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ABSTRACT: This study assessed the acute toxicity and anaesthetic efficacy of scent leaf (Ocimum
gratissimum) powder on Clarias gariepinus juveniles. Four hundred and fifty juveniles of C.
gariepinus of average weight and length, 24.25¢g + 4.25SD and 27.60cm £ 3.75SD were used for the
study. Toxicity bioassay was conducted with 100, 150, 200, 250mg/l and 0.00mg/I as control at the
rate of 10 fish per tank in triplicates for 96 hours. Anaesthetic bioassay was conducted with 100,
120, 140, 160 and 180mg/l of scent leaf with10 fish in each tank in triplicates for 30 min. fish
mortality data was collected against the durations in the acute toxicity test while data on time of
anaesthesia and recovery at various stages were also noted and recorded. The Trimmed Spearman’s
Karber method was used to estimate the lethal concentration (LC) and mean lethal concentration
(MLT) while data on anaesthesia and recovery time were subjected to analysis of variance followed
by Turkeys test for significant differences at 5%. The LCsp and maximum allowable toxicants
concentration values were observed to decrease from 12 to 96 hour. The 96hrLCso value was
estimated as 203.02mg/l which was observed as high. The MLTso values decrease for 164.36 hours
in 100mg/l to 126.34 hours in 250mg/l. water quality parameters did not vary significantly (P >
0.05) from those of control. Deep anaesthesia (A3) was achieve in all the concentrations except in
100mg/l which only achieve sedation (stage Al) and with no mortality observed during the
experiment. The shortest time for deep anaesthesia (2.25 min) was observed at the concentration of
180mg/l. the shortest time (4.08 min) to regain equilibrium and swim normally was observed in
120mg/l. Both anaesthesia and recovery time were observed to be dependent on concentration. Scent
leaf was effective to anaesthetize C. gariepinus juveniles in routine management procedures. This
study therefore recommend the use of scent leaf at 160mg/l as effective dose when considering
optimal induction and recovery time for sustainable aquaculture.

KEYWORDS: lethal concentration, immobilization, recovery, scent leaf and African catfish.

INTRODUCTION

The toxicity and effects of anaesthetics are of special interest since they are frequently used in
research and routine aquaculture procedure to immobilized fish and minimize their stress responses
(King et al., 2005). Toxicity refers to the degree at which a substance is being harmful, destructive or
poisonous to life. The lethal concentration (LCsp) refers to the dose of a toxicant which kills 50% of
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the sample population and is useful in predicting the effects of a potential toxin and the maximum
allowable toxicant concentrations (MATC) in aquaculture system (Johnson and Finley 1980; Boyd
2005). In order to determine the relative toxicity of a new chemical for use as anaesthetic to aquatic
animals, an acute toxicity test must be conducted to estimate the 50% lethal concentration (LCsp) and
mean lethal time (MLTso) values (Ross and Rose 1999). To evaluate the efficacy of a given
substance as an anaesthetic to fish, it is necessary to know its toxicity level. Mortality is used to
estimate the lethal concentrations (LCs) and median lethal time (MLTSs) of the toxicant on the
exposed fish. The relevant duration of short term toxicity testing is probably 24 to 96 hours as the
case for many toxicants (Lewis and Morris, 1986). The 96hrsLCso value was estimated for the
following clove oil 0.24mg/l, cinnamon oil 0.57mg/l, Zingiber cassumunar 1.47mg/l and tobacco
6.51mg/l on Eutroplus suratensis (Sindhu 2015). Velisek et al (2005) and (2006) reported a
96hrsLCso value of 14.10 and 18.40mg/l of clove oil on Oncorhynchus mykiss and Silurus glandis
respectively. The 96hrsLCso values of clove buds powder for C. gariepinus and Heterobranchus
bidorsalis was reported as 71.25 and 70.06mg/l respectively (Okey, 2014; and Okey et al 2017). The
mean lethal time (MLT) provides information on the pattern of death fishes with duration of
exposure under acute toxicity of toxicant (Gabriel and Okey, 2009). The 96hrsMLTsg of the lowest
(60mg/l) and highest (160mg/l) of clove powder on C. gariepinus juveniles were 54.49 and 8.09
hours respectively (Okey et al 2018). The higher the concentration the lower the time to achieve 50%
mortality. The smaller the LCso value the more toxic the substance and less suitable for use as
anaesthetic. Okey (2006) reported a 96hrLCso value of 0.65 and 0.59mg/l for C. gariepinus and H.
bidosarlis respectively exposed to Lepidagathis alopercuroides leaves extracts and stated that it was
highly toxic hence, not suitable for use as anaesthetic to African catfishes. Knowledge on the toxicity
and anaesthesia (ideal and optimum concentrations) of plant extracts use as anaesthetic for C.
gariepinus and other fish species will be necessary because inappropriate concentrations may lead to
adverse effects on tissues and organs leading to stress and mortality (Hoseini et al 2011; Hoseini and
Ghelichpour 2013).

