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Uton  Charoendat  2012: Efficacy of Synthetic Eugenol as Anesthetic for Fish 
Transportation.  Master of Science (Aquaculture), Major Field: Aquaculture, Department 
of Aquaculture.  Thesis Advisor: Associate Professor Nontawith  Areechon, Ph.D.  
206 pages.

Efficacy of synthetic eugenol as fish anesthetic was investigated in tilapia fry, tilapia 
juvenile (Oreochromis niloticus Linn.) and silver shark (Balantiocheilos melanopterus) with 
average weight of 0.30+0.01 g, 70.85+1.03 g and 3.01+0.48 g, respectively and compared with 
clove oil and MS-222. The study emphasized on the application of synthetic eugenol for 
transportation and other activities that caused stress and harmful effect on fish health. For safe 
application, acute toxicity test of three anesthetics was conducted with 0.3 g tilapia fry. The results
of 24 hr LC50 values were 16.98, 16.95 and 72.59 mg/l for synthetic eugenol, clove oil and MS-
222, respectively. Study on efficacy as anesthetic revealed that 5 mg/l of synthetic eugenol induced 
stage 1 anesthesia (sedation stage) in tilapia fry and silver shark and 10 mg/l for tilapia juvenile. 
For stage 4 anesthesia, 20 mg/l synthetic eugenol was required for tilapia fry and silver shark and 
30 mg/l for tilapia juvenile. Study on the effect of synthetic eugneol on stress response in tilapia 
juvenile indicated that this anesthetic could effectively reduce the negative response to stress 
determined by stress indicators including serum cortisol and glucose. Similar result was found with 
non-specific immunity including spontaneous superoxide anion and percent phagocytosis. 
However, application of synthetic eugenol to anesthesize tilapia before vaccination of formalin-
killed Streptococcus agalactiae by intraperitoneal injection did not show any significant difference 
on specific immune response determined by serum antibody. Benefits of synthetic eugenol during
transportation of tilapia fry were detected.  Induction of sedation stage by 5 mg/l synthetic eugenol 
could significantly reduce the water quality deterioration and improve the survival of tilapia fry
during and after transportation. The results from this study clearly demonstrated the positive effect 
of synthetic eugenol as an effective anesthetic for fish which can be used for transportation and 
also to reduce the response to stressful condition in aquaculture. Tilapia fry can be safely 
transported with density of 1,000 fry per 3 liters of water for 6 hr transportation and 75 silver shark 
per 3 liters of water for 24 hr transportation with additional of 5 mg/l synthetic eugenol in the 
water.  
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(USFDA) 
MS-222 (Tricaine methanesulfonate)

cortisol 

(Generally Considered Safe; GRAS) (Eugenol; 4-allyl-2-
methoxyphenol) (Clove oil) 
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1. 

2.

3. 

4. 
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1.  

1.1 

(Nelson, 1994)

Kingdom Animalia
Phylum Chordata

Subphylum Vertebrara
Superclass Gnathostomata 

Class Actinopterygii
Order Perciformes 

Suborder Labroidei
Family Cichidae

Genus Oreochromis
Species Oreochromis niloticus 

(Nile tilapia) Oreochromis 
niloticus (Linn.) Cichlidae

-
15-18 12-14 3 

9-10 33 
5 13 

1 15-17 
(Nelson, 1994)



5

(Suresh and Lin, 1992)

( , 
2547)

9

“ ” - ,

( , 2524; , 2536)

1.2 

Fillet 

(Extensive system) 
(Intensive system)

3 

1.2.1 (Extensive system) 



6

1-2 
200-400 

1.2.2 (Semi-intensive system) 

200 
1 3-10 

8 
1,000-1,500 

1.2.3 (Intensive system) 
30-100 

(Off-flavor) 
4-5 20-30 

( , 2536; , 2549)

Ichthyophtirias multifilis, Monogene 
(Gyrodactylus sp. Dactylogyrus sp.), Argulus sp. Lernaea sp.
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Aeromonas hydrophila, Streptococcus 
agalactiae Flexibacter columnaris ( , 2550; Areechon et al., 2005)

1.3 

0.3 
2.5 

1,000 3 75%

250,000-300,000 
3-5

( , 
2551)

2
1.2 500,000 

30-35 

( , 2551)
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2.

2.1 

(Ng and Kottelat, 2007)

Kingdom Animalia
Phylum Chordata

Subphylum Vertebrara
Superclass Gnathostomata 

Class Actinopterygii
Order Cripriniformes 

Family Cyprinidae
Genus Balantiocheilos

Species Balantiocheilos melanopterus

(Bala Shark, Silver Shark ) Balantiocheilos 
melanopterus (Cyprinidae) Cyprininae - Systomini 

35
155 6,000-7,000 

12 

pH  6-8 22-28 
( , 2542; Rainboth, 1996; Kottelat, 2001)
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)
(Kottelat, 2001)

Balantiocheilos melanopterus
B. ambusticauda B. melanopterus

B. ambusticauda
(Ng and Kottelat, 2007)

2.2 

10 

( , 2551)

1 5 

5 2.5-3 
5-6 ( , 2551)

2.3 
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5% (Lim et al., 2003)

50 3 24-48 
2.5 

( , 2551)

3. (Stress in aquatic animal)

3.1  (stress)

(stressor) 

(Wedemeyer et al., 1990; Pickering, 1981)
3 

3.1.1 alarm stage) 

adrenal gland epinephrine 
sympathetic autonomic nervous system
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(Wedemeyer, 1996)

3.1.2 resistance stage)  

general adaptation syndrome 

epinephrine adrenal medulla 
adrenal cortex corticosteroids 

hypothalamus 
corticotrophic releasing hormone adrenohypophysis 

adrenocorticotrophic hormone (ACTH) cortical cell adrenal gland 
corticosteroids corticosteroids 

glycogen 
(hyperglycemia) 

(inflammatory reaction) corticosteroids

lymphocyte antibody 

(Wedemeyer, 1996)

3.1.3 (exhaustion stage)

adrenal cortex cortical cell 
corticosteroids (Wedemeyer, 

1996)
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3.2  (stress in fish)

(homeostasis) 

(Chrousos, 1998) 

(Seyle, 1973, 1974; 
Barton and Iwama, 1991) 

3 (Barton, 2002)

3.2.1  (primary response) 
neuroendocrine catecholamines chromaffin tissue (Randall and Perry, 

1992; Reid et al., 1998) hypothalamic-pituitary-interrenal (HPI) axis
corticosteroid hormone (Donaldson, 1981; Wendelaar Bonga, 1997; 

Mommsen et al., 1999) catecholamines 3 
dopamine 

epinephrine 
norepinephrine

(Glaser et al., 1992)  

3.2.2  secondary response
metabolism 

heatshock proteins (HSPs)
(metabolism) 

(Pickering, 
1981; Iwama et al., 1987, 1998; Mommsen et al., 1999)

3.2.3  (tertiary response) 
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(Wedemeyer and McLeay, 1981; Wedemeyer et al., 1990) 

(Adams, 1990)

3.3

(Harmon, 2009; Wedemeyer, 
1996)

(Wedemeyer, 1997)

(Harmon, 2009)
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4.  (Fish immune system)

2 
(Zarkadis et al., 2001)

4.1 (Innate immunity) 

(Bols et al., 2001; Jones, 2001) 

4.1.1 Physical defenses)

. Skin
4 Cuticle, Epidermis, Dermis 

Hypodermis Cuticle Mucus
Mucus Goblet cell Catfish 

Alarm substance cell Epidermis
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(Alarm substance)
(Ellis, 2001)

. (Mucus

(Ellis, 2001; Magnadottir, 2006)

.  Scales
(Dermis) 

(Magnadottir, 2006)

4.1.2 (Cellular defenses) 

Phagocytes Macrophage, Dendritic cell Polymorphonuclei (PMN) 
Neutrophil cell (Ellis, 2001) 

Phagocytosis 

Antigen presenting cell
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4.1.3 (Humoral defenses) 

Lysis
Agglutination 

Precipitation Lectin like, C-type lectin Pentraxines (C-reative protein; CRP)
(Lytic enzymes) Lysozymes, Chitinases 

Cathepsins (Growth 
inhibitors) Transferrin (Iron binding protein), Interferon (IFN) Mx protein

Protease inhibitors -2 Macroglobulin 
Encapsulation Protease (Whyte, 2007)

Complements 

Phagocytosis (Inflammatory) (Zarkadis et al., 2001) 
Lysozymes Lytic enzymes 

Complement 
system Phagocytosis (Magnadottir, 2006) Agglutinin Precipitins 

Lectin Pentraxins 
Opsonization, Phagocytosis Complement system (Arason, 1996) 

Cytokines Chemokines (Signaling 
molecules) Innate immunity Acquired 

Adaptive immunity (Secombes et al., 1999)

4.2 (Acquired or Adaptive 
immunity) 
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(Invertebrate) (Du Pasquier, 2001) 
(Antigen) 

Antigen 

(Miller and Clem, 
1984; Abbas et al., 2000) 2 

4.2.1 (Humoral immune response)

(Leukocytes) 

Antibody 
Immunoglobulin (Ig) glycoprotein 2 

heavy chain) 440 (light chain) 
220 1 2 

(inter-chain disulfide bond)
(intra-chain disulfide bond) Y 

immunoglobulin antigen 
antigen biding site antigen antibody antigenic determinant 
epitope ( , 2548) Ig 5 IgM, IgD, IgG, IgA 
IgE Ig IgM IgD (Warr, 1995) 

Ig IgT Rainbow trout 
(Hansen et al., 2005) IgZ Zebra fish (Danilova et al., 2000) 

(Humoral immune response)

.  Antigen presenting cell (APC) Monocytes (Macrophages
) Dendritic cells 
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Phagocytosis (Secombes et al., 1999) 
Antigen 

Epitope Antigenic determinant 
(Surface protein) Major histocompatibility 

complex (MHC) T helper cells Epitope 
T helper cells cytokines 

Antigen presenting cells 
(Dixon and Stet, 2001)

.  Lymphocyte 2 
B T lymphocyte (B or T 

cells) B lymphocytes (B cells)
Antibody B-cell 1 Antibody 

Antigen Epitope B cell antigen 
presenting cell B cell Antigen 
Antigen B cell Antibody IgM Membrane bound 
form Antigen Endocytosis (Abbas et al., 2000) 

B cell Antigen Epitope 
MHC class II Epitope T helper cell 

Epitope Interleukin-
2 B cell (Proliferation ) 

(Differentiation) Ig 
Plasma B cell Antibody Secreted form 

Antigen Antigen 
(Kaiser et al., 2004) B cell 

Memory B cell Antigen 
Antigen Primary immune response 

Ig 
Antigen (Secondary immune response) 

T lymphocytes (T cells) 3 Helper T cell, Cytotoxic T 
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cell Suppressor T cell Ig Helper T cell 
Epitope Antigen MHC class II B cell Antigen 

presenting cells Epitope Helper T cells 
Cytokines B cell Antigen presenting cells 

Antigen presenting cells
Interleukin-1 B cell T 

cell (Klein and Horejsi, 1997)

4.2.2 (Cell-mediated immune response)

Cytotoxic T cell (T killer cell) 
MHC class I 

(Viral infection) Cytoplasm (Viral 
perticals) Epitope MHC class I 

Complex Epitope Cytotoxic T cell T 
cell receptor (TCR) Cytotoxic T cell 

Cytotoxic T cell Epitope 

(Klein and Horejsi, 
1997)
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5.  

(Acute) 

(Chronic) 
(Barton, 2002) 

5.1  

(central nervous system: CNS)
sympathetic Chromaffin cells catecholamine
cholinergic receptors Chromaffin tissues (adrenal medulla homologue)

(Reid et al., 1998) catecholamine epinephrine 
chromaffin cells 

(Mazeaud et al., 1977; Randall and Perry, 1992; Reid et al., 1998) 

cortisol 
catecholamine cortisol hypothalamic pituitary interrenal axis (HPI 
axis) corticotropin-releasing hormone (CRH) hypothalamus

corticotropic cells anterior pituitary adrenocorticotrophin (ACTH) 
interrenal cells (adrenal cortex homologue) 

corticosteroids 
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interrenal tissue 
(Nandi, 1962) (elasmobranches) 

1 -hydroxycorticosterone coticosteroids 
(Idler and Truscott, 1967) 

cortisol (corticosteroids) 
17- -hydroxylase progesterone pregnenolone 

cholesteral 17- -hydroprogesterone
deoxycortisol C-21 hydroxylase deoxycortisol 

cortisol 11- -hydroxylase (Lindzey and Korach, 1997) 
Pardue and Thaxton (1984) 

cortisol hormone 
2 cortisol C-21 

hydroxylase 11- -hydroxylase (Hayono et al., 1956; Cooper and Rosenthal, 1962; Kitabchi, 
1967) 

corticosteroids

thyroxine (Brown et al., 1978), prolactin (Avella et al., 1991; Pottinger et al., 
1992) somatolactin (Rand-Weaver et al., 1993; Kakizawa et al., 1995) 

reproductive hormones 
(Pickering et al., 1987; Pankhurst and Dedual, 1994; Haddy and Pankhurst, 1999)

cortisol 
catecholanine indoleamines 

central brain monoamines 
(Winberg and Nilsson, 1993) seratonin 

epinephrine cortisol (Fritsche et 
al., 1993; Winberg and Nilsson, 1993; Winberg et al., 1997)
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5.2 

cortisol cortisol 
cortisol 

Lympocyte NK cell 
Neutrophil (Farrell et al., 1983) cortisol 

IgA IgM IgE (Posey et al., 1978)
T cell Interleukin I Interleukin II 

T cell growth factor T cell (Palacios and 
Sugawara, 1982)

Fast et al. (2008) 
Macrophage IL-1

extracellular antigen Perez-
Casanova et al., (2008)

Interleukin-1 , 2-
microglobulin , MHC class I IgM-Light chain 

(phosphocreatine, ATP glycogen) 
(Killen et al., 2003) cortisol 

Insulin hyperglycemia 
glycogen (glyconeogenesis) glucose 

glucose Glucose transporter type 4 (GLUT4) 
glucose cell membrane cortisol 

glycogen (King, 2005; Piroli et al., 2007; Baynes and 
Dominiczak, 2009)
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5.3 

plasma 
cortisol plasma glucose heat-shock protein 70 (hsp70)

Atlantic cod (Gadus morhua) 10 50 
2 22 

16 

plasma cortisol plasma 
glucose hsp 70 (Perez-Casanova et al., 
2008)

coral trout 2 (Plectropomus leopardus Plectropomus 
maculatus) 

cortisol, glucose, lactate, hemoglobin hematocrit 
(Frisch and Anderson, 2005)

(Carmichael et al., 1983; Flos et al., 1988; Maule et al., 1988) Barton et 
al. (1986) chinook salmom

cortisol 
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cortisol plasma glucose 

(Schreck, 2000)

gilthead seabream (Sparus aurara L.)

complement activity phagocytic activity 
3 

phagocytic activity  active cell 
phagocytic activity 

(Ortuno et al., 2001)

Ortuno et al. (2002a)
Seabream (Sparus aurata L.)

2-phenoxyethanol 
0, 1, 2, 3 4 glucose 
cortisol

complement activity respiratory brust 
glucose 

cortisol 
complement activity 

respiratory burst 
humoral cellular immunity 

cortisol glucose 
4 

MS-222 (0.19 mM), benzocaine (0.21 mM), 2 phenoxyethanol (1.6 mM) quinaldine 
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sulphate (0.083 mM) benzocaine 2 phenoxyethanol complement 
activity phagocytosis MS-222 quinaldine sulphate 

(Ortuno et al., 2002b) 2 phenoxyethanol 
innate immunity 

(Ortuno et al., 2002c)

6.

