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Abstract:

The effect of some anaesthetics such as methane sulfonate (MS-222); Metomidate hydrochloride; Eugenol and
Sodium bicarbonate on the enzymes activities (Alanine transminase–ALT; Aspartate transaminase–AST; Alkaline
phosphatase-ALP and Lactate dehydrogenase–LDH) in Juveniles and Adults sizes of Clarias gariepinus was
investigated using different concentrations (0.00 mlL-1–control; 50.00; 100.00; 150.00 and 200.00 mlL-1) in
triplicates. The results from the study indicated that the anaesthetic caused a concentration dependent significant
alteration (p<0.05) in the five enzymes under consideration. The highest activities in all the enzymes were
observed in 200.00 mlL-1 concentration of the anaesthetics and the lowest in the control. The results from this
work therefore suggest that the anaesthetics impair enzymes activities in the fish which was more noticeable in
the fish exposed to higher concentrations between 150.00-200.00 m/L-1. Hence caution should be exercised in the
application of these anaesthetics in sedation of C. gariepinus.
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Introduction
Enzymes are biological molecules that increase the rate of
chemical reactions in the cell. In enzymatic reactions, the molecules
at the beginning of the process called substrates are converted into
different molecules referred to as products. All chemical reactions
in biological cells need enzymes to occur at rates sufficient for life
(Yang and Bahar, 2005). The amino transferases, phosphatases
and lactases are the most important group of enzymes in lower
animal especially in the telost fish (Waterstart, 1999). The
transferases which include alanine transaminase (ALT) and
aspartate transaminase (AST) constitute a group of enzymes
that catalyze the interconversion of a keto acid into amino acid.
While the phosphatases consists of acid phosphatase (ACP) and
alkaline phosphatase (ALP), are hydrolase enzymes, responsible
for removing phosphate groups from many types of molecules
including nucleotides, proteins and alkaloids (Tamas et al., 2002).
And the lactase, the lactate dehydrogenase, which is responsible
for converting muscle lactic acid into pyruvic acid, an essential
step in producing cellular energy (Gabriel et al., 2011).
The measurement of plasma enzymes activities is a
helpful diagnostic tool in teresstrial mammalian pathological,
toxicological and general clinical testing. Recently there have been
some attempts to utilize these techniques in aquatic toxicology
studies (Akinrotimi et al., 2013). As in mammals, it has been
shown that after functional damage to tissues and organs of fish,
some specific cellular enzymes leak into blood plasma, where
they will be detected. In mammalian toxicology, the identification
of altered plasma enzymes patterns can be used to evaluate the
functional status of damaged organs, or tissues, as their detection
methods are simple, rapid and can be carried out with small blood
samples (Gabriel et al., 2007). Anaesthetics are routinely used to
reduce stress in fish during blood sampling and in some on farm
aquaculture practices (Akinrotimi et al., 2013) but inappropriate
anaesthetic concentrations or prolonged exposure time can
stimulate stress and alter the blood biochemical parameters.
Therefore it is important to determine the appropriate anaesthetics
concentrations, so as to reduce stress to the barest minimum.
Changes in enzymes activities in the extracellular fluids or
plasma are sensitive indicator of cellular damage. Since the levels
of these enzymes within the cell, exceed those in the extracellular
fluids, by more than three orders of magnitude (Moss et al., 2013).
The measurement of metabolic enzymes activities in the plasma is
therefore frequently used as a diagnostic tool in human medicine
(Van der Oost et al., 2003). It is now being utilized in lower
vertebrates like fish to monitor disruption of metabolic function
of cells. Determination of various enzymes activities in blood
plasma have incidentally been applied in fish research to indicate
bacterial, viral and parasitic infections, level of water pollution
and response to drugs applications (Bucher 1990).
Exposure of fish species to anaesthetics have been reported to
cause changes in some enzymes activities of the fish (Prince et al.,
2000; Wagner et al., 2008). A study by Akinrotimi et al. (2013),
demonstrated changes in some enzyme activities in the blood of
catfish (Clarias gariepinus) exposed to anaesthetic metomidate.

