids in the nervous tissues
of freshwater animals. The latex was more
toxic than the stem-bark extract and the
lethality of a given concentration of latex and
extract to fish increase with exposure time.

Conclusion

Finding in this study indicate that E. royleana
has potent piscicidal activity and can achieve
high Kkill rates if a similar relationship of
lethality to dose occurs under field conditions
as observed in this study. Thus, plant extracts
used directly in water bodies may have

unexpected long-term effects on non-target
organisms.
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