2 

(Berka, 1986)
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3 

(Crosby et al, 2007;  Cole et al., 1999)

48-72 

(pH)

(Crosby et al, 2007;  Cole et al., 1999)

6.1 

pH 
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(Paterson et al., 2003) 

6.1.1  

18 
18 

(Swann, 1993) 

(Jensen, 1990)

red drum 
55-60 trout 

salmon 45-50 (Swann, 1993) 
2 

cool packs

1.5 1 
10 

(Swann, 1993)

Froese (1998) 
22-30 15-18
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Pavlidis et al. (2003) 

(Wedemeyer, 1996)

6.1.2  

75% 3 4 

(Swann, 1993)

pH
(Crosby et al, 2007)

anoxia) (anaerobic 
metabolism) 

(Berka, 1986) 
Froese (1988) 
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24-48 
(Wedemeyer, 1996)

(Supersaturation)
Gas bubble 

disease (Boyd, 1990) 

6.1.3 (pH)

(pH) 
H+) pH 

1-14 pH 7 pH pH 7 7 
pH 6.5-9 

pH (alkalinity) 
pH 

pH 
pH 

(Cole et al., 1999) 
pH Tris buffer (tris hydroxymethylaminomethane) 

pH 
tris buffer 0.02 M pH 8 

pH (Teo et al., 1989; Paterson et al., 2003) 

Paterson et al. (2003) (Lates calcarifer) 
pH 

pH 
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6.1.4 

(H2CO3) 
pH (Wedemeyer, 1996) 20 

ppm 

(Swann, 1993)

6.1.5 

ionized ammonia (NH4
+) unionized ammonia (NH3

(Boyd, 1979)
pH 

14 ppm 1 pH 6.5 55 oF unionized ammonia 
0.07% 14 ppm 14x0.0007 = 0.0098 

ppm (Cole et al., 1999) unionized ammonia 0.05 ppm 

30 (Post, 1987) 

8 
48 72 

(Cole et al., 1999) Amend et al. (1982)



31

Clinoptiolite acid ion 

1 unionized ammonia (°F)
pH 

(°F)
pH 50 55 60 65 70
6.0 0.02 0.02 0.03 0.03 0.04
6.5 0.06 0.07 0.09 0.11 0.17
7.0 0.19 0.24 0.29 0.34 0.43
7.5 0.59 0.74 0.93 1.07 1.33
8.0 1.83 2.30 2.87 3.31 4.10
8.5 5.56 6.92 8.54 9.78 11.90
9.0 15.70 19.00 22.80 25.50 29.90

: Swann (1993)

6.2 

3 

6.2.1  sedatives)  
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MS-222 (tricane methanesulfonate) 60-70 ppm
(Cole et al., 1999)

6.2.2 water quality stabilizer) 

zeolite activated 
carbon 20 1 heat pack 
cool pack (Cole et 
al., 1999) (NaCl) isotonic) 

0.5% 
(Jensen, 1990;  Swann, 1993)  chelating agents , buffer

sodium thiosulphate (Cole et al., 1999) sodium 
thiosulfate 7.4 ppm 1 ppm

(Boyd, 1990) Chlorine Chloramine 

(Crosby et al., 2007)

Alkalinity 100 mg/L as 
CaCO3 

pH sodium bicarbonate (Na2CO3

1 1 (3.8 ) (Swann, 1993)

Singh et al. (2004) 
Indian major carp Catla catla (Hamilton), Labeo rohita (Hamilton) and 
Cirrhinus mrigala (Hamilton) Tris buffer 0.01 M zeolite 

7 Zhang 
and Perschbacher (2003) Zeolite Sodium Chabazite
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Activated Charcoal
Zeolite Sodium Chabazite

(total ammonia nitrogen) pH Activated 
Charcoal Zeolite Sodium Chabazite

pH 

6.2.3 antiseptic antibiotic

Oxytetracycline 5-20 ppm
acriflavine ( ) 3-10 ppm

(Cole et al., 1999)

6.3 

1

(Lim et al., 2003) 

Berka, 1986; Subasinghe, 1997)

15-18 
2 5 
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2 
4 1-2 

(Cole et al., 1999)

6.4

(Cole et al., 1999; Harmon, 
2009) 2

2 18x22 2 
(7.58 ) 80-100 ppm 

12.7-15.55 

Stage or Total
Length in Inches

Carrying Capacities (lbs.) for
Transport Period in Hours

1 12 24 40
Eggs 1.0-3.0 1.0-2.0 1.0- 1.5 0.5- 1.0
Fry

Yolk-sac 2.0-4.0 1,4-3.0 0.8-2.0 0.2-1.5
Swim-up 1.0-4.0 0.9-3.0 0.8-2.0 0.4- 1.4

Fingerlings
1/2 1.8-5.0 1.5-4.0 1.2-3.0 0.6- 1.5
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2 ( )

Stage or Total
Length in Inches

Carrying Capacities (lbs.) for
Transport Period in Hours

1 12 24 40
1 2.0-5.0 1.7-4.0 1.3-4.0 0.7-2.0

Fingerlings
2 2.0-7.0 1.8-6.0 1.5-4.0 0.7-2.0
3 2.0-7.0 1.8-6.0 1.7-4.0 0.7-2.0

Large fish 4.0-9.0 3.0-6.5 2.0-5.0 1.0-2.5

: Dupree and Huner (1984)

Salminus brasiliensis 15 1 12 (Adamante et 
al., 2008) silver catfish (Rhamdia quelen) 168 1 

24 15
25 6 (Golombieski et al., 2003)

Froese (1988) 

3 

48-72 
5% 10% 

2 
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(Cole et al., 1999)

6.5 

(Cole et al., 
1999)

42 x 60 x 30 38 x 49 x 38 
)

pillow bags 

7.5 x 
17.5 35 x 65 
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5-7 
200-500 : 35 

: 65 20 : 80 20 (Cole et al., 1999)
3

3

Flat Bags (pillow bags)
(Length cm x width cm)

Pleated Bags (square bottom)
(length cm x width cm x depth cm)

35 x 65 (full bag) 37.5 x 37.5 x 55 (full bag)
27.5 x 60 20 x 40 x 55 (half bag)
25 x 57.5 20 x 20 x 50 (quarter bag)
22.5 x 57.5 (half bag) 10 x 15 x 45 (eighth bag)
22.5 x 42.5 10 x 10 x 40 (sixteenth bag)
20 x 37.5 -
17.5 x 22.5 -
12.5 x 25 (quarter bag) -
10 x 20 (eighth bag) -
7.5 x 17.5 (individual bag) -

: Cole et al. (1999)

6.6 
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(Cole et al., 1999)

5-15 

(Cole et al., 
1999)

pH (Cole et al., 1999)

6.7

sedation 
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(Marking and Meyer, 1985, Summerfelt and Smith, 1990) 
sedation 

(Piper et al. 1982)

Teo et al. (1989) (Poecilia reticulata) 2-
phenoxyethanol 0.11 0.22 

Guo et al. (1995) 4 
platyfish (Xiphophorus maculates) 2-phenoxyethanol, 

quinaldine sulphate, metomidate MS-222 2-phenoxyethanol

Sandodden et al. (2001) 
etomidate 

MS-222 

(Treves-Brown, 2000)

7. (Fish anesthesia)

7.1 (Anesthesia)

(anesthesia) 
Stoskopf, 1993
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(Summerfelt and Smith, 1990)

(electroanaesthesia) (hypothermia) 

(Summerfelt and Smith, 1990)
(sedation) 

immobilization

central nervous system)

olfactory nerve 

(Summerfelt and Smith, 1990)

Stoskopf (1993) 

hypothalamo-pituitary-interrenal (HPI) axis 
(Small, 2003)
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(Stoskopf, 1993)

7.2 (Stage of anesthesia)

McFarland (1960)
4

4
McFarland (1960)

Definable levels of anesthesia Behavioral response of fish
Stage Plane Word equivalents
0 - Normal Reactive to external stimuli, equilibrium 

and muscle tone normal.
I 1 Light sedation Slight loss reactivity to external stimuli 

(visual and tactile) and ventilation 
decreased.

I 2 Deep sedation Total loss reactivity to external stimuli 
except strong pressure and slight decrease 
opercular rate.

II 1 Partial loss equilibrium
Light anesthesia

Partial loss muscle, react only to very 
strong tactile and vibrational stimuli, 
rheotaxis present but swimming 
capabilities seriously disrupted and 
increase opercular rate.
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4 ( )

Definable levels of anesthesia Behavioral response of fish
Stage Plane Word equivalents
II 2 Total loss equilibrium

Deep anesthesia
Total loss muscle tone, react only to deep 
pressure stimuli and decrease opercular 
below normal or ventilation almost absent.

III - Loss of reflex reactivity
Surgical anesthesia

Total loss of reaction to even massive 
stimulation, respiratory rate very slow and 
heart rate slow.

IV - Medullary collapse Respiratory movements cease, followed 
several minutes later by cardiac arrest, 
eventual death and overdose.

: McFarland (1960)

(Brown, 1993)

operculum 

1993 Stoskopf 4 2 8 
5
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5 Stoskopf (1993)

Stage Plane Category Behavior Response of Fishes
0 - Normal • Swimming actively

• Reactive to external stimuli
• Equilibrium normal
• Muscle tone normal

I 1 Light sedation • Voluntary swimming continues
• Slight loss of reactivity to visual and tactile stimuli
• Respiratory rate normal
• Equilibrium normal
• Muscle tone normal

I 2 Deep sedation • Voluntary swimming stopped
• Total loss of reactivity to visual and tactile stimuli
• Slight decrease in respiratory rate
• Equilibrium normal
• Muscle tone slightly decreased
• Still responds to positional changes

II 1 Light narcosis • Excitement phase may precede increase in 
respiratory rate
• Loss of equilibrium
• Efforts to right itself
• Muscle tone decreased
• Still responds to positional changes weakly

II 2 Deep narcosis • Ceases to respond to positional changes
• Decrease in respiratory rate to approximately 
normal
• Total loss of equilibrium
• No efforts to right itself
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5 ( )

Stage Plane Category Behavior Response of Fishes
III 1 Light anesthesia • Total loss of muscle tone

• Responds to deep pressure
• Further decrease in respiratory rate
• Suitable for minor surgical procedures

III 2 Surgical anesthesia • Total loss of reactivity
• Respiratory rate very low
• Heart rate slow

IV - Medullary collapse • Total loss of gill movement followed in several 
minutes by cardiac arrest

: Stoskopf (1993)

Summerfelt and Smith (1990) 6 

6

6 Summerfelt and Smith (1990)

Stage of
Anesthesia

Descriptor Behavior exhibited

0 Normal Reactive to external stimuli ; opercular rate and muscle tone 
normal

1 Light sedation Slight loss of reactivity to external visual and tactile stimuli ; 
opercular rate slightly decreased ; equilibrium normal

2 Deep sedation Total loss of reactivity to external stimuli except strong 
pressure ; slight decrease in opercular rate ; equilibrium 
normal
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6  ( )

Stage of
Anesthesia

Descriptor Behavior exhibited

3 Partial loss of
equilibrium

Partial loss of muscle tone ; swimming erratic ; increased 
opercular rate ; reactive only to strong tactile and stimuli

4 Total loss of
equilibrium

Total loss of muscle tone and equilibrium ; slow but regular 
opercular rate ; loss of spinal reflexes

5 Loss of reflex
reactivity

Total loss of reactivity ; opercular movements slow and 
irregular ; heart rate very slow ; loss of all reflexes

6 Medullary
collapse

Opercular movements cease ; cardiac arrest usually follow 
quickly

: Summerfelt and Smith (1990)

6
stage 1-light sedation

(stage 2-deep sedation
(stages 3 and 4-partial and total 

loss equilibrium) (stage 5)

(stages 1-2) 

(stage 3)
(stages 4-5) 

6 

5 6 

operculum 
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(Summerfelt and Smith, 1990)

7.3 (Stage of recovery)

(Munday 
and Wilson, 1997)

(Marking and Meyer, 1985; Stoskopf, 1993)

Hikasa et al. (1986) 7 Iwama and Ackerman (1994) 
8

7 Hikasa et al. (1986)

Stage of recovery Behavior exhibited
1 Reappearance of opercular movement
2 Partial recovery of equilibrium with partial recovery of swimming 

motion
3 Total recovery of equilibrium
4 Reappearance of avoidance swimming motion and reaction in response 

to external stimuli, but still behavioral response is stolid
5 Total behavioral recovery ; normal swimming

: Hikasa et al. (1986)



47

8 Iwama and Ackerman (1994)

Stages of recovery Description
I Body immobilized but opercular movements just starting
II Regular opercular movements and gross body movements beginning
III Equilibrium regained and preanesthetic appearance

: Iwama and Ackerman (1994)

Summerfelt and Smith (1990) (recovery time) 

7.4 (Methods of fish anesthesia)

(Brown, 
1993)

(Summerfelt and Smith, 1990; Brown, 1993; Ross and Ross, 1999) 

(Stoskopf, 1993) 

(Summerfelt and Smith, 1990; Ross and Ross, 1999)

(central nervous system) 
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operculum (Brown, 1993; Ross and Ross, 
1999)

(Varner, 2000)
(Ross and Ross, 1999) 

orbital sinus, dorsal sinuses, peritoneum, red muscle 
caudal artery and vein (Brown, 1993; Ross and Ross, 1999) 

(Brown, 1993) Ross and Ross (1999) 

8. (Anesthetic)

8.1 (Pharmacology of Anesthetic)

(Treves-Brown, 2000)

8.1.1
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cerebral 
cortex basal ganglia 

spinal cord medulla 
(Treves-Brown, 2000)

8.1.2 

5 

pH adrenalin 

10 
(Treves-Brown, 2000)

8.1.3  

cortisol 
Thomas and

Robertson (1991) red 
drum plasma 
cortisol glucose 
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8.2  

(Summerfelt and Smith, 1990) 
(Cho and Heath, 2000)

. . 1970 
(Treves-Brown, 2000)

1. 4 3 
2. 30 
3. 20 

Marking and Meyer (1985) 

1. 15 3 

2. 5 
3. large safety factor
4. 
5.
6. 

(withdrawal time)
7. 
8. 

3 
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(Gilderhus and Marking, 1987)

Gilderhus and Marking (1987) 

3 15 
30 15 

10 

4 

1-2 sedation stage

(Gilderhus  and Marking, 1987)

Brown (1993)

(Stoskopf, 1993)

MS-
222(tricaine methanesulfonate), benzocaine, lidocaine, metomidate, etomidate, 2-phenoxyethanol, 
quinaldine sulfate, chlorobutanol, clove oil eugenol (Summerfelt and Smith, 1990; Iwama 
and Ackerman, 1994; Ross and Ross, 1999; Coyle et al., 2004; Palic et al., 2006)
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MS-222 
withdrawal period 21 

(Taylor and Roberts, 1999)

(Food and Drug Administration; FDA) 

MS-222 (Tricaine methanesulfonate) (Coyle et al. 2004)

Eugenol 

(USFDA) Generally Considered 
Safe (GRAS) 

9. Eugenol

9.1 Eugenol 

Eugenol (Syzygium 
aromaticum Linn.) Family 
Myrtaceae (Pruthi, 1980) 10-20 

(Farrell, 1990; 
Weiss, 1997; Evans, 2002) 
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Eugenol IUPAC 4-Allyl-2-methoxyphenol 2-
Methoxy-4-(2-propenyl) phenol, Eugenic acid, Caryophyllic acid, 1-Allyl-3-methoxy-4-
hydroxybenzene, Allylguaiacol, 2-Methoxy-4-allylphenol, 4-Allylcatechol-2-methyl ether 2-
methoxy-4- (2-propen-1-yl) phenol Eugenol C10H12O2

164.20 g/mol 1.06 g/cm3 - 9 °C (264 K, 16 °F) 
256 °C (529 K, 493 °F) (Wikipedia, nd.)

steam distillation) 3 eugenol 85-95%, iso-
eugenol methyleugenol 5-15% 

hydrodistillation) 
6.0 GC GC-MS 1 
2 ( [ .], 2549)

-caryophyllene (Walter, 1972)
(Ghelardini et al., 2001)

(Nagababu and Lakshmaiah, 1992; Evans, 
2002) Escherichia coli, Aeromonas hydrophila, Pseudomonas 
fluorescens, Clostridium sp. and Bacillus subtilis (Nakatani , 1994) preservative 

(Ghelardini et al., 2001) (Soto and Burhanuddin, 1995)
(Lee and Shibamoto, 2001) (Conner and Beuchat, 1984) 

(Duke and Beckstrom-Sternberg, 1994)
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1

1 = -cubebene (1.05), 2 = eugenol (36.75), 3 = trans-caryophyllene (51.47), 
4 = -humulene (4.93), 5 = epi-bicyclosesquiphellandrene (0.31), 
6 = -cadinene (1.09), 7 = eugenol acetate (0.20)

: . (2549)
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2

1 = eugenol (72.87), 2 = trans-caryophyllene (22.55), 3 = -humulene (2.59), 
4 = iso-eugenol (0.30), 5 = caryophyllene oxide (0.26)

: . (2549)
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USFDA) 
food additive)
undiluted oil form clove 

cigarettes

( , 2549)

Oceania countries

No withdrawal period) 
( , 2549)

Eugenol 
(convulsions),

(diarrhea),  (nausea), (unconsciousness), (dizziness)

(Wikipedia, nd.)

9.2 Eugenol Eugenol 

eugenol 
eugenol 

-caryophyllene (Walter, 1972; Ghelardini et al., 2001)

MS-222 
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eugenol eugenol 
eugenol eugenol 

eugenol 

(2547)
(Poecilia reticulate) 2 1 (Stoskopf, 1993) 48 

0.15 

8 
1:5 1:10 

(2549)
3-5 

40 ppm 10-15 ppm 
22.04 

24.79 44.58 
80 ppm  

23.94 34.83 
100 ppm 27.51 

35.50 120 220 ppm 



58

(2550)
(Carassius auratus Linn.) 

100 ppm 3 2 (Stoskopf, 
1993) 50 25 ppm P<0.05)

100 ppm 
50 25 ppm 

(2550) 
(Pangasianodon gigas) 

MS-222 6 10 1, 2 3 
25, 50 100 4, 5 6 MS-

222 25, 50 100 
3 2 1 8.02 +1.76 2 

3.03+0.715 3 1.49+0.134 
(P<0.05) MS-222 6 

3 2 (
) 16.72+2.51 

1 4.28+0.84 2 6.52+3.519 3
11.63+1.66 
(P<0.05)

MS-222 

Munday and Wilson (1997) 
Pomacentrus amboinensis

Keene et al. (1998) 
rainbow trout (Oncorhynchus mykiss, Walbaum) 
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LC50 96 
MS-222 LC50 96 

rainbow trout 9 
rainbow trout 20 40-60 

MS-222 

Wagner et al. (2002) 
rainbow trout (Oncorhynchus mykiss, Walbaum) 

AQUI-S® ( isoeugenol eugenol 50% 
50% ) MS-222 

AQUI-S® plasma cortisol 

AQUI-S®

Walsh and Pease (2002) longfinned eel 
(Anguilla reinhardtii, Steindachner) 

17-25 0-32 ppt
benzocaine

Hangono (2003) (Lates calcarifer
Bloch) (LC50 24 ) 

30 ppm 20 ppm 
5 ppm
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Iversen et al. (2003) Atlantic salmon (Salmo 
salar L.) , Aqui-STM (iso-eugenol), Benzok® Methomidate

4
Atlantic salmon > 2 

methomidate > 20 , Aqui-STM (iso-
eugenol) Benzok® plasma cortisol 

Benzok® plasma cortisol plasma 
lactate plasma glucose plasma lactate 

plasma glucose
eugenol Aqui-STM (iso-

eugenol) 

Pirhonen and Schreck (2003) steelhead trout 
(Oncorhynchus mykiss) MS-222 

plasma cortisol 4, 24 
48 

plasma cortisol plasma cortisol 
48 

plasma cortisol 

Small (2003) methomidate 
channel catfish (Ictalurus punctatus) 

plasma cortisol MS-222, quinaldine 
methomidate 

plasma cortisol MS-222 
quinaldine methomidate 
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Cooke et al. (2004) 
Largemouth bass (Micropterus salmoidas) 

5-9 ppm

Grush et al. (2004) 
LC50 96 

MS-222 
LC50 21 ppm 60-100 ppm

MS-222

Kildea et al. (2004) eugenol iso-
eugenol Aqui-S® perch (Bidyanus bidyanus) 

48 eugenol 

1 eugenol 
0.32 /

perch eugenol 
iso-eugenol 

Mylonas et al. (2005)
2-phenoxyethanol European sea bass (Dicentrarchus labrax) gilthead 
sea bream (Sparus aurata)

30 
European sea bass 55 gilthead sea bream

2-phenoxyethanol 300 
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European sea bass 450 gilthead sea bream

2-phenoxyethanol

Velisek et al. (2005) 
rainbow trout (Oncorhynchus mykiss) ( 150+20 
40+10 )

LC50 96 14.1 ppm

aspartate aminotransferase (AST)
gill 

lamellae 20% 

rainbow trout 30 

Hajek et al. (2006) 
30-50 

5 

Palic et al. (2006) 
plasma cortisol 

neutrophil oxidative burst 
(degranulation) 3 fathead minnow tricaine 
methanesulfonate (MS-222), metomidate hydrochloride (MTMD) eugenol 

75 , 4 30 

eugenol metomidate MS-222 
plasma cortisol 

neutrophil
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Guénette et al. (2007) eugenol 
rainbow trout (Oncorhynchus mykiss) eugenol 75 ppm 

15 0.25, 0.5, 1, 2, 4, 
6, 8, 24 48 
Cmax eugenol 10.53 µg/mL, AUC0-t 16.55 g h/mL, AUC0- inf 17.04 g 
h/mL half life) 12.14 eugenol 

4

Park et al. (2008) kelp 
grouper (Epinephelus bruneus) 

3 10 
plasma cortisol plasma glucose 3 

18, 22 26

18 250-300
22 26 150-200 50-100

150 
22 plasma cortisol 

(4.24+1.57 ug/dL) 12 plasma glucose 
(92.70+9.61 mg/dL) 2 

Weber et al. (2009) 
Senegalese sole (Solea senegalensis Kaup 1858) 

30 ppm 

Saydmohammed and Pal (2009) Eugenol 
(Macrobrachium rosenbergii) Eugenol 200 

30 24 
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1.  