Tremendous increase in aquaculture in recent years worldwide have subjected farmed fish to a
number of stressors due to handling procedures and transportation from hatcheries to production sites
(Husen and Sharma 2014; Weimin et al 2012). These stressors have often been responsible for high
mortalities recorded hence, reducing profit margin, hindering growth and development of Fisheries
and Aquaculture Subsector in Nigeria. Anaesthetics are used in aquaculture and fisheries to facilitate
various routine procedures that can often cause physical injury and induce physiological stress (Ross
and Ross 2008). They are also use to immobilized fish so they can be handled more easily during
harvesting, sampling and spawning procedures. Sadatives and anaesthetics are very useful in
aquaculture as they reduce fish activity, limit oxygen consumption and facilitate routine handling and
veterinary procedures (Husen et al 2014). Anesthesia is a biological reversible state induced by an
external agent, which results in the partial or complete loss of sensation or loss of voluntary
neuromotor control, through chemical or non-chemical means (Summerfelt and Smith, 1990).
Anesthestics are frequently applied in aquaculture being a valuable tool that helps to minimize fish
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stress and to prevent physical injuries to fish while handling them during routine practices.
Anaesthetics are also use in aquaculture, fisheries and biological researches, as a way to reduce
hypermotility, stress and mortality during handling and transportation (King et al 2005; Ross and
Ross 2008; Okey et al 2013). Anaesthesia is required for measuring or weighing fish, sorting and
tagging, administrating vaccines, live transport, sampling for blood or gonadal biopsies and
collecting of gametes, surgical procedures, to cite some of the main applications (Maricchiolo and
Genovese, 2011). Knowledge about the ideal and optimum concentration of anaesthetics for various
fish species is necessary because inappropriate concentrations may lead to stress therefore, access to
safe and effective fish anaesthetic is a critical need of Fisheries researchers, Managers, and Culturists
(Trushenski et al., 2013).

Conventional anaesthetics such as tricaine methane sulphonate (MS-222), benzocaine, metomidate,
etomidate and quinaldine are hazardous, expensive, not very effective and readily available in
developing countries (Munday and Wilson, 1996). Poor solubility in water, long induction and
recovery time, strong odour and long withdrawal period before human consumption are the major
drawbacks for some of these chemical anaesthetics (Yanar and Kumlu, 2000). Adewale et al (2017)
stated that synthetic anaesthetics are discouraged because of their residual effects in the tissues of
fish hence the increasing advocacy for organic aquaculture. Alternative anaesthetics for use on food
fishes, which are effective and have a short depuration period and zero withdrawal period, would fill
a priority need in Fisheries Science (Gilderhus and Marking, 1987). The use of natural plant extracts
as anaesthetics should be encourage because they are cheaper, safer and highly biodegradable. Low
doses of some extracts of plant material used as anaesthetics for fish have been experimented and
found useful but with some drawback effects on the fish (Adebayo et al., 2010; Agokei and Adebisi
2010). Keene et al.(1998) reported that Clove oil induced anaesthesia faster and at lower
concentrations than MS -222, although efficacy of anaesthetics can be affected by species, body
size, the density of fish in the bath as well as water quality (Woody et al., 2002). Powder produced
from clove plant (Eugenia spp) have also been used for short-term immobilization of fish, Rutilus
rutilus (Roach) in Iran (Sudagara et al.2009) and clove powder on C. gariepinus in Nigeria
(Akinrotimi et al 2014; Okey et al 2017). Previous studies have been reported on the use of certain
plant materials to anaesthetized C. gariepinus (Agokei and Adebisi, 2010; Olufayo and Ojo 2018;
Adebayo and Olufayo 2017) but with some reported degree of side effects on the exposed fish. Some
other plant material reported to have anaesthetic effects on fish include Datura innoxia ugenia
aniophylun, Clotalaria sp, Derriss candens, Barringtonia raecemosa, Eryagau npoetidany, Anamirla
cucculus, Caryphaambra culifera (Ramanayaka and Atapatu, 2006), Nicotiana tobaccum (Agokei
and Adebisi, 2010; Jegede, 2014), Acorus calamus (Agokei and Adebisi, 2010) and Ocimum
gratissumum oil (Adewale et al 2017). The essential oil of Ocimum gratissimum have also been
reported to cause anaesthesia on silver catfish juveniles (Silva et al 2012).

