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Abstract
Fish transportation is a regular farming and experimental practice that mainly results in 
stress conditions that may extend to induce a high mortality rate. In the present experimen-
tal simulation, Oreochromis niloticus were transported for 2 h and maintained for another 
6 h in transportation containers to assess the effect of tranquilization with tricaine methane-
sulfonate (MS-222) and/or the addition of iodine on mortality rate and restoring the normal 
physiological functions. Experimental fish were divided into four groups: group 1 (control) 
was transported in farm water without MS-222 or iodine, group (2) was transported in farm 
water supplemented with 40 mg/L of MS-222, fish in group (3) were transported in farm 
water supplemented with 40 mg/L of MS-222 + 10 ppm iodine, and fish in group (4) were 
transported in farm water containing 10 ppm iodine. Blood samples were collected for the 
determination of serum cortisol and glucose, while skin mucus was collected for assay-
ing lysozyme, peroxidase and antibacterial activity; cumulative mortality rate; and food 
reflexes which were assessed at 0 h, 1 h, 6 h, 48 h, 7 days and 14 days post 2 h transpor-
tation. The results indicated that fish tranquilization with MS-222 and/or treatment with 
iodine mitigated the stress condition associated with transportation and accelerate restora-
tion of the normal physiological and immunological status. So, it was recommended to use 
the MS-222 as a tranquillizer together with iodine as an antiseptic during transportation of 
O. niloticus.
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Introduction

Nile tilapia is a popular cultured fish, and is farmed in > 100 countries (FAO 2018). The suc-
cess is attributed to easy culturing, rapid growth and high profitability (Prabu et al. 2019). The 
intensification of Nile tilapia farming has raised the stress levels resulting in high mortality 
rate and subsequent huge financial losses (Chen et al. 2019). Fish skin secretes mucus via gob-
let cells (Sanahuja et al. 2019) that exerts a vital role as a physical, biological and immunolog-
ical barrier against external invaders through the non-specific immunity parameters present in 
mucus such as proteases, antiproteases, peroxidases, esterases, alkaline phosphatase, lysozyme 
and immunoglobulins (Brinchmann 2016; Carda-Diéguez et al. 2017).

Fish transportation during aquaculture routine work and for conducting scientific experi-
ments on fish is a regular process that induces stress responses, and so, anaesthesia and tran-
quilization are necessary during this process (Simões et al. 2011; Sampaio and Freire 2016), to 
avoid negative impacts and stress (Park et al. 2008). However, the strength of stress responses 
is variable based on the transported fish species, size and stress duration (Sumpter et al. 1985).

Tricaine methanesulfonate (MS-222) has a low effective drug dose, fast anaesthesia, rapid 
recovery and no toxic side effects on treated fish (Popovic et al. 2012); it is also considered 
the only anaesthetic approved by the Food and Drug Administration (USFDA) for use in food 
fish (Park et al. 2017). The recommended concentration of MS-222 differs according to fish 
species; it is 25 to 100 mg/L for anaesthesia induction in mullet (Liza macrolepis) and Atlan-
tic cod (Gadus morhua) (Barham et  al. 1979; Mattson and Ripple 1989), while it reached 
100–150 mg/L for tambaqui (Colossoma macropomum) as described by Gomes et al. (2001). 
Other findings claimed that MS-222 was potentially compromising the health of certain fish 
species such as crucian carp (Carassius auratus) reported by Cao et al. (2019), gilthead sea 
bream (Sparus aurata) as recorded by Teles et al. (2019) and also striped bass (Morone saxa-
tilis) as mentioned by Kenter et al. (2019).

Povidone-iodine is a disinfectant frequently used in aquaculture, it is a type of iodophor, 
and it is composed of iodine as an oxidising agent and polyvinylpyrrolidone as a carrier to 
slowly release the free iodine into the water. Iodine is damaging the microorganisms by pen-
etrating the cell wall, and then destroying the structural proteins and nucleic acid, as well as 
enzymes (Mcdonnell and Russell 1999; Mainous et al. 2010; Rico et al. 2014).