0.30+0.01 
2.63+0.25 70.85+1.03 

15.25+1.03 3.01+0.48 
6.93+0.28 

1 2 -
24 

2.  

2.1 Eugenol)

100% 
ppm)

2.2 (Clove oil)

99% 
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(ppm)

2.3 MS-222 (tricane methansulfonate)

MS-222

(ppm
Sigma Inc. (St. Louis, Missouri U.S.A.)

3.  

3.1  

3.1.1  
3.1.2  
3.1.3  (Automatic pipette/Tip: 10 µl, 200 µl, 1000 µl) COSTAR
3.1.4  COSTAR
3.1.5  Microplate 96 
3.1.6  Microplate reader
3.1.7  HIRAYAMA
3.1.8  Vortex-2 Genie
3.1.9  MEMMERT
3.1.10 MEMMERT
3.1.11  
3.1.12  slide cover slip 
3.1.13  
3.1.14  1 24 G x 1 (0.55 x 25 
3.1.15  (Fix) TOMY MX-301
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3.1.16  (Swing rotors) Hettich Zentrifugen
3.1.17 (Haemacytometer)/ (Counter)
3.1.18 OLYMPUS
3.1.19
3.1.20 (Filter set/ 0.2 and 0.45 µm filter)
3.1.21 /
3.1.22 /
3.1.23 / /
3.1.24 3 

3.2

3.2.1  0.85% 
3.2.2  RPMI-1640
3.2.3  (Diff-quick staining)
3.2.4  Heparin)
3.2.5  (Lymphopep)
3.2.6  1 N HCl NaOH -
3.2.7  Nitroblue Tetrazolium (NBT)
3.2.8  KOH
3.2.9  DMSO
3.2.10  Methanol
3.2.11  PBS (Phosphate buffer saline)
3.2.12  100 IU ml/1 penicillin
3.2.13  0.1 mg ml/1 streptomycin 
3.2.14   4 mM L-glutamine
3.2.15  Trypticase Soy Agar  (TSA) Brain Heart Infusion Agar 

(BHIA)
3.2.16  Trypticase Soy Broth (TSB) Brain Heart Infusion Broth 

(BHIB)
3.2.17  Latex bead
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4.  

4.1

4.1.1  1 
4.1.2  Beaker Flask Pasteur pipette
4.1.3  (Spectrophotometer)
4.1.4  - (pH meter)
4.1.5  DO meter)
4.1.6  Thermometer)

4.2  

4.2.1  Sodium hydroxide (NaOH)
4.2.2  Magnesium sulphate (MgSO4.7H2O)
4.2.3  Phenol C6H5OH
4.2.4  Disodium nitroprusside dehydrate (Na2Fe(CN)5NO.2H2O)
4.2.5  Potassium iodide (KI)
4.2.6  Sodium iodide (NaI)
4.2.7  Sulfuric acid (H2SO4)
4.2.8  Hypochlorite
4.2.9  Thiosulfate
4.2.10  Ammonium chloride (NH4Cl)
4.2.11  Sulfanilamide
4.2.12  Hydrochloric acid (HCl)
4.2.13  N-(1-naphthyl)-ethylenediamine dihydrochloride
4.2.14  Sodium nitrite (NaNO2)
4.2.15  Plate Count Agar (PCA)
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5.  

5.1  (40 x 60 ) 20 x 20 
5.2  
5.3  
5.4  
5.5  1.5 
5.6 1 500 
5.7  10 
5.8  40 
5.9  
5.10  

6.  

Streptococcus agalactiae antigen 
Agglutination test 
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1.  50% (LC 50)
24 

(Acute toxicity test) Static bioassy 

0.30+0.01 50% 24 
MS-222 2 

1.1 (Range finding test) 

100% 
(Definitive test)

0, 5, 10, 15, 20, 25 30 ppm
30, 45, 60, 75, 90 105 ppm

MS-222 0.30+0.01 
2.63+0.25 10 

3 
24 12 

3 6 24 
15 

1.2 (Definitive test)

100% 



70

logarithm

LC 50 24 Probit Analysis (Finney, 1971)

2. MS-222

MS-222 

2.1  

9 

9

(ppm)

5, 10, 15, 20, 25 10, 20, 30, 40, 50 5, 10, 15, 20, 25
5, 10, 15, 20, 25 10, 20, 30, 40, 50 5, 10, 15, 20, 25

MS-222 30, 45, 60, 75, 90,
105, 120

55, 100, 145, 190, 235 30, 45, 60, 75, 90

2.2  30 
0.30+0.01 10 70.85+1.03 ( ) 

3.01+0.48
7 1 800 3 
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1 250 
60 

2.3  10 2.5 5 

9

2.4  3 
10 30 

10 3, 3, 4 
3 

2.5  
20 

40 

2.6  

Summerfelt and Smith (1990) Iwama and Ackerman (1994)

2.7  

2.8
sedation 
operculum 4 
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3 stage 3 of recovery
10 

Gilderhus and Marking, 1987 Iversen et 
al., 2003)

2.9
100 ( )

300 ( ) 7 
1 

3. MS-222 
cortisol glucose 

cortisol glucose 

3.1 

(Completely
Randomized Design) 3 3 

1

2
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3
MS-222 

3 
cortisol glucose 

0 , 1 , 6 12 MS-222 
1-

2 sedation stage) 2 
70.85+1.03 

15.25+1.03 
cortisol glucose 

3.2 

3.2.1 1 3 

7 2 -
24 

3.2.2  7 
10 cortisol glucose 

3.2.3  16 x 26 
24 oC 3 36 ( 12 )

3.2.4  



74

3.2.5  7 
5 / 1 1 

3.2.6  2 1 

3.2.7 3 

3.2.8  10 
(3, 3 4 3 0 

1 800 
3 1 1 15 
1, 6 12 10 

0 (3, 3 4 3 

3.2.9  
3,000 rpm 10 

cortisol glucose cortisol 
5 

3.3 cortisol glucose

cortisol glucose 
0, 1, 6 12 cortisol 

ADVIA Centaur CP CMIA (Chemiluminescent microparticle immunoassay)
glucose Liquid –Glucose (BIOTECH REAGENT

GOD-PAP Method end point Enzymatic Colorimetric Test 
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3.4

cortisol glucose 
Analysis of variance)

(Completely Randomized Design)
Duncan’s New Multiple Range Test 95% ( , 2549; 

, 2552; Steel and Torrie, 1986)

4. MS-222 

4.1 

Phagocytosis Superoxide anion
(Completely Randomized Design)

3 3 

1

2

3
MS-222 
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3 
0 , 1 , 3 7 

MS-222 
1-2 sedation stage)

2 

70.85+1.03 
15.25+1.03 

4.2

4.2.1 1 3 

7 2 
- 24 

4.2.2  7 
10 3 3, 3, 4 

4.2.3  16 x 26 
24 3 36 

4.2.4  
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4.2.5  7 
5 

4.2.6  3 1 

4.2.7  3 

4.2.8  10 0 
1 800 3 1 1 

15 1, 3 7 
10 0 

4.3 

4.3.1 

Christybapita et al.  (2007) Ortuno et al. (2003) plate 
sRPMI-1640 medium I (RPMI-1640 sodium heparin 50 IU , penicillin 100 
IU streptomycin 0.1 ) 3

plate 
µm polyethylene (conical tube

3 (lymphopep) 3 
400xg 30 25 swing rotor 

conical tube 3 
PBS sRPMI-1640 medium II (RPMI-

1640 penicillin 100 IU , streptomycin 0.1 
L-glutamine 4 mM) 1 (

> 98 %) 1x106 200 µl sRPMI-
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1640 medium II Phagocytosis 1x106 6 µl sRPMI-1640 
medium II superoxide anion

4.3.2 Phagocytosis 

Ai et al. (2006) cover slip plate 
200 µl (1x106 ) 4.3.1

cover slip 1.5 media
PBS tip 1 200 µl latex beads (1x107

) (Beads serum 7% 1 
2 media PBS 3 Diff Quick 

300 1 cover slip 
phagocytosis 

Phagocytic Activity (PA, %) = latex beads x 100

4.3.3 Superoxide anion (O2
-) NBT Reduction

NBT Reduction
O2

- Nitroblue 
Tetrazolium (NBT) O2

- Formazan
Formazan KOH DMSO OD Microplate Reader (Biorad) 

Christybapita et al. (2007) O2
-

1x106 sRPMI Medium II 175 
Microtiter plate (3 1 NBT 25 2 
28 100% Methanol 5 

70% Methanol 125 2 
2N KOH 125 DMSO 150 

655
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superoxide anion 

Spontaneous O2
- production = NBT- (sRPMI Medium II)

4.4 

Analysis of variance)
Completely Randomized Design)

Duncan’s New Multiple Range Test 95% 
( , 2549; , 2552; Steel and Torrie, 1986)

5.
Antibody Streprococcus agalactiae

Agglutination test ( Chen and Light, 1994) 
antibody titer

antibody

5.1 

Completely Randomized Design 3 
3 

1

2 1)
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3 0.85% 2)

4 
1 70.85+1.03 
15.25+1.03 1 800 
2 - 7 

antigen antibody titer Agglutination test 
Streptococcus agalactiae Brain Heart Infusion (BHI) Broth 

24 Centrifuge 2,500 
15 

0.85% 3 1 
1 4 24 

0.85% 
BHI agar 37 

24 
109 CFU Absorbance Spectrophotometer 0.15 

560 nm 0.1% 4 

5.2

5.2.1 1 
9 600 15 1 1 

7 2 -
24 

5.2.2 10 
1 2 
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1 2 1
Intraperitoneal injection 0.2 

24 G x 1 (0.55 x 25 syringe 1 
3 2 0.85% 

5.2.3
caudal vein 24 G x 1 (0.55 x 25 

syringe 1 1 1 
10 3, 3, 4 3

5.2.4 Microcentrifuge tube 1 
45 1 

centrifuge 3,000 rpm
antibody titer Agglutination test 

5.2.5
antibody titer Agglutination test antibody titer 

antibody titer antibody titer 

5.3 

antibody titer 
2 

Completely Randomized Design
antibody titer 2 
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Duncan’s New Multiple Range Test 95% ( , 2549; , 2552; 
Steel and Torrie, 1986)

6.

MS-222 

2 

6.1 

6.1.1

(Factorial in Completely
Randomized Design) 2 

1
MS-222 

sedation)
2
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2 2 6 12 

3 
1,000 

3 1,200 3 

6.1.2  

.  0.30+0.01 
2.63+0.25 1 

7 2 -
24 

.  16 x 26 
3 

.  0.01% 
(sedation stage)

1 

.  7 
1 1 

.  3 1 
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. 

.  6 12
-

(pH) - ( )
( )

( ) ( )

100 100 80 
7 7 

6.1.3 

7

(Analysis of variance) (Factorial in 
CRD)

% Fisher’s Least-Significant Different (LSD) 
( , 2549; , 2552; Steel and Torrie, 1986)
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6.2 0.30+0.48 

6.2.1

(Factorial in Completely
Randomized Design) 2 3 

24 

1
MS-222 

sedation)
2

2
50 3 

4 60, 75, 100 125 3 

6.2.2

.  1 

7 2 
- 48 

.  16 x 26 
3 45 
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.  0.01% 

1 

.  7 
3 1 1 

.  3 
1 

.  

24 

.  
- pH) (mg/L)

(oC) (mg/L) (mg/L)
20 100 

80 7 7 

6.2.3 

7

(Analysis of variance) (Factorial in 
CRD)
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% Fisher’s Least-Significant Different (LSD) 
( , 2549; , 2552; Steel and Torrie, 1986)

2551 - 2552
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1. 50% (LC50) 24 

2.63+0.25 0.30+0.01
50% (LC 50) 24 

(Static acute toxicity test) LC50 24 
MS-222 16.98, 16.95 72.50 lower limit 

95% 16.35, 16.25 71.61 upper limit 95% 
17.60, 17.65 73.39 margin of safety 

MS-222 0.17, 0.17 0.73 
( 10)

10 LC50 24 

Anesthetics LC50

(mg/L)
Lower limit at
95% (mg/L)

Upper limit at
95% (mg/L)

Margin of Safety
(mg/L)

Synthetic eugenol 16.98 16.35 17.60 0.17
Clove oil 16.95 16.25 17.65 0.17
MS-222 72.50 71.61 73.39 0.73

2. MS-222
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sedation 
operculum 4 

3 stage 3 of recovery 10 
Gilderhus and Marking, 1987 Iversen et al., 

2003)
Summerfelt and Smith (1990) Iwama and 

Ackerman (1994) 20 

3 

2.1 

11 
2.63+0.25 0.30+0.01

(sedation stage) 5 13.89+0.25 
20 4 

2.09+0.05
7.70+0.11 

100% 
10 4 

76.66% 
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12 5 
13.40+0.47

sedation 20 
4 3 20 

5.26+0.11 

100 25 
6 6.66% 20 

13 
MS-222 sedation MS-222 30 

4 
1.44+0.01 MS-222 120

12.6+0.34 20 
MS-222 45 

60% 26.66% 4 6 
MS-222 60 105 
105 120 26.66% 50% 

20 

1 

1 



11  0.30+0.01
20 

Conc.
(mg/L)

Induction time (min) Recovery time 
(min)

Mortality 
(%)Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

5 13.89+0.25 na na na na na 0.35+0.01 0
10 1.43+0.03 3.11+0.05 6.04+0.14 13.23+0.40 na na 3.37+0.14 0
15 1.21+0.05 2.00+0.05 2.86+0.07 4.20+0.14 6.99+0.27 na 6.09+0.13 0
20 0.35+0.02 0.84+0.05 1.35+0.02 2.09+0.05 3.40+0.14 na 7.70+0.11 0
25 0.23+0.01 0.44+0.01 1.08+0.02 1.36+0.02 2.14+0.06 na 10.77+0.23 0

na 20 

91



12  0.30+0.01
20 

Conc.
(mg/L)

Induction time (min) Recovery time 
(min)

Mortality 
(%)Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

5 13.40+0.47 na na na na na 0.33+0.05 0
10 2.69+0.09 4.10+0.09 8.26+0.24 15.85+0.35 18.10+0.65 na 2.45+0.04 0
15 0.83+0.06 1.58+0.06 3.02+0.09 5.31+0.36 7.61+0.32 na 5.14+0.18 0
20 0.34+0.05 0.75+0.11 1.36+0.06 1.98+0.09 2.86+0.16 na 5.26+0.11 0
25 0.28+0.02 0.58+0.06 0.85+0.07 1.18+0.08 2.01+0.14 19.40+0.13 7.44+0.29 6.66

na 20 
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13 0.30+0.01 MS-222 
20 

Conc. 
(mg/L)

Induction time (min) Recovery time 
(min)

Mortality 
(%)Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

30 15.82+0.31 na na na na na 0.29+0.02 0
45 7.93+0.30 16.87+0.57 na na na na 1.11+0.05 0
60 1.75+0.08 4.43+0.22 6.77+0.22 18.27+0.64 na na 2.98+0.10 0
75 1.18+0.04 2.21+0.05 3.52+0.06 13.01+0.35 na na 2.72+0.10 0
90 0.48+0.01 1.26+0.01 2.74+0.06 6.37+0.18 13.03+2.04 na 4.00+0.07 0
105 0.30+0.01 0.60+0.04 1.2+0.04 3.15+0.06 4.07+0.19 19.25+0.21 9.15+2.77 26.66
120 0.22+0.01 0.35+0.01 0.55+0.17 1.44+0.01 2.16+0.02 9.08+0.24 12.6+0.34 50

na 20 
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2.2

10 
( 15.25+1.03 70.85+1.03 )

sedation 5.25+0.44
30 

4 2.32+0.32
10.22+0.89

100 20 ( 14)

15
10 

sedation 4.71+0.38

30 4 
2.18+0.14

11.44+0.29

100 20

MS-222 55 
sedation 4.97+0.24 
4 3 

10 190 
MS-222 100% 
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20 
16

1 

1 



14 70.85+1.03 
20 

Conc.
(mg/L)

Induction time (min) Recovery time 
(min)