Also, in an extensive study by Gabriel et al. (2012), alterations were
observed in some plasma enzymes, alanine transminase (ALT),
aspartate transminase (AST), alkaline phosphatase (ALP), Lactate
dehydrogenase (LDH) in African catfish, (Clarias gariepinus)
exposed to various levels of an anaesthetic, metomidate in the
laboratory. Velisek and Svobodova (2004), associated distortions
in plasma enzymes activities of rainbow trout with the effect of
anaesthetic metomidate.
Conversely, Kenneth and Griffin (2004), confirmed that
the introduction of clove oil, Aqui-S, metomidate, MS-222 and
quinaldine at high level in water that contain hybrid of sunshine
bass (Morone chrysops × Morone saxatilis), affected the enzyme
profiles of the fish. Also, in the study by Velisek et al. (2003),
in common carp, (Cyprinus carpi) indicated that exposure of this
specie to varying degrees of anaesthetics caused a significant
alterations in its enzymes activities. The issues of anaesthetics
and analgesia in fish have been the subject of an ongoing debate
regarding its necessity, its techniques and its physiological
evaluations (Chandroo et al., 2004). Different studies have in fact
revealed significant evidence that fish can experience pain, fear
and stress, with important influences on their general metabolism
(Gabriel et al., 2011). In this regard, it becomes important to
study and compare different anaesthetics and immobilizing drugs
on fish and relate these results to physiological parameters. This
paper therefore, investigates the effects some anaesthetics on the
activities of some metabolic enzymes in African catfish, Clarias
gariepinus, a widely cultured fish in most of the tropical countries.

Materials and Methods
Project location
This study was carried out at the Genetic family testing unit
hatchery, in African Regional Aquaculture Centre (ARAC) Aluu,
Port Harcourt, Rivers State, Nigeria. The unit consists of fifty 9.0
m3 concrete tanks and 100 (50 L) plastic tanks. The site is well
ventilated and is completely protected from direct impact of sun
light. The water supply to the unit is from a bore hole, free from
any chemical pollution.

Sources of experimental fish
A total of nine hundred and sixty (960) apparently healthy C.
gariepinus, consisting of 480, 12 weeks old juvenile fish (mean
length 26.64 cm ± 1.02 SEM; mean weight 356.21 g ± 1.86 (SEM)
and 480, 24 weeks old adult sizes (mean length 52.13 cm ± 1.01
SEM; mean weight 1100.38 g ± 3.04 SEM) were collected from
ARAC rearing concrete tanks adjacent to the experimental site.
These tanks are being stocked intermittently for at least two
production cycles annually. The fish were harvested from the
tanks, after drainage. They were immediately transferred into
holding tanks in the hatchery.
Fish acclimation
In the hatchery, the fish were acclimated to laboratory
conditions for a period of three days, following the method of
Gabriel et al. (2011), who recommended that fish for experimental
purposes must be handled carefully and stocked in a well aerated
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holding tank, so as to reduce the incidence of stress to the barest
minimum. During this period the fish were fed daily with ARAC
feed (40% CP) at 5% body weight and the water in the holding
tanks were renewed daily.