Overcrowding, agitation and scratches affecting fish during the transportation process, 
particularly for a long time, can induce severe stress with subsequent high mortality rate and 
increase the susceptibility to the bacterial disease by affecting the normal physiological func-
tions, lowering fish immunity, impairing the function of natural parries represented in mucus 
(Ali et al. 2019) and also increasing bacterial multiplication and adherence to fish.

This work targeted to highlight the negative impact of long transportation on innate 
immune response particularly the effects on the skin mucus barrier functionality and also the 
stress response expressed in serum cortisol levels and clarify the beneficial role of tranquilliz-
ers and antiseptics in mitigating the stress response and disease susceptibility.

Materials and methods

Experimental design

Two hundred and forty apparently healthy male Nile tilapia (Oreochromis niloticus) 
were collected from a private fish farm (earthen pond) located at El Riad District, 
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Kafr El-Sheikh Governorate. Fish were between 70 and 80 g in body weight, and were 
divided randomly into 4 equal groups (60 fish/group in 4 replicates, 15 fish/replicate). 
Fish transportation was performed according to the method of Noga (2010); each rep-
licate (15 fish) was maintained in a labelled clear polyethylene bag filled to third with 
farm water at 25  °C and the other 2/3 with pure oxygen. Tricaine methanesulfonate 
(MS-222), Syncaine®, Syndel, Canada, was used as a tranquillizer at a dose of 40 mg/L 
(Noga, 2010) and Betadine® active ingredient povidone-iodine, 5%, Nile Company for 
Pharmaceuticals, Egypt, was used as an antiseptic at a dose of 20 ppm/L as indicated by 
Debuf (1991). Fish were grouped as follows:

G1: Fish were transported in farm water without using MS-222 or iodine.
G2: Fish were transported in farm water with 40 mg/L MS-222 as a tranquillizer.
G3: Fish were transported in farm water with 40 mg/L MS-222 as a tranquillizer plus 
20 ppm/L iodine as antiseptic.
G4: Fish were transported in farm water with 20 ppm/L iodine as an antiseptic.

For simulating fish transportation during aquaculture practices or for performing 
any scientific experimental work using fish, the polyethylene bags containing fish were 
transported by a car for 2 h to the wet lab, Animal Health Research Institute, Kafr El-
Sheikh. At 6  h after arrival to the laboratory, each replicate was placed in a separate 
glass aquarium with maintained aeration.

Replicate 1 (15 fish): Replicate 1 in each group was used for blood and mucus sample 
collection.
Replicates 2 and 3 (30 fish): Replicates 2 and 3 were used for calculating the cumula-
tive mortality to avoid the non-specific deaths that may result from blood and mucus 
sampling.
Replicate 4 (15 fish): Replicate 4 was used in the challenge test.

Blood sampling

Blood samples were collected from 5 fishes in replicate 1 of each group at 0  h, 1  h, 
6  h, 24  h, 48  h, 7  days and 14  days after arrival to the lab. Samples were according 
to the method described by Faulmann et al. (1983), as 0.5 mL of blood was collected 
from the caudal vessels of each fish. Serum samples were separated by centrifugation at 
2000 rpm for 10 min.

Serum cortisol level

Serum cortisol level was assayed as a stress indicator marker; serum cortisol was 
extracted and estimated using the method described by Pickering and Pottinger (1983) 
and Wedemeyer (1970) using Ao Microplate Reader, Azure Biosystems, USA; absorb-
ance was measured at 415  nm using 96-well cortisol ELISA kit, Cayman Chemical, 
USA. Serum glucose was spectrophotometrically determined according to the method 
mentioned by Trinder (1969) using Spinreact® glucose test kit.
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Mucus analyses

Skin mucus collection

Five fish from each group were used for mucus collection, and each fish was placed in a poly-
ethylene bag containing 10 mL of 50 mM NaCl, and then, the fish was gently rubbed inside 
the bag for 30 s. The collected solutions were centrifuged at 1500 rpm at 4 °C for 10 min, the 
supernatant was discarded, and the collected mucus was preserved at − 96 °C for further work.