Mortality 
(%)Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

10 5.25+0.44 na na na na na 0.53+0.27 0
20 0.55+0.20 1.19+0.10 2.25+0.13 4.62+0.62 7.07+0.54 na 5.85+0.60 0
30 0.38+0.04 0.71+0.25 1.41+0.08 2.32+0.32 2.96+0.33 na 10.22+0.89 0
40 0.34+0.05 0.54+0.05 1.16+0.06 1.42+0.26 2.22+0.18 na 13.99+1.23 0
50 0.24+0.03 0.36+0.03 0.51+0.05 1.02+0.15 1.23+0.09 na 16.44+0.68 0

na 20 
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15  70.85+1.03 
20 

Conc.
(mg/L)

Induction time (min) Recovery time 
(min)

Mortality 
(%)Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

10 4.71+0.38 na na na na na 0.41+0.07 0
20 0.75+0.33 1.23+0.05 2.13+0.23 4.76+0.46 6.77+0.84 na 6.68+0.41 0
30 0.36+0.03 0.81+0.29 2.16+0.05 2.18+0.14 2.48+0.34 na 11.44+0.29 0
40 0.34+0.04 0.51+0.03 1.10+0.05 1.33+0.08 2.05+0.20 na 14.16+0.82 0
50 0.27+0.02 0.40+0.05 0.52+0.04 1.07+0.06 1.24+0.07 na 16.49+1.29 0

na 20 
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16  70.85+1.03 MS-222 
20 

Conc. 
(mg/L)

Induction time (min) Recovery time 
(min)

Mortality 
(%)Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

55 4.97+0.24 na na na na na 1.09+1.70 0
100 1.39+0.10 2.35+0.07 4.76+0.57 na na na 2.49+0.33 0
145 1.05+0.03 1.50+0.39 2.14+0.28 5.83+1.11 8.41+1.05 na 4.28+0.28 0
190 0.33+0.02 0.52+0.02 1.30+0.13 1.88+0.41 2.63+0.33 na 6.37+0.16 0
235 0.32+0.02 0.46+0.02 0.95+0.19 1.32+0.14 2.33+0.10 na 10.84+0.46 0

na 20 
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2.3 

3.01+0.48 
6.93+0.28 ) 5 

sedation 3.32+0.08
4 20 

1.96+0.22
7.37+0.13

100% 20 ( 17)

5 sedation 
3.27+0.11 20 

4 1.56+0.18 
7.67+0.29 20 

100% 
( 18)

MS-222 
sedation  30 1.67+0.24

4 75
2.68+0.48 7.17+2.10

100% 90 
20% 20 

( 19)

7 
100% 



100

24 29 pH 7
4



17  3.01+0.48 
20 

Conc.
(mg/L)

Induction time (min) Recovery time 
(min)

Mortality 
(%)Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

5 3.32+0.08 na na na na na 1.06+0.17 0
10 0.53+0.04 2.30+0.06 na na na na 3.40+0.06 0
15 0.19+0.01 0.43+0.02 3.19+0.10 na na na 4.71+0.26 0
20 0.15+0.01 0.34+0.03 0.90+0.22 1.96+0.22 5.24+0.91 na 7.37+0.13 0
25 0.10+0.01 0.14+0.04 0.26+0.05 0.45+0.03 1.02+0.17 na 8.40+0.25 0

na 20 

101



18  3.01+0.48 
20 

Conc.
(mg/L)

Induction time (min) Recovery time 
(min)

Mortality 
(%)Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

5 3.27+0.11 na na na na na 1.03+0.02 0
10 0.52+0.03 2.19+0.10 na na na na 3.33+0.06 0
15 0.19+0.01 0.43+0.02 2.62+0.44 18.51+0.50 na na 5.37+0.07 0
20 0.15+0.01 0.30+0.01 0.84+0.23 1.56+0.18 4.69+0.94 na 7.67+0.29 0
25 0.10+0.01 0.14+0.02 0.27+0.03 0.44+0.06 1.07+0.06 na 8.82+0.33 0

na 20 
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19  3.01+0.48 MS-222 
20 

Conc. 
(mg/L)

Induction time (min) Recovery time 
(min)

Mortality (%)
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

30 1.67+0.24 na na na na na 0.74+0.23 0
45 0.71+0.22 7.46+0.96 na na na na 2.10+0.05 0
60 0.29+0.01 0.83+0.29 2.61+0.35 5.15+0.59 na na 3.14+0.10 0
75 0.16+0.02 0.62+0.22 1.55+0.34 2.68+0.48 8.29+0.50 na 7.17+2.10 0
90 0.11+0.03 0.20+0.02 0.40+0.10 1.12+0.20 1.83+0.38 13.69+2.71 11.90+2.77 20

na 20 
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3. MS-222 cortisol 
glucose 

( 70.85+1.03 
15.25+1.03 3 

MS-222 
sedation cortisol glucose 

0, 1, 6, 12 24
2 

3.1  cortisol 

cortisol 12.22 µg/dl 
cortisol 

cortisol
1 

cortisol 24 cortisol 
95%

1
cortisol 

(P<0.05)
cortisol 

(P>0.05) ( 20 3)



20 cortisol (ug/dl) 

Initial = 
0 hr = 3 

1, 6, 12 24 hr = 

1 (P<0.05)
Duncan’s New Multiple Range Test 95%

Treatment
Time

Initial 0 hr 1 hr 6 hr 12 hr 24 hr
Control 12.22+6.16 a 18.36+4.29 a 33.38+8.30a 27.18+4.22 a 18.24+10.18 a 15.04+5.03 a

Eugenol 12.22+6.16 a 14.06+5.11 a 20.17+8.03b 19.66+11.68 a 15.12+3.21 a 12.3+2.42 a

MS-222 12.22+6.16 a 22.06+10.39 a 34.04+11.51a 25.88+18.81 a 14.46+8.10 a 11.7+1.59 a

105
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3 cortisol (ug/dl) 

Initial = 
0 hr = 3 

1, 6, 12 24 hr =

∗ 95 %

0

0.2

0.4

0.6

0.8

1

1.2

Initial 0 hr 1 day 3 days 7 days

Sp
on

tan
eou

s O
- pro

du
cti

on

Control

Eugenol

MS-222
*

Time
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3.2 glucose 

21 4 glucose 
36.1+10.03 mg/dl 

glucose 
0 glucose 

MS-222 1 
glucose 

glucose 0, 1 6 
glucose 

(P<0.05) 
2 MS-222 

(P>0.05)
glucose MS-222 



21 glucose (mg/dl) 

Initial = 
0 hr = 3 

1, 6, 12 24 hr = 

1 (P<0.05)
Duncan’s New Multiple Range Test 95%

Treatment
Time

Initial 0 h 1 h 6 h 12 h 24 h
Control 36.1+10.03 a 160.81+55.01a 195.98+79.15a 100.27+62.56a 51.65+13.71 a 44.20+5.98 a

Eugenol 36.1+10.03 a 117.21+26.91b 77.75+26.23b 34.98+15.27b 35.02+14.88 a 36.85+16.12 a

MS-222 36.1+10.03 a 118.89+25.26a 91.26+18.37a 43.48+18.60b 40.60+11.11 a 44.50+10.14 a

108
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4 glucose (mg/dl) 

Initial = 
0 hr = 3 

1, 6, 12 24 hr = 

∗ 95 %

0

50

100

150

200

250

300

Initial 0 hr 1 hr 6 hr 12 hr 24 hrSer
um

 glu
cos

e c
on

cen
tra

tio
n (

mg
/dl

)

Control

Eugenol

MS-222

Time

*

*
*
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4. MS-222 

MS-222
( 15.25+1.03 70.85+1.03 )

3 

1, 3 7 
% phagocytosis 

spontaneous O2
- production 

4.1 % phagocytosis 

3 % 
phagocytosis 3 

7 

% phagocytosis MS-222 
(P<0.05)

% phagocytosis 
( 22 5)



22 % phagocytosis 

Treatment
Time

Initial 0 h 1 day 3 days 7 days
Control 22.49+5.35a 14.06+1.48a 10.47+3.38a 8.10+3.00a 9.70+3.51a

Eugenol 22.49+5.35a 21.36+5.10b 20.80+2.90b 20.65+4.50b 24.80+4.68b

MS-222 22.49+5.35a 16.65+4.83ab 15.73+4.86c 13.99+3.73c 20.92+3.84c

Initial = 
0 hr = 3 

1, 3 7 days = 
1 (P<0.05)

Duncan’s New Multiple Range Test 95%

111
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5 % phagocytosis 

Initial = 
0 hr = 3 

1, 3 7 days = 

∗ 95 %

0
5

10
15
20
25
30
35

initial 0 hr 1 day 3 days 7 days

%
 Ph

ag
ocy

tos
is Control

Eugenol
MS-222

** *
*

Time
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4.2 O2
- NBT Reduction

( 23 6) 
spontaneous O2

- production 1 
spontaneous O2

- production 
7 

95% 7 
(P<0.05) 

spontaneous O2
- production

(P<0.05)



23  spontaneous O2
- production 

Treatment
Time

Initial 0 h 1 day 3 days 7 days

Control 0.41+0.11 a 0.38+0.21 a 0.63+0.37 a 0.27+0.16 a 0.15+0.08a

Eugenol 0.41+0.11 a 0.39+0.19 a 0.71+0.26 a 0.35+0.17 a 0.35+0.17b

MS-222 0.41+0.11 a 0.37+0.24 a 0.64+0.25 a 0.32+0.20 a 0.20+0.10a

Initial = 
0 hr = 3 

1, 3 7 days = 
1 (P<0.05)

Duncan’s New Multiple Range Test 95%

114
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6 spontaneous O2
- production 

Initial = 
0 hr = 3 

1, 3 7 days = 

∗ 95 %

0

0.2
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5.
Antibody Streptococcus agalactiae

Streptococcus 
agalactiae (intra peritoneal injection) antibody titer 

Agglutination test 

antibody titer 
antibody titer 3 antibody titer 

5 2 antibody titer 
7 8 9 

antibody titer 
antibody titer 

(Control 1) antibody titer 
Duncan’s New Multiple Range Test 

95%
95%

antibody titer 
24 7

29.13+0.19
4.05+0.11 



24 antibody titer 

Control 1
Control 2 0.85%
Eugenol 

(Primary injection) 0
(Secondary injection) 5

Treatment Week
0 1 2 3 4 5 6 7 8 9

Eugenol 00+00 0.90
+0.31

5.20
+2.46

19.60
+9.08

9.60
+6.60

1.30
+0.47

20.80
+9.85

972.80
+436.35

195.20
+95.66

49.60
+18.64

Control 1 00+00 0.80
+0.41

4.40
+2.01

16.80
+9.14

9.20
+7.00

1.10
+0.31

16.80
+8.57

896.00
+487.85

160.00
+101.72

56.00
+33.04

Control 2 00+00 00+00 00+00 00+00 00+00 00+00 00+00 00+00 00+00 00+00

117
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7  antibody titer 
Streptococcus agalactiae 

Control 1
Control 2 0.85%
Eugenol 

(Primary injection) 0
(Secondary injection) 5

0
200
400
600
800

1000
1200
1400
1600
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tib
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y t

ite
r

Week

Eugenol

Control 1
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6.

6.1  1,000 3 

( 2.63+0.25 
0.30+0.01 ) 1,000 3 

(Factorial in Completely Randomized Design)

6.1.1  

-

.  (DO)

P-value
0.81 0.05 ( 25)

P-value 0.05 
% Fisher’s Least-Significant 

Different (LSD)
(P>0.05)

MS-222 



120

95% ( 26) 

6 
12 

(P<0.05) ( 27)

.  - (pH)

- P-value
0.37 0.05 ( 25)

- P-value
0.05 ( 26) 

-
6 - 12 

(P<0.05) ( 27) 

.  

P-value 0.00 
0.05 ( 25) Profile Plots 

( 8) 

% Fisher’s Least-Significant Different (LSD)
6 
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(P<0.05) MS-222 12 

(P<0.05) ( 25)

.  

P-value
0.20 0.05 ( 25)

P-value 0.05 
% Fisher’s Least-Significant Different (LSD)

MS-222 ( 26) 
6 

12 (P<0.05) ( 27)

.  

25

P-value 0.05 
Profile Plots 
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6 12 

MS-222 9
% 

Fisher’s Least-Significant Different (LSD)
6 

(P<0.05)
(P<0.05)

12 

6.1.2  

.  

25

P-value
0.05

99.57%
99.33%

98.53
(P<0.05) ( 26)

27 6 
(99.63%) 12 98.58%

(P<0.05)
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.  7 

7 

P-value 0.05 ( 25)

26
7 42.67% (P<0.05) 

6 36.75%
12 33.42% (P<0.05) ( 27) 

Streptococcus agalactiae 7 



25
1,000 3 

Interaction effect 
Water quality Survival rate after transport (%)

DO
(mg/L) pH Temperature

(oC)
Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO2

--N) Immediately After 7 days

6 hr*Control 3.00+0.20 6.26+0.05 28.30+0.00a 1.62+0.06 0.03+0.00a 99.17+0.25 27.67+4.71
6 hr*MS-222 3.83+0.21 6.25+0.05 28.40+0.10a 1.59+0.07 0.03+0.00a 99.70+0.20 36.67+2.51
6 hr*Clove oil 3.87+0.42 6.25+0.05 28.57+0.12b 1.60+0.07 0.03+0.00a 99.73+0.21 38.33+4.93
6 hr*Eugenol 3.97+0.21 6.22+0.01 28.30+0.00a 1.52+0.01 0.02+0.00a 99.90+0.00 44.33+0.57
12 hr*Control 2.63+0.25 6.51+0.04 27.40+0.00c 1.86+0.10 0.09+0.02b 97.90+0.36 26.33+3.21
12 hr*MS-222 3.27+0.21 6.37+0.11 27.03+0.12d 1.65+0.02 0.06+0.01c 98.27+0.38 31.67+4.72
12 hr*Clove oil 3.57+0.38 6.43+0.13 27.37+0.06c 1.72+0.03 0.07+0.01c 98.93+0.50 34.67+5.69
12 hr*Eugenol 3.43+0.25 6.34+0.03 27.40+0.00c 1.64+0.12 0.06+0.01c 99.23+0.38 41.00+1.00

P-value 0.81 0.37 0.00 0.20 0.04 0.16 0.87

1 P-value
2 95 %

Fisher’s Least-Significant Different (LSD) 124



26
1,000 3 

Type of anesthetic
Water quality Survival rate after transport (%)

DO
(mg/L) pH Temperature

(oC)
Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO-

2-N) Immediately After 7 days

Control 2.82+0.29a 6.38+0.14 27.85+0.49a 1.74+0.15a 0.06+0.04a 98.53+0.75a 27.00+3.69a

MS-222 3.55+0.36b 6.31+0.10 27.72+0.76b 1.62+0.06b 0.04+0.02b 98.98+0.83b 34.17+4.36b

Clove oil 3.72+0.39b 6.34+0.13 27.97+0.66c 1.66+0.08ab 0.05+0.03ab 99.33+0.56bc 36.50+5.17b

Eugenol 3.70+0.36b 6.28+0.07 27.85+0.49a 1.58+0.10b 0.04+0.02b 99.57+0.44c 42.67+1.97c

P-value 0.00 0.11 0.00 0.01 0.01 0.00 0.00

1 P-value
2 95 %

Fisher’s Least-Significant Different (LSD)

125
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1,000 3 

Dutation of transport
Water quality Survival rate after transport (%)

DO
(mg/L) pH Temperature

(oC)
Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO-

2-N) Immediately Ater 7 days

6 hr 3.67+0.47a 6.25+0.04a 28.39+0.13a 1.58+0.06a 0.03+0.00a 99.63+0.33a 36.75+6.97a

12 hr 3.23+0.44b 6.41+0.10b 27.30+0.17b 1.72+0.12b 0.07+0.02b 98.58+0.65b 33.42+6.53b

P-value 0.00 0.00 0.00 0.00 0.00 0.00 0.05

1 P-value
2 95 %

Fisher’s Least-Significant Different (LSD)
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Estimated marginal means of temperature (oC)

Duration of transport

12 hr6 hr

Es
tim

ate
d m

arg
ina

l m
ean

s
29.0

28.5

28.0

27.5

27.0

26.5

Type of anesthetic

Control

MS-222

Clove oil

Eugenol

8 Profile Plots 2 

1,000 3 
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Estimated marginal means of nitrite (mg/L)

Duration of transport

12 hr6 hr

Es
tim

ate
d m

arg
ina

l m
ean

s
.10
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.02

0.00

Type of anesthetic

Control
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9 Profile Plots 2 
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6.2 1,200 3 

( 2.63+0.25 
0.30+0.01 ) 1,200 3 

2 
(Factorial in Completely 

Randomized Design)

6.2.1  

-

.  (DO)

28

P-value 0.21 
0.05 

P-value
0.05 % Fisher’s 
Least-Significant Different (LSD)

( 29) 30
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6 
12 (P<0.05) 

.  - (pH)

-
P-value 0.14 0.05 28) 

- P-value
0.05 -

(P<0.05) ( 29 30)

.  

28
P-value

0.21 0.05

P-value 0.05 ( 29) 
P-value 0.05 

6 
12 (P<0.05)

( 30)

.  
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P-value
0.68 0.05 ( 28) 

P-value 0.05 
% Fisher’s Least-Significant Different (LSD) 

(P<0.05) ( 29) 
6 

12 (P<0.05)
( 30) 

.  

28

P-value 0.05 Profile Plots 

6 12 ( 10)
% Fisher’s Least-

Significant Different (LSD) 12 

MS-222 12 6 
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6.2.2  

.  

