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Abstract

Anesthetics play an important role in fisheries research and aquaculture and are used to facilitate various handling pro-
cedures, such as weighing, sorting, collection of eggs and milt, tagging and medical treatment. Clove oil and benzocaine
are approved anesthetic by US Food and Drug Administration. The present study investigates the effect of anesthetics
on the respiratory metabolic parameters such as O, consumption rate, CO, output rate, NH,-N excretion rate, RQ, AQ and
opercular activity of Angel fish, Pterophyllum scalare. The concentration of clove oil and benzocaine were selected based on
the time of induction of sedation and recovery of the Angel fish. The concentration of clove oil selected for the Angel fish
were 5 ppm, 15 ppm, 30 ppm, 45 ppm, 55 ppm and the benzocaine concentration were 30 ppm, 45 ppm, 50 ppm, 100 ppm,
200 ppm, 300 ppm and 400 ppm. The minimum values of respiratory metabolic parameters in clove oil-anaesthetized
Angel fish Pscalare were observed at the concentration of 45 ppm while the same was in 50 ppm in the case of benzocaine
treatment. Simulated transportation experiments were conducted for Angel fish and the results suggested that 50ppm
benzocaine was the optimum dose of anaesthetics for safe transport of Angel fish.
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1. Introduction

In aquaculture operations, anesthetics are very impor-
tant because they minimize the stress in fishes and reduce
physical injury during various handling practices like
weighing, length-measuring, tagging, sampling etc. [4].
Anesthetics can help significantly in mitigating physio-
logical stress, reducing metabolic rates, and thus reducing
oxygen consumption, and ammonia and carbon dioxide
excretion [23]. The use of anesthetics becomes essential
in the transportation medium [22] and according to him,
lowering the metabolic activities will result in a reduced
rate of oxygen consumption, along with carbon dioxide,
ammonia outputs and excretion of other wastes. Further,
anesthetics control excitement and hyperactivity in fishes,
reduce the chances of injury and this eases their handling
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[7]. Clove oil is a highly-effective fish anesthetic with no
side effects. The advantages are that it is locally available
and inexpensive [25].

According to Osborn [16], the reduction in consump-
tion of oxygen is caused by an anesthetic that seems to
increase the ability of fish to withstand lower concentra-
tions of dissolved oxygen. The gills decrease their functions
under anesthesia due to the depression of opercular move-
ments and associated nervous control of breathing [21].
Durve [5] stated that the metabolic rate in anesthetized fish
was lowered by nearly half and thereby the weight of fish per
unit volume of water could double during transportation.
The present study is designed to understand the respiratory
metabolism [oxygen (O,) consumption, carbon dioxide
(CO,) output, Ammonia-Nitrogen (NH,-N) excretion,
respiratory quotient (RQ), and ammonia quotient (AQ)] of



the anaesthetized freshwater Angel fish Pterophyllum sca-
lare.

2. Materials and Methods
2.1 Clove Oil

Cloveoilisapaleyellowliquid distilled from the leaves, buds,
and stems of the clove tree (Eugenia caryophyllus). Its active
ingredients are eugenol [o-methoxy-4-2 (2-propenyl)-
Phenol] and iso-eugenol (4-propenyl-2-methoxy phenol),
which can comprise 90-95% of clove oil by weight [5].
A stock solution of 10 ppt was made by mixing 10 ml of
clove oil in one liter of boiled freshwater since the density
of clove oil is approximately 1.0 g/ml, and by convention
the concentration by weight was 10 g/1 [25]. Cloves, clove
oil, and eugenol are all listed by the US Food and Drug
Administration [26] as being safe for humans when used at
levels not exceeding 1500 ppm [27].

2.2 Benzocaine

Benzocaine (ethyl-p-aminobenzoate) was selected as
one of the best candidates among 16 anesthetics tested
by Gilderhus and Marking [9]. It acted more rapidly in
lower concentrations. Benzocaine was dissolved in pure
ethanol at the rate of 1g/30 ml to make a stock solution
[10]. Aliquots of the stock solution were used to achieve
the desired concentrations in test containers. Benzocaine
is registered with the US Food and Drug Administration
for use as an anesthetic in fish culture, management, and
research [26].