Skin mucus lysozyme assays

Lysozyme activity of serum and skin mucus was calculated following the protocol of 
Parry et al. (1965). Briefly, 100 μL of skin mucus from each fish was loaded into 96-well 
plates, in triplicate, and then, 175 μL of Micrococcus luteus suspension was added. M. 
luteus suspension consists of 0.3 mg M. luteus (Sigma-Aldrich, USA), in 1 mL of 0.1 M 
citrate phosphate buffer, pH 5.8. The lysozyme activity expressed in μg/mL was meas-
ured by a microplate reader compared to standard. The turbidity changes were recorded 
at 540 nm every 30 s and for 10 min at 25 °C.

Skin mucus peroxidase activities

The peroxidase activity was measured following the methods described by Quade and 
Roth (1997). Briefly, 5 μL of skin mucus was loaded into 96 flat-bottomed plates in trip-
licate plus 45 μL of Hank’s Balanced Salt Solution (without  Ca+2 or  Mg+2) and 100 μL 
of solution 1. Solution 1 is prepared by addition of 10 μL of 30%  H2O2 (Sigma-Aldrich, 
USA) to 40  mL of distilled water and then, one pill of 3,3′,5,5′-tetramethylbenzidine 
(Sigma-Aldrich, USA) was added to the mixture. The peroxidase activity expressed in 
mU.  Ml−1 was measured by the microplate reader at 405 nm.

Skin mucus antibacterial activities

Skin mucus antibacterial activity was determined according to Kumari et al. (2019). Equal 
volumes (100 μL) of O. niloticus mucus and sterile normal saline were vortex-mixed and 
placed (in triplicates) in the nutrient agar broth seeded with Aeromonas hydrophila bacterial 
suspension containing  106 CFU which is a virulent field strain previously isolated by Sherif 
and Abuleila (2022) and incubated for 1 h at 25 °C. A blank control was also prepared by 
replacing the mucus with sterile PBS. The mixture was then diluted with sterile PBS at a ratio 
of 1:10. The mucus-bacteria mixture (100 μL) was plated on blood agar, and the plates were 
incubated for 24 h at 27 °C. The number of viable bacteria was determined by counting the 
colonies grown on nutrient agar plates.

Fish food reflex

After 24 h of fish stocking in glass aquaria, floating fish feed was offered to each group 
and then repeated every 24 h; the food approach was assessed in the same manner indi-
cated by Raby et al. (2012) and Samson et al. (2014).
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Mortality rate

The number of dead fish in replicates 2 and 3 of each group was recorded daily for 
14 days, and the cumulative mortality rate (CMR) was determined using the following 
equation:

Bacterial challenge

To determine the effect of using MS-222 and/or iodine for fish transportation on disease 
susceptibility to A. hydrophila, a bacterial challenge test was performed after 1 week of 
transportation using the cohabitation method (cohabitation of experimentally infected 
fish with healthy fish).

Before the challenge test, experimental infection for 10 acclimatised O. niloticus 
was performed using A. hydrophila (AHRAS2) virulent strain. Experimental infec-
tion was performed as described by Aboyadak et  al. (2016) briefly, and each fish was 
intraperitoneally inoculated (I/P) with 0.2  mL of bacterial suspension containing 
2.4 ×  105  CFU/mL of A. hydrophila AHRAS2 strain. AHRAS2 strain was previously 
isolated by Sherif and Abuleila (2022), and deposited to GenBank under the accession 
number MW092007; it was positive for cytotoxic enterotoxin genes (act and alt). The 
 LD50 value of A. hydrophila AHRAS2 for O. niloticus (50 ± 2.5 g) in body weight at 
25 ± 1.5 °C was 0.2 mL of bacterial suspension containing 2.4 ×  105 CFU/mL per fish.

After 1  week of fish transportation, G1 to G4 were challenged with A. hydrophila 
by cohabitation as described by Sherif et al. (2022); briefly, two clinically diseased fish 
(previously infected by I/P) were added to each aquaria containing replicate 4 for groups 
G1 to G4; then, the cumulative mortality rate was reported for another week. Each dead 
fish was considered only if A. hydrophila was re-isolated.