The choice of anaesthetic is usually determined by several factors, such availability, economic
viability, practicality of use, efficacy, user safety and chemical substances approved by regulatory
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agencies in animal for human consumption (Cho and Heath, 2000; Carniero et al 2019). Eugenol has
been adjudged the best and recommended worldwide as anaesthetic on food fishes because of its
zero withdrawal, short induction and longer recovery time ((Ucar and Atamanlp, 2010; Veliseket al.,
2005). Clove powder containing eugenol has been reported to be a very effective anaesthetic to
fishes (Sudagara et al 2009; Okey et al 2013; 2018). Some essential oil containing certain quantities
of eugenol obtained from various plant such as Lippia alba (Cunha et al., 2010), Cinnamomum
camphora (Pedrazzani and Neto, 2016), Mentha piperita (Mazandarani and Hoseini, 2017) and
Syzygium aromaticum (Javahery et al., 2012) have shown to cause anaesthesia to various fishes.
Essential oil of O. gratissimum has been reported to contain about 60 — 70% of eugenol comparable
to that of clove oil and caused anaesthesia on some test fishes (Silva et al.2012; Boijink et al 2016;
Benovit et al 2016; Adewale et al 2017).

Ocimum gratsissimum (Lamiaciae), commonly known as scent leaf or clove basil is found in many
tropical countries including Nigeria (Mbakwem-Amebo et al 2012). In Nigeria, the plant grows
virtually in all regions, found in many farms, residential and industrial areas (Effraim et al 2000).
The plant has been used for many purposes ranging from human consumption to its application in
traditional medicine in Nigeria. It is used as condiment and as sedative for the treatment of stress,
headache and other diseases including diarrhea, conjunctivitis, skin diseases and pneumonia (llori et
al 1996). Several studies have also shown various effects of Ocimum species to include bactericidal,
ant-inflammatory, anti-fungal, anti- oxidative, antiulcer, hypoglycemic, nervous stimulation,
chemopreventive and radiation protection. In Cross River State, it is mostly used to prepare “pepper
soup” pottage plantain and yam in various ceremonies. Many authors have reported phytochemical
properties to include eugenol, methy cinnamate, camphor flavonoid, saponins and thymol (Nahak et
al 2011; Kumar et al 2011).

African Catfish, Clarias gariepinus is widely cultured in Africa, Europe and some parts of Asia for
it’s hardly nature. It has been a suitable candidates for aquaculture because of its high prolificacy,
simplicity of culture, possession of arborescent air breathing organ, omnivorous feeding habit, repaid
growth rate and high feed conversion rate (Hecht et al 1996). Clarias graiepinus is in great demand
in Nigeria because of its striking attributes and palatability (Sogbesam and Ugumba, 2008). In spite
of the enormous uses of O. gratissimum there is paucity of information on its acute toxicity and
anaesthetic potential on commonly cultured fishes in Nigeria. This study is aimed at investigating the
acute toxicity and anaesthetic efficacy of O. gratissimum on C. gariepinus juveniles. The findings
will provide the baseline information for safe and effective fish sedating critically needed by
Fisheries researchers, managers and culturists for sustainability of aquaculture industry in Nigeria.

MATERIALS AND METHODS

Location of Study: This research was carried out at the Wet Laboratory, Department of Fisheries
and Aquatic Science, Cross River University of Science and Technology (CRUTECH), Obubra
Campus.
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Collection and Preparation of Scent leaves

Fresh leaves of O. gratissimum was sourced within the premises of the University campus and its
environs, identified in Forestry Department and air dried for 5 days. It was then pulverized with a
sterile manual blender and sieved with 100 micron net to obtain a fine powder. The powder will be
put in an airtight container and stored in a dry place prior to the commencement of the experiment.

Experimental Fish and Acclimation

Five hundred (500) apparently healthy juveniles of Clarias gariepinus (24.50+ 4.25g and 27.60+
3.75cm) were procured from University of Calabar (UNICAL) Fish Farm, Calabar and transported in
50 litres jerry-cans by car to the Fisheries Wet Laboratory, CRUTECH, Obubra Campus. The fish
were acclimated for two weeks in groups of 10 fish per rectangular glass aquaria in 30 litres River
water. The water in the aquaria was renewed daily and fish fed twice daily with a commercial feed
(Coppen) with 40% crude protein at 1% body weight.

Acute Toxicity Bioassay

Experimental Procedure

A range finding test was first conducted to determine the toxic levels of Scent leaf powder using
standard procedure following the methods of APHA (1999). Using the appropriate formula the
following concentrations was prepared 100, 150, 200, 250, 300 and 350mg/l. Ten (10) fish each are
randomly put into the aquarium containing the test solution and the mortality was observed hourly
for 12 hours. This was to determine the concentrations to be use in the definitive bioassay.Definitive
test was conducted based on the result from range finding test with four (4) graded concentrations
and control. Fifteen (15) rectangular glass aquaria (30 x 30 x 60cm) were cleaned, randomly labelled
and each filled with the river water 25L mark. The different concentrations of 100, 150, 200 and
250mg/I were prepared by serial dilution from the stock solution 200mg/l to the respective aquaria
and water added to make up to 30L. The mixture was stirred thoroughly for homogenous mixing and
10 fish each were randomly stocked. The tanks were not aerated but the test solutions were renewed
daily according to UNEP (1989). Mortality was monitored and recorded at the respective time of 12,
24, 48, 72 and 96 hours. Dead fish were removed immediately to avoid contamination of the test
solution. The values was used to estimate the lethal concentration and mean lethal time with their
associated 95% confidence limit of scent leaf powder using probit according Trimmed Spearman
Karber method (Hilmiton, 1977).

