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Amy: Amygdala  
ANOVA: analysis of variance  
ASIC3: acid-sensing ion channel subtype 3  3  
BDNF: brain-derived neurotrophic factor  
BR2: bradykinin receptor 2  2  
CCI: chronic constriction injury  
cDNA: complement deoxyribonucleic acid  
CGRP: calcitonin gene related peptide  
CHO: Chinese hamster ovary  
COX: cyclooxygenase  
DRG: dorsal root ganglion  
DMEM: Dulbecco's modified Eagle medium  
ED50: dose causing 50% effect 50  
ELISA: enzyme-linked immunosorbent assay  
FBS: fetal bovine serum  
FLIPR: fluorometric imaging plate reader  
FM: fibromyalgia  
GPCR: G-protein coupled receptor G  
HEK: human embryonic kidney  
HP: hypothalamo-pituitary adrenal axis  
HRP: horse-radish peroxidase  
5HT: 5-hydroxytryptamine 5-  [ ]  
IgG: immunoglobulin G  G  
MIA: monoiodoacetate  
NAc: nucleus accumbens  
NGF: nerve growth factor  
NSAID: non-steroidal anti-inflammatory drug  
OA: osteoarthritis  
PAG: periaqueductal grey  
PBS: phosphate-buffered saline  
PDN: peripheral diabetic neuropathy  
PHN: post-helpetic neuropathy  
PG: prostaglandin  
POP: post-operative pain  
QoL: quality of life  
QST: quantitative sensory testing  
RA: rheumatoid arthritis  
RVM: rostral ventromedial medulla  
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SAS: statistical analysis system  
S.D.: standard diviation  
S.E.M.: standard error of the mean  
SNRI : serotonin/norepinephrine reuptake inhibitor

 
SP: substance P P  
TBST: Tris-buffered saline with Tween 20 Tween 20  Tris  
TrkA: tropomyosin receptor kinase A  A  
TRPV1: transient receptor potential cation channel subfamily V member 1

 V1  
VAS: visual analogue scale  
NRS: numerical rating scale  
VRS: verbal rating scale  
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index
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, An unpleasant sensory and emotional experience associated with actual or 

potential tissue damage, or described in terms of such damage
, , 

 1979 . 
, 

.  
. , 

, . 
,  (dorsal root 

ganglion [DRG])  2 , 
. , , 

, 
. ,

. ,  1. , 
, 2. , , 

 3.  3 , 
,  (Figure 1).  

 
Figure 1. Types of pain 
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, 
.  2008 , 1 

, 
 5,600  6,350 [1] , 

. 
. , 

[2]. 
, 

[3,4] , [5,6]
, 

. , 

, 

. , 
[7]. , 

, .  
, , , 

[8]. , 
. , , 

 (visual analogue scale [VAS]), 
 (numerical rating scale [NRS]),  (verbal rating scale 

[VRS]) , , 
. 

. , 

 (Figure 2). 
, . 

, , 
. 

, 
. , 

.  
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Figure 2. Gap between clinical and preclinical endpoints 
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, 
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, , , , 
, , 

, , . 
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. , 
, 

. , 
. , 

, 
. 

, , 
, 

. , 
,  (OA: 

osteoarthritis) 
, . 

, 
 ȕ-nerve growth factor (NGF)  OA 

,  ȕ-NGF 
, . 
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 ȕ-NGF , 
, .  

[9](Figure 3).  
 

 

Figure 3. Pain signaling pathway and the analgesic mechanism of various drugs 

 
Amitriptyline , serotonin  norepinephrine 

 serotonin/norepinephrine reuptake inhibitor (SNRI) 
 Na+  Nav1.3 , 

. , , 
, , .  

Pregabalin  Ca2+  Į2į , 
 Ca2+ 

. , .  
Diclofenac  (non-steroidal anti-inflammatory drug 

[NSAID]) , cyclooxygenase (COX)  1  2  
arachidonic acid  prostaglandin (PGs) , 

. , PGs 
, NSAIDs 

.  
Morphine  ȝ-opioid , 1) 

, 2) 
, ,  3) 

 (PAG) ,  serotonin  norepinephrine 
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, 
.  4) ȝ-opioid , , 

, 
. , 5) 

,  4 , , 6) 
 acetylcholine 

[10],  morphine 
.  