Statistical analyses

The obtained values were statistically analysed with SPSS software, SPSS Inc., Chicago, 
IL, USA (SPSS 2004), using analysis of two-way ANOVA. All values were expressed as 
the mean ± SE (standard error). Duncan’s multiple range test (Duncan 1955) was used to 
determine differences amongst groups and periods at a significance level of 0.05.

Biosafety procedure

This study followed the biosafety measures concerning the pathogen safety data sheets: 
infectious substances A. hydrophila, Pathogen Regulation Directorate, Public Health 
Agency of Canada (2011).

Ethical approval

All applicable international, national and/or institutional guidelines for the care and use of 
animals were followed during this study.

CMR(%) = (number of deaths ∕ total number) × 100
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Results

Serum cortisol level reached the maximum value in all groups at 6 h post transportation 
just before the ending of the transportation stress represented in high stocking density in 
the polyethylene bags (moving fish from bags to aquaria). The highest cortisol level was 
observed in group 1 which was transported without tranquillizer or antiseptic as it reached 
6.36 μg/dL, followed by group 4 which was transported after the addition of iodine only 
(5.8 μg/dL), while the lowest value was observed for groups 2 and 3 that received MS-222 
only and MS-222 + iodine in which cortisol level was 2.33 and 2.77 μg/dL respectively as 
represented in Table 1. Serum cortisol decreased nearly to the value previously reported at 
0 h at 48 h post transportation before it returned to the normal value in all groups at 7 and 
14 days post transportation as shown in Table 1.

Serum glucose concentration mostly followed the same pattern as plasma cortisol in 
which glucose concentration reached the maximum value in all groups at 6 h; fish in group 
1 showed the highest glucose level (98 mg/dL) followed by group 4 by 89.83 mg/dL, while 
fish in groups 2 and 3 treated with MS-222 showed a nonsignificant increase in serum glu-
cose in comparison with the non-treated group. Glucose level decreased significantly in all 
groups at 48 h post transportation except for group 4 and maintained near the normal value 
at 7 and 14 days post transportation as shown in Table 2.

Mucus lysozyme activity significantly decreased with time in all groups at 6  h when 
compared with the basal level at 0 h before the partial restoring of the activity at 48 h. 
Groups 2 and 3 treated with MS-222 tranquillizer showed high mucus lysozyme activity 
than the non-treated groups (1 and 4) as represented in Table 3. Mucus lysozyme activity 
was completely restored close to the normal values at the 7th day post transportation.

Mucus peroxidase activity was nonsignificantly decreased with the time after transpor-
tation before being restored to the baseline after 48 h post transportation; however, there 
was a nonsignificant change either within each group or between the different groups as 
represented in Table 4.

Mucus antibacterial activity was significantly higher in group 3 treated with 
MS-222 + iodine and group 4 treated with iodine alone than in the other 2 groups (G1 and 
G2); this effect was observed from 0 to 48 h but this effect was diminished at 7 and 14 days, 

Table 1  Cortisol level in relation to time (μg/dL)

0  h: time of arrival of the transported fish to the laboratory. G1: farm water, G2: MS-222 only, G3: 
MS-222 + iodine, G4: iodine only
The same capital letter in the same column indicates the nonsignificant difference between the same group 
at different time points, at p ≤ 0.05.
The same small letter in the same row indicates the nonsignificant difference between different groups, at 
p ≤ 0.05.

Items G1 G2 G3 G4

0 h 1.92Ba ± 0.01 0.9Ec ± 0.04 1.52BCd ± 0.03 1.62Cb ± 0.1
1 h 1.96Bb ± 0.01 1.07Dd ± 0.04 1.52Bc ± 0.03 2.25Ba ± 0.1
6 h 6.36Aa ± 0.03 2.33Ad ± 0.04 2.77Ac ± 0.2 5.8Ab ± 0.02
48 h 1.86Ca ± 0.03 1.22Cbc ± 0.03 0.77Cc ± 0.34 1.56CDab ± 0.03
7 days 1.75 Da ± 0.01 1.32Bc ± 0.03 0.87Cd ± 0.02 1.42Db ± 0.01
14 days 1.67Ea ± 0.01 1.41Bb ± 0.02 1.05BCc ± 0.08 1.74Ca ± 0.02
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and results showed a nonsignificant change between all of the experimental groups as rep-
resented in Table 5.

