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ABSTRACT

This study investigated the toxicity of Lidocaine Hydrochloride-sodium Bicarbonate (LHB) on
Oreochromis niloticus juveniles (20.75 g). The histological tissue examinations were used to assess
the effects of the anaesthetic agent (LHB) on the fish after exposure. Varying concentrations of LHB
in increments of 10mg/L ranging from 60mg/L to 100mg/L were used for the static bioassay. There
was a decrease in induction and recovery time with an increasing concentration of LHB showing a
significant positive correlation (R2= 0.9721; p<0.05) and (R2=0.7338; p<0.05) respectively.
Anaesthetic values of LHB for O. niloticus at an induction time of less than 4 minutes and recovery
time of less than 3 minutes were observed. No mortality occurred during the experiment.
Histological examination of the gills, liver and kidney of O. niloticus after exposure showed different
pathological changes. The gills and liver of the fish exposed to 100 mg/L concentration showed no
sign of histological changes. However, the results obtained showed a severe histological effect on
the kidney of juveniles Oreochromis niloticus at 100 mg/L of LHB.

Keywords: Anaesthesia; toxicity; histology; exposure; lidocaine hydrochloride-sodium bicarbonates.

1. INTRODUCTION Researchers are highly concerned about the

suffering fish endure due to the handling and
Anesthetics are a type of sedative that helps to  aquaculture industry's rapid global expansion [2].
prevent stress and physical harm [1]. Therefore, from a scientific perspective, the use
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of anesthetics is very necessary and has
developed into a practice in the aquaculture
business; as a result, it may be impossible to
imagine exposing fish to different stressors
without anesthetics (Velek et al. 2009).
Aquaculture fish are subject to a variety of
stressors, including chemical, biological,
physical, and procedural stressors [3]. Fish
raised in intensive culture systems are subjected
to a variety of acute and chronic stresses, which
have a negative impact on their ability to
develop, reproduce, and have immune systems
that are competent [4-7]. These particular
stressors for fish in aquaculture include chemical
factors like poor water quality, biological factors
like illnesses, physical factors like temperature
changes, and procedural factors like selection or
sorting. The procedural stressors that are
created by routine management procedures in
fish farming are the most common and cause
stress in fish, necessitating the use of
anaesthetic. The condition known as anaesthesia
prevents the senses, including the ability to feel
pain, entirely or partially [8]. Addition of an
anesthetic chemical to water, which is
comparable to inhalation anesthesia in terrestrial
animals, is the most often employed anesthetic
approach in aquaculture. The anaesthetic is
absorbed into the bloodstream by breathing,
causing numbing of the senses and promoting
blood circulation. The gills, kidney, digestive
tract, and skin are used for the excretion of the
remaining metabolites. To determine the
effectiveness of various anesthetics, fish of
various sizes were utilized. Both common
anesthetics like MS-222, Benzocaine, Eugenol,
Clove oil, 2-phenoxyethanol PE), Lidocaine
hydrochloride, sodium bicarbonate (LHB) and
others, as well as unconventional substances like
the alcoholic and aqueous tobacco extracts and
crude marijuana leaf extract [9-13]. A proven
anesthetic agent in aquaculture due to its
significant efficacy and accessibility is lidocaine
hydrochloride. Lidocaine hydrochloride's toxicity
profile is also easily accessible [14]. In freebase
form, it is easily soluble in acetone or alcohol but
insoluble in water. It is typically utilized in the
form of a salt called hydrochloride, which is freely
soluble in water [15]. Nevertheless, buffering
agents are necessary for lidocaine hydrochloride
to neutralize the pH and so increase efficacy
(Ferreira et al. 1984) and avoid metabolic
acidemia, a state brought on by anesthesia-
induced hypoxemia and anaerobic metabolism
[16]. Sodium bicarbonate (NaHCO;), the
buffering agent, is a white powder that quickly
dissolves in water to release carbon dioxide gas.
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It also goes by the name "baking soda." Sodium
bicarbonate is widely accessible, affordable, non-
toxic, and secure for use by people [17]. The
purpose of the current study is to ascertain the
anesthetic effects of lidocaine hydrochloride
buffered with sodium bicarbonate on juvenile O.
niloticus through its effectiveness in terms of
induction and recovery time, behavioral changes
during exposure, and histological effects at
various concentrations.