Duloxetine  SNRI , 
.  

Tramadol  SNRI ,  morphine 
, ȝ-opioid 

.  
 lidocaine  Na+ 

, .  
 ȕ-NGF  ȕ-NGF  tropomyosin receptor kinase A 

(TrkA) , , 
, 

[11].  ȕ-NGF 
, OA 
[12–14]. , , 

 (Figure 4).  
 

 

Figure 4. Pain-evoked mechanisms of -NGF and clinical effect of anti -NGF antibody, 

tanezumab on walking pain in OA patients 

Anesthesiology 2011; 115:189 –204

8 2 ,
(VAS) ,
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 1 

 

 
1.  

, 
, 

[15–17]. , 
,  VAS  NRS 

[18], 

[16–18]. , 
, 

, [19–21].  

[22–24] , 
, , 

[25–27]. 
[8]. 

 chronic constriction injury (CCI) 
 (partial sciatic nerve ligation)  (spinal nerve 

ligation) 
[28]. , 

. , 
.  

Yaksh , formalin , 

,  (flinching/shaking) 
[29].  

 (CCI) 
, Yaksh , 

, ,  (lifting/guarding),  
(flinching/shaking),  (licking) . , 

.  
 
2.  
2-1.  

 Sprague-Dawley (SD) 
.  23  2 ,  55%  10% , 7:30  19:30 
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, 19:30  7:00  12 , 
, 1  3 . 3 

,  6  CCI . 
. , 

 10:00-17:00 .  
 

2-2.  
 amitriptyline hydrochloride  NSAID  diclofenac sodium

 Sigma-Aldrich Co LLC. (St. Louis, MO, USA) . Ca2+  Į2-į 
 pregabalin  SNRI  duloxetine hydrochloride 

. , amitriptyline  pregabalin , 
duloxetine  diclofenac  0.5% methyl cellulose , 

. , 5 mL/kg 
. .  

 
2-3. CCI  

CCI  Bennett [22] .  pentobarbital 
, , 

,  1 mm  4 , 4.0 chrome 
, . Sham , 

, 
.  

 
2-4. MicroAct  

Isoflurane (Mylan Inc., Canonsburg, USA)  16G 21/2 
,  1 mm  3 mm 

,  (Figure 5A).  2 
 20 lux  20 ,  23 ± 

2 °C , 7000  28 cm,  25 cm 
 (Figure 5B) 5 

.  16 , 16 
 (Figure 5C). , 

, 
 (PC)  30 MicroAct Scratching Test version 1.06, 

. PC 
 Figure 5D . , 

, , 

.  2.5 20 Hz  0.01 V  (duration) 0.09 
 (gap duration) 0.03 .  
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Figure 5. Implantation of Teflon-coated columnar magnet into the subcutaneous space of 

the left hind limb dorsum. An indwelling needle was used as a guide cannula (A). Animal 

placed in the testing chamber (B). Setting of 16 testing chambers, which were connected to 

MicroAct®-installed PC via interface unit (C). PC screen displaying analysis menu with raw 

waves (D). 
 

2-5. 
MicroAct , . CCI  4 

, CCI  (n = 6)  sham  (n = 6) 
 30 , 

, .  
 

2-6. Von Frey hair 
CCI  4 , CCI  (n = 12)  sham  (n = 12) 

, [30]  von Frey hair 
. ,  0.4, 0.7, 
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1.2, 2.0, 3.6, 5.5, 8.5  15.1 g  6 
.  2.0 g 

, 
, , 

 4 ,  Dixon 
.  

 
2-7. Acetone  

CCI  4 , CCI  (n = 12)  sham  (n = 12) 
[31] . 

, insulin  (Becton, Dickinson and 
Company, Franklin Lakes, NJ, USA)  acetone  50 ȝL 

. Acetone  1 , 
. 5  3 , 

.  
 