Anaesthesia (Induction and Recovery) Bioassay

Range findings test was conducted to determine induction time (Anaesthesia) of Scent leaf powder
the was using in the bioassay following the method of (King et al., 2005). A stock solution of scent
leaf powder with a concentration of 200mg/L was prepared by dissolved 2g of the powder into 10
litres of river water. Exposure concentrations 100, 120, 140, 160 and 180mg/| for the bioassay were
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obtained by serial dilution of the stock solution. Thirty (30) glass aquaria were cleaned and randomly
labelled and each filled with water to the 25 litres mark for induction test and 30 litres mark for
recovery in each of the experiment. Three stages of anaesthesia (A) and three of recovery (R) time
were considered and recorded using a stop watch (Table 1). Each aquarium was stocked with 10 fish
each in triplicate and monitored for the onset of induction (anaesthesia, A1, A2 and A3) for 30
minutes as periods greater than this were considered impractical for routine fish handling procedures
(Agokei and Adebisi, 2010). Any test fish that loss balance and no longer responding to external
stimulus (A3) was removed immediately and transferred to 30 litres of scent leaf powder free water
(Recovery, R) tanks. The induction and the recovery time were noted for the various stages. The
behavioural changes of the fish in response to the effects of the scent leaf observed according to
Gressler et al., (2017). None of the revived fish were re-used for further experimentation but were
kept in another glass aquaria and plastic buckets to monitor post experimental mortality.

Table 1: Stages of Anaesthesia and Recovery of the various life stages of C. gariepinus to clove
powder anaesthetic

Stages Condition Behaviour/ Response

Anaesthesia

(A)

Al Sedation Partial loss of muscle tone, erratic swimming and loss of

equilibrium

A2 Light Loss of gross body movement but with slow ventilation or
anaesthesia opercula movement.

A3 Deep Cessation of opercula movement and loss of tactile

anaesthesia stimulation (no reaction to handling or external stimulus).
Recovery (R) R1

Initial Body immobilized but reappearance of opercula movement..
recovery
R2 Partial recovery Commencement of gross body and regular opercula
movements.
R3 Full recovery  Equilibrium regained, responses to tactile stimulation and

preanaesthetic appearance.
Source: Coyle et al (2004), Modified by Gressler et al., 2017

Water Quality parameters

The temperature of the media was taken using a mercury in glass thermometer, pH values were
determined using pH meter, Dissolved Oxygen was determine using Dissolved oxygen meter
inserted into the sample glass tanks after standardization in three different buffers. Conductivity was
measured with conductivity meter (PACM 35 model) and total hardness by ethylene diamine tetra
acetic acid titration method.
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Statistical analysis

Statistical Data Analysis

The data obtained for mortality at various interval was use to estimate the lethal concentration LC)
and mean lethal time (MLT) with lower and upper 95% confidence intervals using the Trimmed
Spearman Karber method (Hamilton et al., 1977). Data obtained from the water quality, time of
anaesthesia and recovery in minutes, were analysed with a one — way analysis of variance (ANOVA)
using SPSS version 25. The differences among the means were compared using Turkey’s multiple
comparison test at 5% significance level (Bhujel 2008).

RESULTS

Water quality parameters

The water quality parameters of the test solutions is presented in Table 2. The results obtained
indicated that, the mean values of the various parameters were changing although not significant (p <
0.05). The mean values of all the parameters were decreasing except conductivity which was
observed to be increasing with concentration of the scent leaf powder. Dissolved oxygen (DO;
5.84mg/l) was higher in the control than in the highest concentration (180mg/l). Temperature is
observed to be fluctuating but with the control having the highest of 28.42°C while the highest
concentration had the least.