2. MATERIALS AND METHODS

2.1 Collection of Experimental Fish

A total of one hundred and twenty (120) O.
niloticus juveniles with mean weight of 20.75 g
were obtained from the Teaching and Research
Fish Farm, Department of Fisheries and
Aquaculture Technology, Federal University of
Technology Akure, Nigeria. They were kept in a
plastic tank for 24 hours to acclimatize them to
the laboratory condition prior to the experiment.

2.2 Lidocaine Hydrochloride

Commercial lidocaine hydrochloride solution (2%
solution) was obtained from Matador Dafon
Pharmaceutical Limited, Akure, Nigeria. Its
active ingredients are 2- [diethlyamino]-N-2,6-
dimerthlyphenyl acetamide hydrochloride and its
concentrations were expressed in mg/I.

2.3 Water Quality Parameters

The selected water quality parameters such
as temperature, pH, dissolved oxygen and
conductivity were analyzed using Multi-purpose
thermometer (Model: YSI 550) and Searchtech
Instruments, Model PHS-3C, Model YSI 550 DO,
and Model DDS-307, for pH, DO and conductivity
respectively using standard methods [18].

2.4 Experimental Procedure

A preliminary experiment was conducted to
determine whether Lidocaine hydrochloride
would be effective or not as anaesthesia for fish.
One gram per litre (1g/l of Sodium bicarbonate
(NaHCO3;) was added to each treatment and
stirred to dissolve completely before adding
Lidocaine hydrochloride solution to each
treatment at the concentration of 60 mg/l, 70
mg/l, 80 mg/l, 90 mg/l and 100 mg/l respectively.
NaHCO; was added to increase the efficacy of
the anesthetic agent and to serve as a buffering
effect because of the acidic nature of the
anesthetic agent. Ten (10) fish were randomly
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selected and placed in each plastic tank with 10
L of water containing the anaesthetic agent to
determine the induction time. The four stages of
anaesthesia indicated in Table 1 were achieved
based on the dose and the length of exposure
[19]. The induction time of anaesthetization and
recovery were recorded during the experiments.
The concentration of Lidocaine hydrochloride
buffered with NaHCO5; at which O. niloticus
juveniles reached sedation in the least induction
time and with the highest recovery time and
100% survival was chosen as the maximum level
of Lidocaine hydrochloride to be used. After
anaesthesia, the fish were removed and placed
in the recovery tanks (anaesthetic-free tanks)
and recovery time was recorded. The fish were
maintained for 48 hours to observe possible
mortality. Behavioural responses of the test
organisms were observed during the exposure to
the anaesthetic agent.

2.5 Histological Examination of Tissues

The samples of gills, liver and kidney of O.

niloticus  juveniles exposed to Lidocaine
Hydrochloride-Sodium bicarbonate were
examined at the Histopathology Ilaboratory,

Department of Veterinary Anatomy, University of
Ibadan, immediately after the experiment. The
samples were preserved in 10% formaldehyde
prior to the microscopic examination. The
preserved organs were dehydrated in graded
level of alcohol (50%, 70%, 90% and 100%) after
which they were cleared in mixture of alcohol and
xylene (each of same volume) for 3 hours; then
100% xylene for 3 hours. The specimen was
then impregnated in molten and placed in the
oven for 6 hours after which they were
embedded in petri-dishes with wax. The
specimens were then mounted on wooden
blocks and sectioned with the aid of a microtone
of 7 microns sections before staining in
haematoxylin stain. The specimens were
sectioned into thin sections with the aid of
microtone prior to staining in haematocylin
eosin stain. The stained specimens were
observed under a light microscope at different
magnifications (x400) and the photographs of
slides were taken.

Linear regression and graph was used to analyze
the data collected in order to determine the
relationship between the concentration of LHB
and the induction and recovery time. Water
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quality parameters data collected were analyzed
using One Way Analysis of Variance (ANOVA) to
test the significant differences using Duncan
Multiple Range Test (DMRT). Pearson
correlation was calculated using SPSS Version

20. All tests, except the histopathological
analysis, were carried out at 5% level of
probability.

3. RESULTS AND DISCUSSION
3.1 Behavioral Activities

When fish were exposed to LHB, swimming
activity generally decreased. Some fish were
stationary while others swam erratically in a
circular pattern. The fish remained in an oblique
position with partial loss of equilibrium. After a
while, the fish fell flat on their sides with rapid
opercula movements and finally were insensitive
to external stimuli with no opercula movements.
The fish recovery signs started with opercula
movements which is slow, steady and the
movements in the head and tail region to
maintain normal lateral position.