2-8.  
MicroAct  30 , CCI  (n = 12)  sham  (n 

= 12)  CCI  1, 2, 3, 4  6 .  
 
2-9. 

, CCI  4  48  sham
 9  MicroAct  30 

, . ,  1  12 
 4 . 

. , pregabalin[32]  2 , 
duloxetine[33]  3 , amitriptyline[34]  diclofenac[35]  1  
MicroAct  30 . , 

.  
 
2-10. 

  . , 2 

 Student’s t-test ,  (one-way 

analysis of variance [ANOVA]) Dunnett’s multiple comparison test , P  

0.05 .  Spearman correlation 

analysis . ,  GraphPad Prism 

version 4 (GraphPad Software Inc., San Diego, CA, USA) . 
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3.  
3-1. CCI sham  

, sham , 
.  CCI , 

, , 
. , MicroAct 

. Figure 6A 
.  

Figure 6B , , CCI 
 sham  (P = 0.030 0.022). , CCI 

 (P = 0.042), sham
 (P = 0.084). Sham  

CC I , 
 (Figure 6C D).  Spearman  ( ) .  
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Figure 6. (A) Examples of waveform, which sham or CCI rats produced. (B) Frequency of 
limb movement events during a 30-min observation period determined by visual observation 
and automated measurements concurrently in the same animal. All data are presented as the 
mean ± S.E.M. (n = 6); * P < 0.05 compared to corresponding sham group, # P < 0.05 
compared to visual observation (Student’s t-test). Frequency of limb movements in individual 
(C) sham rats and (D) CCI rats. 
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3-2.  
CCI ,  6  sham 

,  4  CCI  sham 
 (P = 0.0005)(Figure 7). 

 

 
Figure 7. Limb movement frequencies over 30-min observation period determined by 

automated measurement during different periods postsurgery (n = 12 for both sham and CCI 

rats). All data are presented as mean ± S.E.M. Statistical analysis for the data obtained at 4 

weeks after the surgery indicated a significant difference in the frequency between sham 

and CCI rats. 
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3-3. ,  
CCI  4 , , von Frey 

hair  Figure 8A . 
 (P = 0.81). , 

 acetone 
 (P = 0.52)(Figure 8B).  Spearman  ( ) 

.  

 
Figure 8. Correlation between spontaneous and evoked pain measures. The frequency of 

pontaneous pain behaviour determined by automated measurement at week 4 after CCI 

surgery in individual animal (n = 12) was plotted on X-axis. The paw withdrawal threshold 

in von Frey hair test and the frequency of paw movement induced by acetone spray in 

corresponding animal were plotted on Y-axis in Figures 8A and B, respectively. 
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3-4.  
CCI  pregabalin, duloxetine, amitriptyline 

diclofenac  Figure 9 . Pregabalin  30 mg/kg 
,  (Figure 

9A). Duloxetine 30 mg/kg  (Figure 9B). 
Amitriptyline 30  100 mg/kg  
(Figure 9C). Diclofenac  10 mg/kg 

 (Figure 9D).  
 

 
Figure 9. Effects of pregabalin (A), duloxetine (B), amitriptyline (C), and diclofenac (D) on 

limb movement frequency in CCI rats as determined by automated measurement. All data 

are mean ± S.E.M. Each drug was tested on 12 CCI rats (48 total). The sham group 

consisted of nine rats. * P < 0.05 compared with sham group. # P < 0.05 compared with the 

corresponding vehicle. 
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, pregabalin

 (Figure 10A), duloxetine  30 

mg/kg  (Figure 10B), amitriptyline  100 mg/kg 

 (Figure 10C). 

 

 
Figure 10. Effects of pregabalin (A), duloxetine (B), and amitriptyline (C) on limb 

movement frequency in 12 healthy control rats as determined by the automated method. All 

data are presented as mean ± S.E.M. * P < 0.05 between drug effect and vehicle. 
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4.  
, sham , CCI

. 
[8], 

 sham  CCI , 
.  

,  ( 8Hz)[29] 
(scratching)(10-20Hz)[36,37]

,  2.5-20Hz 
.  