The cumulative mortality indicated that group 3 showed the lowest mortality rate 
(10%) followed by group 2 which showed 16.67% mortality and then group 4 with 20% 
mortality and finally group 1 with 33.33% mortality after an 8-h transportation (Figs. 1 
and 2).

In Table  6, the experimental fish refuse to feed before 48  h post transportation 
while only groups 2 and 3 which were transported after tranquilization using MS-222 
accepted to feed at 48 h but G1 and G4 started to feed at 72 h post transportation. All 
fish groups restored the normal feeding pattern (5% of body weight) on the 7th day post 
transportation.

The challenge test revealed that groups 2 and 3 that received the tranquillizer and/
or iodine showed the lowest mortality rate (26.66%) followed by group 4 that received 

Table 2  Serum glucose level in mg/dL

0  h: time of arrival of the transported fish to the laboratory. G1: farm water, G2: MS-222 only, G3: 
MS-222 + iodine, G4: iodine only
The same capital letter in the same column indicates the nonsignificant difference between the same group 
at different time points, at p ≤ 0.05.
The same small letter in the same row indicates the nonsignificant difference between different groups, at 
p ≤ 0.05.

Items G1 G2 G3 G4

0 h 54.37Ca ± 0.33 50.5Ea ± 0.8 48.23Ea ± 0.34 49.67Ea ± 0.24
1 h 68.6Ba ± 0.6 53.1Dc ± 0.4 52.1Dc ± 0.12 63.97Cb ± 0.84
6 h 98Aa ± 0.12 62.17Ac ± 0.44 68.7Ab ± 0.4 89.83Aa ± 1
48 h 53.17CDd ± 0.8 58.3Bc ± 0.55 56.23Bd ± 0.3 82.1Ba ± 1.06
7 days 44.9Ec ± 0.8 57Bb ± 0.23 55.13Cb ± 0.24 62.1Cb ± 0.4
14 days 51.9Dc ± 0.5 55Cb ± 0.12 48.27Ed ± 0.54 57.47 Da ± 0.44

Table 3  Mucus lysozyme activity, U/mL

0  h: time of arrival of the transported fish to the laboratory. G1: farm water, G2: MS-222 only, G3: 
MS-222 + iodine, G4: iodine only
The same capital letter in the same column indicates the nonsignificant difference between the same group 
at different time points, at p ≤ 0.05.
The same small letter in the same row indicates the nonsignificant difference between different groups, at 
p ≤ 0.05.

Items G1 G2 G3 G4

0 h 1.62ABc ± 0.04 2.24Aa ± 0.02 2.06Bb ± 0.04 1.58Cc ± 0.01
1 h 1.36BCd ± 0.02 1.92Bb ± 0.1 2.26Aa ± 0.03 1.45Dc ± 0.02
6 h 1.23Ca ± 0.02 0.94Eb ± 0.01 0.86Fc ± 0.01 1.22Ea ± 0.03
48 h 1.38BCbc ± 0.2 1.55Dab ± 0.03 1.13Ec ± 0.02 1.79Ba ± 0.01
7 days 1.72Aa ± 0.03 1.61Cb ± 0.02 1.24Dc ± 0.02 1.63Cb ± 0.03
14 days 1.83Aa ± 0.04 1.64Cb ± 0.01 1.62Cb ± 0.01 1.87Aa ± 0.03
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iodine only and finally group 1 which was transported in farm water without any medi-
cation as demonstrated in Fig. 3.