3.2 Induction and Recovery Time

Table 2 shows induction and recovery time of the
test fish for each dose of LHB. The induction time
decreased with increasing concentrations of LHB
(Table 2). The recovery time also decreased with
increasing concentrations of LHB with 100%
survival rate after 24 hours.

Figs. 1 and 2 shows the relationship between the
concentration of Lidocaine hydrochloride-sodium
bicarbonate and induction time and recovery
time. Both have a positive linear effect with
significant correlation of R2 = 0.9721 and R2? =
0.7338 (P<0.05) respectively.

As the concentrations of Lidocaine hydrochloride
increased, the pH and the conductivity increased,
the dissolved oxygen (DO) decreased while there
were fluctuations in the temperature as
presented in Table 3. The conductivity of the test
solution increased rapidly after the anaesthetic
agent was administered. The increase in pH and
conductivity were because of the addition of the
buffering agent to the anaesthetics while the
decrease in dissolved oxygen can be as a result
of the by-product of NaHCO; given off as CO,
which increases the pH leading to rapid opercula
movement of the fish during anaesthesia.
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Table 1. The four stages of anaesthesia and the behavioural response of juveniles of O.
niloticus exposed to different concentrations of lidocaine hydrochloride-sodium bicarbonate

Stage Condition Behaviour/Response
I Sedation Motion and breathing reduced
Il Anaesthesia Partial loss of equilibrium
Reactive to touch stimuli
[ Surgical anaesthesia Total loss of equilibrium
No reaction to touch stimuli
v Death Breathing and heart beats stop

Overdose-death

After Shawn et al. [19]

Table 2. The relationship between the induction and recovery time of O. niloticus juveniles
exposed to different concentration of lidocaine hydrochloride-sodium bicarbonate

Concentrations (mg/L) Induction time (min) Recovery time (min)
Control - -

60 35.34+2.84 4.86+1.95

70 31.08+2.76 3.85+0.83

80 24.18+1.58 4.19+2.65

90 11.70+5.15 3.93+2.50

100 3.74+0.76 2.69+2.25

Table 3. Water parameters of different concentrations of lidocaine hydrochloride-sodium
bicarbonate used during the experiment

Concentration (mg/L) Temperature (°C) pH DO (mg/l) Conductivity (uS/cm)
Control 30.25+0.07% 6.49+0.01° 5.25+0.21° 21.25+0.07%

60 30.30+0.00% 7.62+0.01° 3.45+0.35°  120.80+2.12°

70 30.40+0.57% 7.51+0.02° 3.20+0.14*° 124.70+0.28°

80 30.40+0.28% 7.57+0.07° 3.05+0.07%° 128.50+2.26"°

90 30.30+0.14% 7.58+0.13° 3.50+0.28°  130.20+0.14°

100 30.25+0.07% 7.64+0.01° 2.85+0.2% 130.75+0.07¢

Different superscript in each column indicate significant differences (P<0.05)
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Fig. 1. Relationship between concentration and induction time of O. niloticus juveniles
exposed to different concentration of lidocaine hydrochloride-sodium bicarbonate
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Fig. 2. Relationship between concentration and recovery time of O. niloticus juveniles exposed
to different concentration of lidocaine hydrochloride-sodium bicarbonate

3.3 Histological Examination

Histological examination is shown in Plate 1
below. Experimental fish exposed to LHB
showed no lesions in the gills of the control fish
(A) and 100 mg/L concentration (E). Other
concentrations (60, 70, 80 and 90 mg/L) of LHB
showed severe, mild to moderate erosion of the
gill mucous membrane (B-F). No lesions were
observed in the kidney of the control and 90
mg/L concentration (G and K). There were
moderate to severe congestion of the renal blood
vessel of fish exposed to concentrations of 70
mg/L, 80 mg/L and 90 mg/L (H, | and J).
Epithelial degeneration of the renal tubules was
seen in 100 mg/L concentration (R). In the liver
of experimental fish, no lesion was seen in the
control (M). Concentrations of 80 mg/L and 100
mg/L (P and R) also show no lesion but
concentration of 90 mg/L (Q) had prominent
melanomacrophage centres. The liver of fish
exposed to 60mg/L and 70mg/L showed
moderate to severe haemorrhage in the liver
parenchyma and portal and sinusoid congestion
(N and O).