Source of anaesthetics agents
A total four different anaesthetic agents were used in the trial.
Four synthetic anaesthetics namely: Tricaine methane sulfonate
(MS-222), metomidate hydrochloride sold as ‘Tranquil’, eugenol
and sodium bicarbonate.
Tricaine methanesulfonate (MS-222): Tricaine–S is the
methanesulfonate of meta-amino benzoic acid ethylester or
simply m-amino benzoate. It is thus an isomer of benzocaine.It is
a fine white crystalline powder, which is highly soluble in water.
The active ingredient is methane sulfonate; it is manufactured
by Pharmaq AS, New York, USA. It is the only anaesthetic
license in the United States for fin fish that is intended for human
consumption. The route of administration is immersion of the
animals at levels ranging from 10 to 1,000 ml/litre depending on
the species and size of the fish. This was purchased off-shelf from
Gabrovic Aqua shop, Rumuodara, Port Harcourt. Its concentrate
was prepared by dissolving 10 g of the anaesthetics in 1 litre of
water (Massee et al., 1995).
Metomidate: Metomidate hydrochloride sold as Tranquil, is
manufactured by Syndel International Inc. Vancouver, Canada. It
is sold in liquid of form in white plastic container. It is a colourless,
odourless liquid packaged in different volumes of 50, 100, 250
and 500 ml. The active ingredient is metomidate hydrochloride.
It is administered by injection and immersion at 10 to 1,000 ml/
litre. This chemical was purchased from Elitonia Aqua Shop,
Rumuokoro, Port Harcourt.
Eugenol: Eugenol is a clear to pale yellow liquid. It is a
derivate of methoxyphenol, sold with the trade name Eugenol®,
manufactured by Sigma Addrech, AS, Oslo, Norway. It was
purchased from Durante Aqua shop, Challenge Area, Ibadan, Oyo
State. It is administered only in fish by immersion.
Sodium bicarbonate: Sodium bicarbonate is the chemical
compound with the formula NaHC03. It is a white solid that is
crystalline in nature, but often appears as a fine powder. It is
manufactured by Hunan Chembird Industrial Company Limited,
Changhsha, China. For use in fish, the concentrate is prepared at
9 g/100 ml in water following the method of Booke et al. (1998).
And it is administered by immersion.

Preparation of test solution
A stock solution of the anaesthetics was prepared by adding
1 ml of the anaesthetic concentrate to 1 litre of water. Exposure
concentration of anaesthetics were 0.00 (control); 50, 100,
150, and 200 ml/L. Thirty, 50 L plastic containers were labeled
and each filled with water from the borehole to the 30 L mark,
and another 30 plastic containers were filled with fresh water
without anaesthetics were placed side by side. The different
concentrations were prepared by serial dilution by measuring 50,
100, 150 and 200 of the stock solutions (×30) that was made into

30L with the borehole water that gave the desired concentrations.
The concentrations were chosen based on the reports of previous
authors (Waterstart, 2002; Gabriel et al., 2011; Akinrotimi et al.,
2013), which used lower concentrations.

Experimental procedure
The anaesthetic solution was then stirred with a glass rod
(50 cm in length) for homogeneous mixture. Within 10 minutes
the tanks were randomly stocked with four juveniles per tank,
while four adult fish were equally stocked per tank, using a scoop
net. Three tanks each were used for each concentration and the
control in each of the fish sizes. The tanks were not aerated during
the experimental period. Duration of fish exposure to various
anaesthetics at different concentrations depends on the induction
and recovery time. The same procedure was repeated for all
the four anaesthetics. The durations of each anaesthetics during
exposure depends on the induction time (time taken for the fish
to get anaesthetized) and recovery time (time taken for the fish to
recover from the effects of the anaesthetics).

Blood sample collection and preservation
A total of 480 fish were sampled for blood, 240 each from
Juvenile and adult sizes. In each of the eight anaesthetics under
consideration, 60 fish were sampled with 30 each for juvenile
and adult sizes making it two fish in each experimental tank (in
triplicates). Blood samples were taken at the deepest anaesthesia,
when the fish was completely immobilized. The needle was
inserted perpendicularly into the vertical surface of the fish at a
point slightly above the openings in the genital papilla. As the
needle pierced the vein, blood flowed easily into the syringe and
3 ml of blood was taken before the needle was withdrawn. The
needle was then detached from the syringe and the 1.5 ml blood
was transferred into herparinized bottles. The blood samples were
analyzed at the Lively Stones Medical Laboratory, Rumukparali–
Choba Road, Choba, Port Harcourt, Rivers State, Nigeria.

Analysis of plasma enzyme activities
Five enzymes namely, Aspartate amino transaminase (AST),
Alanine amino transaminase (ALT), Alkaline phosphatase (ALP),
Acid phosphatase (ACP) and Lactate dehydrogenase (LDH)
were analyzed in the blood of the exposed C. gariepinus to
anaesthetics. The Reitman and Frankel (Bessey, 2010), method
was used to analyze AST, because it can be performed as a manual
colorimetric end-point technique. While, ALP, ACP and LDH was
done by method described by Huang (Huang et al., 2010).