Discussion

Fish transportation is a stressful practice associated with the massive liberation of catecho-
lamine (Wendelaar Bonga 1997; Toni et al. 2019); this process is resulting in high levels 
of plasma cortisol, glucose and other oxidative stress markers that have frequently served 
as stress indicators in fish (Morgan and Iwama 1997; Morgan et al. 1997). To maintain fish 
survival, welfare and performance, the practitioners tried to minimise the stress associated 
with fish transportation; this research is focusing on illustrating the deleterious effect of 

Table 4  Mucus peroxidase activity, mU/Ml

0  h: time of arrival of the transported fish to the laboratory. G1: farm water, G2: MS-222 only, G3: 
MS-222 + iodine, G4: iodine only
The same capital letter in the same column indicates the nonsignificant difference between the same group 
at different time points, at p ≤ 0.05.
The same small letter in the same row indicates the nonsignificant difference between different groups, at 
p ≤ 0.05.

Items G1 G2 G3 G4

0 h 0.08Ba ± 0.003 0.45BCa ± 0.3 0.14Ba ± 0.003 0.08Ba ± 0.006
1 h 0.07BCa ± 0.006 0.06Ca ± 0.006 0.07 Da ± 0.003 0.06Ca ± 0.003
6 h 0.06Ca ± 0.006 0.07Ca ± 0.003 0.06 Da ± 0.006 0.07BCa ± 0.003
48 h 0.09Bb ± 0.003 0.62Ba ± 0.01 0.09Cb ± 0.06 0.07BCb ± 0.007
7 days 0.09Cc ± 0.003 0.174Aa ± 0.03 0.153Bb ± 0.02 0.08BCc ± 0.003
14 days 0.11Cc ± 0.009 0.16Ab ± 0.005 0.158Aa ± 0.003 0.13Bbc ± 0.003

Table 5  Mucus antibacterial activity (%)

0  h: time of arrival of the transported fish to the laboratory. G1: farm water, G2: MS-222 only, G3: 
MS-222 + iodine, G4: iodine only
The same capital letter in the same column indicates the nonsignificant difference between the same group 
at different time points, at p ≤ 0.05.
The same small letter in the same row indicates the nonsignificant difference between different groups, at 
P ≤ 0.05.

Items G1 G2 G3 G4

0 h 20Cc ± 1.15 22.4Cb ± 0.02 37.8 Da ± 0.73 33.3CDa ± 0.4
1 h 15.17Dd ± 0.44 18.3Ec ± 0.4 34DEa ± 0.6 32.27Db ± 0.37
6 h 11.03Ed ± 0.32 18.5Ec ± 0.76 32.1Ea ± 1.12 28Eb ± 1.24
48 h 25.27Bc ± 0.65 20.5Dd ± 0.52 37.97Ca ± 0.3 35.1Cb ± 0.24
7 days 23.47Ab ± 0.3 23.5Bb ± 0.5 22.2Ba ± 0.4 21Ba ± 0.55
14 days 24.5Ad ± 1.05 29Ac ± 0.46 28.8Ab ± 0.5 21.4Aa ± 0.72
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Fig. 1  Death of O. niloticus during the experimental period. 0 h: time of arrival of the transported fish to 
the laboratory. G1: farm water, G2: MS-222 only, G3: MS-222 + iodine, G4: iodine only. The initial number 
of fish in each group: 30. TNDF, total number of dead fish during 14 days
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Fig. 2  Cumulative mortality rate (CMR) of O. niloticus during the experimental period. G1: farm water, 
G2: MS-222 only, G3: MS-222 + iodine, G4: iodine only. The initial number of fish in each group: 30

Table 6  Food reflex of 
experimental fish

0 h: time of arrival of the transported fish to the laboratory. G1: farm 
water, G2: MS-222 only, G3: MS-222 + iodine, G4: iodine only

Items G1 G2 G3 G4

0 h - - - -
1 h - - - -
6 h - - - -
48 h -  +  + -
7 days  +  +  +  +  +  +  +  + 
14 days  +  +  +  +  +  +  +  + 
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long transportation on Oreochromis niloticus and how to mitigate it by using MS-222 as a 
tranquillizer and/or iodine as an antiseptic during fish transportation either for aquaculture 
or for experimental work.