28 P-value 0.05 

(93.01% 92.54%)
(P>0.05) ( 29) 

6 
93.48% 12 87.97%)
(P<0.05) ( 30) 

.  7 

7 P-value 0.00 0.05 
Profile Plots 
( 11)

Fisher’s Least-Significant Different (LSD) % 
12 

7 (P<0.05)
6 12 

7 100% ( 24)
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1,200 3 

Interaction effect 
Water quality Survival rate after transport (%)

DO
(mg/L) pH Temperature

(oC)
Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO-

2-N) Immediately 7 days

6 hr*Control 3.00+0.10 6.58+0.10 29.47+0.21 1.47+0.06 0.01+0.00a 92.25+0.88 89.00+3.61a

6 hr*MS-222 3.47+0.51 6.49+0.02 29.27+0.15 1.36+0.03 0.01+0.00a 92.33+0.90 100.00+0.00b

6 hr*Clove oil 5.00+0.75 3.5+0.07 29.30+0.00 1.34+0.04 0.01+0.00a 93.75+1.42 100.00+0.00b

6 hr*Eugenol 5.23+0.15 6.58+0.09 29.00+0.44 1.24+0.14 0.01+0.00a 95.58+0.33 100.00+0.00b

12 hr*Control 1.83+0.38 6.51+0.05 28.70+0.00 1.52+0.09 0.06+0.01b 84.92+1.53 47.67+14.57c

12 hr*MS-222 1.93+0.31 6.53+0.17 28.80+0.10 1.47+0.09 0.05+0.01b 84.14+3.12 100.00+0.00b

12 hr*Clove oil 2.77+0.15 6.64+0.05 28.73+0.06 1.42+0.04 0.02+0.01c 91.33+1.53 100.00+0.00b

12 hr*Eugenol 3.07+0.85 6.72+0.02 28.70+0.00 1.36+0.06 0.02+0.00c 90.44+1.47 100.00+0.00b

P-value 0.21 0.14 0.21 0.68 0.00 0.06 0.00

1 P-value
2 95 %

Fisher’s Least-Significant Different (LSD) 133
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1,200 3 

Type of anesthetic
Water quality Survival rate after transport (%)

DO
(mg/L) pH Temperature

(oC)
Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO-

2-N) Immediately 7 days

Control 2.42+0.69a 6.55+0.09 29.08+0.44 1.49+0.08a 0.03+0.03a 88.58+4.17a 68.33+24.55a

MS-222 2.70+0.92a 6.51+0.11 29.03+0.28 1.41+0.09b 0.03+0.02a 88.76+4.41a 100.00+0.00b

Clove oil 3.88+1.32b 6.57+0.09 29.02+0.31 1.38+0.06b 0.02+0.01b 92.54+1.87b 100.00+0.00b

Eugenol 4.15+1.31b 6.65+0.09 28.85+0.32 1.30+0.12c 0.02+0.01b 93.01+2.97b 100.00+0.00b

P-value 0.00 0.07 0.18 0.00 0.00 0.00 0.00

1 P-value
2 95 %

Fisher’s Least-Significant Different (LSD)
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1,200 3 

Dutation of transport
Water quality Survival rate after transport (%)

DO
(mg/L) pH Temperature

(oC)
Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO-

2-N) Immediately 7 days

6 hr 4.18+1.08a 6.54+0.08 29.26+0.28a 1.35+0.11a 0.01+0.00a 93.48+1.64a 97.25+5.21a

12 hr 2.40+0.70b 6.60+0.12 28.73+0.07b 1.44+0.09b 0.04+0.02b 87.97+3.52b 86.92+24.47b

P-value 0.00 0.11 0.00 0.00 0.00 0.00 0.00

1 P-value
2 95 %

Fisher’s Least-Significant Different (LSD)

135



136

Estimated marginal means of nitrite (mg/L)
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Estimated marginal means of survival rate

after transport for 7 days (%)

Duration of transport
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6.3

3.01+0.48 6.93+0.28 ) 24 

(Factorial in Completely Randomized 
Design)

6.3.1  

-

.  (DO)

P-value
0.25 0.05 ( 31)

P-value 0.05 
% Fisher’s Least-

Significant Different (LSD)

MS-222 ( 32) 
33

50 3 
(P<0.05) 
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.  - (pH)

-

P-value 0.05 ( 31) 

- P-value
0.05 % Fisher’s 

Least-Significant Different (LSD)
-

(P<0.05) ( 32)
-

50 3 -
(P<0.05) ( 33)

.  

P-value 0.02 
0.05 Profile Plots 

( 12) 
% Fisher’s Least-Significant 

Different (LSD) MS-222 
125 3 

(P<0.05) MS-222 50 
3 (P<0.05)

( 31)
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.  

P-value 0.29 0.05 ( 27)

P-value 0.05 
% Fisher’s 

Least-Significant Different (LSD) 

MS-222 (
28)

50 3 
60 3 

( 29)

.  

P-value 0.05 
Profile Plots ( 13) 

% Fisher’s Least-
Significant Different (LSD)

100 3 
(P<0.05)

( 31)
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6.3.2 

.  

P-value 0.05 
Profile Plots 

% Fisher’s Least-Significant Different 
(LSD) 50, 60 75 

3 
50, 60 75 3 MS-222 

50 60 3 100% 
MS-222 

75 3 (98.67%) (P>0.05) 100 
125 3 50%

125 3 
31)

.  7 

7 
P-value 0.05 

( 31)
7 ( 32) 

P-value 0.05 
Fisher’s Least-Significant Different (LSD)

50 3 7 
60 3 100% 

75 3 (P>0.05) 98.89%
( 33) 
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Interaction effect 
Water quality Survival rate after transport (%)

DO
(mg/L) pH Temperature

(oC)
Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO-

2-N) Immediately 7 days

Control*50 fish /3L 4.68+0.45 6.63+0.04 29.07+0.25abc 1.49+0.05 0.03+0.00a 100.00+0.00a 100.00+0.00
Control*60 fish/3L 4.07+0.68 6.56+0.01 29.47+0.06cde 1.51+0.02 0.03+0.00ab 100.00+0.00a 100.00+0.00
Control*75 fish/3L 3.28+0.15 6.52+0.03 29.43+0.23cde 1.54+0.05 0.05+0.01ef 100.00+0.00a 98.33+0.00
Control*100 fish/3L 3.33+0.17 6.39+0.08 29.53+0.06cdef 1.62+0.07 0.08+0.02h 19.00+1.00b 91.67+2.89
Control*125 fish/3L 2.72+0.08 6.35+0.03 29.83+0.23efg 1.72+0.13 0.04+0.00abc 8.27+1.22c 90.00+2.89
MS-222*50 fish /3L 5.65+0.50 6.55+0.02 28.83+0.29a 1.44+0.02 0.04+0.00bcd 100.00+0.00a 100.00+0.00
MS-222*60 fish/3L 4.66+0.72 6.50+0.03 29.37+0.06bcde 1.40+0.02 0.06+0.00f 100.00+0.00a 100.00+0.00
MS-222*75 fish/3L 3.54+0.21 6.51+0.01 29.63+0.15defg 1.51+0.01 0.07+0.01g 98.67+0.00a 98.33+2.89
MS-222*100 fish/3L 3.5+0.33 6.36+0.05 29.83+0.06efg 1.53+0.07 0.07+0.01g 23.67+1.53d 96.67+2.89
MS-222*125 fish/3L 3.39+0.37 6.38+0.03 30.13+0.06g 1.58+0.06 0.05+0.01def 11.73+2.81e 93.33+2.89
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31 ( )

Interaction effect
Water quality Survival rate after transport (%)

DO
(mg/L)

pH Temperature
(oC)

Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO-

2-N)
Immediately 7 days

Eugenol*50 fish /3L 5.38+0.12 6.55+0.04 29.30+0.10abcd 1.41+0.03 0.03+0.00a 100.00+0.00a 100.00+0.00
Eugenol*60 fish/3L 4.45+0.09 6.55+0.03 29.50+0.40cdef 1.40+0.03 0.03+0.00ab 100.00+0.00a 100.00+0.00
Eugenol*75 fish/3L 4.15+0.39 6.48+0.03 28.93+0.78ab 1.48+0.03 0.05+0.00cde 100.00+0.00a 100.00+0.00
Eugenol*100 fish/3L 4.11+0.13 6.32+0.02 30.00+0.10fg 1.53+0.06 0.04+0.01abc 23.33+1.53d 95.00+5.00
Eugenol*125 fish/3L 3.75+0.09 6.37+0.05 29.70+0.10defg 1.59+0.06 0.03+0.00ab 13.43+1.83e 93.33+2.89

P-value 0.25 0.09 0.02 0.29 0.00 0.00 0.48

1 P-value
2 95 %

Fisher’s Least-Significant Different (LSD)
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32
24 

Loading density
Water quality Survival rate after transport (%)

DO
(mg/L) pH Temperature

(oC)
Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO-

2-N) Immediately 7 days

50 fish /3L 5.23+0.55a 6.57+0.05a 29.07+0.28a 1.45+0.10a 0.03+0.00a 100.00+0.00a 100.00+0.00a

60 fish/3L 4.39+0.56b 6.54+0.04b 29.44+0.21b 1.48+0.08ab 0.04+0.01b 100.00+0.00a 100.00+0.00a

75 fish/3L 3.66+0.44c 6.50+0.03b 29.33+0.52b 1.51+0.09b 0.05+0.01c 99.56+0.67a 98.89+2.20a

100 fish/3L 3.65+0.41c 6.36+0.05c 29.79+0.21c 1.56+0.17c 0.06+0.02d 22.00+2.55b 94.44+3.91b

125 fish/3L 3.29+0.49d 6.37+0.04c 29.89+0.23c 1.63+0.23d 0.04+0.01b 11.14+2.90c 92.22+2.64c

P-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 P-value
2 95 %

Fisher’s Least-Significant Different (LSD)
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24 

Type of anesthetic
Water quality Survival rate after transport (%)

DO
(mg/L) pH Temperature

(oC)
Total ammonia
(mg/L NH3-N)

Nitrite
(mg/L NO-

2-N) Immediately 7 days

Control 3.62+0.78a 6.49+0.12a 29.47+0.30 1.58+0.11a 0.05+0.02a 65.45+43.94a 96.00+4.71
MS-222 4.15+0.99b 6.46+0.08b 29.56+0.47 1.51+0.06b 0.06+0.01b 66.81+41.71b 97.67+3.72
Eugenol 4.37+0.59b 6.46+0.10b 29.49+0.50 1.49+0.08b 0.04+0.00c 67.35+41.52b 97.67+3.20
P-value 0.00 0.03 0.61 0.00 0.00 0.00 0.08

1 P-value
2 95 %

Fisher’s Least-Significant Different (LSD)
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Estimated marginal means of temperature (oC)

Loading density
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Estimated marginal means of nitrite (mg/L)

Loading density
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Estimated marginal means of survival rate after transport (%)

Loading density
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1.  50% (LC50) 24 

(Summerfelt and Smith, 1990; Iversen et al., 
2003; Pirhonen and Schreck, 2003; Small, 2003) 

(Coyle et al., 2004)

LC50 24 
( 0.30+0.01 ) 16.98 

MS-222 LC50 (16.95 
) MS-222 (72.50 )

MS-222 

MS-222

Keene et al. (1998) LC50 0.5-96 
rainbow trout (Oncorhynchus mykiss Walbaum) 20 12 

65-9 Taylor and Roberts (1999) 
LC50 10 white sturgeon (Acipenser

transmontanus), chinook salmon (Oncorhynchus tshawytscha Walbaum) coho salmon 
(Oncorhynchus kisutch) 526, 62 96 . . 2003
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Hangono LC50 24 (Lates calcarifer Bloch) 
0.45+0.74 3.10 +0.15 LC50 24 
30 Grush et al. (2004) 

zebrafish (Danio rerio Hamilton) LC50 96 
MS-222 

LC50 21 MS-222

(Cyprinus carpio L.) 15.00+5.00 
110.00+21.00 LC50 10 LC0.1 10 LC99.9

10 LC50 96 LC0.1 96 LC99.9 96 74.3, 
51.6, 110.1, 18.10, 15.45 19.80 (Velisek et al. 2005)

Soltani et al. (2004)
Penaeus semisulcatus EC50 1 ( 50%) 

LC50 1 ( 50% 1 ) LC50 24 
( 50% 24 ) 25, 130 30 

30 40 ppt pH 8.6 
6 Akbari et al. (2010)

LC50 24 white Indian shrimp 
(Fenneropenaeus indicus) post lavae LC50 5.2 

5.0 5.3 

LC50

Metcafe (2000) 
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(gill epithelium) 

(Velisek et al., 2005)

(central nervous system) (Keene et al., 1998; 
Ross and Ross, 1999) 

Sprague (1985) 

(metabolic rates) 

-
(medulla) 

hypoxia

(Hikasa et al., 1986; Hanggono, 2003; Iversen et al., 
2003)

Cooke et al. (2004) (Cardiovascular) Largemouth 
bass (Micropterus salmoides) 

Sladky 
et al. (2001) red pacu (Piaractus brachpomus) 

(100-200 ) 
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2.  MS-222

MS-222 (tricaine methanesulfonate) (Marking 
and Meyer, 1985) 

21 MS-222 

(Guenette et al., 2007) 

Stehly and Gingerich (1999) 

(Taylor and Roberts, 1999)

(pharmacokinetics) 
-

(Gilderhus and Marking, 1987; Hamácková et al., 2001; Walsh and Pease, 2002; Woody 
et al., 2002) 
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(Ross and Ross, 1999) 

3-5 10 
(Ross, 2001; Tsantilas et al., 2005)

(Wedemeyer, 1996; Ross and Ross, 1999) 

ethanol 
(Brown, 1993) 

100% 
(USFDA) (Generally Regarded as Safe;
GRAS) (Summerfelt and Smith, 1990; Anderson et al., 1997)

MS-222 
MS-222 
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Keene et al. (1998) 
Grush et al. (2004) MS-222 

(Marking and Mayer, 1985)

0.30+0.01
3.01+0.48 sedation 

5 
Hangono (2003) 

(Lates calcarifer Bloch) 0.45+0.74 3.10+0.15 
Cooke et al. (2004)

largemouth bass (Micropterus salmoildes) 99.00+0.70
206.00+4.00 

70.85+1.03 sedation
10

20 
0.30+0.01

3.01+0.48 Keene et al. (1998) 
rainbow trout 20.46+0.37 1.8-0.6 

20-100 Stehly and Gingerich 
(1999) 20 
channel catfish (Ictalurus punctatus) 1.20-12.70 5.3 

bluegill (Lepomis macrochirus) 1.20-12.70 1.2 
Cho and Heath (2000) 20 

Chinook salmon 40.20+0.60
7 20 . . 2003 Hangono

(Lates calcarifer Bloch) 0.45+0.74 
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20 
70.85+1.03 

30 

Taylor and Roberts (1999) 
white sturgeon 16 25 

3 Durville and Collet (2001)
25 mullet (Valamugil 

cunnesius)  9 Woody et al. (2002)
50 sockeye salmon

(Oncorhynchus nerka) 400-550 9-10 
Inoue et al. (2003) matrinxã (Brycon cephalus 
Gunther, 1869) 44.40+4.60 40 

1 

Roubach et al. (2005) 65 
tamaqui (Colossoma macropomum Cuvier) 56.60+7.70 

30 

Hajek et al. (2006) (Cyprinus carpio
L.) 32.60+8.20 

30-50 5 Weber et al. (2009) 
Senegalese sole (Solea senegalensis Kaup 

1858) 74+40 30 
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(2549)
quinaldine 80 quinaldine 35 

0.70 
quinaldine 3.52 (P<0.01) 

3.15 quinaldine
2.63 (P>0.05)

quinaldine 

MS-222 asphyxiant 
(Stoskopf, 

1993)
30 

sedation 55 
4 

120 190 75 

MS-222 
Anderson et al. (1997) 

Keene et al. (1998) 60 120 ppm MS-222 
rainbow trout 20.46+0.73 Akbari and Khajavi (2004)
MS-222 Penaeus indicus

MS-222 
Fenneropeneus indicus MS-222 

3,700 F. indicus
22.5 
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MS-222 Munday and Wilson 
(1997) rainbow trout 
6-10 MS-222

2-3
quinaldine, benzocaine 2-phenoxyethanol  

Pirhonen and Schreck (2003) steelhead trout 
(Oncorhynchus mykiss) MS-222 

(Mylonas et al., 2005) MS-222 
(Ross and Ross, 1999; Ross, 2001)

Sladky et al. (2001) 

Guenette et al. (2007) 
rainbow trout 12.14 

MS-222 
(McFarland, 1959; Keene 

et al., 1998)

MS-222 
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MS-222 benzocaine, quinaldine 
2-phenoxyethanol 

10 (Munday and Wilson, 1997; Keene et al., 1998; 
Waterstral, 1999; Tort et al., 2000; Walsh and Pease, 2002) 

(Marking and Meyer, 1985; 
Stoskopf, 1993)

Hisaka et al. (1985) MS-222 
thiopental sodium 

10 20 
25-100 200-300 

thiopental sodium
MS-222 

50-200
20 10 

Cunha and Rosa (2006)
7 Abudefduf saxatilis, Stegastes variabilis, Pareques acuminatus, Acanthurus 

chirurgus, Sparisoma axillare, Lutjanus apodus Bathygobius soporator
20, 30, 40,

50 60 180 
300 7 

20 
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MS-222 

3. MS-222 cortisol 
glucose 

hypothalamus-pituitary-
interrenal (HPI) axis (Olsen et al., 1995; Keene et al., 
1998)

(Summerfelt and Smith, 1990)

(Akbari and Shariff, 2003; Li and Brouwer, 2007) 

(Pickering, 1998)

cortisol 
(Barton and Iwama, 1991) cortisol 

cortisol 
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(Webster et al., 2002; Bilodeau et al., 
2003) cortisol 

(Ainsworth et al., 1991) 
cortisol 

(Iwama et al., 1989; Thomas and Robertson, 1991; Small, 2003)

cortisol gulcose 
(Schreck, 1982; Barton, 2002)

cortisol glucose 
cortisol glucose 24 

Small (2003)
catfish cortisol 

plasma cortisol Barton (2002) cortisol 
30 

5 cortisol 
1 

cortisol cortisol
MS-222 

cortisol stealhead trout (Oncorhynchus 
mykiss) (Pirhonen and Schreck, 2003), channel catfish (Ictalurus punctatus) (Small, 2003), 

fathead minnow (Pimephales promelas) (Palic et al., 2006) kelp grouper 
(Epinephelus bruneus) (Park et al., 2008) 

cotisol 
glucose 

cortisol
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coticosteroids glucose 
glycogen (Barton and Iwama, 1991) 

grey mullet (Mugil cephalus)
(Chang and Hur, 1999)

cortisol glucose 
1 

MS-222 cortisol 1 
cortisol 

cortisol MS-222 
MS-

222 Barcellos et al. (2001) cortisol 
Rhamdia quelen 1 

cortisol 
Robertson et al. (1988) 

cortisol Sciaenops ocellatus 32 ppt
cortisol 1 30 2 

cortisol 
cortisol Atlantic salmon (Salmo salar L.) (Sandodden et al., 

2001) Eurasian Perch (Perca fluviatilis) (Acerete et al., 2004) 4 
Park et al. (2008) 

plasma cortisol 150 
kelp grouper (Epinephelus bruneus) 22 plasma cortisol 

4.24+1.57 ug/dL 12 

glucose glucose
1 

glucose 
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(P<0.05)
MS-222

glucose Park et al. (2008) 150 
kelp grouper (Epinephelus bruneus) 22 

plasma glucose (92.70+9.61 mg/dL) 2 

MS-222 
HPI axis cortisol 

Barton (2002) cortisol 5 
30 6 MS-222 

cortisol 

Pirhonen and Schreck (2003) steelhead trout 
(Oncorhynchus mykiss) MS-222 

plasma cortisol 4, 24 48 
plasma cortisol 48 

plasma cortisol 

Holloway et al. (2004) rainbow trout 
plasma cortisol, glucose, growth hormone 

thyroid hormones tri-iodothyronine thyroxine
MS-222

cortisol glucose 
cortisol cortisol 

MS-222 
glucose growth hormone

tri-iodothyronine thyroxine
MS-222
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MS-222

4.  MS-222 

(Barton and 
Iwama, 1991; Weddelaar Bonga, 1997) cortisol 

(Ortuno et al., 2002; Small, 2003) 
corticosteroids neutrophil 

phagocytosis 
Oxidative burst (Roth and Kaeberle, 1981; Smith 

and Lumsden, 1983) in vitro Law et al.
(2001) cortisol phagocytosis leukocytes 
Ainsworth et al. (1991) hydrocortisone channel catfish 
phagocytic activity bacterial killing 

(% phagocytosis) reactive oxygen species 

% phagocytosis 
% phagocytosis 
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MS-222 
Ortuno et al. (2002)

reactive oxygen species spontaneous O2
- production 

oxidative burst 
7 

cortisol (Schreck 
et al., 1993) 

Palic et al. (2006) seabream 
neutrophil

MS-222 MS-222 

complement activity respiratoty burst phagocytic activity (Ortuno et al., 
2002)

5.  
Antibody Streptococcus agalactiae

Streptococcus 
agalactiae antibody titer 

antibody titer 
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propiscin rainbow trout 
Yersinia ruckeri

immunoglobulin secreting cell specific antibody 
secreting cell 

total Ig antibody titer 
Yersinia ruckeri (Siwiki 

et al., 2002) 

Cubero and Molinero (1997)

24 

6.  