Statistical Analysis
The data obtained from the study were collated and analyzed
using statistics software 8.0 for windows. Data were first tested
for normality (Kolmogorov-Smirnov test) and homosesdasticity
of variance (Bartetts test). When these conditions were satisfied, a
two way analysis of variance (ANOVA) was employed to reveal
significant differences in measured variables among control and
experimental groups. When a difference was detected (P<0.05),
Tuckey’s multiple comparison test was applied to identify which
treatment were significant.
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Results
Enzymes in the plasma of C. gariepinus exposed to eugenol is
presented in Table 1.The result indicated a significant (P < 0.05)
increase in the activities of ACP from control (33.76 ± 5.85) to
200 mlL-1 concentration (483.66 ± 20.10) in the adult fish, while
ACP in juveniles were within the same range (13.20-14.23) at
lower concentrations of the anaesthetics. Significant differences
(P<0.05), were however observed at higher concentrations of
eugenol. The activities of ALP obtained in both sizes increased
as the concentrations of eugenol increased. AST increased from
63.73 ± 2.73 (control) to 76.16 ± 2.19 (200 mlL-I) in the adult
fish, while in juveniles the AST reduced considerably as the
concentrations of the anaesthetics increased. The ALT and LDH
activities in both sizes of the exposed fish of increased steadily as
the concentrations of anaesthetic increased (Table 1).
In the fish exposed to metomidate (Table 2), the ACP activities
in both juveniles and adult sizes increased significantly (P<0.05),
as the concentrations of anaesthetics increased, this became more
pronounced at higher concentrations of 150.0 and 200.0 ml/L

of metomidate. The ALP also increased significantly in juvenile
and adult fish across all the concentrations of the anaesthetic,
The same pattern of increase with increasing concentrations of
the anaesthetics were observed in AST, ALT and LDH activities
in both sizes, with the lowest activities in the control (0.00 mlL1
) and the highest in 200.00 mlL-1 of metomidate concentration
(Table 2).

Effects of MS-222 on plasma enzyme activities in
C. gariepinus
The results of activities of the enzymes in C. gariepinus
exposed to anaesthetic M-222 are presented in Table 3. The
activities of ACP increased significantly in both sizes, the values
of ACP in juveniles were very low when compared to adult sizes.
Also, all the enzymes ALP, AST, ALT and LDH in the two sizes of
fish increased progressively as the concentrations of anaesthetics
increased (Table 3). In the fish exposed to sodium bicarbonate,
the ACP activity in the juvenile fish increased from the control
and peaked (16.10 ± 3.17) at 50 mlL-1 concentration, and later
declined and rose again (13.50 ± 0.7a) at 200 m/L-1 concentration.

Table 1: Enzymes in the Plasma of C. gariepinus Exposed to Eugenol (Mean ± SD).
Concentrations (mlL-1)
Life
Enzymes
0.00
50.00
100.00
Stage
(IU/L)
Juvenile

Adult

ACP
ALP
AST
ALT
LDH
ACP
ALP
AST
ALT
LDH

13.20 ± 1.60a
56.73 ± 5.08a
63.73 ± 2.73a
47.36 ± 5.38a
220.33 ± 10.69a
33.76 ± 5.85a
70.73 ± 3.72a
81.83 ± 0.55a
51.33 ± 4.04a
302.00 ± 7.21a

13.83 ± 1.67a
62.46 ± 0.81ab
65.66 ± 1.78ab
53.06 ± 1.5+ab
231.66 ± 15.30ab
38.46 ± 3.09ab
74.46 ± 3.72ab
82.83 ± 1.32a
52.33 ± 4.16a
306.33 ± 5.68a

14. 23 ± 1.84a
62.23 ± 1.15ab
67.90 ± 1.25ab
55.86 ± 2.70ab
237.00 ± 15.09ab
39.86 ± 3.23ab
77.16 ± 3.90ab
84.03 ± 1.43ab
55.43 ± 2.30ab
310.86 ± 1.33ab

