
 2 

2.1

2.2

2.2.1

2.2.2

2.2.3

2.2.4

2.3

2.4

2.5

2.6

2.6.1

2.6.2

2.7

2.7.1

2.7.2

2.7.3

2.7.4  (COX) 

2.7.5  (COX) 

 (LOX)

2.7.6

2.8

2.8.1

2.8.2
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2.9

2.9.1

2.9.2

2.9.3

2.9.4

enzyme immunoassay (EIA) 
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2.1

 (animal welfare) 

 (The UK Farm Animal Welfare Council) 

 “  5 ” (five freedoms) 

. .1993

(FAWC, 2009) 

1)   (freedom from hunger and thirst) 

2)   (freedom from discomfort) 

3)   (freedom from pain, injury and 

disease)

4)   (freedom to express normal 

behavior)

5)   (freedom from fear and distress) 

2.2

2.2.1

 (pain)  poena 

 The International Association for the Study of Pain (IASP) 

 (IASP, 1979) 

 (Anand and Craig, 1996) 
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 Molony  Kent 

(1997) 

 ( )

2.2.2

 2  (onset)  (duration) 

 (acute pain)  (chronic pain) 

 24-72 

 (noxious stimulus) 

 (postoperative pain) 

3-6

 (osteoarthritis) 

(cancer)  

(postamputation pain) (Grant, 2006) 

 2 

 (nociceptive pain) 

 (neuropathic pain) (Nagda and Bajwa, 2004) 

 (Macintyre and

Schug, 2007)  (somatic pain) 

 (visceral pain)  (sensory 

nerve ending) (nociceptor) 
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 (motor neuron) 

 (sensory neuron)  (autonomic nervous system) 

 (Nagda and Bajwa, 2004) 

2.2.3

 4 

(transduction)  (transmission)  (perception) 

 (modulation) (Waldman, 2007)  1 

 1  4 

            (Tranquilli  et al., 2004) 
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1.  (transduction) 

 (primary afferent nociceptor) 

-  (A-delta fiber)  (C fiber)  (cell bodies) 

 (dorsal root ganglia) 

 (Carrier-Kohlman et al., 2003; Ropper and Brown, 2005) 

1)  -

(myelinated fiber) 

 0.1  (sharp pain) 

2)  

 1 

 (dull pain) 

 (neurotransmitter)  (glutamate) 

 (aspartate)  (serine)  ( -aminobutyric acid; GABA) 

 (glycine)  (peptide)  (monoamine) 

(dopamine)  (norepinephrine)  (epinephrine)  (histamine) 

 (serotonin)  (melatonin) 

(acetylcholine)  (adenosine)  (anandamide)  (nitric 

oxide)

 (pain threshold) 

 (Muir, 2009) 

2.  (transmission) 

 (action potential) 

 (ventral aspect) 

(synapse)  (second order neurons)  (dorsal 

horn)
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(gate)

(substantia gelatinosa)  (SG cell) 

(substance P) 

 (T-cell; transmission cell or trigger cell) (Ersek and Poe, 2004; Puntillo et al., 2005) 

 (gate control theory) 

 (anterior white 

commissure)  (ventral horn) 

 (ascending pathway) 2  (Muir, 2009; Waldman, 2007) 

1)  (spinothalamic tract) 

 (medulla)  (pons)  (midbrain)  (thalamus) 

 (somatosensory cortex) 

2)  (spinoreticular tract) 

 (reticular formation) 

 (brain stem) 

 (limbic system) 

 2
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 2  (Waldman, 2007) 

3.  (perception)

 2 

 (Cohen, 2004) 

4.  (modulation) 

 (descending 

pathway)

 (descending fiber)  (endogenous opiate) 

 (beta-endorphin)  (dinorphin)  (enkephalin) 

 2 

 (presynaptic) 

 (postsynaptic) 

 (Merskey et al., 2005)  3 
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(Waldman, 2007) 

 3  (Waldman, 2007) 

2.2.4  (gate control theory)

 Melzack 

Wall . .1965

1.  (spinal gating system) 

-
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(Fausett, 2004) 