(Carmichael et al., 
2001) 
(Berka, 1986)

pH (Amend et al., 1982; 
Berka, 1986; Gomes et al., 2003)
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(Wedmeyer, 1996; Ross and Ross, 1999)
light sedation 

(Jolly et al.,
1972; Piper et al., 1982) McFarland (1959) Summerflet and Smith (1990) 

deep sedation 

light sedation 
MS-222

0.30+0.01 3.01+0.48 
5 MS-222 

30 

MS-222 

MS-222 

Coyle et al. (2005) MS-222 
(Macrobrachium rosenbergii) 
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Cooke et al. (2004) 5-9 
largemouth bass (Micropterus salmoides)

93.00+7.00 5 
(Lates calcarifer Bloch) 0.45+0.74 

(Hangono, 2003)

Coyle et al. (2005) Aqui-S (iso-eugenol) 

5-10 

Vartak and Singh (2006)
(Macrobranchium rosenbergii De Man) post lavae (

13.42+0.84 ) 15 
3 

1.3 12 
(Akbari 

et al., 2010)

(Amend et al., 1982)
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Kaiser and Vine (1998) Carassius 
auratus 3.93+1.99 50 500 

3.8 

3 

Adamante et al. (2008) Salminus brasiliensis
5, 10 15 

4, 8, 12 cortisol 
cortisol 

4 cortisol 
electrical conductivity 

Salminus brasiliensis
15 1 12 

- (pH) 
pH 

pH (Cole et al., 1999)
pH pH 
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pH (Cole et al., 1999) 
pH 

Wedmeyer (1996)

(hypercapnia) hemoglobin 
Bohr effect 

(Berka, 1986) 0.01 
0.02 

(Vinatea, 1997; Baldisserotto, 2002; Foss et 
al., 2003) 

Hanggono (2003) 
4 8 
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clinoptiolite 

(Bowe and Turner, 1982) 24 

(Amend et al., 1982; Berka, 1986; Toe et al., 1989)

Nitrous acid (HNO2) (Lawson, 1995) 
methemoglobin 

(brown blood disease) (Lewis et al., 1986; Wedemeyer, 1996)

(Swanson et al., 1996) 

MS-222

5 
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0.30+0.01 
1,000 3 3 

1,000 
3 6 

20% 1,200 3 6 

MS-222
MS-222 

3.01+0.48 
50 3 12 

5 
75 3 50%

24 
100% 
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1.  LC50 24 
0.30+0.01 16.98 16.95 

LC50 24 
MS-222 (72.50 )

MS-222 
MS-222 

2.  
MS-222 

0.30+0.01 3.01+0.48 
70.85+1.03 ( ) sedation 

5, 5 10 

4 
20, 20 30 

3.  sedation 

cortisol glucose 
3 

MS-222 
MS-222

4.  
sedation 

% phagocytosis spontaneous O2
- production

MS-222
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3 

5.  

Streptococcus agalactiae antibody 
titer 

6.  5 

1,000 3 6 
20% 

1,200 3 
6 75 3 

24 

MS-222 

(Generally Regarded 
as Safe) 



174

. 2549. : .  
, .

.  2550. , .
319-326. 33.

, , .

.  2550.  
(Carassius auratus Linn.). . 17 (3): 1-11.

, , . 2547.  

(Poecilia reticulate).  , , 
.

. 2551. “ ” .
.  : http://www.coastalaqua.com/webboard/ 

index.php?topic=958.0. 10 2552. 

.  2524.  .  7/2524. 
, .

.  2548.  .  
, .

.  2551.  . .  :
http://www.tilapiathailand.com/th/news_activities/article_detail.php?frm_id= &frmc_c
ode_id= .  10 2552. 

http://www.coastalaqua.com/webboard/
http://www.tilapiathailand.com/th/news_activities/article_detail.php?frm_id=


175

, , , ,
.  2536.  .  

23. 
, .

, , .  2549.  

.  59 (6): 524-532.

.  2547.  .  , .

, , , ,
.  2549.  

.  
: 32, 1-

3 2549, , .

( .). 2549. .
. : http://www.tistr.or.th/essentialoils/indexv2.htm, 10 

2552.

.  2542.  . , .

. 2552. SPSS: 
.  , .

, , , ,
.  2550.  

(Pangasianodon gigas) 
.  58 (2): 12-21.

http://www.tistr.or.th/essentialoils/indexv2.htm


176

. 2549. .  , .

Abbas, A. K., A. H. Lichtman and J. S. Pober.  2000.  Cellular and Molecular Immunology.
4th ed. W. B. Saunders Company, Philadelphia, Pennsylvania.

Acerete, L., J. C. Balasch and E. Espinosa.  2004.  Physiological responses in Eurasian Perch
(Perca fluviatilis) subjected to stress to transport and handling. Aquaculture 237: 
167-178.

Adamante, W. B., A. P. O. Nuñer, L. J. G. Barcellos, A. B. Soso and J. A. Finco.  2008.  Stress in 
Salminus brasiliensis fingerlings due to different densities and times of transportation.  
Arq. Bras. Med. Vet. Zootec. 60: 755-761.

Adams, S. M. 1990. Biological indicators of stress in fish. American Fisheries Society 
Symposium Series 8, Bethesda, Maryland.

Ai, Q., K. Mai, B. Tan, W. Xu, W. Zhang, H. Ma and Z. Liufu.  2006.  Effects of dietary 
vitamin C on survival, growth, and immunity of large yellow croaker, Pseudosciaena 
crocea. Aquaculture 261: 327-336.

Ainsworth, A. J., C. Dexiang and P. R. Waterstrat. 1991. Changes in peripheral blood leukocyte 
percentages and function of neutrophils in stressed channel catfish. J. Aquat. Anim.
Health 3: 41-47.

Akbari, S. and M. Shariff.  2003. Stress response of red snapper, Lutjanus argentimaculatus 
exposed to sublethal concentrations of crude oil. Arhc. Razi Inst. 54: 49-64.

________. and A. Khajavi.  2004.  Comparison between MS-222 and eugenol as sedative and 
anesthetic agent in shrimp, Penaeus indicus, pp. 144.  In 7th Asian Fisheries Forum, 30 
November- 4 December, Penang, Malaysia. 



177

Akbari, S., M. J. Khoshnod, H. Rajaian and M. Afsharnasab.  2010. The use of eugenol as an 
anesthetic in transportation of with indian shrimp (Fenneropenaeus indicus) post larvae.  
Turk. J. Fish. Aquat. Sci. 10: 423-429.

Amend, D. F., T. R. Croy, B. A. Goven, K. A. Johnson and D. H. McCarthy.  1982.  
Transportation of fish in closed systems: methods to control ammonia, carbon dioxide, 
pH and bacterial growth. Trans. Am. Fish. Soc. 111: 603-611.

Anderson, W. G., R. S. McKinley and M. Colavecchia. 1997. The use of clove oil as an 
anaesthetic for rainbow trout and its effects on swimming performance. North Am. J. 
Fish. Manage. 17: 301-307.

Arason, G. J.  1996.  Lectins as defence molecules in vertebrates and invertebrates.  Fish 
Shellfish Immunol. 6: 277-289.

Areechon, N., M. Endo, D. Jantawan, P. Srisapoome and N. Pirarat.  2005.  Streptococcal 
infection in Tilapia culture of Thailand, pp. 166-174. In Proceedings of the JSPS-
NRCT international symposium joint seminar 2005: productivity techniques and 
effective utilization of aquatic animal resources into the new century, 19-21 
December 2005, Kasetsart University, Bangkok.

Avella, M., C. B. Schreck, and P. Prunet. 1991. Plasma prolactin and cortisol concentrations of 
stressed coho salmon, Oncorhynchus kisutch, in fresh water or salt water. Gen. Comp. 
Endocrinol. 81: 21-27.

Baldisserotto, B.  2002.  Fisiologia de peixes aplicada à piscicultura. Editora da UFSM,
Santa Maria.



178

Barcellos, L. G., V. M. Woehl and G. F. Wassermann.  2001.  Plasma levels of cortisol and 
glucose in response to capture and tank transference in Rhamdia quelen (Quoy &
Gaimard), a South American catfish. Aquacult. Res. 32: 121-123.

Barton, B. A. 2002. Stress in fishes: A diversity of responses with particular reference to 
changes in circulating corticosteroids.  Integ. Comp. Biol. 42: 517-525.

__________ and G. K. Iwama. 1991. Physiological changes in fish from stress in aquaculture 
with emphasis on the response and effects of corticosteroids.  Ann. Rev. Fish Dis.
1: 3-26.

__________, C. B. Schreck and L. A. Sigismondi.  1986.  Multiple acute disturbances evoke 
cumulative physiological stress responses in juvenile chinook salmon.  Trans. Am. Fish. 
Soc. 115: 245-251

Baynes, J. W. and M. Dominiczak.  2009.  Medical Biochemistry.  3rd ed.  Elsevier Limited.  
Philadelphia. 

Berka, R.  1986. The transport of live fish: a review. EIFAC Technical Paper 48.

Bilodeau, A. L., B. C. Small and W. R. Walters.  2003.  Pathogen loads, clearance and plasma
cortisol response in channel catfish, Ictalurus punctatus (Rafinesque), following 
challenge with Edwardsiella ictaluri. J. Fish Dis. 26: 433-437.

Bols, N. C., J. L. Brubacher, R. C. Ganassin and L. E. J. Lee. 2001. Ecotoxicology and innate
immunity in fish. Dev. Comp. Immunol. 25: 853-873.

Bower, C. E. and D. T. Turner. 1982. Ammonia removal by clinoptilolite in the transport of 
ornamental freshwater fishes. Prog. Fish-Cult. 44: 19-23.



179

Boyd, C. E.  1979.  Water Quality in Warmwater Fishponds.  Auburn University.  Craftmaster 
Printers, Auburn, Alabama.

_________.  1990.  Water Quality in Ponds for Aquaculture. Alabama Agriculture 
Experiment Stations, Auburn University, Auburn, Alabama.

Brown, L.  1993.  Anesthesia and restraint, pp. 79-90.  In M. K. Stoskopf, ed. Fish Medicine.  
WB Saunders Company, Mexico. 

Brown, S., K. Fedoruk and J. G. Eales. 1978. Physical injury due to injection or blood removal 
causes transitory elevations of plasma thyroxine in rainbow trout, Salmo gairdneri. Can. 
J. Zool. 56: 1998-2003.

Carmichael, G. J., G. A. Wedemeyer, J. P. McCraren and J. L. Millard.  1983.  Physiological 
effects of handling and hauling stress on small mouth bass.  Prog. Fish-Cult. 45: 110-
113.

_____________, J. R. Tomasso and T. E. Schedler. 2001.  Fish transportation, pp. 641-660. In
G. A. Wedemeyer, ed.  Fish Hatchery Management, 2nded. American Fisheries Society, 
Bethesda.

Chang, Y. J. and J. W. Hur. 1999. Physiological responses of grey mullet (Mugil cephalus) and 
Nile tilapia (Oreochromis niloticus) by rapid changes in salinity of rearingwater. J. 
Korean Fish. Soc. 32: 310-316.

Chen, M. F. and T. S. Light.  1994. Specificity of the channel catfish antibody to Edwardsiella 
ictaluri.  J. Aquat. Anim. Health 6: 226-270.



180

Cho, G. K. and D. D. Heath.  2000.  Comparison of tricaine methanesulphonate (MS222) and 
clove oil anesthesia effects on the physiology of juvenile chinook salmon Oncorhynchus 
tshawytscha (Walbaum).  Aquacult. Res. 31: 537-546. 

Christybapita, D., M. Divyagnaneswari and R. D. Michael.  2007.  Oral administration of Eclipta 
alba leaf aqueous extract enhances the non-specific immune responses and disease 
resistance of Oreochromis mossambicus.  Fish Shellfish Immunol. 23: 840-852.

Chrousos, G. P. 1998.  Stressors, stress and neuroendocrine integration of the adaptive response. 
Ann. N. Y. Acad. Sci. 851: 311-335.

Cole, B., C. S. Tamaru, R. Bailey, C. Brown and H. Ako. 1999. Shipping Practices in the 
Ornamental Fish Industry. Center for Tropical and Subtropical Aquaculture 
Publication Number 131.

Conner, D. E. and L. R. Beuchat.  1984. Effects of essential oils from plants on growth of food
spoilage yeasts.  J. Food Sci. 49 (2): 429-34.

Cooke, S. J., C. D. Suski, K. G. Ostrand, B. L. Tufts and D. H. Wahl.  2004.  Behavioral and 
physiological assessment of low concentrations of clove oil anaesthetic for handling and 
transporting largemouth bass (Micropterus salmoides).  Aquaculture 239: 509-529.

Cooper, D. Y. and O. Rosendalh.  1962.  Action of noradrenaline and ascobic acid on C-21 
hydroxylation of steroids by adrenocortical microsomes.  Arch. Biochem. 96: 331-335. 

Coyle, S. D., R. M. Durborow and J. H. Tidwell.  2004.  Anesthetics in Aquaculture.  SRAC  
Publication No. 3900. 



181

Coyle, S. D., S. Dasgupta, T. H. Tidwell, T. Beavers, L. A. Brightand and D. K. Yasharian. 2005. 
Comparative efficacy of anesthetics for the freshwater prawn Macrobrachium
rosenbergii.  J. World Aquaculture Soc. 36: 282-290.

Crosby, T. C., J. E. Hill, C. V. Martinez, C. A. Watson, D. B. Pouder and R. P.E. Yanong.  2007.
FA-119 On-farm transport of ornamental fish. Available Source:  
http://edis.ifas.ufl.edu, June 20, 2009.

Cubero, L. and A. Molinero.  1997.  Handling, confinement and anaesthetic exposure induces 
changes in the blood and tissue immune characteristics of gilthead sea bream.  Dis. 
Aquat. Org. 31: 89-94.

Cunha, F. E. A. and I. L. Rosa. 2006. Anaesthetic effects of clove oil on seven species of
tropical reef teleosts. J. Fish Biol. 69: 1504-1512.

Danilova, N., V. S. Hohman, E. H. Kim and L. A. Steiner.  2000.  Immunoglobulin variable-
region diversity in the zebrafish.  Immunogenetics 52: 81-91.

Dixon, B. and R. J. Stet.  2001.  The relationship between major histocompatibility receptors and 
innate immunity in teleost fish.  Dev. Comp. Immunol. 25: 683-699.

Donaldson, E. M. 1981. The pituitary-interrenal axis as an indicator of stress in fish, pp. 11-47.
In A. D. Pickering , ed.  Stress and Fish.  Academic Press, New York.

Duke, J. A. and S. M. Beckstrom-Sternberg. 1994. “Acceptable” levels of flavoring ingredients?, 
pp. 741 – 758. In G. Charalambous, ed.  Spices, Herbs and Edible Fungi.  Elsevier 
Science B V, Netherlands. 

Du Pasquier, L. 2001.  The immune system of invertebrates and vertebrates. Comp. Biochem.
Physiol. B: Biochem. Mol. Biol. 129: 1-15 

http://edis.ifas.ufl.edu


182

Dupree, H. K. and J. V. Huner. 1984. Third Report to Fish Farmers. U.S. Fish and Wildlife 
Service, Washington, D.C.

Durville, P. and A. Collet. 2001. Clove oil used as an anaesthetic with juvenile tropical marine 
fish. SPC Live Reef Fish Inform. Bull. 9: 1-4.

Ellis, A. E. 2001.  Innate host defense mechanisms of fish against viruses and bacteria. Dev. 
Comp. Immunol. 25: 827-839.