2.3 Experimental Fish

Angel fish Pscalare was purchased in a healthy condition
from a private aquarium. The length of the Angel fish
Pscalare varied from 52mm to 67mm while the weight was
between 1.23-1.67 g. The angel fish were reared in the labo-
ratory in FRP tanks each measuring 1 meter diameter and
40 cm height (circular cylindrical type). Freshwater up to
the level of 30-35 cm was filled in all the tanks. Provision
was made for aeration for 24 hours in a day in all the rear-
ing tanks. Fifty percent of the water was changed once a
week to maintain the water quality parameters at the opti-
mum level. The commercial aquarium feed was fed to the
Angel fish at the rate of 5 percent of the body weight and
feeding was undertaken twice a day.
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2.4 Experimental Setup

All the experiments were conducted in glass tanks with
a capacity of 4 liters. Identical containers and conditions
were used for the induction of sedation and recovery after
anesthetization. Appropriate quantities of anesthetics were
added to the experimental tank to conduct the experi-
ments. The fish were anesthetized in the induction tank to
get anesthetized and then replaced in the recovery tank.
Well-aerated water was used for the recovery of the Angel
fish. The oxygen and carbon dioxide and the NH,-N levels
were measured in the experimental tank during the initial
stage, and at durations of one hour and three hours of the
experiment to study the various parameters of respiratory
metabolism such as i) Oxygen consumption rate (OCR),
ii) Carbon dioxide output rate (COR), iii) Ammonia-N
excretion rate (AER), iv) Respiratory quotient (RQ), and v)
Ammonia quotient (AQ). During simulated transportation
experiments, the anesthetized fish were introduced to the
transportation bag. The average weight of the Angel fishes
was 1.39+0.24 g. Initial levels of oxygen, carbon dioxide,
and NH,-N were measured and the OCR, COR, and AER
were estimated after 24 hours, 48 hours, and 72 hours of
incubation of Angel fish.

2.5 Experiment 1
2.5.1 Initial Anesthetization Experiment

Laboratory grade clove oil and benzocaine were purchased
from Hi-MEDIA. The range of concentration of clove oil
and benzocaine used in the present study was selected after
conducting the initial anesthetization tests from the mini-
mum to the maximum levels in Angel fish. In the case of
the Angel fish, the concentration of clove oil used for the
initial anesthetization experiment ranged from 5 ppm to 60
ppm (5 ppm, 10 ppm, 15 ppm, 20 ppm, 25 ppm, 30 ppm, 35
ppm, 40 ppm, 45 ppm, 50 ppm, 54 ppm, 55 ppm, 60 ppm)
and the concentration of benzocaine used ranged from 30
ppm to 500 ppm (30 ppm, 35 ppm, 40 ppm, 45 ppm, 50
ppm, 55 ppm, 60 ppm, 65 ppm, 70 ppm, 80 ppm, 90 ppm,
100 ppm, 125 ppm, 150 ppm, 175 ppm, 200 ppm, 215 ppm,
300 ppm, 350 ppm, 400 ppm, 450 ppm, 500 ppm). The
induction time for the four stages of anesthetization and
the recovery time were noted and recorded for all initial
anesthetization experiments with Angel fish. From these
initial experiments, the level of concentration of anesthet-
ics at which the Angel fish attained sedation in the least
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induction time along with the highest recovery time was
chosen as the maximum level of selected anesthetics for the
present study. In the case of the Angel fish, 30 ppm and 50
ppm were selected as the maximum levels of concentration
of clove oil and benzocaine respectively. After selecting
the minimum and maximum levels of concentration of
selected anesthetics, the following concentrations of clove
oil and benzocaine were selected to conduct the research
experiments for assessing their effect on the respiratory
metabolism of the Angel fish.