2.  (central control system) 

 3  (Bonica 

and Loeser, 2001) 

 1)   (sensory-discriminative component) 

 2)   (motivational-affective component) 

 3)   (cognitive-evaluation component) 

3.  (central biasing system)

 (sensory input) 

 (Merskey et al., 2005) 

2.3

 (Hardie et al., 1997) 

 (biochemical 

mediators) 

 24-48  (Carr, 1990)  48-72 

 (Avidan et al., 2003) 

 (Caunt, 1992) 

 24-72 
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 (Grant, 2006) 

2.4

 (prey 

animal)

 (freezing)  (Brown, 1997) 

 (NRC, 2009) 

(Princz et al., 2008)

 (Brown, 1997; Monclus et al., 2006) 

2.5

(pathogens) 

 (Weiss, 2008) 
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 (cellular phase)  (vascular phase) 

 (Fantone and Ward, 1999)

 (precursor) 

(receptor) 

 (target cell) 

 (secondary mediator) 

 (Mitchell and Cotran, 2003)  (Bowman and 

Rand, 1980) 

1)  (vasoactive amine)  (histamine) 

 (serotonin) 

2)  (neuropeptide)  (substance P) 

3)  (plasma protease)  (kinin) 

4)  (coagulation factors)  (complement 

system)

5)  (arachidonic acid metabolite) 

 (prostaglandin)  (thromboxane)  (leukotriene) 

6)  (platelet activating factor) 

7)  (cytokine) 

8)  (nitric oxide) 

9)  (lysosomal constituents) 
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 (eicosanoids) (Morrow and Ramwell, 2001) 

1)  2 (prostacyclin; PGI2)

2)   2  2  2 

(prostaglandin D2; PGD2, prostaglandin E2; PGE2, prostaglandin F2 ; PGF2 )

3)   2 (thromboxane A2; TXA2)

4)   4  4  4  4 

(leukotriene A4; LTA4, leukotriene C4; LTC4, leukotriene D4; LTD4  leukotriene E4; LTE4)

5)  4 (leukotriene B4; LTB4)  chemotactic factor 

 2 

 (Budsberg, 2009) 

2.6

 (Flecknell, 1998)  2 

 (NRC, 

2009)

2.6.1 (pharmacological pain management)

 36 

 48  (Puntillo et al., 2005) 
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 (Kitcatt, 2000) 

(opioids)  (non-steroidal anti-inflammatory drugs; NSAIDs) 

 (local anesthetics)  2  (alpha-2 adrenergic 

agonists)  (sedative-hypnotic agents)  (NRC, 2009)

 (Nolan, 2000; Muir, 2009)

 (Flecknell and Waterman-Pearson, 2000) 

 ( )

 ( )  (

)  2  ( )

 ( ) (Harcourt-Brown, 2002; Johnston, 2009)

2.6.2 (non-pharmacological pain management)

 (massage 
therapy) (Robinson, 2009)  (electrostimulation) 

 (cryotherapy) (NRC, 2009)  (acupuncture) (Flecknell and Liles, 1992) 
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2.7

 (Flecknell, 1998) 

 (Lemke et al., 2002) 

 (Nolan, 2000, Rang et al., 2003) 

2.7.1

 2 

(Nolan, 2000) 

1)  (carboxylic acids) 

2)  (enolic acids) 

 2 

 2 

 (cyclooxygenase (COX) pathway) 

(lipoxygenase (LOX) pathway) 

 COX  2 

(prostaglandin G2; PGG 2)  2 (prostaglandin H2; PGH 2)

 2 

 LOX  LOX 

 (Griswold 

et al., 1987)  4 
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 4

 (Mitchell and Cotran, 2003) 

2.7.2

30-120  (Rang et al., 2003) 

 90-99 
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 (Nolan, 2000) 

 (elimination; t½)  2-4 

 (Nolan, 2000) 

2.7.3

 COX-1 ( )

 COX-1 

 (protein-losing enteropathy) 

 (Grant, 2006) 

 (dehydration) 
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(Nolan, 2000) 

 2 

(phospholipase A2)

 COX  COX  LOX 

 (Nolan, 2000; Grant, 2006) 

2.7.4  (COX) 

 COX  3  (isoforms) (Grant, 2006) 

 COX-1, COX-2  COX-3 

 COX-1  homeostatic or constitutive cyclooxygenase 

 COX-2  inflammatory or inducible cyclooxygenase 

(inflammatory mediator) (Smith et al., 1999)  COX-3 . .