One technique for reducing fish stress and for
making aquaculture processes easier is the use
of anesthetics [20]. In the current work, O.
niloticus induction and recovery times were
calculated using LHB. Gilderhus [21] claims that
when placed in a recovery tank, induction time
often last less than 4 minutes and recovery time
typically lasts between 10 and 15 minutes.
According to this study, LHB dosages of 60, 70,
80, and 90 mg/L can be utilized for moderately
rapid anesthesia (20 min and 40 min), while
doses of 100 mg/L can induce anesthesia in fish
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in less than 4 minutes. Chereen et al. [22], on the
other hand, reported that 325 mg/L concentration
of LHB produced Zebrafish (Danio rerio) in 365s
(6.08 min). This is in agreement with Abbas et al.
[10] who used the same LHB concentration and
Park et al. [14] who used 1000 mg/L Lidocaine
hydrochloride buffered with 1 g/L sodium
bicarbonate to sedate soft-shelled turtles
(Pelodiscus sinensis). Agokei and Adebisi [12]
exposed O. niloticus to alcoholic extract and
agueous preparation of tobacco and reported
effective dosages of 6-7ml/L (alcoholic extract of
tobacco) and 4-4.5¢g/L (agueous preparation of
tobacco), with an induction time of 2.40.54 and
3.20.14 minutes, respectively. This finding is
consistent with the hypothesis that the O.
niloticus induction time reduces with increasing
LHB concentration. When compared to the
induction time (3.740.74minutes) of 100 mg/L of
LHB employed in this investigation, the induction
times of the alcoholic extract of tobacco and the
agueous preparation of tobacco were faster.
According to Agokei and Adebisi [12], alcoholic
extract and aqueous tobacco preparation had
no impact on the pH (6-7) and temperature
(281.0°C) of the water, however lidocaine
hydrochloride increased the pH, temperature,
and conductivity of the water (as shown in Table
2). The use of sodium bicarbonate increases
water's pH and is useful for anesthesia,
according to Altun et al. [23]. The healing time
shortens when LHB concentration rises. When
exposed to lidocaine hydrochloride, O. niloticus
fingerlings recovered more slowly, according to
Abbas et al. [10]. This is as a result of the
inability of the fish to rapidly eliminate the
chemical from its body. The buffering effect of
NaHCO; makes Lidocaine hydrochloride effective
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Plate 1. (A) Control shows no signs of lesions on the gill of O. niloticus (Mg. x400). (B) Gills of
O. niloticus exposed to 60 mg/L of Lidocaine hydrochloride-sodium bicarbonate shows severe
erosion of mucous membrane. (Mg x400) (C) Gills of O. niloticus exposed to 70 mg/L of
Lidocaine HCL-sodium bicarbonate shows mild to moderate erosion of gill mucous membrane
(Mg x 400). (D) Gills of O. niloticus exposed to 80 mg/L of Lidocaine HCL-sodium bicarbonate
shows mild to moderate erosion of gill mucous membrane though the primary lamellae is
normal (Mg x 400). (E) Gills of O. niloticus exposed to 90 mg/L of Lidocaine HCL- NaCOs;
shows mild erosion of gill mucous membrane (Mg x400). (F) Gills of O. niloticus exposed to
100 mg/L of Lidocaine HCL-NaCO; shows no signs of any lesions (Mg x400). (G) Kidney of O.
niloticus in the control shows no signs (Mg x400). (H) Kidney of O. niloticus exposed to
60mg/L of HCL-NaCO; shows severe congestion of the renal blood vessels and some areas
are haemorrhagic (Mg x400). (I) Kidney of O. niloticus exposed to 70mg/L of Lidocaine HCL -
NaCO;z;shows severe congestion of the renal blood vessels (Mg x400). (J) Kidney of O.
niloticus exposed to 80mg/L of Lidocaine HCL-NaCO3z; shows moderate congestion of the renal
blood vessels (Mg x400). (K) Kidney of O. niloticus exposed to 90mg/L of Lidocaine
hydrochloride-sodium bicarbonate shows no signs of any lesions (Mg x400). (L) Kidney of O.
niloticus exposed to 100mg/L of Lidocaine hydrochloride-sodium bicarbonate shows severe
epithelial degeneration of the renal tubules (Mg x400). (M) Liver of O. niloticus in the control
shows no sign of lesions (Mg x400). (N) Liver of O. niloticus exposed to 60mg/L of Lidocaine