Clove Sppm 15ppm 30 ppm 45ppm 55 ppm

oil

Benzo 30 ppm 50 ppm 100 ppm 200 ppm 300 ppm 400 ppm
caine

The criteria used to select the concentration levels
of the anesthetics were that the ideal anesthetic should
permit 1) a reasonable duration of exposure to produce
anesthesia within 3 minutes or less; 2) allow recovery
within 5 minutes or less; 3) cause no toxicity to fish at the
treatment levels; and 4) be reasonable in cost.

2.6 Experiment 2
2.6.1 Estimation of Respiratory Metabolism

The selected anesthetics were mixed with water in the
experimental tank to achieve the desired concentration.
Angel fish collected from the rearing tank were introduced
into the experimental tank with a scoop net to avoid stress.
The time of induction of anesthesia was noted and when
the fish reached the surgical plane of anesthesia, they were
then transferred to the recovery tank containing the well-
aerated water [4]. The rearing tank was cover with glass
lid without any air bubble and sealed with grease to avoid
contact with external atmosphere. The opercular move-
ment of the control fish was noted for every one minute
with an interval of 15 minutes by visual observation during
the entire period of experiment. The opercular movements
of the anesthetized fishes were noted during and after the
recovery period for every one minute with an interval of 15
minutes by visual observation during the entire period of
experiment. The respiratory metabolic parameters such as
OCR, COR, and AER were estimated within durations of 1
hour and 3 hours. The dissolved oxygen, free carbon diox-
ide and ammonia-N levels in the experimental tank water
was estimated by adopting standard methods described by
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AOAC [1]. The rate of oxygen consumption, carbon diox-
ide output, and NH,-N excretion was estimated using the
following formula [14].

1
OCR/COR/AER = (I~ F)x —— x 1000, 60
10007 g =t

where I =Initial level; F = Finallevel; V = Volume of water in
milliliter; g = Weight of the fish in grams; t = Experimental
duration in minutes

The Respiratory quotient (RQ) and Ammonia quotient
(AQ) were calculated by using the following formula [14]

Volume of CO, output

" Volume of O, consumption

_ Volume of NH;-N excretion

AQ=
Volume of O, consumption

2.7 Experiment 3

2.7.1 Simulated Transportation Condition
Experiment

The angel fishes were starved for 24-48 hours to empty their
digestive tracts to reduce ammonia production during the
transportation of fishes [3]. The optimum concentration
of clove oil and benzocaine used for this simulated trans-
portation condition was selected from the results of the
research experiment 2. The optimum concentration of clove
oil and benzocaine was 45 ppm and 50 ppm for Angel fish.
The anesthetized fishes in selected optimal concentrations
were transferred into the polythene bags containing well-
oxygenated water and compressed oxygen in 1:3 ratio [13]
and these oxygenated polythene bags were tied with rubber
bands. The OCR, COR, AER, RQ, and AQ were estimated
after 24 hours, 48 hours, and 72 hours.

The results of the present investigation were ana-
lyzed statistically using the ANOVA test and the levels
of significance at P<0.05 and P<0.01 were considered for
validation [24].

3. Results
3.1 Effect of Anesthetics on Opercular
Activity

In clove oil anesthetization, the opercular beat showed a
general decreasing trend from the beginning to the end of
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the experiment excepting in those Angel fishes treated in
45 ppm and 55 ppm of the concentration (Figure 1). The
statistical analysis reveals that the opercular activities of
the Angel fishes varied significantly (P<0.01) between the
experimental duration and the treatments (Table 1.1). In
all the concentrations of benzocaine, the opercular beat of
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Figure 1. Effect of clove oil on the opercular beating of

anaesthetized and control Angel fish Pterophyllum scalare.
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Figure 2. Effect of benzocaine on the opercular beating of
anaesthetized and control Angel fish Pterophyllum scalare.