2002  Simmons (Chandrasekharan et al., 2002)  COX-3 

 (cerebral cortex) 

 (Grant, 2006) 

 COX-1 

TXA2

 COX  TXA2
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 (Rang et al., 2003)  COX-1 

 COX-2  COX-1  (Grant, 2006) 

 COX 

 COX-2  COX-1 

 50  (50% 

inhibitory concentration; IC50) (Grant, 2006) 

1)  Nonselective COX inhibitors  classical NSAIDs 

 IC50  COX-2  IC50  COX-1  1 

 (aspirin)  (diclofenac)  (ketoprofen) 

(mefenamic acid)  (piroxicam)  (phenylbutazone) 

2)  Selective COX-2 inhibitors  Preferential COX-2 inhibitors 

 IC50  COX-2  IC50  COX-1  0.01  1 

 1  100 

 COX-1  (carprofen)  (etodolac) 

 (meloxicam) 

3)  Specific COX-2 innibitors  IC50

 COX-2  IC50  COX-1  0.01  100 

 COX-1 

 (celecoxib) 

2.7.5  (COX)  (LOX)

 COX 

 LOX 

 5-lipoxygenese (5-LOX) 

 12-lipoxygenase (12-LOX)  12-HETE 

 LOX 



26

5-LOX  (Rang et al., 2003) 

 COX LOX 

 COX  LOX 

(tepoxalin) (Tranquilli et al., 2004; Punke et al., 2008) 

2.7.6  (Tepoxalin; Zubrin®) 

 5-(4-chlorophenyl)-N-hydroxy-1-(4-methoxyphenyl)-N-

methyl-1H-pyrazole-3-propanamide  5 

 5  (The United States pharmacopeia, 2004) 

 (Zubrin 

package insert, 2003) 

 COX  LOX 

 2  4 
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 5-LOX 

(Plumb, 2005; The United States pharmacopeia, 2004) 

 4 

 1-2  (Zubrin package insert, 2003) 

98-99

 1 

 (Plumb, 2005) 

 20 

 10 

6  2.0±1.2  (  1) 2.3±1.4  (  2)  1.6±0.6 

 ( 7)  13.7±10.7  ( 1)

12.4±8.4  (  2)  13.4±10.3  (  7) 

 10  4.7±0.8 

 3.5±0.4 

 20 

 10  6 

 0.8±0.5  2.3±1.4 

(  1) 0.5±0.2  2.3±1.9  (  2)  0.6±0.3 

 2.8±4.2  (  7) 

 0.8±0.4  4.7±6.2 

(  1) 1.0±0.3  2.7±1.9  (  2)  1.0±0.5 

 6.8±8.0  (  7)  10 

 2.3±1.8  8.8±4.3 

 1.8±1.2  7.8±4.9 

 (The United States pharmacopeia, 2004) 
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 20-100 

 26 

 (hemoglobin)  (packed cell volume) 

 300  26 

 (albumin)  (total protein)  (calcium) 

 (neutrophil) 

 100  52 

 (The United States pharmacopeia, 2004) 

 6 

/

 (Plumb, 2005) 

 10 

24  20  10  24 

 24 

 (Zubrin package insert, 2003; Plumb, 2005) 

 Thengchaisri 

(2010)

 2 (prostaglandin E2)
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 2 

 LOX 

400  (Kirchner et al., 1997) 

 Kay-Mugford  (2004) 

 Pollock 

 (2008) 

 10 

 207±49  3-8 

 3.6 

2551±1034  2-8  1.9-4.8 

 10  8-12 

2.8  (pain assessment in animals) 

 (Nolan, 2000; Grant, 2006)
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2.8.1

  (pain assessment of behavioral response) 