Lethal concentration (LC)

The result of the lethal concentrations (LCs) that killed 10% (LC1o), 50% (LCso) and 99% (LCgs) of
the test fish and their 95% confidence interval is presented in Table 3. The concentration required to
kill a certain percentage of the fish increased within the same interval but decreases as the duration
increases. The concentrations that killed 10, 50 and 99% of the test fish at 12" hour were 189.77,
269.32 and 461.41mg/l while 96™ hour had 89.98, 203. 02 and 357.42mg/| respectively. The LCso
values of scent leaf was observed to decrease from 269.33, 249.19, 241.01, 220.31 and 203.02mg/l in
12 to 96 hour respectively. The 96hrsLCso value estimated for scent leaf on C. gariepinus juveniles is
203.02mg/l. The maximum allowable toxicant concentration (MATC) decreased from 26.39 to
20.30mg/l in 12 to 96 hour while the relative toxicity factor (RTF) were increasing with duration of
exposure. The values of the RTF indicates that, the concentration that will kill 50% of the test at 12
hours is 1.33 higher and less toxic than that of 96 hours. The lower that concentration the more toxic
the substance less suitable for use as anaesthetics to fish.

Mean Lethal Time (MLT)

The result of the time required to kill 50% (MLTso) and 99% (MLTgg) and their relative toxicity time
(RTT) is shown in table 4. The result revealed that the time taken for 50% (164.36 hours of the test
fish exposed to 100mg/l to die is shorter than that required 99% (328.41 hours). The 96hrsMLTso
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decreased from 164.36 to 126.45 hours as the concentration increased from 100 to 250mg/I of the
scent leaf powder.

Table 2: Water quality parameters of the test solutions for C. gariepinus exposed to Clove
powder anaesthetic for 30 minutes (mead = SD)

Conc. Parameter
(mg/1) DO Tempt. pH Cond. Alk. Hardness
(mg/l) (°C) (uS/cm) (mg/l) (mg/ICaCO3)

0 5.84+0.832 28.42+1.272 6.86+0.352 125.27+1.242 39.05+1.552 29.40£0.852
100 5.67+0.452 28.07+1.702 6.74£1.072 126.45+1.08¢2 38.32+1.302 28.67x0.752
120 5.58+1.152 27.84+0.45% 6.70£1.412 126.06+1.022 38.18+2.452 27.34+£0.842
140 5.46+0.762 27.60x£2.042 6.68+1.152 127.09+2.042 37.75x+0.88? 27.22+0.35%
160 5.42+0.882 27.64+1.518 6.65+0.902 128.42+1.562 38.02+1.552 28.06x0.4082
180 4.88+1.02% 26.89+2.092 6.61+0.252 128.05+2.702 38.15+1.36° 27.20£1.052

Mean with the same superscript in the same column are not different (P> 0.05, DO = dissolved
oxygen, Tempt. = Temperature, Cond. =Conductivity, Alk. =alkalinity

Table 3: Lethal concentration (LC), safe concentration and relative toxicity factor (RTF) of
scent leaf powder on C. gariepinus juveniles

Time (hour) Lethal Concentration (LC) with 95% Confidence interval in parenthesis. MATC RTF
LC1wo LCso LCog (LCs0 x0.1)

12 189.77 269.32 461.41 26.93 1
(173.30 - 300.24) (225.21 -387.19) (356.98 — 765.58)

24 161.75 249.19 460.02 24.92 1.08
(143.07 — 189.26) (211.70 - 367.33) (373.07 — 643.26)

48 120.37 241.01 425.49 24.10 1.12
(99.62 — 136.66) (207.73 — 218.75) (135.29 — 561.69)

72 107.29 220.31 408.21 22.03 1.22
(86.40 — 122.17) (196.0 — 263.83) (345.58 — 519.62)

96 89.98 203.02 357.42 20.30 1.33

(67.76 (105.15) (182.91 - 235.91) (271.10 - 432.22)

LCso = 50%, LCgg = 99% mortalities, RTF = LCsp at 121 hour+ LCsq of other durations., MATC = Maximum allowable
toxicant concentration

Table 4: Mean lethal time (MLT) and associated 95% confidence limits and relative toxicity
time for C. gariepinus juveniles exposed to various concentration of scent leaf powder.

Concentration Mean Lethal time (MLT) with 95% Confidence interval in RTT
(mg/l) parenthesis

MLT5so MLTo9
100 164.36 328.41 1

(131.63 — 253.63) (251.94 — 501.15)
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150 132.46 280.33 1.24
(112.91 - 290.76) (244. 34 — 394.90)
200 127.34 (109.04 — 163.81) 192.55 1.29
(147.22 — 275.25)
250 126.46 128.52 1.30
(104.76 — 172.98) (144.36 — 261.45)

MLTso = 50% , MLTge = 99% mortalities, RTT = MLTso of 100mg/l + MLTso of other
concentrations.