. 
 0.03 , 

. 
.  

, 
[18]. 

[7,8] , 
[38,39] , [40]

[41], [42]

. , 
. , 

, 
, . , 

.  
, CCI 4  von Frey hair 

 acetone 
.  CCI , , 

. 
, .  

1980 , 
[22–24,43] . 

, 
[7]. 

. , 

 VAS  NRS , 

, 
. 
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, CCI
. Field [32] , 

pregabalin
3 10 mg/kg , 30 mg/kg

. De Vry [34] , amitriptyline  128 mg/kg 
,  32 

mg/kg . , amitriptyline 
30 mg/kg . Duloxetine 50 mg/kg [33]

[44] ,  30 
mg/kg . NSAID  diclofenac 

, NSAID 
[45] . 

, . 
von Frey hair 

, 

.  
, amitriptyline 100 mg/kg duloxetine 30 mg/kg  CCI 

.  CCI 

. , amitriptyline 30 mg/kg  CCI 
, . 

. , diazepam 
, [46], 

substance P [47]  riluzole [48,49]
, 

.  

, 
[18,50,51]. 

, 
. , 

[18]. 
, , 

 (quantitative sensory testing [QST]) 
[52]. , 

. 
, 



 

24 
 

.  
 

Table 1. Summary of effects of analgesics on evoked and spontaneous pain in CCI rats and on 
spontaneous behavior in sham rats 

 
Yes and N.S., significant and not significant, respectively, compared with vehicle-treated 
control rats (one-way ANOVA followed by Dunnett’s multiple comparison test); N.T., not 
tested; N/A, not applicable. Superscripts show reference numbers. 

 
,  CCI 

. 
, , 

. 
.  

 
Table 2. The attainment of the current study 

 

Clinically-
used 

analgesics

CCI rat Sham rat

Evoked pain Spontaneous pain
(MicroAct)

Spontaneous behavior
(MicroAct)Mechanical heat

Effective dose, mg/kg Effective dose, mg/kg Effective dose, mg/kg

Pregabalin
Yes[32] Yes[32] N.S. N.S.

3[32] 10[32] N/A N/A

Duloxetine
Yes[33] Yes[44] Yes Yes

50[33] 50[44] 30 30

Amitriptyline
N.S.[34] Yes[34] Yes Yes

N/A[34] 32[34] 30 100

Diclofenac
N.T. N.T. N.S. N.S.

N/A N/A N/A N/A

Goal of the study Criteria Results
Clinical relevancy Measurement

of spontaneous pain component
Yes

Clinical validity Response to clinically-used analgesics Yes
Objectivity Automated measurement Yes
Simplicity No requirement for special skills Yes
High throughput Max. 16 rats/30 min Yes
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 2 

 

 
1.  

OA . OA 
, [53], 

[54]. , 
, 

, [55]. , 
. 

, , 
. , 

.  
, 

monoiodoacetate (MIA) [56–
58],  OA [59,60]. OA 

, 
OA . MIA 

, 
, 

.  (weight 
bearing) 

[58] , 
. , 

 (Figure 11, Table 3) 
[61,62]. 

, 
.  
 OA 

.  
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Figure 11. Glossary of gait 
RF: right forepaw, LF: left forepaw, RH: right hind paw, LH: left hind paw, BOS: base of 
support 

 
Table 3. Gait parameters 

 

Initial contact

Print
length

Print width

BOS

RF

LF

LH

RH
Step
cycle

Max contact 

Swing start

Print 
area

Max contact 
area

(Print area at 
max contact)

RH

Stride
length

Swing
phase

Stance
phase
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2.  
2-1.  

 Sprague-Dawley (SD) , 
.  23  2 ,  55%  10% , 7:30  19:30 

, 19:30  7:00  12 
, , 1  5 

. 3 ,  6 MIA 

. , 
.  

 
2-2.  

