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Abstract In the context of responsible handling and good welfare practices, fish must be anesthetized to
lessen the effects of the stressors to the fish. There are a number of commercially available anesthetics that are
being marketed, but some of these products are not easily accessed by fish farmers in some aquaculture sites
particularly those in the rural areas or these chemicals are expensive for the small-scale fish farmers to
purchase. The use of sodium bicarbonate, commonly known as baking soda, was tested as an alternative and
inexpensive anesthetic during fish handling and transport using red tilapia hybrids as a model fish species. Red
tilapia hybrid juveniles with weights ranging 1-4.5 g were exposed to two concentrations of sodium bicar-
bonate at 50 and 100 g 17" in both fresh- and brackishwater (20 ppt) conditions. Regardless of the dose of the
anesthetic, juvenile red tilapias that were reared in brackishwater took a longer time to be fully anesthetized
than those reared in freshwater. In both rearing environments, the concentration of the anesthetic has an effect
on the time to induce anesthesia of the fish. In addition, the time to full recovery of the fish was not
significantly different in both rearing environments and was not affected by the dose of the anesthetic. A
concentration of at least 50 g 17! is recommended for anaesthetizing red tilapia hybrid juveniles in both
rearing environments at water temperatures in the range of 26-29 °C.
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Introduction

The necessity of transporting and handling live fish during aquaculture operations has led to the development
of techniques to anaesthetize fish without impairing their health or commercial value. Unanesthetized fish
suffer tremendous amount of stress during catching, transporting or when submitted to manipulation and
disturbance of its natural environment. The stress and pain have crucial effects on the physiological responses
and biochemical profile, inducing endocrine and metabolic disturbance in the fish (Iwama et al. 1989;
Bruecker and Graham 1993; Yoshikawa et al. 1994; Bastos-Ramos et al. 1998). Recent research studies have
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suggested that fish are capable of pain perception (Sneddon 2012). These investigations have demonstrated
that fish possess receptors that can detect potentially painful stimuli, which are very similar to those found in
mammals (Sneddon et al. 2003; Ashley et al. 2007).

Although a wide variety of chemical anaesthetics are available (Bell 1987; Iwama and Ackerman 1994), the
economic, safety and regulatory considerations have rendered the use of chemical anaesthetics on food fish
inappropriate (Iwama and Ackerman 1994; Prince et al. 1995; Bernier and Randall 1998). An efficient,
predictable, and safe method for anesthesia of fish is needed because an increasing number of valuable species
are being cultured, transported and subjected to various handling procedures.

One of the safer chemical anesthetics that can be used in anesthetizing fish is sodium bicarbonate. It is also
known as baking soda and when dissolved in water, it liberates carbon dioxide, which has an anesthetic effect
on fish (Bowser 2001). This gas was initially described as a fish anesthetic by Fish (1943) and is proven to be
safe for humans; thus, there are no restrictions in its use (Summerfelt and Smith 1990). When used as an
anesthetic, carbon dioxide gas is bubbled in the water directly through an airstone that is connected to a source
or indirectly by the addition of sodium bicarbonate as a source of carbon dioxide (Altun et al. 2009).

There are a number of studies that have been conducted to test the efficiency of sodium bicarbonate as an
anesthetic in both salmonids (Booke et al. 1978; Keene et al. 1998) and non-salmonids (Booke et al. 1978;
Altun et al. 2009). In an earlier study involving Nile tilapia, Oreochromis niloticus, demonstrated the
effectiveness of using this chemical anesthetic, which is affected by the dose and the size of the fish (Opiyo
et al. 2013). In spite of these information from previous studies, there is limited data that show the efficiency
of this chemical anesthetic on the same species of fish at different rearing salinities. Because both brackish-
and seawater contain a significant amount of carbonates, these might have an impact on the action of sodium
bicarbonate when added to these media. As aquaculture can be carried out in fresh-, brackish- and seawater
conditions, the potency of sodium bicarbonate as a fish anesthetic in these conditions must be assessed. Hence,
using red tilapia hybrid juveniles, a euryhaline fish as a model species, the effectiveness of using sodium
bicarbonate as a chemical anesthetic was determined in both fresh- and brackishwater conditions.