Evans, W. C. 2002. Trease and Evans Pharmacognosy. 15th ed. Harcout Publisher Limited, 
Edinburgh.

Farrell, K. T. 1990. Spices, Condiments and Seasonings. 2nd ed. Von Nostrand Reinhold, 
USA.

Farrell, P., T. Garthwaite and A. Gustafson.  1983.  Plasma adrenocorticotropin and 
Cortisol responses to submaximal and exhaustive exercise.  J. Appl. Physiol. 55: 1441-
1444. 

Fast, M. D., S. Hosoya, S. C. Johnson and L. O. B. Afonso.  2008.  Cortisol response and 
immune-related effects of Atlantic salmon (Salmo salar Linnaeus) subjected to short-and 
long-term stress.  Fish Shellfish Immunol. 24: 194-204. 

Finney, D. J.  1971.  Probit Analysis.  Cambridge University Press.  England.

Flos, R., L. Reig, P. Torres, and L. Tort. 1988. Primary and secondary stress responses to 
grading and hauling in rainbow trout, Salmo gairdneri. Aquaculture 71: 99-106.



183

Foss, A., T. H. Evensen and T. Vollen. 2003. Effects of chronic ammonia exposure on growth
and food conversion efficiency in juvenile spotted wolfish. Aquaculture 228: 215-224. 

Frisch, A. and T. Anderson.  2005.  Physiological stress responses of two species of coral trout 
(Plectropomus leopardus and Plectropomus maculatus).  Comp. Biochem. Physiol. A:
Mol. Integr. Physiol. 140: 317-327.

Fritsche, R., S. G. Reid, S. Thomas and S. F. Perry.  1993.  Serotonin mediated release of 
catecholamines in the rainbow trout, Oncorhynchus mykiss.  J. Exp. Biol. 178:191-204.

Froese, R. 1988. Relationship between body weight and loading densities in fish transport using 
the plastic bag method. Aquacult. Fish. Manage. 19: 275-281.

________.  1998.  Insulating properties of styrofoam boxes used for transporting live fish.  
Aquaculture 159: 283-292. 

Ghelardini, C., N. Galeotti, L. Di Cesare Mannelli, G. Mazzanti and A. Bartolini. 2001. Local 
anaesthetic activity of -caryophyllene. Il Farmaco 56: 387-389.

Gilderhus, P. A. and L. L. Marking.  1987.  Comparative efficacy of 16 anesthetic chemicals on 
rainbow trout.  North Am. J. Fish. Manage. 7: 288-292.

Glaser, W. D., K. N Anderson and L. E. Anderson.  1992. The Mosby Medical Encyclopedia.  
Plume, New York.

Golombieski, J. I., L. V. F. Silva, B. Baldisserotto and J. H. S. da Silva.  2003.  Transport of 
silver catfish (Rhamdia quelen) fingerlings at different times, load densities, and 
temperatures.  Aquaculture 216: 95-102.



184

Gomes, L. C., C. A. R. M. Araújo-Lima and R. Roubach. 2003.  Effect of fish density during 
transportation on stress and mortality of juvenile tambaqui Colossoma macropomum. J.
World Aquac. Soc. 34: 76-84. 

Grush, J., D. L. G. Noakes and R. D. Moccia.  2004.  The efficacy of clove oil as an anesthetic for 
the zebrafish, Danio rerio (Hamilton).  Zebrafish 1: 46-54.

Guenette, S. A., F. C. Uhland, P. Helie, F. Beaudry and P. Vachon.  2007.  Pharmacokinetics of 
eugenol in rainbow trout (Oncorhynchus mykiss).  Aquaculture 266: 262-265.

Guo, F.C., L.H. Teo and T.W. Chen. 1995. Effects of anaesthetics on the water parameters in a 
simulated transport experiment of platyfish, Xiphophorus maculates (Gunther). 
Aquacult. Res. 26: 265-271.

Haddy, J. A. and N. W. Pankhurst.  1999.  Stress-induced changes in concentrations of plasma 
sex steroids in black bream.  J. Fish Biol.  55: 1304-1316.

Hajek, G. J., B. Klyszejko and R. Dziaman.  2006. The anaesthetic effect of clove oil on common 
carp, Cyprinus carpio L. Acta Ichthyol. Piscat. 36 (2): 93-97.

Hamáckoá, J., M. A. Sedova, S. V. Pjanova and A. Lepicá.  2001. The effect of 
2-phenoxyethanol, clove oil and propiscin anaesthetics on perch (Perca fluvatilis) in 
relation to water temperature. Czech J. Anim. Sci. 46: 469-473.

Hangono, B.  2003.  Application of clove oil as anesthetic for sea bass (Lates calcarifer
Bloch).  M. S. Thesis, Kasetsart University. 

Hansen, J. D., E. D. Landis and R. B. Phillips.  2005. Discovery of a unique Ig heavy-chain
isotype (IgT) in rainbow trout: Implications for a distinctive B cell developmental
pathway in teleost fish. Proc. Natl. Acad. Sci. 102: 6919-6924.



185

Harmon, T. S.  2009.  Methods for reducing stressors and maintaining water quality associated 
with live fish transport in tanks: a review of the basics.  Rev. Aquaculture 1: 58-66

Hayano M., R. I. Saba, R. I. Dorfman and O. Hechter.  1956.  Some aspects of the biogenesis of 
adrenal hormones.  Recent. Prog. Horm. Res. 12: 79-123.

Hikasa, Y., K. Takase, T. Ogasawara and S. Ogasawara.  1986.  Anesthesia and recovery with 
tricaine methanesulfonate, eugenol and thiopental sodium in the carp, Cyprinus carpio.  
Jpn. J. Vet. Sci. 48(2): 341-351.

Holloway, A. C., J. L. Keene, D. G. Noakes and R. D. Moccia.  2004.  Effects of clove oil and 
MS-222 on blood hormone profiles in rainbow trout Oncorhynchus mykiss, Walbaum. 
Aquacult. Res. 35: 1025-1030.

Idler, D. R. and B. Truscott. 1967.  1 -Hydroxycorticosterone: synthesis in vitro and properties 
of an interrenal steroid in the blood of cartilagenous fish (Genus Raja). Steroids 9: 457-
477.

Inoue, L. A. K. A., C. S. Neto and G. Moraes. 2003.  Clove oil as anaesthetic for juveniles of 
matrinxã Brycon cephalus (Gunther, 1869). Ciência Rural, Santa Maria 33: 943-947. 

Iversen, M., B. Finstad, R. S. McKinley and R. A. Eliassen.  2003.  The efficacy of metomidate, 
clove oil, Aqui-S and Benzoak as anaesthetics in Atlantic salmon (Salmo salar L.) 
smolts, and their potential stress-reducing capacity.  Aquaculture 221: 549-566.

Iwama, G. K., J. C. McGeer and M. P. Pawluk.  1989. The effects of five fish anaesthetics on 
acid-base balance, hematocrit, blood gases, cortisol, and adrenaline in rainbow trout. 
Can. J. Zool. 67: 2065-2073.



186

Iwama, G. K. and P. A. Ackerman.  1994.  Anaesthetics, pp. 1-15. In Hochachka and Mommsen, 
eds.  Biochemistry and Molecular Biology of Fishes volume 3.  Elsevier Science B.V., 
London.

__________, A. D. Pickering, J. P. Sumpter and C. B. Schreck.  1997. Fish stress and health in 
aquaculture.  Soc. Exp. Biol. Sem. Ser. 62. Cambridge Univ. Press, Cambridge, U.K.

__________, P. T. Thomas, R. B. Forsyth and M. M. Vijayan. 1998. Heat shock protein 
expression in fish.  Rev. Fish Biol. Fish. 8: 35-56.

Jensen, G. L.  1990.  Transportation of WarmWater Fish Procedures and Loading Rates.  
SRAC Publication 392.  

Jolly, D. W., L.E. Mawdesley-Thomas and D. Bucke. 1972. Anaesthesia of fish. Vet. Rec. 91 
(18), 424-426.

Kaiser, H. and N. Vine.  1998.  The effect of 2-phenoxyethanol and transport packing density on 
the post-transport survival rate and metabolic activity in the goldfish, Carassius auratus.  
Aquarium Sci. Conserv. 2: 1-7.

Kaiser, P., L. Rothwell, S. Avery and S. Balu. 2004. Evolution of the interleukins. Dev. Comp.
Immunol. 28: 375-394.

Kakizawa, S., T. Kaneko, S. Hasegawa and T. Hirano.  1995.  Effects of feeding, fasting, 
background adaptation, acute stress, and exhaustive exercise on the plasma somatolactin 
concentrations in rainbow trout.  Gen. Comp. Endocrinol. 98: 137-146.

Keene, J. L., D. L. G. Noakes, R. D. Moccia and C. G. Soto.  1998.  The efficacy of clove oil as 
an anaesthetic for rainbow trout, Oncorhynchus mykiss (Walbaum).  Aquacult. Res. 29: 
89-101.



187

Kildea, M. A., G. L. Allan and R. E. Kearney.  2004.  Accumulation and clearance of the 
anaesthetics clove oil and AQUI-S® from the edible tissue of silver perch (Bidyanus 
bidyanus). Aquaculture 232: 265-277.

Killen, S. S., C. D. Suski, M. B. Morrissey, p. Dyment, M. Furimsky and L. Tufts.  2003.  
Physiological Responses of Walleyes to Live-Release Angling Tournaments. N. Am. J. 
Fish. Manage. 23:1238-1246.

King, M. W. 2005. Lange Q&A USMLE Step 1.  6th ed.  Medical Pub. Division, McGraw-Hill,
New York. 

Kitabchi, A. E.  1967.  Ascorbic Acid in steroidgenesis. Nature 215: 1385-1386.

Klein, J. and V. Horejsi. 1997.  Immunology.  Blackwell Science Inc, Oxford.

Kottelat, M.  2001.  Fishes of Laos. WHT Publications Ltd., Colombo 5, Sri Lanka. 

Law, W. Y., W. H. Chen, Y. L. Song, S. Dufour and C. F. Chang. 2001. Differential in vitro
suppressive effects of steroids on leukocyte phagocytosis in two teleosts, tilapia and
common carp. Gen. Comp. Endocrinol. 121(2): 163-172.

Lawson, T. B. 1995. Fundamentals of Aquacultural Engineering. Chapman & Hall,
New York.

Lee, K. G. and T. Shibamoto. 2001. Antioxidant property of aroma extract isolated from clove 
buds [Syzygium aromaticum (L.) Merr. Et Perry]. Food Chem. 74: 443-448.

Lewis, Jr. W. M. and D. P. Morris. 1986. Toxicity of nitrite to fish: a review. Trans. Am. Fish. 
Soc. 115: 183-195.



188

Li, T. and M. Brouwer. 2007. Hypoxia-inducible factor, gsHIF, of the grass shrimp 
Palaemonetes pugio: Molecular characterization and response to hypoxia. Comp. 
Biochem. Physiol. 147(B): 11-19.

Lim, L. C., P. Dhert and P. Sorgeloos.  2003.  Recent developments and improvements in 
ornamental fish packaging systems for air transport. Aquac. Res. 34: 923-935.

Lindzey, J. and K. Korach.  1997.  Steroid hormones, pp 49-60.  In P. Com, ed.  Endocrinology: 
Basic and Clinical Principals.  NY Human Press, Totowa.

Jones, S. R. 2001. The occurrence and mechanisms of innate immunity against parasites in fish.
Dev. Comp. Immunol. 25: 841-852.

Magnadottir, B. 2006.  Innate immunity of fish.  Fish Shellfish Immunol. 20: 137-151.

Marking, L. L. and F. P. Meyer.  1985.  Are better anesthetics needed in fisheries?.  Fisheries 10 
(6): 2-5.

Maule, A. G., C. B. Schreck, C. S. Bradford, and B. A. Barton. 1988. Physiological effects of 
collecting and transporting emigrating juvenile chinook salmon past dams on the 
Columbia River. Trans. Am. Fish. Soc. 117: 245-261.

Mazeaud, M. M., F. Mazeaud and E. M. Donaldson.  1977. Primary and secondary effects of 
stress in fish. Trans. Am. Fish. Soc. 106: 201-212.

McFarland, W. N.  1959.   A study of the effects of anesthetics on the behavior and physiology of 
fishes. Publ. Inst. Mar. Sci. Univ. Texas. 6: 337-342.

McFarland, W. N. 1960. The use of anesthetics for the handling and transport of fishes. Calif. 
Fish Game 46: 407-431.



189

Metcalfe, C. D. 2000. Toxicology, pp 617-630. In G. K. Ostrander, ed. The Laboratory Fish. 
Academic Press, London.

Miller, N. W. and L. W. Clem.  1984.  Temperature-mediated processes in teleost immunity: 
differential effects of temperature on catfish in vitro antibody responses to thymus-
independent and thymus-dependent antigens. J. Immunol. 133: 2356-2359.

Mommsen, T. P., M. M. Vijayan and T. W. Moon.  1999.  Cortisol in teleosts: dynamics, 
mechanisms of action and metabolic regulation.  Rev. Fish Biol. Fish. 9: 211-268.

Munday, P. L. and S. K. Wilson.  1997.  Comparative efficacy of clove oil and other chemicals in 
anaesthetization of Pomacentrus amboinensis, a coral reef fish.  J. Fish Biol. 51: 931-
938.

Mylonas, C. C., T, G. Cardinaletti, I. Sigelaki and A. P. Magni.  2005.  Comparative efficacy of 
clove oil and 2-phenoxyethanol as anesthetics in the aquaculture of European sea bass
(Dicentrarchus labrax) and gilthead sea bream (Sparus aurata) at different temperatures.  
Aquaculture 246: 467-481.

Nagababu, E. and N. Lakshmaiah. 1992. Inhibitory effect of eugenol on nonenzymatic lipid 
peroxidation in rat liver mitochondria. Biochem. Pharmacol. 43: 2393-2400.

Nakatani, N. 1994. Antioxidative and antimicrobial constituents of herbs and spices, pp. 251-
271. In G. Charalambous, ed. Spices, herbs and edible fungi. Elsevier Science B.V., 
Netherlands.

Nandi, J. 1962. The structure of the interrenal gland in teleost fishes. Univ. Calif. Publ. Zool. 
65: 129-212.

Nelson, J. S.  1994.  Fishes of the World.  3rded. John Wiley and Sons Inc., New York.



190

Ng, H. H. and M. Kottelat.  2007.  Balantiocheilos ambusticauda, a new and possibly extinct 
species of cyprinid fish from Indochina (Cypriniformes: Cyprinidae).  Zootaxa 1463: 
13-20.

Olsen, Y. A., I. E. Einarsdottir and K. J. Nilssen. 1995. Metomidate anesthesia in Atlantic 
salmon, Salmo salar, prevents plasma cortisol increase during stress. Aquaculture 134: 
155-168.

Ortuno, J., M. A. Esteban and J. Meseguer. 2001.  Effects of short-term crowding stress on the 
gilthead seabream (Sparus aurata L.) innate immune response.  Fish Shellfish Immunol. 
11: 187-197.

________, ___________ and __________. 2002 a. Lack of effect of combining different 
stressors on innate immune responses of seabream (Sparus aurata L.). Vet. Immunol. 
Immunopathol. 84: 17-27.

________, ___________ and __________. 2002 b. Effects off four anaesthetics on the innate 
immune response of gilthead seabream (Sparus aurata L.).  Fish Shellfish Immunol. 12: 
49-59.

________, ___________ and __________. 2002 c.  Effects of phenoxyethanol on the innate 
immune system of gilthead seabream (Sparus aurata L.) exposed to crowding stress.  
Vet. Immunol. Immunopathol. 89: 29-36

________, ___________ and __________. 2003.  The effect of dietary intake of vitamins C and 
E on the stress response of gilthead seabream (Sparus aurata L.). Fish Shellfish 
Immunol. 14: 145-156.



191

Palacios, R. and I. Sugawara.  1982.  Hydrocortisone abrogates proliferation of T cells in 
autologous mixed lymphocyte reaction by rendering the interleukin-2 Producer T cells 
unresponsive to interleukin-1 and unable to synthesize the T-cell growth factor. Scand. 
J. Immunol. 15 (1): 25-31.

Palic, D., D. M. Herolt, C. B. Andreasen, B. W. Menzel and J. A. Roth.  2006.  Anesthetic 
efficacy of tricaine methanesulfonate, metomidate and eugenol: Effects on plasma 
cortisol concentration and neutrophil function in fathead minnows (Pimephales promelas
Rafinesque, 1820). Aquaculture 254: 675-685.

Pankhurst, N. W. and M. Dedual. 1994. Effects of capture and recovery on plasma levels of 
cortisol, lactate and gonadal steroids in a natural population of rainbow trout.  J. Fish 
Biol. 45: 1013-1025.

Pardue S. L. and J. P. Thaxton.  1984.  Ascorbic acid and physiological stress,  pp. 25-31.  In
Wegger I, F. J. Tagwarker and J. Moustgarrd, eds.  Proceedings of Workshop on 
Ascorbic Acid in Domestic Animals.  The Royal Danish Agriculture Society, 
Copenhagen, Denmark.

Park, M. O., W. J. Hur, S. Y. Im, D. W. Seol1, J. Lee and I. S. Park.  2008.  Anaesthetic efficacy 
and physiological responses to clove oil-anaesthetized kelp grouper Epinephelus 
bruneus.  Aquacult. Res. 39: 877-884.

Paterson, B. D., M. A. Rimmer, G. M. Meikle and G. L. Semmens.  2003.  Physiological 
responses of the Asian sea bass, Lates calcarifer to water quality deterioration during 
simulated live transport: acidosis, red-cell swelling, and levels of ions and ammonia in 
the plasma .  Aquaculture 218: 717-728.



192

Pavlidis, M., L. Angelloti, N. Papandroulakis and P. Divanach. 2003.  Evaluation of 
transportation procedures on water quality parameters and fry performance in red porgy 
(Pagrus pagrus) fry.  Aquaculture 218: 187-202.