Table 1.1  Statistical significance of opercular activity
of control and anaesthetized Angelfish Pterophyllum
scalare

Clove oil Benzocaine
Time of incubation  P<0.01 Time of incubation P<0.01
Treatments P<0.01 Treatments P<0.01
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Angel fishes up to the first fifteen minute were less than
that of the control fish (Figure 2). Afterwards, the opercu-
lar beating showed decreasing trends among the control
and all the anesthetized fishes. During the first 15 minutes
of experimental duration, the maximum number of oper-
cular beating was observed in Angel fishes anesthetized
in 300 ppm of the concentration. The analysis of variance
(ANOVA) shows that the activity showed significant dif-
ference (P<0.01) between time and treatment parameters
(Table 1.1).

3.2 Effect of Anesthetics on the Respiratory
Metabolism

The OCR (Oxygen consumption rate), COR (Carbon
dioxide output rate), and AER (Ammonia-N excretion
rate) of the Angel fish in controlled conditions showed
highest value during the first and three hour test when
values recorded in the clove oil anesthetized Angel fishes
were compared (Figure 3). The RQ (Respiratory quotient)
showed decreasing values from the one hour to the three
hour test while the AQ (Ammonia quotient) showed
increasing values from the one hour test to the three hour
incubation in all the control and clove oil-treated Angel
fishes. The lowest OCR and COR was observed in the
45 ppm treatment (both one hour and three hour test)
and the lowest AER was recorded in the 55 ppm (one
hour test) and the 45 ppm treatment (three hour test).
The statistical analysis revealed that all parameters except
the NH,-N excretion rate, showed significant difference

Table 1.2  Statistical significance of parameters of
respiratory metabolism of the control and clove oil
anaesthetized Angel fish, Pterophyllum scalare

Oxygen consumption rate Clove oil Benzocaine
Time of incubation P<0.01 P<0.01
Treatments P<0.01 N.S.
CO, output rate

Time of incubation P<0.01 P<0.01
Treatments P<0.01 N.S.
Respiratory Quotient

Time of incubation P<0.001 P<0.01
Treatments P<0.05 N.S.
Ammonia Quotient

Time of incubation P<0.001 P<0.01
Treatments P<0.05 N.S.
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Figure 3.
scalare.

(P<0.05 and P<0.01) between the time of incubation and
treatments (Table 1.2). All the control and benzocaine-
anesthetized fishes showed decreasing values of OCR
and COR in the one hour to the three hour experimen-
tal duration (Figure 4). The highest OCR was observed
in the 200 ppm treatment during the one hour test and
the same was noticed in the three hour test during the
300 ppm treatment. The lowest OCR was found in the
50 ppm treatment during the three hour incubation.
The COR showed the highest value during the 200 ppm
treatment while the lowest value was deduced among
the 50 ppm benzocaine-treated Angel fish. The highest
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AER in the 200 ppm treatment during the one hour test
was 9.29+0.81 mg NH -N/kg/hr and the lowest rate was
found in the 50 ppm (5.62+0.51 mg NH,-N/kg/hr) treat-
ment. The lowest value of RQ was obtained in the 50ppm
test during both the one hour and three hour experi-
ments. The lowest AQ value (0.02+0.01) was obtained at
200 ppm during the one hour incubation and the same
was 0.03£0.01 during the 300 ppm treatment in the three
hour incubation. Apart from the AER, all other param-
eters were significantly different only between the time of
incubation at P<0.01 level (Table.1.2).
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Figure 4. Effect of benzocaine on the parameters of respiratory metabolism of anaesthetized and control Angel fish

Pterophyllum scalare.