Materials and methods
Experimental design

The study was conducted at the Aquatic Science Laboratory (ASL), College of Fisheries and Aquatic Sciences
(CFAS), Western Philippines University (WPU)—Puerto Princesa Campus, Palawan, Philippines. Red tilapia
hybrid juveniles with weights ranging 1-4.5 g were collected from freshwater and brackishwater (20 ppt)
circular tanks and acclimatized to their respective environments for 1 week prior to the experiment. During
acclimation, the fish were fed twice daily with commercial fish feed pellets at 5% body weight. Twenty-five
(25) freshwater red tilapia juveniles and the same number of juvenile fish from the brackishwater tanks were
placed in 100-L glass aquaria a day before the experiment and were starved to optimize the experimental
conditions during the exposure of the fish to the anesthetic. This number of fish was reared to provide an
allowance for unexpected mortality before the experiment. All procedures were supervised by an accredited
expert in laboratory animal science and carried out according to the guidelines on the protection of animals
used for research purposes.

Commercially available baking soda was purchased and was used as the source of the sodium bicarbonate.
In a previous study, Opiyo et al. (2013) found that at a concentration of 50 g 17, tilapia juveniles were able to
reach full anesthesia within 2 min and did not result in mortality. Hence, this study tested two concentrations
of the sodium bicarbonate: 50 and 100 g 1" in inducing full anesthesia in red tilapia hybrid juveniles without
causing any mortality post-recovery.

Induction to anesthesia and recovery
On the day of the experiment, nine (9) 1-L glass aquaria were filled with either fresh- or brackishwater (20 ppt)

and added with either 50 or 100 g 1" of baking soda. This set of aquaria was designated as anesthesia aquaria.
The water was stirred continuously until complete dissolution. The experiment was done within 30 min after
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complete dissolution of the baking soda. Another set of nine 1-L glass aquaria for each water type was used as
a recovery aquarium for the fish. Two experimental runs were done (one for freshwater and another fro
brackishwater) and a total of eighteen (18) tilapia juveniles were used for each experiment.

For the experiments in freshwater and brackishwater conditions, one fish was placed in each anesthesia
aquarium and observed until the fish reached Stage III anesthesia following the description of Iwama et al.
(1989) and Pali¢ et al. (2006). The fish at Stage III anesthesia were characterized to have total loss of
equilibrium and gross loss of body and opercular movements (Table 1). Once Stage III anesthesia was
reached, the fish was immediately scooped out from the anesthesia aquarium and immediately transferred to
the recovery aquarium and observed until the fish attained Stage III recovery, which was characterized by
attainment of full equilibrium with pre-anesthetic appearance (Table 1). All fish of almost uniform sizes from
both the fresh- and brackishwater environments were randomly taken and exposed to either of the two doses of
the anesthetic. Analysis of the weights of the fish among the groups showed no significant differences (data not
shown) in the average weights indicating homogeneity of the fish samples that were used in the experiment.

The time of induction to full anesthesia and the time to complete recovery for each fish were recorded by
three trained personnel to ensure accuracy and reliability of the collected data. Water pH was taken before and
after addition sodium bicarbonate to determine if there were changes in the acidity or basicity of the water. All
anesthetized fish were held for an additional 5 days post-exposure to monitor their behaviour and possible
mortality.

Data analyses

Means and standard deviations for time to anesthesia and recovery of the red tilapia hybrid juveniles were
obtained at two concentrations of the anesthetic at both fresh- and brackishwater conditions. The data in the
two groups were compared using Student’s ¢ test for independent samples. All statistical computations were
performed at the 0.05 probability level. Analyses were performed using the statistical package of Microsoft
Excel 2010.