150.00

200.00

15.43 ± 19ab
69.80 ± 1.25ab
69.83 ± 2.03ab
62.83 ± 1.67c
256.66 ± 3.05c
180.53 ± 253.09c
82.10 ± 1.00b
57.41 ± 35.00b
65.13 ± 2.58c
317.46 ± 4.74c

18.10 ± 0.60c
72.83 ± 2.05c
76.16 ± 2.19c
66.33 ± 3.18d
264.33 ± 3.05d
483.66 ± 20.10d
87.46 ± 1.57c
50.45 ± 36.15c
72.99 ± 22.74a
320.60 ± 9.42c

Mean within the row with different superscripts are significant (P<0.05)

Table 2: Enzymes in the Plasma of C. gariepinus Exposed to Metomidate (Mean ± SD).
Life Stage
Juvenile

Adult

Concentrations (mlL-1)

Enzyme
(IU/L)

0.00

50.00

100.00

150.00

200.00

ACP
ALP
AST
ALT
LDH
ACP
ALP
AST
ALT
LDH

13.43 ± 1.68a
56.90 ± 3.93a
64.46 ± 3.05a
48.70 ± 5.58a
220.36 ± 10.26a
33.56 ± 6.76a
70.73 ± 5.17a
82.30 ± 1.15a
52.26 ± 3.57a
303.60 ± 6.59a

14.13 ± 1.76a
62.33 ± 1.10ab
66.93 ± 2.53a
54.06 ± 1.89ab
233.13 ± 5.53ab
39.00 ± 3.20a
76.56 ± 2.90a
83.06 ± 1.00a
58.13 ± 1.05a
308.00 ± 3.55a

15.00 ± 1.21ab
63.80 ± 2.33ab
69.66 ± 1.41a
54.20 ± 2.30ab
240.80 ± 23.13b
46.76 ± 1.90a
79.80 ± 4.13a
86.66 ± 2.00a
61.90 ± 0.62ab
314.36 ± 2.55ab

15.80 ± 2.17ab
69.66 ± 1.36ab
70.3 ± 2.78b
61.83 ± 2.02b
258.80 ± 3.67c
46.30 ± 1.73a
85.23 ± 1.45ab
92.83 ± 1.70ab
66.33 ± 3.15ab
319.56 ± 5.68ab

17.60 ± 40.00b
73.2 ± 1.70b
75.70 ± 3.29c
66.26 ± 3.60b
265.90 ± 1.37d
48.63 ± 2.65a
89.30 ± 2.10ab
92.70 ± 1.78c
71.13 ± 2.10c
321.63 ± 9.53ab

Mean within the row with different superscripts are significant (P<0.05)
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Table 3: Enzymes in the Plasma of C. gariepinus Exposed to MS-222 (Mean ± SD).
Life Stage
Juvenile

Adult

Concentrations (mlL-1)

Enzymes
(I(IU/L)

0.00

50.00

100.00

150.00

200.00

ACP
ALP
AST
ALT
LDH
ACP
ALP
AST
ALT
LDH

5.00 ± 0.88a
57.06 ± 4.10a
64.73 ± 3.55a
48.63 ± 5.68a
220.36 ± 9.86a
34.03 ± 7.45a
70.46 ± 5.47a
82.53 ± 2.00a
53.46 ± 3.72a
304.43 ± 10.96a

7.46 ± 0.51a
64.73 ± 0.90ab
69.43 ± 2.49a
56.43 ± 2.17ab
2.36.70 ± 13.98ab
42.53 ± 1.81ab
79.00 ± 3.07ab
85.40 ± 0.80ab
61.53 ± 1.80ab
312.36 ± 1.98a

15.43 ± 1.34ab
64.96±2.28ab
72.66±1.20ab
56.43 ± 2.21ab
256.06 ± 10.78b
47.70 ± 2.38ab
82.46 ± 3.47b
89.83 ± 1.16b
66.70 ± 1.10ab
321.06 ± 1.55ab