3.3 Effect of Anesthetics on Respiratory
Metabolism During Stimulated
Transportation Condition

In case of clove oil and benzocaine-anesthetized Angel fish,
the level of oxygen in the water decreased as the time of
retention increased, whereas, the OCR showed higher values
from 24 hours to 72 hours when compared with the control
(Table 2). An increasing trend of CO, levels was observed
among the control and anesthetized Angel fishes and the
highest value of the CO, levels was seen in 72 hours of incu-
bation among the control Angel fishes. In the case of COR
and AER, it was a decreasing trend with an increase in the
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time of incubation and the lowest COR was observed under
benzocaine-anesthetized conditions (51.59 + 1.82 mg CO,/
kg/hr) at 72 hours of retention. The level of NH,-N in water
increased in the experiment regarding the control and anes-
thetized Angel fish as the time of retention increased. The
highest level of ammonia-N was observed in controlled con-
ditions whereas the lowest level of ammonia-N was recorded
inthebenzocaine-anesthetized Angelfishat72hoursofreten-
tion. The minimum value of RQ was found in benzocaine
treatment during 72 hours of retention whereas the lowest
AQ value was observed in clove oil and benzocaine-anes-
thetized Angel fish in 48 hours of incubation. The statistical
analysis shows that oxygen and carbon dioxide levels showed

Indian Journal of Science and Technology | Print ISSN: 0974-6846 | Online ISSN: 0974-5645



Anulekshmi Chellapan, C. B.T. Rajagopalsamy and G. Indra Jasmine 4859

significantly (P<0.05 and P<0.01) different values between
the time of incubation and treatment. But the NH,-N lev-
els and the AER exhibited significantly (P<0.01 and P<0.05)
different values only within the incubation time (Table 1.3).

4. Discussion

In the present study, clove oil-anesthetized Angel fish
showed the lowest opercular activity in 15 ppm concen-
tration during the three hours of experimental duration.
Pandit and Ghosh [19] stated that the difference in
reduction of the opercular movement may be due to the
short-term adaptation of fishes and this is true in the case

Table 1.3  Statistical significance of parameters of
respiratory metabolism of control and anaesthetized

Angel fish, Pterophyllum scalare in simulated transportation
condition

Oxygen Level CO, level

Time of incubation P<0.01  Time of incubation P<0.01
Treatments P<0.05 Treatments P<0.01
NH,-N level NH3-N excretion rate

Time of incubation P<0.05 Time of incubation P<0.01
Treatments NS Treatments NS
Table 2.

transportation condition

of clove oil-anesthetized Angel fish. Graham and Iwama
[11] reported that Coho salmon and Rainbow trout recov-
ered the pre-anesthesia values of ventilation rates within
1-2 hours with ketamine hydrochloride. Forgan and
Forster [8] also recorded similar reductions in the ventila-
tion frequencies of Blue Cod, Parapercis colias. Twama [12]
observed reduced ventilation rate in anesthetized Coho
salmon, O. kisutch. However, in contrast, Dziaman et al. [6]
recorded increasing trends of respiratory rhythm in higher
concentrations of anesthetics (150 ppm) with C. carpio.
The OCR, COR, and RQ of clove oil-anesthetized Angel
fish showed a decreasing trend for experiments of duration
one hour to three hours in all the treatments and controls.
The lowest value was observed in 45ppm clove oil-treated
Angel fish. Similar observation was made by Beacker [2] that
oxygen consumption and carbon dioxide output were the
lowest in 45ppm clove oil-anesthetized Angel fish. However,
the AQ value showed the least value in 5 ppm clove oil-anes-
thetized fishes. Beacker [2] reported that the anesthetized
Angel fish did not show any variation in the ammonia-N
excretion levels during different treatments with clove oil.
Benzocaine-anesthetized Angel fish showed the lowest
values of OCR, COR, AER, and RQ when 50ppm-treated
fishes were examined after a three hour incubation period.
Pandit and Ghosh [19] observed a reduction of 40.94%

Respiratory metabolism of control and anaesthetized Angel fish Pterophyllum scalare in simulated

Time of O, Level O, CO, Level CO,output  NH,-N Level NH,-N RQ AQ

incubation (mgO,/1) consumption (mgCO,/l) rate (LgNH,-N/I) excretion

rate (mgCO,/kg/hr) rate

(mgO,/kg/hr) (mgNH -N/kg/
hr)