Anaesthesia and Recovery

The mean time (min) of the various stages of anaesthesia and recovery of exposed fish to scent leaf
power is presented in Table 5. There was no mortality observed in any of the exposure levels during
period of this experiment. The exposed fish showed some behavioral responses that culminated in
loss of reflex and tactile stimulation. Fish treated with 100mg/l only showed partial loss of muscle
tone and erratic swimming (stage Al) at about 25.41mins. Those exposed to concentration above
100mg/I reached stages A2 and A3 at various time intervals. The time to achieve sedation (Al)
decrease significantly (P<0.05) from 7.45 to 0.35mins as the concentration increased from 120 to
180mg/l. the time for the commencement of the opercula (initial recovery, R1) after complete
immobilization significantly increased from 2.50 to 7.24 mins, at (P<0.05) in 120 to 180mg/I
indicating that it increases with concentration. The time to achieve complete immobilization (stage
A3) decreases while that to attain full recovery (stage R3) increased as concentration of the powder
solution increased (Figure 1). At the least concentration of 120mg/l exposed fish were completely
immobilized (A3) in 11.08 mins and regained full recovery (R3) in just 4.08 mins while fish exposed
to 180mg/l were completely anaesthetized in just 2.25 mins and took a longer time of 18.50 mins to
fully recovered and swim normally. Whereas the time to achieve deep anesthesia decreased from
11.08 > 8.03 > 5.48 > and 2.25 mins, that to attain full recovery increase from 4.08 < 8.20 < 13. 28 <
and 18.50 mins as the concentration increased from 120 t0 180mg/l. The result revealed that the time
of recovery is inversely proportional to that of induction (anaesthesia) in all the stages and are all
dependent on concentration.

Table 5: The mean time (mins) for anaesthesia and recovery of C. gariepinus juveniles exposed
to clove powder for 30 mins

Conc. Stages Anaesthesia (A) Stages of Recovery (R)
(mg/l) Sedation Light Deep Initial Partial Full
(AD Anaethesia  Anaesthesia  Recovery Recovery Recovery
(A2) (A3) (R1) (R2) (R3)
0 - - - - - -

100 25.14+ 1.25% - - - - -
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120 7.45+1.27° 10.06+ 11.08+ 3.55% 2.50+ 1.64° 3.46+0.25¢ 4.08+ 1.20¢
2.50P

140 4.06+1.60° 6.50+0.16° 8.03+0.28°  4.05+0.65° 5.25+0.28° 8.20+ 0.47°

160 1.22+ 050 3.58+0.35¢ 5.48+0.55° 5.33+0.75° 7.08+£0.98° 13.28+1.18°

180  0.35+ 0.35¢ 1.25+0.30° 2.25+ 0.479  7.24+0.24%  10.20+ 0.11?% 18.50+1.61* Means

with the same superscript under the same columns are not significant at 5%
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Figure 1: Deep anaesthesia and full recovery time (min) of C. gariepinus juveniles exposed to
scent leaf powder anaesthetic for 30 mins. Bar with different letter differ significantly at 5%
(HSD)

DISCUSSIONS

Acute toxicity of Anaesthetics

Toxicity effects of anaesthestics on fish are of special interest since they are frequently used in
research and routine aquaculture to immobilized and minimize stress responses (King et al 2005).
Some researchers have studied the acute toxicity effects of anaesthetics used on food fishes. Grush et
al (2004) studied the anaesthetics effects and acute toxicity of clove oil in one month old zebra fish.
Velisek et al (2005) and (2006) reported on the acute toxicity effects of clove oil anaesthetic in
common carp and European catfish respectively. Recent studies have also been conducted on the
acute toxicity of some plant extracts use as alternative to synthetic anaesthetics to food fishes. Sindhu
and Ramachandran (2013) studied the acute toxicity of clove oil anaesthetic to Barilus bakeri. The
toxicity effects of the extracts of cinnamon, ginger, tobacco leaf and clove oil have been reported by
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Sindhu (2015). Studies on the acute toxicity of tobacco leaf and clove, Eugenia caryophylatta
powder have been reported for African catfishes (Agokei and Adebisi, 2010; Okey et al 2018). Acute
toxicity of a substance is determined by it lethal concentration value most estimated at 50%
mortality. The smaller the LCso value the more toxic the substance and suitable for use as
anaesthetic.in tis study the range of 203.02 to 269.32mg/l, compared to the range of 54.33 to
96.56mg/l reported for clove powder on C. gariepinus juveniles (Okey et al 2018) was observed as
high. The trend of decrease in the LCso values from the 12 to 96 hours agrees with the reports of
several workers who exposed fish to acute concentration to various toxicants (Gabriel and Okey
2009; Okey et al 2018; Omogoriola and Ayoola, 2018). Lower 96hrsLCso values were estimated for
clove oil (0.24mg/l), cinnamon oil (0.57mg/l), zingiber extracts (1.47mg/l) and tobacco (6.51mg/l)
used as anaesthetics in Eutroplus suratensis (Sindhu, 2015). Velisek et al (2006) had earlier reported
a 96hrLCsp value of 18.4mg/l in European catfish, Silurus glandis exposed to clove oil. In this study
the 96hrsLCso value for scent leaf (203.02mg/l) was higher than that of clove powder (74.25mg/l)
earlier reported on C. gariepinus juveniles by Okey (2014). This implies that scent leaf is less toxic
than clove dry flower buds.