Diclofenac sodium  Sigma-Aldrich Co. LLC. , , 
 2  3, 10  30 mg/kg  5 mL/kg 

. Morphine hydrochloride , 
,  1  0.3, 1 3 mg/kg  1 

mL/kg . Tramadol hydrochloride  Sigma-Aldrich Co. LLC. 
, ,  2  10, 30  100 mg/kg 

 5 mL/kg . Duloxetine hydrochloride 
, ,  3  10  30 

mg/kg  5 mL/kg . Lidocaine hydrochloride  
Sigma-Aldrich Co. LLC. ,  10 

 1, 3 10 mg/  20 ȝL . 
. , 

[59,60,63–68] .  
 
2-3.  OA  

3-4%  isoflurane (Mylan Inc.) , 70% ethanol 
. [61, 62] , MIA sodium  (Sigma-Aldrich Co. LLC.) 

, 1, 1.5,  2 mg  50 μL 
. Sham , MIA  50 μL .  

 
2-4.  

[58] ,  incapacitance tester (Linton 
Instrumentation, Norfolk, UK) . , 

,  5 , 
,  5  (g) 

. ,  
(g) .  
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2-5.  
[62,65] .  Catwalk 

(Noldus Information Technology, Wageningen, Netherland) 
, 

, 
. , 

 CatWalk XT version 9.0 software (Noldus Information 
Technology) . 

, , 
.  

,  3 
, , 

. 
, Table 3 

. 3 
. Average speed  Base of support (BOS) hind paw 

, 
 (ǻ) .  

 
2-6.   

. [68] ,  1 
mg  MIA  3 . 

. 
MIA , , 

 1  8 ,  1  10 , 
. , 1)  2) , 3)  4) 

 4 . , diclofenac  tramadol 
, [68] , 

.  
 

2-7.  
 ± . , 2 

 Student’s t-test ,  (one-way 
ANOVA)  Tukey’s multiple comparison test , P  0.05 

. ,  GraphPad Prism 
version 5 (GraphPad Software Inc.) .  

,  MIA  sham 
100%  0%  % , ED50  50% 

 GraphPad Prism version 5 . 
, . 
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 MIA    100  

 MIA   sham  



 

30 
 

3.  
3-1. MIA  

, MIA 1 mg , ǻStand, ǻStand 
index, ǻMax contact at, ǻMax contact area, ǻPrint length, ǻPrint width, ǻPrint area, ǻMin 
intensity, ǻSwing, ǻSwing speed, ǻDuty cycle, Average speed  Base of support 
(BOS) hind paw  MIA  sham  
(Student t-test, P < 0.05)(Table 4). Figure 12 .  
MIA  sham  
morphine 3 mg/kg , ǻMax contact area 

,  ǻMin 
intensity,  ǻSwing speed  ǻDuty cycle 

 (Student’s t-test, P < 0.05)(Table 4). , 
 ǻMax contact area  ǻSwing speed 

.  
 

Table 4. Effect of MIA on various gait parameters in rats and the susceptibility of abnormal 
gait parameters to morphine in MIA rats. 

 
Injection of MIA at a dose of 1 mg/knee induced changes in various gait parameters in week 
3 after the injection. Morphine was subcutaneously administered at 3 mg/kg 1h prior to 
measurement of parameters in week 3 after MIA injection. 

vs sham”, vehicle-treated MIA rats compared with sham rats (Student's t-test). “vs 
morphine”, vehicle-treated MIA rats compared with morphine-administered MIA rats 
(Student's t-test). N/A, not applicable  

 

Parameters vs sham vs morphine Parameters vs sham vs morphine

Paw print-related parameters Time-related parameters

Max contact area P < 0.0001 P = 0.0094 Max intensity at P = 0.61 N/A

Print length P < 0.0001 P = 0.023 Stand [Stance phase] P = 0.058 N/A

Print width P < 0.0001 P = 0.016 Stand index P = 0.0008 P = 0.17

Print area P < 0.0001 P = 0.0078 Max contact at P = 0.0049 P = 0.83

Signal Intensity-related parameters Swing [Swing phase] P < 0.0001 P = 0.11

Max contact max intensity P = 0.14 N/A Swing speed P = 0.0002 P = 0.021

Max contact mean intensity P = 0.74 N/A Step cycle P = 0.97 N/A

Max intensity P = 0.050 N/A Duty cycle P < 0.0001 P = 0.038

Min intensity P = 0.0012 P = 0.0075 Average speed P = 0.028 P = 0.76

Mean intensity P = 0.44 N/A Paw position-related parameters

Stride length P = 0.076 N/A

Base of support hind paw P = 0.070 N/A
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Figure 12. Representative images of the paw prints of OA model rat injected with 1 mg 

MIA (A) and sham control rat injected with saline (B) at 3 weeks after injection.  