The present study results indicated that serum cortisol reached the maximum value 
at the end of the transportation process which indicated exposure of fish to severe stress, 
particularly groups not subjected to tranquillization; meanwhile, tranquillized O. niloticus 
using MS-222 with or without iodine showed significantly low cortisol level, and this find-
ing can be attributed to decreased fish movement and low consciousness and so limited 
exposure to stress. In accordance, Pakhira et al. (2015) found that cortisol levels increased 
in Labeo rohita transported for 2.5 h, and McDonald and Milligan (1997) also reported 
increased blood cortisol concentration in response to stress conditions.

Serum glucose levels followed the same pattern as serum cortisol and reached the maxi-
mum value at 6  h; tranquillizer groups showed significantly lower serum glucose levels 
than the non-tranquillized groups; other researchers (Pakhira et al. 2015; Goes et al. 2017) 
reported similar findings for Labeo rohita and O. niloticus respectively. These could be 
owing to the effect of increased glucocorticoids represented in cortisol on glucose metabo-
lism through induction of glycogenolysis and glyconeogenesis under the direct effect of 
cortisol (McDonald and Milligan 1997; Martínez-Porchas et al. 2009). Kuo et al. (2018) 
recorded that glucocorticoid promotes gluconeogenesis in the liver, but it decreased glu-
cose uptake and utilization in skeletal muscle antagonising insulin response. Therefore, 
excess glucocorticoid induces hyperglycaemia.

Similarly, Cao et al. (2021) found that MS-222 and eugenol–anesthetised turbot (Scoph-
thalmus maximus) has lower blood glucose and cortisol level than the control (non-anes-
thetised) groups. Navarro et al. (2016) also stated that plasma cortisol and glucose of the 
anaesthetized O. niloticus were lower than those of untreated controls. Different findings 
were observed by Oliveira et al. (2009); they found that O. niloticus anaesthetized using 
MS-222 had higher plasma glucose compared to the control. These different results could 
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Fig. 3  Mortality rate (MR) % in different groups challenged with A. hydrophila 
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be due to differences in experimental conditions or due to exposure of fish to stress before 
anaesthesia. Félix et  al. (2021) described nonsignificant increased cortisol levels in O. 
niloticus anaesthetized with MS-222 at a dose of 40 mg/L and then transported for 6 h, 
indicating the efficacy of fish anaesthesia and tranquilization in lowering the plasma corti-
sol. The present research results proved that tranquillized O. niloticus either with or with-
out iodine treatment started to restore their normal physiological condition after 48 h of 
transportation that was following Félix et al. (2021) as they recorded the normalisation of 
physiological responses of anaesthetized O. niloticus, compared to the control; similarly, 
Teles et al. (2019) claimed that anaesthetics can lessen the impacts of transport stress.

A wide range of non-specific immunity parameters is found in fish mucus, including 
lysozymes, peroxidases and immunoglobulins (Guardiola et al. 2014). The present research 
results indicated that tranquillized O. niloticus showed the highest level of lysozyme and 
peroxidase activities compared with the other 2 groups. Profuse mucus secretion is mainly 
produced in response to stress conditions during fish transportation, while non-stressed 
tranquillized fish produced normal thick mucus reach in lysozymes and peroxidases. In har-
mony with these results, Cao et al. (2019) and Kenter et al. (2019) conclude that MS-222 
might stimulate the immune biochemical responses in different fish species subjected to 
transport. Both iodine-treated groups showed the maximum mucus antibacterial activity in 
comparison with iodine non-treated groups. In our point of view, this result can be attrib-
uted to the presence of iodine which is absorbed to fish bodies from the water and excreted 
in mucus. Iodine has antibacterial activity against many bacterial pathogens. Mucus also 
contains immunoglobulins and lysozymes which have also antibacterial action, so groups 
1 and 2 showed a considerable in vitro antibacterial activity against A. hydrophila but the 
presence of iodine is potentiating this action. Accordingly, Chen et al. (2018) indicated that 
10 ppm and 20 ppm of povidone-iodine effectively killed 99 and 100% of A. hydrophila 
in vitro and protected swamp eel (Monopterus albus).