The mean lethal concentration (MLT) provide information on the pattern of mortality in fish against
duration of exposure on a given concentration under acute toxicity (Gabriel et al2009). The trend of
96hrsMLTso values in this study showed that increase concentration reduces the time at 50%
mortality. This observation is in agreement with Keremah et al (2010), Gabriel and Okey (2009) and
Okey et al (2018; 2021). The 96hrMLTso at the lower concentration (164.36 hours) and highest
concentration (126.45) of scent leaf were higher than 54.59 and 8.09 hour reported for C. gariepinus
juveniles anaesthetized with clove powder (Okey 2014). The differences in both the LCso and MLTso
values for the anaesthetics could be attributed to the wvariations of species biological and
environmental factors. This may have influence the efficacy of the botanicals used anaesthetic. This
finding agrees with Akinrotimi et al (2014) who reported higher mortality rate with high
concentrations of of aqueous extracts of Indian almond tree than clove seed on C. gariepinus. Fish
mortality was observed to increase with concentration of scent leaf powder in this study. This may be
due increase interference of the active ingredient on the normal functioning of the systems in the test
fish. According to Gbem et al (1990) death of fish exposed to toxicants may results from the
interference with the normal functioning of the nervous system which impaired with the normal
muscular activity and coordination. Death may also be due to disruption and failure in gill functions,
hence reducing availability of surface for gaseous and ionic exchange (Ayuba and Ofojekwu, 2002).
Since scent leaf powder appears to be less toxic based on the high LC values compared to some
biocides, it can safely be utilized to immobilize C. gariepinus and other fish species in aquacultural
procedures.

Water Quality
Knowledge of how water quality influences anaesthesia and sedation helps to limit complication
(Neiffer and Stamper, 2009). It is also critical to monitor water quality in order to reduce anaesthetic
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morbidity and mortality (Harms, 1999). The influence of other environmental conditions
(temperature and pH) on the toxicity of anaesthetics has also been investigated (Park et al., 2008;
Zahl et al., 2009). In this study the physicochemical properties of the test medium did not vary
significantly (P > 0.05) from the control (Omg/l). It was within the acceptable ranges for toxicity test
tolerance level (APHA, 2009; Boyd, 1981), hence may not have acted in synergy with the
anaesthetics behavior observed in the exposed fish. Similar observation was recorded by Okey et al
(2013), Akinrotimi et al.(2015), Olufayo and Ojo (2018), Iheanacho and Nworu (2017) using, clove
flower bud powder, clove seed, clove oil and Chloromolaena odorata as anaesthetic agents to
African catfish species respectively. However, leaf extracts of Datura stramonium according to
Adebayo and Olufayo (2017) caused significant changes in temperature, pH and dissolved oxygen in
test solution of H. bidorsalis juveniles. According to Adeyemo (2005) and Heath (1991) bad quality
water can result to physiological changes which will be reflected in the values of one or more of the
swimming and anaesthetics activity of fish.

Anaesthesia and Recovery

Anaesthetics are essential component in aquaculture activities needed to facilitate handling of fishes
to minimize their stress. According to Serezli et al (2012) anaesthetics are often use by fish
managers, researchers and professionals to measure, weigh, mark, apply antibiotics, vaccines and
draw blood from the without stress. Since stress responses vary widely between species, it became
expedient to find the appropriate and effective dose for each culture species. This study revealed that
scent leaf powder caused some degree of anaesthesia on C. gariepinus juveniles various
concentrations used without mortality. The anaesthesia and the recovery time were observed to be
dependent on the concentration of the scent leaf powder. The higher the concentration the shorter the
time to achieve a particular stage of anaesthesia and the longer the time to recover. This finding was
in line with those of Grush et al (2004) with clove oil on Zebra fish, Akinrotimi et al (2018) with
clove seed on C. gariepinus, Okey (2019) with clove powder on C. gariepinus and Adewale et al
(2017) with scent leaf extract on Oreochromis niloticus. Wilfred — Ekpirikpo (2021) have also
reported similar trend of concentration dependent anaesthesia and recovery time on mustard seed
powder on the life stages of Serotherodon melanotheron. Researchers using plants extracts as
anaesthetics have reported that faster sedation and tranquilization is achieved with higher
concentration of the solution (Akinrotimi et al 2013; Akbulut et al 2010; Hajek et al 2006). Fish
exposed to 100mg/l only show partial loss of muscle tone and loss of equilibrium (stage Al) at about
25.14min while those exposed to 120 to 180mg/l got completely immobilized at various time of
11.08, 8.03, 5.48 and 2.25min respectively. The higher the concentration the shorter the time to
achieve deep anesthesia (A3) and the longer the time to regain full recovery. Similar observation
was reported by Akinrotimi et al (2014), Okey, (2019), Adebayo and Olufayo (2017) using various
plant anaesthetics on African catfishes. In this study 120mg/l of scent leaf powder was required to
completely immobilize C. gariepinus in 11.08min which is shorter than the 22.32 min required of
120mg/I of clove anaesthetized the same species of fish (Okey, 2014). This implies that the rate at
which scent leaf powder is absorbed into the central nervous system is faster than clove powder.
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According to Feng et al (2011) the degree of anaesthesia is influenced by the concentration of the
anaesthetic in the central nervous system (CNS) of the organism. Summerfelt and Smith (1990)
reported that anaesthetics act on the CNS and induces calming effects, loss of equilibrium, mobility,
consciousness and loss of reflex actions.