RF: right fore paw, LF: left fore paw, RH: right hind paw, LH: left hind paw  

i.a.:intra-articular administration 
 

3-2.  morphine  MIA  
MIA 1, 1.5  2 mg  3 ,  saline 

,  MIA  sham  
ǻMax contact area  P < 0.0001, P = 0.0018  P = 0.0002, Student’s t-test

 ǻSwing speed  P = 0.0002, P < 0.0001  P < 0.0001
.  MIA  morphine 3 mg/kg 

, MIA 1 mg ,  
ǻMax contact area (P = 0.0097)  ǻSwing speed (P = 0.021) 

.  morphine , MIA  1.5 2 mg 
 MIA 1 mg  (Figure 13A B). 

 MIA 1 mg .  
 

(B) Saline i.a. into the knee of right hind limb

(A) MIA 1 mg i.a. into the knee of right hind limb
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Figure 13. Effect of morphine in the gait paradigm in rats treated with MIA at different 
doses. Injection of MIA at doses of 1 (i), 1.5 (ii), and 2 (iii) mg/knee induced changes in 
Max contact area (A) and Swing speed (B) in week 3 after MIA injection. Morphine was 
subcutaneously administered at 3 mg/kg 1 h prior to measurement of parameters. +++ P < 
0.001 versus sham rats (Student’s t-test). * P < 0.05, ** P < 0.01 versus vehicle-treated MIA 
rats (Student’s t-test). All data are expressed as means ± S.E.M. of 10 animals. 
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3-3.  
MIA 1 mg  (ǻMax contact 

area ǻSwing speed)  diclofenac, morphine, tramadol  duloxetine 
.  MIA  100% 

 Figure 14, 15, 16  17 .  50% 
 ED50  Table 5 . , 

.  
Diclofenac ,  30 mg/kg  (P = 0.065, 

one-way ANOVA) ǻMax contact area, P = 0.22,  ǻSwing 
speed, P = 0.39  (Figure 14). 

,  MIA  sham 
 42.1 ± 2.6 g  í1.9 ± 2.9 g  MIA  sham 

 (P < 0.0001, Student’s t-test) , . 
,  MIA  sham  ǻMax 

contact area ,  44.7 ± 3.6 mm2  9.1 ± 4.5 mm2 (P < 0.0001), 
ǻSwing speed  554.7 ± 63.1 mm/s  174.7 ± 65.6 mm/s (P = 
0.0024)  MIA  sham 

, .  
 

 
Figure 14. Effects of diclofenac on weight maldistribution in the weight bearing paradigm 
(n = 8 per group) and the max contact area and swing speed in the gait paradigm (n = 10 per 
group) in MIA-induced arthritic rats. Assessment of drugs was conducted in week 3 after 
intra-articular injection of MIA at 1 mg/knee. Diclofenac was orally administered 2 h prior 
to measurement of the gait parameters. All data are expressed as means ± S.E.M. The data 
on weight bearing were calculated using published data (Yoshimi et al., 2010, J Pharmacol 
Exp Ther 334:955-963) with permission from the American Society for Pharmacology and 
Experimental Therapeutics. 
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Morphine ,  (P = 0.0058 , one-way ANOVA) 
 ǻMax contact area (P = 0.016) .  ǻSwing speed 

 (P = 0.034)  
(Tukey’s multiple comparison test)  (Figure. 
15). , 1 mg/kg , 

 (Table 5). ,  MIA 
 sham  75.6 ± 9.7 g  í6.8 ± 3.8 g  

MIA  sham  (P < 0.0001, Student’s t-test) 
, . ,  MIA 

 sham  ǻMax contact area  52.5 ± 8.3 mm2  í6.0 ± 
8.2 mm2 (P < 0.0001), ǻSwing speed  488.4 ± 104.8 mm/s  14.8 ± 
32.1 mm/s (P = 0.0002) ,  MIA  sham 

, .  
 