Both of the tranquilized O. niloticus groups (with or without iodine) started to consume 
feed after 2 days and then partially restored normal food reflex after 3 days post transporta-
tion which was earlier than the other groups due to the protective effect of MS-222 against 
the transportation stress which induced a rapid recovery. All groups feed normally (by con-
suming about 5% of their live body weight) on the 7th day which indicated the complete 
restoration of the normal physiological functions at this time. This observation was similar 
to Wendelaar Bonga’s (1997) findings; he stated that under stress conditions, the meta-
bolic energy of fish is reallocated away from growth and reproduction towards restoring 
homeostasis (respiration, locomotion, hydromineral regulation and tissue repair) and these 
activities are extended to the recovery phase after stress. Similarly, Fernandes and Volpato 
(1993) stated that the food consumption of fish was decreased under chronic stress, and 
Pickering and Stewart (1984) also reported that food consumption of brown trout Salmo 
trutta (L.) was significantly decreased under the stress induced by crowdedness.

A high mortality rate occurred in fish within the first 24 h after transportation, which 
could be due to homeostasis disturbances and skin abrasion (Gomes et  al. 2003), and 
stressed fish suffered from skin abrasions that could open the gate to the bacterial infection 
(Stickney 2005). The cumulative mortality rate after the transportation process clarified 
that the iodine-tranquillized group showed the lowest mortality rate amongst all groups; 
this could be attributed to the augmented effective role of MS-222 plus the antibacterial 
effect of iodine which protected fish from accidental bacterial infection during transpor-
tation and also decreased the pathogenic bacterial load and improved fish health status. 
Using iodine at a low dose as 100 ppm for a minimum 10 min of exposure time can effec-
tively destruct germs (OIE 2009; Heiner et al. 2010). Chatchawanchonteera et al. (2015) 
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reported that povidone-iodine at a dose of 100 ppm for 15-min exposure at 37 °C could 
inactivate 6 logs of S. agalactiae isolated from fish. Group 2 (transported in MS-222 only) 
showed a lower mortality rate in comparison with the non-tranquillized groups (1 and 4); 
this highlighted the beneficial role of MS-222 as a tranquillizer which protected fish from 
the harmful effect of stress associated with transportation by maintaining fish calm (not 
exposed to friction or scratches) and also decreasing fish excitation and subsequently fish 
metabolic rate that preserved fish energy and finally kept the immune system functionally 
active (kept mucus lysozymes and peroxidases higher than in the non-tranquillized groups). 
Group 4 (iodine-treated group without tranquillizer) showed a low mortality rate than the 
control group (group 1), further proving the effective role of iodine in protecting fish dur-
ing the transportation process from bacterial infection.

Infectious diseases are amongst the major obstacles to expansion in the aquaculture 
industry (Mishra et al. 2018; Sherif et al. 2020, 2021). In this study, cohabitation challenge 
with A. hydrophila showed that both of the tranquillized O. niloticus showed low mor-
tality rates than the other 2 groups; this indicated higher resistance to bacterial infection 
due to rapid restoration of the normal physiological functions of the immune system and 
also due to the protective role of mucus lysozymes and peroxidases. Accordingly, Este-
ban (2012), Guardiola et al. (2014), Hoseinifar et al. (2019), and Somamoto and Nakanishi 
(2020) reported that skin mucus has a vital molecule of the non-specific immune system 
and acts as the first protective layer which stands against pathogen infection; it contains 
a wide range of biological substances, such as proteins, lysozyme, immunoglobulin and 
lectins (Minniti et al. 2017; Reverter et al. 2018). The lysozyme activity can act as a non-
specific molecule that beneficially protects the fish from infectious disease through the 
breakdown of 1,4 glycosidic bonds present in the peptidoglycan of both Gram-positive and 
Gram-negative bacterial cell walls (Subramanian et al. 2007; Saurabh and Sahoo 2008).

Conclusion

Using MS-222 as a tranquillizer plus povidone-iodine as an antiseptic during fish transpor-
tation during aquaculture practices has a beneficial role in decreasing stress response and 
subsequently improving fish performance and helping in rapid restoration of the normal 
physiology functions (rabid recovery), maintaining a protective level of immune status and 
helping in bacterial disease resistance.
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