According to Ross and Ross (2008) an ideal anaesthetic is that which anaesthetizes the fish in 3 min,
recovers in 10 min and does not cause mortality during the period of use. However Samoes et al
(2011) stated that a much longer full recovery time of >15 min is required for surgical anaesthesia
where the exposed fish need to the hell for longer aquacultural operations. This study revealed that
the recovery time is highly dependent on the time of anaesthesia that is, the shorter the time of
anaesthesia the longer the time taken to recover fully. Fish exposed to 180mg/l and where completely
immobilized (A3) in just 2.25 min too as longer as 18.50 min to full regain equilibrium and swim
normally while in 120mg/l fish took < 5 min to regain full recovery and as long as 11.08 min to
attain deep anesthesia. This observation followed the same pattern as those described for clove oil by
Hamackova et al (2006) on perch, Velisek et al(2005) on common carp and Olufayo and Ojo (2018)
on H. bidorsalis juveniles. The <5 min and < 20 min of recovery time recorder in this study is
shorter than that reported for clove powder (Okey, 2014) but however falls within the range reported
for ideal anaesthetics indicating that scent leaf may is ideal anaesthetics for C. gariepinus. Soto and
Burhanuddin (1995) and Anderson et al (1997) both used 120mg/I of clove oil and reported different
recovery time of 150 sec in Siganus lineatus and 190 sec for rainbow trout respectively. The
recovery time reported in this study was comparable to those reported by other researchers using
various plant extracts on African catfishes (Adebayo et al2010; Okey et al2013; Akinrotimi et al
2014; Olufafo and Ojo 2018; Okey, 2019).

Lower concentration of anaesthetics should be considered in order to provide a greater margin of
safety for animals, avoid unnecessary expenses and waste of anaesthetics (Teixeira et al 2017). The
range of 140 to 160mg/I of scent leaf in this study was considered effective and safe since it induce
anaesthesia and full recovery without any mortality and unnecessary waste of the powder hence
recommended. Similar range of 120 — 160mg/l was recommended for clove powder on H. bidorsalis
juveniles. Adebayo et al (2010) recommended 190mg/l aqueous extracts of avocado pear leaf as
effective anaesthesia for C. gariepinus brood stock. Small (2003) reported 100mg/I of clove oil as a
safe concentration for anaesthesia of the channel catfish (Ictalarus punctatus), adding that exposures
to higher concentration will prolong the recovery time and may cause mortality. Higher effective
concentration within 250 — 350mg/l of clove powder was recommended for Roach, Rutilus rutilus
(Sudagara et al 2009). Some researchers have reported relatively lower effective concentrations with
plants extracts in fishes (Inoue et al 2005; Walsh and Pease 2002; Keene et al2005; Velisek et al
2005; 2006). The variations in the effective concentration in this study compared to those of other
researchers may be due to the specific properties of each species and their physiological responses to
anaesthetics. Kucuk (2010) reported that the gills area, body weight species and metabolic rate have
effects on the rate of anaesthetics absorption and induction. Celik and Yilmaz (2007) also stated that
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the pharmacokinetics of the anaesthetics may cause differences among the duration of anaesthesia
and recovery in animals. This may have accounted for the slight differences in anaesthesia and
recovery time in C. gariepinus on scent leaf powder and clove powder earlier reported by Okey
(2014).

CONCLUSION

Scent leaf is effective, relatively safe, economically sustainable, environmentally friendly,
medicinally important and less persistence in aquatic environment. The high 96hrsLCso value
estimated for scent leaf revealed that it is less toxic to C. gariepinus and can be utilized as
anaesthetic. The powder proved to be effective anaesthetics on the exposed fish without causing
mortality with 120 — 180mg/I. based on the result of this study and in comparable with those of other
researchers 140 — 160mg/l was recommended as effective for immobilization of C. gariepinus. The
use of scent leaf should be encouraged in preference to synthetic for sustainability of aquaculture
industry in Nigeria.
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