Results

The time taken for induction of anesthesia and recovery of juvenile red tilapia hybrids in freshwater following
immersion in water containing two concentrations of sodium bicarbonate is shown in Fig. 1. Induction of
Stage III anesthesia of juvenile red tilapia hybrids when immersed in freshwater containing 50 g 17! sodium
bicarbonate ranged 118-214 s (median: 185 s), while at a concentration of 100 g 1_1, the induction of
anesthesia ranged 26-99 s (median: 83 s). Although both concentrations of the anesthetic resulted in full
induction of anesthesia in juvenile fish at an average of less than 3 min, the fish were induced to full anesthesia
faster when immersed at a higher concentration of the anesthetic (p < 0.05). The recovery time of the juvenile
fish following immersion in freshwater with 50 g 17" sodium bicarbonate ranged 51-275 s (median: 83 s),
while at 100 g 17!, the recovery time ranged 62-122 s (median: 74 s). At both concentrations of the

Table 1 Stages of anesthesia and recovery in fish

Description
Stages of anesthesia
I Fish exhibits loss of equilibrium
1T Loss of body movements; slow opercular movement
1 Opercular movement ceases; loss of body movement
Stages of recovery
I No body movement; start of opercular movement
11 Normal opercular movement; body movement starts to normalize
11T Full equilibrium regained with pre-anesthetic appearance

These stages of anesthesia and recovery were adapted from Iwama et al. (1989)
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Fig. 1 Induction of anesthesia and recovery of red tilapia hybrid juveniles during immersion in freshwater containing 50 and
100 g 17! sodium bicarbonate. Column bars with asterisk indicates significant difference at p < 0.05. N =9

anesthetic, the fish were able to recover at an average of less than 2 min, although no significant differences
(p > 0.05) in the recovery time of the fish were observed in both doses of the anesthetic.

Figure 2 shows the induction of anesthesia and recovery of red tilapia hybrid juveniles following
immersion in brackishwater containing sodium bicarbonate. The fish attained Stage III anesthesia in the range
of 102-305 s following immersion in water that contained a concentration of 50 g 17" of baking soda, while
they were fully anesthetized in 75-189 s when a concentration of 100 g 1" sodium bicarbonate was used. The
induction of anesthesia in fish in brackishwater was faster (p < 0.05) when a higher concentration of sodium
bicarbonate was used. Recovery of the fish was in the range of 58—133 s and 55-223 s following immersion in
water containing 50 and 100 g 17", respectively. Moreover, no significant differences (p > 0.05) in the time
for recovery of fish were observed following immersion at both concentrations of the anesthetic.

The relationships of the effects of both the dose of anesthetics and rearing environment on the induction of
anesthesia and recovery are shown in Tables 2 and 3. In terms of the time required for the induction of
anesthesia and recovery, red tilapia juveniles had a significantly higher (p < 0.05) induction time to be fully
anesthetized than the time that is required for them to recover when a dose of 50 g 1~ sodium bicarbonate was
used in both fresh- and brackishwater (Table 2). However, when a dose of 100 g 17! was used in both salinity
levels, no significant differences (p > 0.05) were observed between the time to induce anesthesia and
recovery.

In terms of the salinity levels of the water, induction to anesthesia in fish was significantly longer
(p < 0.05) in brackish- than in freshwater at both doses of the anesthetic. However, the time to attain full
recovery was not significantly different (p > 0.05) in both salinity levels and the dose of the anesthetic used.

The induction of anesthesia in fish when immersed in two concentrations of sodium bicarbonate progressed
in stages. Regardless of the dose and salinity, the fish exhibited rapid swimming behaviour upon immersion in
the water with anesthetic. This was followed by erratic swimming behaviour, gradual loss of equilibrium and

* @ Springer



Int Aquat Res (2019) 11:287-294 291

A Induction of anesthesia
350 -

300 -

Sedation time (sec)
— (3% [39)
wn (=1 n
(=] (=] (=]

—_
(=3
S

(%
S
L

o

Concentration (g 1)

B Recovery
200 -

®©
=1

Recovery time (sec)
N R ® D DB D
S o o o o o o o
. -

(=]

Concentration (g 1)

Fig. 2 Induction of anesthesia and recovery of red tilapia hybrid juveniles during immersion in brackishwater (20 ppt) containing
50 and 100 g 17! sodium bicarbonate. Column bars with asterisk indicates significant difference at p < 0.05. N =9

Table 2 Comparison between induction of anesthesia and recovery (in s) of red tilapia hybrid juveniles at two doses in fresh- and
brackishwater

Induction of anesthesia Recovery
(a)50 g 17!
Freshwater 178.6 £ 175.6* 1109 £+ 92.7
Brackishwater 249.1 £ 66.4%* 84.7 + 86.2
(b) 100 g 17!
Freshwater 68.2 £+ 64.8 783 £ 735
Brackishwater 130.9 £+ 124.4 99.4 £ 85.7

Values with asterisk in the same row indicate significant difference at p < 0.05. N = 9. Each fish served as biological replicate for
the experimental run

slower movements of the opercula. Upon induction of anesthesia (Stage III), the fish was not moving and was
oriented on one side of its body. In addition, there was cessation of opercular movement. Upon transfer to the
recovery aquarium, the fish slowly regained equilibrium and the opercula and the pectoral fins start to move
slowly. Full recovery of the fish was attained when they exhibited the characteristics in the pre-anesthetic
stage.