HCL-NaCO; shows moderate to severe hemorrhage in the liver parenchyma (Mg x400). (O)
Liver of O. niloticus exposed to 70mg/L of Lidocaine HCL NaCO3 shows severe portal and
sinusoidal congestions (Mg x400). (P). Liver of O. niloticus exposed to 80mg/L of Lidocaine
HCL-NaCO3 shows no signs of any lesions (Mgx400). (Q) Liver of O. niloticus exposed to
90mg/L of Lidocaine HCL-NaCO3 shows no signs of lesions but the liver had prominent
elanomacrophage centres (Mg x400). (R) Liver of O. niloticus exposed to 100mg/L of
Lidocaine HCL-NaCO3 shows no signs of lesions (Mg x400)
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for rapid anaesthesia. This is consistent with
Chereen et al. [22] experiment using Zebrafish to
test the effectiveness of lidocaine hydrochloride
buffered with sodium bicarbonate (Danio rerio).
The recovery time of lidocaine hydrochloride
slowed with a concentration increase from 325
mg/L to 350 mg/L, although there was mortality
due to the stated limited margin of safety. In fish
bodies, diffusion of sodium bicarbonate at low
concentration caused a rapid recovery, according
to Opiyo et al. [11]. This is explained by the fact
that anesthesia is unaffected significantly by CO,
produced at low concentrations. However, the
effectiveness of a particular anesthetic depends
on the species of fish. Medaka fish can be
rendered unconscious by giving them up to 800
mg/L of lidocaine hydrochloride, according to
Chereen et al. [22]. (Oryzias dancena).
Histopathological alterations have been used as
indicators of different chemical effects on
different fish tissues, which reflect the health of
the fish in the body of water [24]. The extent of
damage caused by any chemical or pollutant has
been found to be dependent on the
concentration and exposure duration of such
chemical [25]; which was noted by Nasiruddin et
al. [26] that histopathological variations in
different organs depend on the toxicity of the
chemicals to which they are exposed to. The
histopathological effect in O. niloticus juveniles
exposed to varying concentrations of LHB
showed varying degree gill erosion which ranges
from severe, moderate to mild erosion of the gill
mucous membrane. The severity increases with
increasing time of exposure. The changes
observed in the kidney exposed to lidocaine
hydrochloride- sodium bicarbonate showed an
inconsistent  histopathological effect  with
increasing concentration. There was severe
epithelial degeneration of the renal tubules in fish
exposed to the highest concentration (100 mg/L).
This agreed with El-Sherif and El-Feky [27] who
examined the kidney of Nile tilapia fingerlings
after 75 days of exposure to un-ionized ammonia
(NH3-N) which showed an increase in the
thrombus  formation and infiltration  of
melanomacrophage cells between the renal
tubules. Additionally, there was significant
glomerulosclerosis, hyaline droplet degeneration
and swelling of the renal tubules, necrosis of the
renal tubules, rupture of the melanomacrophage
center, and disseminated melanomacrophage
cells in the renal parenchyma [28]. The
alterations in the liver agreed with the results
obtained by Saber et al. [29] and El-Sherif and
El-Feky [27]. Wajsbrot et al. [30] also reported
that the histopathological effects of chronic
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toxicity of ammonia on the gills and liver function
induce tissue hypoxia which may lead to
reduction in fish growth.

4. CONCLUSION

A cheap, non-toxic, commonly used chemical
that is user-friendly, environmentally acceptable,
and also easily accessible is lidocaine
hydrochloride and sodium bicarbonate. They
have each been employed separately to put
various fish  species, including reptiles,
under anesthesia. Lidocaine hydrochloride's
effectiveness has been demonstrated to be
enhanced by the buffering effect of sodium
bicarbonate (1g/L), which indicates rapid
anesthetic agent elimination without adverse
effects on organs as well as a decrease in the
quantity or amount used for anesthesia when
used separately.
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