Control
24 hours 6.58%0.7 26.78+2.1  2.2910.8 143.70+2.13 0.1910.03 15.58+0.43 5.3+0.1 1.240.08
48 hours 7.031£0.08 66.95+1.8  3.1910.61 125.74£1.33 0.21%0.08 8.51%+0.21 1.810.23 0.13%+0.07
72 hours 7.4510.23 68.39+1.31 3.2940.73 75.85%+1.29 0.36%0.05 11.59+0.27 2.410.91 0.43%0.02
Clove oil (45 ppm)
24 hours 8.8210.21 40.17+1.27 1.89%0.72 95.80%+1.02 0.17%0.03 13.06+0.38 2.3+0.82 0.3310.02
48 hours 6.58+0.23 93.73+1.59 2.49+0.58 83.78+1.89 0.21%0.05 8.7510.43 0.8910.17 0.1+0.01
72 hours 5.3610.31 75.88+2.3  2.79%0.53 59.88+1.37 0.2810.07 8.6310.57 0.9110.23 0.1210.07
Benzocaine (50 ppm)
24 hours 8.7110.32 53.57+1.3  1.89%0.63 95.80%+1.25 0.11%0.02 12.70+0.51 1.8+0.36 0.2410.03
48 hours 6.2510.22  113.81£1.7 2.29+0.49 171.85%1.39 0.21%0.06 7.8510.41 0.6310.38 0.1+0.01
72 hours 5.0210.27 89.27+1.9  2.5910.51 51.89+1.82 0.22+0.03 5.8710.34  0.58%0.17 0.1210.01
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oxygen consumption in benzocaine-anesthetized C. punc-
tatus than the control fish. In the present investigation, in
50ppm concentration, the anesthetized Angel fish showed
45.93% reduction in oxygen consumption when compared
with the control experiment. A reduction of 75% O, con-
sumption rate in the benzocaine-anesthetized H. fossilis
during the three hours of incubation was recorded by Pandit
and Ghosh [18]. The lowest value of AQ was assessed with
200 ppm benzocaine-anesthetized and control Angel fishes.
Padmavathy et al. [17] reported that ammonia-N excre-
tion rate was found to be positively correlated with oxygen
consumption rate which indicated the relative utilization of
protein under hypoxia.

Duringthe simulated transport condition experiments,
except for OCR, all the parameters such as COR, AER,
RQ, and AQ showed the lowest value in benzocaine-
anesthetized Angel fishes than the clove oil-treated and
control fishes. Paterson et al. [20] stated that the increased
carbon dioxide and ammonia levels were estimated
during the air freighting of live Asian sea bass, Lates
calcarifer. The statistical analysis reveals that oxyen and
carbon dioxide levels showed significant (P<0.05; P<0.01)
difference among the time of incubation and treatments
whereas the ammonia-N level and AER showed only sig-
nificant difference at P<0.05 and P<0.01 level within the
time of retention data. Mohanasundaram [15] observed
the increase of oxygen consumption rate in Catla seeds
and seeds of Etroplus suratenses during transportation.
Ferreira et al. [7] reported that the O, consumption, CO,
output, and NH,-N excretion showed reduced values in
25 ppm anesthetized O. mossambicus than the control
fishes. Pandit and Ghosh [19] opined that the anesthet-
ics affected the brain either directly or through the blood
which influenced the changes in behavior of fish as well as
the metabolic parameters and they also stated that when
the ornamental fishes were introduced into the anesthetic
solution, they secreted abundant quantities of mucus
which improved water blood barrier to reduce oxygen
uptake. When the anesthetized fishes were put in freshwa-
ter for recovery, the secretion of mucus decreased and the
fishes exhibited more oxygen consumption, and all these
alterations were due to the metabolic changes occurring
in the anesthetized Angel fish.

From the results of present experiment, it can be con-
cluded that 45 ppm clove oil and 50 ppm of benzocaine
seem to be the optimal concentration for the anesthetiza-
tion of Angel fish P. scalare and further, the data derived
from the simulated transportation condition experiment
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clearly indicates that benzocaine could serve as the best
anesthetic in the optimum dose of 50 ppm for the anesthe-
tization of Angel fish, P. scalare during transportation.
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