The water pH the freshwater aquaria was 7.6 before adding the sodium bicarbonate and increased to a pH
level of 8.2 after adding 50 or 100 g 17! of the anesthetic. Similarly, in brackishwater the pH was 7.6 before
the addition of the anesthetic, and increased to pH 8.0 following the addition of either 50 or 100 g 17" of the
anesthetic.
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Table 3 Comparison between fresh- and brackishwater on the induction of anesthesia and recovery (in s) of red tilapia hybrid
juveniles at two doses of the anesthetic

Freshwater Brackishwater
(a) 50 g 17!
Induction of anesthesia 178.6 £ 175.6 249.1 £ 66.4%
Recovery 110.9 £ 92.7 84.7 £ 86.2
(b) 100 g 17!
Induction of anesthesia 68.2 £+ 64.8 130.9 £ 124.4%
Recovery 78.3 £ 73.5 99.4 + 85.7

Values with asterisk in the same row indicate significant difference at p < 0.05. N = 9. Each fish served as biological replicate for
the experimental run

Discussion

The present study demonstrated that the use of sodium bicarbonate can be used as an effective anesthetic for red
tilapia hybrid juveniles. In an earlier study, Opiyo et al. (2013) also showed that juveniles of Nile tilapia, O.
niloticus responded positively to this substance when used as anesthetic and with no observed mortality. In
other species of fish including rainbow trout, Oncorhynchus mykiss and common carp, Cyprinus carpio (Booke
etal. 1978; Altun et al. 2009), sodium bicarbonate was used to anesthetize these species of fish and also showed
potential to be used in the field during samplings. Complete knock-out of the fish was made possible when they
were immersed in both fresh- and brackishwater that contained sodium bicarbonate enabled them to be easily
manipulated (Burka et al. 1997), thus preventing any unwarranted stress during handling.

An acceptable anesthetic that can be used during fish handling is recommended to induce anesthesia in fish
within 3 min and a complete recovery in 5 min (Marking and Meyer 1985; King et al. 2005; Ross and Ross
2008). In the present study, the use of sodium bicarbonate as anesthetic in red tilapia hybrid juveniles satisfied
these requirements, except when this substance was used in brackishwater at a concentration of 50 g 1=,
where induction of anesthesia took more than 4 min on the average. In other species of fish, the use of sodium
bicarbonate as anesthetic did not result in a satisfactory induction time to anesthesia. For example, walleye,
Stizotedion vitreum were induced to anesthesia at 282 s when exposed to sodium bicarbonate at a concen-
tration of 4 g 17", Common carp, C. carpio were fully anesthetized in 24-720 s when immersed in water
containing 642 ppm of sodium bicarbonate (Booke et al. 1978). The dose of the sodium bicarbonate that was
used in the present study for complete induction of anesthesia in red tilapia juveniles was higher than the doses
for other species of fish could be a result of the differences in the physiological responses of various species of
fish to the anesthetic. It could not be discounted the fact that even within the same fish family such differences
would also be manifested.