17.40 ± 2.25ab
72.23±1.88b
72.83±2.00ab
63.93 ± 1.94ab
263.33 ± 2.05b
50.46 ± 2.08b
87.36 ± 1.62b
96.83 ± 1.78c
69.83 ± 3.61ab
358.63 ± 62.88ab

19.70 ± 0.45ab
75.36±1.11b
78.50±3.11c
70.23 ± 1.05c
279.20 ± 6.96c
54.40 ± 6.53b
94.50 ± 1.10
102.80 ± 1.95d
77.96 ± 1.69c
427.73 ± 10.74c

Mean within the row with different superscripts are significant (P<0.05)

Table 4: Enzymes in the Plasma of C. gariepinus Exposed to Metomidate (Mean ± SD).
Enzyme
Life Stage
0.00
50.00
100.00
(IU/L)
Juvenile

Adult

ACP
ALP
AST
ALT
LDH
ACP
ALP
AST
ALT
LDH

13.43 ± 1.68a
56.90 ± 3.93a
64.46 ± 3.05a
48.70 ± 5.58a
220.36 ± 10.26a
33.56 ± 6.76a
70.73 ± 5.17a
82.30 ± 1.15a
52.26 ± 3.57a
303.60 ± 6.59a

14.13 ± 1.76a
62.33 ± 1.10ab
66.93 ± 2.53a
54.06 ± 1.89ab
233.13 ± 15.53ab
39.00 ± 3.20a
76.56 ± 2.90a
83.06 ± 1.00a
58.13 ± 1.05a
308.00 ± 3.55a

15.00 ± 1.21ab
63.80 ± 2.33ab
69.66 ± 1.41a
54.20 ± 2.30ab
240.80 ± 23.13b
46.76 ± 1.90a
79.80 ± 4.13a
86.66 ± 2.00a
61.90 ± 0.62ab
314.36 ± 2.55ab

150.00

200.00

15.80 ± 2.17ab
69.66 ± 1.36ab
70.3 ± 2.78b
61.83 ± 2.02b
258.80 ± 3.67c
46.30 ± 1.73a
85.23 ± 1.45ab
92.83 ± 1.70ab
66.33 ± 3.15ab
319.56 ± 5.68ab

17.60 ± 40.00b
73.2 ± 1.70b
75.70 ± 3.29c
66.26 ± 3.60b
265.90 ± 1.37d
48.63 ± 2.65a
89.30 ± 2.10ab
92.70 ± 1.78c
71.13 ± 2.10c
321.63 ± 9.53ab

Mean within the row with different superscripts are significant (P<0.05)

Moreover, the activity of ACP increased across the concentration
in the adult fish with significant differences observed between
0.00 mlL-1 and 50.0 mlL-1, while in other concentrations, the
values were within the same range, (Table 4). The ALP, AST, ALT
and LDH activities were elevated in the plasma of C. gariepinus
exposed to sodium bicarbonate at various concentrations.

Discussion
The uses of plasma enzymes have been reported as good
indicators in determine optimal concentrations range of anaesthesia
in response to stress (Wagner et al., 2008). Enzymes assays,
such as Acid phosphates (ACP), Alkaline phosphate (ALP),
Aspartate transaminase (ALT) and Lactate dehydrogenase (LDH),
have been used as an indicators of different stress for fishes.
Changes in these enzymes activities resulting from exposure to
anaesthetics applications in plasma of fish have been reported.
And such alterations are aimed at maintaining equilibrium in the
presence of these chemicals, which may disrupt physiological and
biochemical processes (Ribas et al., 2007). In this study, activities
of these enzymes increased or decreased as the concentration of