Perez-Casnova, J. C., L. O. B. Afonso, S. C. Johnson, S. Curroe and A. K. Gamperl.  2008.  The 
stress and metabolic responses of juvenile Atlantic cod Gadus morhua L. to an acute 
thermal challenge. J. Fish Biol. 72: 899-916.

Pickering, A. D. 1981.  Introduction: the concept of biological stress, pp. 1-9. In A.D. Pickering, 
ed. Stress and Fish. Academic Press, London.

____________. T. G. Pottinger, J. Carragher and J. P. Sumpter. 1987. The effects of acute and 
chronic stress on the levels of reproductive hormones in the plasma of mature male 
brown trout, Salmo trutta L. Gen. Comp. Endocrinol. 68:249-259.

____________.  1998. Stress responses of farmed fish, pp. 222-243. In , K. D. Black and A. D. 
Pickering, eds. Biology of Farmed Fish. Sheffield Academic Press, Sheffield. 

Pirhonen, J. and C. B. Schreck.  2003.  Effects of anesthesia with MS-222, clove oil and CO2 on 
feed intake and plasma cortisol in steelhead trout (Oncorhynchus mykiss).  Aquaculture 
220: 507-514.

Piroli, G. G., C. A. Grillo, L. R. Reznikov, S. Adams, B. S. McEwen, M. J. Charron and L. P. 
Reagan.  2007.  Corticosterone impairs insulin-stimulated translocation of GLUT4 in 
the rat hippocampus. Neuroendocrinology 85 (2): 71-80.

Piper, R. G., I. B. McElwain, L. E. Orme, J. P. McCraren, L. G. Fowler and J. R. Leonard.  1982.  
Fish Hatchery Management.  US Department of the Interior Fish and Wildlife Service, 
Washington.



193

Posey W. C., H. S. Nelson, B. Branch and D. S. Pearlman.  1978. The effects of acute 
corticosteroid therapy for asthma on serum immunoglobulin levels. J. Allergy Clin. 
Immunol. 62 (6): 340-348.

Post, G.  1987.  Textbook of Fish Health. TFH Publ. Inc. Ltd., Neptune City, New Jersey. 

Pottinger, T. G., P. Prunet, and A. D. Pickering. 1992. The effects of confinement stress on 
circulating prolactin levels in rainbow trout (Oncorhynchus mykiss) in fresh water. Gen. 
Comp. Endocrinol. 88:454-460.

Prez-Casanova, J. C., M. L. Rise, B. Dixon, L. O. B. Afonso, J. R. Hall, S. C. Johnson and A.K. 
Gamperl.  2008.  The immune and stress responses of Atlantic cod to long-term increases 
in water temperature.  Fish Shellfish Immunol. 24: 600-609.

Pruthi, J. S. 1980. Spices and Condiments: Chemistry, Microbiology, Technology.
Academic Press Inc., New York, USA.

Rainboth, W. J. 1996.  Fishes of the Cambodian Mekong.  FAO Species Identification Field 
Guide for Fishery Purposes. FAO, Rome.

Rand-Weaver, M., T. G. Pottinger and J. P. Sumpter. 1993. Plasma somatolactin concentrations 
in salmonid fish are elevated by stress. J. Endocrinol. 138:509-515.

Randall, D. J. and S. F. Perry.  1992.  Catecholamines, pp. 255-300. In W. S. Hoar and D. J. 
Randall, eds. Fish Physiology; Vol. 12B. Academic Press, New York.

Reid, S. G., N. J. Bernier and S. F. Perry. 1998. The adrenergic stress response in fish: Control 
of catecholamine storage and release. Comp. Biochem. Physiol. 120C: 1-27.



194

Roberson, L., P. Thomas and R. Arnoldc. 1988. Plasma cortisol and secondary stress responses 
of cultured Red Drum (Sciaenops ocellatus) to several transportation procedures. 
Aquaculture 68 115-130. 

Ross, L. G. and B. Ross.  1999.  Anaesthetic and Sedative Techniques for Aquatic Animals. 
2nded. Blackwell Science Ltd., Great Britain.

________. 2001. Restraint, anaesthesia and euthanasia, pp. 75-83. In H. W. Wildgoose, ed. 
BSAVA Manual of Ornamental Fish, 2nded.  British Small Animal Vetinary 
Association. Gloucester, England. 

Roth, J. A. and M. L. Kaeberle. 1981. Isolation of neutrophils and eosinophils from the 
peripheral blood of cattle and comparison of their functional activities. J. Immunol. 
Methods 5: 153-164.

Roubach, R., L. C. Gomes, F. A. L. Fonseca and A. L. Val. 2005. Eugenol as an efficacious 
anaesthetic for tambaqui, Colossoma macropomum (Cuvier). Aquacult. Res. 36: 1056-
1061. 

Sandodden, R., B. Finstad and M. Iversen. 2001. Transport stress in atlantic salmon 
(Salmo salar L.): anaesthesia and recovery. Aquacult. Res. 32: 87-90.

Saydmohammed, M. and A. K. Pal. 2009.  Anesthetic effect of eugenol and menthol on handling 
stress in Macrobrachium rosenbergii.  Aquaculture 298: 162-167.

Schreck, C. B. 1982. Stress and rearing of salmonids. Aquaculture 28: 241-249.

___________, A. G. Maule and S. L. Kaattari. 1993. Stress and disease resistance, pp. 170-175
In R. J. Roberts and J. F. Muir, eds. Recent Advances in Aquaculture. Blackwell, 
Oxford.



195

Schreck, C. B. 2000. Accumulation and long-term effects of stress in fish, pp. 147-158. In G. P. 
Moberg and J. A. Mench, eds. The Biology of Animal Stress.  CABI Publishing, 
Wallingford, U.K.

Secombes, C. J., J. Zou, K. Laing, G. D. Daniels and C. Cunningham.  1999.  Cytokine genes in 
fish.  Aquaculture 172: 93-102.

Selye, H. 1973. The evolution of the stress concept. Am. Sci. 61: 692-699.

_______.  1974.  Stress Without Distress.  McClelland Stewart, Toronto.

Singh, K. R., V. R. Vartak, A. K. Balange and M. M. Ghughuskar.  2004.  Water quality 
management during transportation of fry of Indian major carps, Catla catla (Hamilton), 
Labeo rohita (Hamilton) and Cirrhinus mrigala (Hamilton).  Aquaculture 235: 297-302.

Siwicki, A. K., M. Morand, K. Kazuñ, N. Keck, E. Gtqbski and J. Mataczewska.  2002. 
Application of anti-stress products in aquaculture: influence of propiscin on the 
effectiveness of an anti-Yersinia ruckeri vaccine in rainbow trout Oncorhynchus mykiss
(Wal.).  Arch. Pol. Fish. 10: 143-152.

Sladky, K. K., C. R. Swanson, M. K. Stoskopf, M. R. Loomis and G. A. Lewbart.  2001. 
Comparative efficacy of tricaine methanosulfonate and clove oil for use as anesthetics in 
red pacu (Piaractus brachpomus). Am. J. Vet. Res. 62: 337-342.

Small, B. C.  2003.  Anesthetic efficacy of metomidate and comparison of plasma cortisol 
responses to tricaine methanesulfonate, quinaldine and clove oil anesthetized channel 
catfish Ictalurus punctatus. Aquaculture 218: 177-185.

Smith, G. S. and J. H. Lumsden. 1983. Review of neutrophil adherence, chemotaxis, 
phagocytosis and killing. Vet. Immunol. Immunopathol. 4: 177-236.



196

Soltani, M., G. H. Marmari and M. R. Mehrabi. 2004.  Acute toxicity and anesthetic effects of 
clove oil in Penaeus semisulcatus under various water quality conditions.  Aquaculture 
International 12: 457-466.

Soto, C. G. and Burhanuddin.  1995.  Clove oil as a fish anaestethic for measuring length and 
weight of rabbit fish. Aquaculture 136: 149-152.

Sprague, J. B. 1985. Factors that modify toxicity, pp 124-163. In G. M. Rand and S. R. 
Petrocelli, eds. Fundamentals of Aquatic Toxicology: Methods and Applications. 
Hemisphere Publishing Corporation, New York.

Steel, R. G. D. and J. H. Torrie. 1986. Principles and Procedures in Statistics. McGraw-Hill, 
New York.

Stehly, G. R. and W. H. Gingerich. 1999. Evaluation of AQUI-S (efficacy and minimum toxic 
concentration) as a fish anaesthetic sedative for public aquaculture in the United States. 
Aquacult. Res. 30: 365-372.

Stoskopf, M. 1993. Anaesthesia, pp. 161- 167. In L. Brown, ed. Aquaculture for 
Veterinarians Fish Husbandry and Medicine. Pergamon Press Ltd., London.

Subasinghe, S. 1997. Live fish-handling and transportation. INFOFISH Int. 2: 39-43.

Summerfelt, R.A. and L.S. Smith.  1990.  Anesthesia, surgery and release techniques, pp. 213-
272. In C.B. Schreck and P.B. Moyle, eds. Methods for Fish Biology.  American 
Fisheries Society, Maryland.

Suresh, A. V. and C. K. Lin. 1992. Tilapia culture in saline waters: a review. Aquaculture 106: 
201-226.



197

Swann, L. 1993. Transportation of fish in bags. NCRAC Fact Sheet Series 104: 1-4.

Swanson, C., R. C. Mager, S. I. Doroshov and J. J. Cech, Jr. 1996. Use of salts, anesthetics and 
polymers to minimize handling and transport mortality in delta smelt. Trans. Am. Fish. 
Soc. 125: 326-329.

Taylor, P. W. and S. D. Roberts. 1999.  Clove oil: an alternative anaesthetic for aquaculture. N. 
Am. J. Aquacult. 61: 150-155.

Teo, L. H., T. W. Chen and B. H. Lee.  1989.  Packaging of the guppy, Poecilia reticulata, for air 
transport in a closed system. Aquaculture 78: 321- 332.

Thomas, P. and L. Roberson.  1991.  Plasma cortisol and glucose stress responses of red drum 
(Sciaenops ocellatus) to handling and shallow water stressors and anaesthesia with MS-
222, quinaldine sulfate and metomidate.  Aquaculture 96: 69-86. 

Tort, L., M. Puigcerver, S. Crespo and F. Pedrós. 2002. Cortisol and haematological response in 
sea bream and trout subjected to the anaesthetics clove oil and 2-phenoxyethanol. 
Aquacult. Res. 33: 907-910.

Treves-Brown, K. M.  2000.  Aquaculture Series 3: Applied Fish Pharmacology.  Kluwer 
Academic Publishers, Netherlands.

Tsantilas, H., A. D. Galatos, F. Athanassopoulou, N. N. Prassinos and K. Kousoulaki.  2006. 
Efficacy of 2-phenoxyethanol as an anaesthetic for two size classes of white sea bream, 
Dilodus sargus L., and sharp snout sea bream, Diplodus puntazzo C. Aquaculture 253: 
64-70.

Varner, P. W.  2000.  Anesthetics, pp. 33-38. In R.R. Stickney, ed. Encyclopedia of 
Aquaculture. John Wiley and Sons Inc., New York.



198

Vartak, V. and R. K. Singh. 2006. Anesthetic effects of clove oil during handling and 
transportation of the freshwater prawn, Macrobrachium rosenbergii (De Man). Isr. J. 
Aquac. Bamidgeh 58(1), 46-54. 

Velisek, J., Z. Svobodova and V. Piackova.  2005.  Effects of clove oil anaesthesia on rainbow 
trout (Oncorhynchus mykiss). Acta Vet. Brno. 74: 139-146.

Velisek, J., Z. Svobodova, V. Piackova, L. Groch and L. Nepejchalova. 2005. Effects of clove oil
anaesthesia on common carp (Cyprinus carpio L.). Vet. Med.-Czech 6: 269-275.

Vinatea-Arana, L. 1997. Principios quimicos da qualidade da agua em aquicultura: uma 
revisao para peixes e camaroes. Editora da EFSC, Florianópolis.

Wagner, E., R. Arndt and B. Hilton.  2002.  Physiological stress responses, egg survival and
sperm motility for rainbow trout broodstock anesthetized with clove oil, tricaine
methanesulfonate or carbon dioxide.  Aquaculture 211: 353-366.

Warr, G. W.  1995. The immunoglobulin genes of fish. Dev. Comp. Immunol. 19: 1-12.  

Walsh, C. T. and B. C. Pease.  2002.  The use of clove oil as anesthetic for the longfinned eel, 
Anguilla reinhardtii (Steindachner). Aquac. Res. 33: 627-635.

Walter, R. H.  1972.  -caryophyllene in native clove bud oil. Phytochem. 11: 405-406.

Waterstrat, P. R.  1999.  Introduction and recovery from anesthesia in channel catfish, Ictalurus
punctatus fingerlings exposed to clove oil. J. W. Aquaculture Soc. 30(2): 250-255.

Weber, R. A., J. B. Peleteiro, L.O. García Martín and M. Aldegunde.  2009.  The efficacy of 2-
phenoxyethanol, metomidate, clove oil and MS-222 as anaesthetic agents in the 
Senegalese sole (Solea senegalensis Kaup 1858).  Aquaculture 288: 147-150.



199

Webster, J. I., L. Tonelli and E. M. Sternberg.  2002. Neuroendocrine regulation of immunity. 
Annu. Rev. Immunol. 20: 125-163.

Wedemeyer, G. A. 1996.  Physiology of Fish in Intensive Culture Systems. Chapman and Hall,  
New York. 

______________.  1997.  Effects of rearing conditions on the health and physiological quality of 
fish in intensive culture, pp. 35-71. In G. K. Iwama, A. D. Pickering, J. P. Sumpter and 
C. B. Schreck, eds.  Fish Stress and Health in Aquaculture.  Cambridge University 
Press, Cambridge, UK.

______________, B. A. Barton and D. J. McLeay. 1990. Stress and acclimation , pp. 451-489 In
C. B. Schreck and P. B. Moyle, eds. Methods for Fish Biology. American Fisheries 
Society, Bethesda, Maryland.

_______________and D. J. McLeay. 1981. Methods for determining the tolerance of fishes to 
environmental stressors, pp. 247-275. In A. D. Pickering, ed. Stress and Fish. 
Academic Press, New York.  

Weiss, E. A. 1997. Essential Oil Crops. University Press Cambridge, London.

Wendelaar Bonga, S. E. 1997. The stress response in fish. Physiol. Rev. 77: 591-625.

Whyte, S. K. 2007.  The innate immunity response of finfish-a review of current knowledge.
Fish Shellfish Immunol. 23 (6): 1127-1151.

Wikipedia.  nd.  Eugenol.  The Free Encyclopedia.  Available source: 
http://en.wikipedia.org/wiki/Eugenol.  June 12, 2009.

http://en.wikipedia.org/wiki/Eugenol.


200

Winberg, S. and G. E. Nilsson. 1993. Roles of brain monoamine neurotransmitters in agonistic 
behaviour and stress reactions, with particular reference to fish. Comp. Biochem. 
Physiol. 106C: 597-614.

Winberg, S., A. Nilsson, P. Hylland, V. Soderstom and G. E. Nilsson. 1997. Serotonin as a 
regulator of hypothalamic-pituitaryinterrenal activity in teleost fish. Neurosci. Lett.
230:113-116.

Woody, C. A., J. Nelson and K. Ramstad. 2002. Clove oil as an anesthetic for adult sockeye 
salmon: field trials. J. Fish Biol. 60: 340-347.

Zarkadis, I. K., D. Mastellos and J. D. Lambris.  2001.  Phylogenetic aspects of the complement 
system.  Dev. Comp. Immunol. 25: 745-762.

Zhang, Z. and P. Perschbacher.  2003.  Comparison of the zeolite sodium chabazite and activated 
charcoal for ammonia control in sealed containers.  Asian Fish. Sci. 16: 141-145.



201



202

1.  Koroleff’s indophenol blue method

1.1

1.1.1 Deionized distilled water

1.1.2 Sodium hydroxide 0.5 N

NaOH 20 1 

1.1.3 Magnesium sulfate solution

MgSO4.7H2O 50 100 
0.5 N NaOH

100 100

1.1.4 Phenol reagent

Phenol (C6H5OH) 38 Disodium nitrorusside dehydrate 
(Na2Fe(CH)5NO.2H2O) 0.4 1,000 

38

1.1.5 Hypochlorite reagent

chlorox

1.1.6  Standard ammonia solution

NH4Cl ( 100 
90 desiccator) 0.3819 

1000 
NH3-N 100 
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1.2  Standard curve

Standard ammonia solution (100 ) 10.00 
volumetric flask 100 
NH3-N 10 standard curve 
( volumetric pipet )

Ammonia-Nitrogen (mg/l) ml 10.00 mg/l NH3-N pipet
100 ml

0.00 0.00
0.10 1.00
0.20 2.00
0.30 3.00
0.40 4.00
0.50 5.00

1.3  

50 magnesium sulfate 

- 1.0 
- 0.8 5-15‰
- 0.5 15-25‰
- 25‰ magnesium sulfate

Phenol reagent 1.5 Hypochlorite reagent
1.5 6 

Spectrophotometer 
630 
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2.  Colorimetric method

2.1  

2.1.1 Deionized distilled water

2.1.2 Sulfanilamide reagent

Conc HCl 50 300 
Sulfanilamide 5 500 

2.1.3 N-(1-napthyl)-ethylenediamine dihydrochloride solution

dihydrochloride 0.5 500 

2.1.4  Standard nitrite solution

NaNO3 ( 100 
60 desiccator) 0.4925 ( NaNO2

99% 
Standard Method for the Examination of Water and Wastewater

1000 NO2
- - N 100 

2.2  Standard curve

Standard nitrite solution (100 ) 10
volumetric flask 1000 

NO2
- - N 100 standard curve 

( volumetric pipet )
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Nitrite -Nitrogen (mg/l) ml 1.00 mg/l NO2
- - N pipet

100 ml
0.00 0.00
0.02 2.00
0.04 4.00
0.06 6.00
0.08 8.00
0.10 10.00
0.15 15.00
0.20 20.00

2.3  

3 (8 ) 50 
Sulfanilamide 1.0 2 8 N-

(1-napthyl)-ethylenediamine dihydrochloride solution 1.0 
10 2 Spectrophotometer 
543
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