Brackishwater had good buffering capacity because of the presence of several ions that regulate the sudden
changes in pH levels. The concentration of 50 g 17! sodium bicarbonate might not have caused a rapid release
of carbon dioxide, which was responsible in anesthetizing the fish; hence, it took longer for the fish to exhibit
the changes leading to anesthesia. Nevertheless, both concentrations of the sodium bicarbonate in freshwater
resulted in the induction of anesthesia in the juvenile tilapias at a much faster rate. The results of our study
were in agreement with an earlier study of Opiyo et al. (2013), where they showed that Nile tilapia juveniles in
the size range of 2—4 g were induced to anesthesia within 3 min in freshwater at a concentration between 15
and 50 g 17!, Sonawane and Kulkarni (2001) also demonstrated that the use of sodium carbonate at a
concentration of 5 g 1! together with glacial acetic acid-induced anesthesia in gold spot mullet, Liza parsia
fry in less than 3 min. In addition, the higher the concentration of the anesthetic used resulted in shorter
induction time for anesthesia, which was also obtained by Sonawane and Kulkarni (2001), Altun et al. (2009)
and Opiyo et al. (2013). Previous studies demonstrated that induction time and recovery times of the fish can
vary depending on the concentration of anaesthetic (Booke et al. 1978; Hseu et al. 1995; Yanar and Kumlu
2001), which was also observed in the present study.

Dissolving sodium bicarbonate in water liberates carbon dioxide gas. This gas is utilized for anaesthetic
purposes in fish at various water temperatures and has been used primarily to sedate fish during transport or to
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allow handling large numbers of fish (Bowser 2001). It is suggested that the anesthetic response in fish was
due to the pH-controlled carbon dioxide release from sodium bicarbonate upon dissolving in water (Booke
et al. 1978). Although carbon dioxide is useful for immobilization, its use as an anesthetic has many disad-
vantages, including difficulty in controlling concentrations in water, the need for maintaining high oxygen
levels, and the occurrence of altered blood gases and acid—base balance in fish (Prince et al. 1995; Gelwicks
et al. 1998; Harms 1999). We did not observe any mortality in red tilapia hybrid juveniles during anes-
thetization and post-recovery, indicating the slow release of carbon dioxide gas in the water after complete
dissolution of sodium bicarbonate. In future studies, it is suggested that the actual concentration of the carbon
dioxide that was liberated during the dissolution of sodium bicarbonate in water needs to be measured so that
the anesthetic effect of this gas to the fish in relation to the amount of gas present is accurately determined.

The toxicological or long-term physiological effects of sodium bicarbonate in red tilapia hybrid juveniles
was not evaluated, although monitoring the survival of the fish at 5 days post-recovery showed no mortality.
However, future studies addressing these issues would be of considerable benefit particularly in elucidating the
mechanisms of how fish responds to sodium bicarbonate long after it has been exposed to this anesthetic agent.
The search for effective anesthetics that are suitable for use in handling and transport of fish without an
excessive withdrawal time remains an immediate priority in aquaculture because fish end up in consumers as
food. Commercial anesthetics, although some are generally regarded as safe (GRAS), are not recommended to
be used in fish if these are immediately used for food. As novel chemicals that are safe for humans are being
discovered for the immobilization of fish, the evaluation of their physiological effects and anesthetic efficacy
must be carefully assessed. It is imperative that the efficacy and safety of these chemicals for use in fish are
systematically, qualitatively, and quantitatively evaluated and at the same time their safety issues to the
consuming public must be assessed as well.

Based on the results of this study, the effective dose of sodium carbonate that would lead to full anesthesia
of red tilapia hybrid juveniles in either brackish- or freshwater is 50 g 17", At this concentration, the fish were
anesthetized within a short period of time and could recover quickly without causing adverse effect on their
survival post-exposure. A higher dose of sodium bicarbonate is needed in knocking out the fish because the
fish were reared at higher water temperatures, which decreased the solubility of carbon dioxide in the water
(Wedemeyer 1996).

Conclusion

In conclusion, the present study indicated that sodium bicarbonate can be an effective anesthetic for red tilapia
hybrid juveniles during short-term handling and did not result in mortality of the fish during exposure to the
anesthetic and during post-recovery. Regardless of the dose of the anesthetic, juvenile red tilapias that were
reared in brackishwater took a longer time to be fully anesthetized than those reared in freshwater. In both
rearing environments, the concentration of the anesthetic has an effect on the time to induce anesthesia of the
fish. This study also highlighted that high concentration of sodium bicarbonate is needed to anaesthetize red
tilapia hybrid juveniles at high water temperatures. The time to full recovery of the fish was not significantly
different in both rearing environments and was not affected by the dose of the anesthetic. The application of
sodium bicarbonate at a high pH level can be a good and inexpensive alternative to other anesthetics for fish.
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