anaesthetics increased in the plasma of C.gariepinus, hence the
elevation or inhibition appears to be dose dependent. This is in
line with the report of Cotter and Rodnick (2006), who noted
that variations in metabolic enzyme activities in fish are directly
proportional to the concentration of the anaesthetics.
The transaminase (ALT and AST) plays an important role
in the utilization of amino acid for the oxidation activities and
gluconeogenesis. They function as links between carbohydrate and
protein metabolism under altered physiological, pathological and
stress induce environmental conditions (Daniel, 2009). Increased
activities of transaminases, ALT and AST in all the anaesthetics
under consideration indicated an amplified transamination
processes. Philip and Rajasree (1996), noted that increase in
transamination occurs with amino acid input into the tricaboxylic
acid (TCA) cycle of fish to cope with the energy crisis during
stress. It has been suggested that, stress induces elevation of the
transamination pathway and is likely to have been a factor, in the
increased transamination activities in the present study. Congleton
(2006) observed an increase in AST and ALT activities in rainbow
trout (Oncorhynchus mykiss) treated with MS-222.
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Furthermore, Akinrotimi et al. (2013) reported a similar trend
in African catfish C. gariepinus brood fish exposed to anaesthetic
metomidate, they assumed, that the elevation in the enzymes
might be due to hepatotoxicity, which results in the liberation of
the intracellular enzymes (ALT and AST) into the blood stream
of the fish. However, Velisek et al. (2004) reported a decreased
ALT and AST in rainbow trout (O. mykiss) after clove oil and
2-phenoxyethanol anaesthesia, while Velisek et al. (2004) found
no change in transaminase activities in yellow perch (Perca
flavescens) after clove oil and 2–phenoxyethanol anaesthesia.
These variations in transaminase activities in response to
anaesthetics, may be due to dosage, species, exposure time and
phase of anaesthesia.

effects upon blood chemistry of fish. Thus, careful consideration
should be taken when selecting an anaesthetic, particularly when
variations in blood plasma chemistry measures, are being used, as
end point indicator in a study.

The enzyme phosphatases (ALP and ACP), present practically in
all tissues, especially in the cell membranes, where active transport
normally takes place and has hydrolase’s and transphosphorlyase
functions. The sources of ALP and ACP include synthesis in the
intestinal epithelium, kidney and liver. These are often increasing
in response to biliary obstruction (Hill, 2004). The increased ALP
and ACP in the exposed fish, indicates mild alterations in the
function of kidney and liver. This finding supports that of Iversen
et al. (2003) in Atlantic salmon (Salmo salar) exposed to higher
concentrations of clove oil. Also, Velisek et al. (2010), also noted
increased in ALP and ACP activities in silver perch (Bidyanus
bidyanus) after MS -222 (150 mlL-1) and 2-phenoxyethanol (40
mlL-1) anaesthesia. Moreover, Nie et al. (2007) observed the same
trend in Nile tilapia (Oreochromis niloticus) exposed to MSS222 and suggested that the elevation of the phosphatases is as a
result of the diversion of the alphamino-acid in the TCA cycle as
keto acid to augment energy production. On the hand, Gomulka
et al. (2008), reported a decrease in activities of ALP and ACP in
Siberian sturgeon (Acipenser baerii) after MS-222 and eugenol
anaesthesia. These variations suggest the fact that response of
phosphatase to varying degrees of anaesthetics depends on species
and type of anaesthetics used.

Tamas, L., Huttova, J., Mistrik, L. (2002) Effect of carboxymethyl
chitin-glucan on activity of hydrolytic enzymes. Chemical
Pathol 56, 326-329.

The lactate dehydrogenates (LDH) activity in the exposed fish
rose significantly (P<0.05) with increasing concentrations of the
anaesthetics. The increase in LDH activity in this work supports
earlier findings by Dziamen et al. (2005), in common carp,
(Cyprinus carpio) treated with MS–222. The elevation of LDH
activity provides the oxaloacetate required for the gluconeogensis
pathway to meet the additional supply of glucose for the production
of energy under reduced phase of oxidative metabolism. Moreover,
elevation in the levels of LDH in the plasma of C. gariepinus in
this work can be considered as a response to the stress induced
by exposure to anaesthetics, so as to generate ketoglutarate and
oxaloacetate for contributing to gluconeogenesis or energy
production necessary to meet the demand for stress imposed by
the drug (Cordova and Braun, 2007).

Conclusion
The results of the current and previous studies highlight
the importance of considering all potential physiological and
biochemical effects of a prospective anaesthetic agents used in
aquaculture. It is clear that different anaesthetics can have marked
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