 (unidimensional measure of pain) 

 (multidimensional measure of pain) (Grant, 2006) 

 (visual analog scale; VAS)  (simple descriptive 

scale; SDS)  (numeric rating scale; NRS) (Dobromylskyj 

et al., 2000; Mich and Hellyer, 2009) 

1)  (VAS)  100 

2)   (SDS) 

 4  0 

 3  0  1  2 

 3 

 4 

3)  (NRS) 

 11  0  10 
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 (sensitivity) 

 (specificity) 

 Glasgow composite measure pain score (GCMPS) 

(Mich and Hellyer, 2009) 

2.8.2

          (pain assessment of physiological response) 

1.

 (sympathetic)  (parasympathetic) 

 (hypothalamus) 

(catecholamine)  (epinephrine)  (norepinephrine) 

 (Chessman et al., 2003) 
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2.

 (inspiratory capacity) 

 (vital capacity) 

 (Kitcatt, 2000) 

3.

(Ashburn and Ready, 2001; Ekman and Koman, 2004)

4.

 (Liu and Benzon, 2000) 

5.

 (catabolic hormone)  (growth hormone) 

 (glucagon) 

 (anabolic hormone) 

(insulin)  (nucleic acid) 

 (Breivik, 2002)



33

6.

 (lactic acid) 

 (Kehlet and Dahl, 1993) 

7.

 (Cousins and Power, 1999) 

8.

 (Breivik, 2002) 

9.

 (phagocytosis) 

 (Breivik, 2002) 

 (Wright-Williams et al., 2007; 

Boesch et al., 2008; Moya et al., 2008) 

 (Hansen et al., 1997; Reaney, 2007; 

Dunwoody et al., 2008) 

2.9
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 (Harper and Austad, 2000; Millspaugh and Washburn, 2001; Touma and Palme, 2005) 

(multidisciplinary pain assessment) 

2.9.1

 (Moores and Watson, 2004) 

 (Tranquilli et al., 2004; Mich 

and Hellyer, 2009) 

2.9.2

 (pulse oximeter) 

 (Jubran, 1999; Kamet, 2002) 

(Voigt et al., 2004) 

 (Wasser et al., 
2000)

 (Harper et al., 2000; Millspaugh et al., 2004)
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 (  30 )

 (Bamberg et al., 2001;

Millspaugh et al., 2004)

 (Foster et al., 2003; Kruk et al., 2004) 

2.9.3

 (hydrocortisone) 

 6 
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 6  (Hadley, 2000) 

 (essential hormone) 

 (adrenal cortex) 

 (corticotrophin releasing hormone; CRH) 

 (anterior pituitary gland) 

 (adrenocorticotrophic hormone; ACTH) 

 hypothalamus-pituitary-adrenal cortical axis 

(HPA axis) 

(negative feedback)  (circadian 

rhythm)
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 (Hambsch et al., 2009; Rhodes et al., 2009)

 7 

 7

 hypothalamus-pituitary-adrenal cortical axis (Rhodes et al., 2009)

 (Hadley, 2000) 

1)  

 (hormone of starvation) 

(gluconeogenesis)  (glucose-sparing effect) 

2)   (immunosuppressive effect) 

 (vaccine) 
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3)   (anti-inflammatory effect) 

 (leakage)  (exudates)

2.9.4

enzyme immunoassay (EIA)

enzyme immunoassay (EIA)

enzyme linked immunosorbent assay (ELISA) 

(Immunological Technique) 

 (Antigen; Ag)  (Antibody; 

Ab)  (Crowther, 2001) 

 EIA (Crowther, 2001; Brown, 2008) 

1)  Solid phase: 

polystyrene

2)  Antibody  Immunoglobin: 

3)  Coating buffer: 

4)  Wash solution: 

5)  Enzyme conjugate (tracer) :

 horseradish peroxidase (HRP) 

6)  Assay buffer:  phosphate  Tris buffer 

7) Standard  Unlabeled Antigen standard: 

 (crossreact) 

8)  Substrate: 
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9)  Stop solution: 

 (Brown, 

2008)