 
Figure 15. Effect of morphine on weight maldistribution in the weight bearing paradigm (n 
= 7 per group) and max contact area and swing speed in the gait paradigm (n = 10 per 
group) in MIA-induced arthritic rats. Tests were conducted in week 3 after intra-articular 
injection of MIA. Morphine was administered subcutaneously 1 h prior to measurement of 
the gait parameters. * P < 0.05 versus weight bearing in vehicle-treated rats; + P < 0.05 
versus max contact area in vehicle-treated rats (one-way ANOVA followed by Tukey’s 
multiple comparison test). All data are expressed as means ± S.E.M. 
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Tramadol ,  (P < 0.001, one-way ANOVA) 
ǻMax contact area (P = 0.018) . , ǻSwing speed 

 (P = 0.11)(Figure. 16). 
Tramadol 10 mg/kg , 

 (Table 5). ,  
MIA  sham  44.5 ± 5.0 g  0.2 ± 2.7 g 

,  MIA  sham  (P < 
0.0001, Student’s t-test) , . , 

 MIA  sham  ǻMax contact area  
47.8 ± 13.1 mm2  3.0 ± 8.8 mm2 (P = 0.016), ǻSwing speed  
438.5 ± 128.2 mm/s  27.5 ± 75.9 mm/s (P = 0.015)  MIA 

 sham , .  
 

 
Figure 16. Effect of tramadol on weight maldistribution in the weight bearing paradigm (n 
= 8 per group) and the max contact area and swing speed in the gait paradigm (n = 10 per 
group) in MIA-induced arthritic rats. Tests were conducted in week 3 after intra-articular 
injection of MIA. Tramadol was orally administered 2 h prior to measurement of gait 
parameters. * P < 0.05, *** P < 0.001 versus weight bearing vehicle-treated rats; + P < 0.05 
versus the max contact area of vehicle-treated rats (one-way ANOVA followed by Tukey’s 
multiple comparison test). All data are expressed as means ± S.E.M. The weight bearing 
data were calculated using published data (Yoshimi et al., 2010, J Pharmacol Exp Ther 
334:955-963) with permission from American Society for Pharmacology and Experimental 
Therapeutics. 
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Duloxetine ,  (P = 0.0039, one-way 
ANOVA). ,  ǻMax contact area (P = 
0.87)  ǻSwing speed (P = 0.42)  
(Figure. 17). ,  MIA  
sham  45.6 ± 4.0 g  1.3 ± 1.0 g , 

 (P < 0.001, Student’s t-test) , . , 
 MIA  sham  ǻMax contact area 

 57.4 ± 7.1 mm2  í2.7 ± 5.1 mm2 (P < 0.0001), ǻSwing speed  
659.2 ± 86.6 mm/s  39.2 ± 37.2 mm/s (P < 0.0001)  MIA 

 sham , .  
 

 
Figure 17. Effect of duloxetine on weight maldistribution in the weight bearing paradigm (n 
= 8 per group) and the max contact area and swing speed in the gait paradigm (n = 10 per 
group) in MIA-induced arthritic rats. Tests were conducted in week 3 following 
intra-articular injection of MIA. Duloxetine was administered orally 3 h prior to 
measurement of the gait parameters. ** P < 0.01 versus vehicle-treated rats (one-way 
ANOVA followed by Tukey’s multiple comparison test). All data are expressed as means ± 
S.E.M. 
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Table 5. Summary of analgesic efficacy of drugs in the weight-bearing and gait paradigms 
in MIA-induced arthritic rats. 

 
N/A, not applicable; N.T.; not tested; N.S., not significant compared with vehicle-treated 
MIA rats (one-way ANOVA followed by Tukey's multiple comparison test); CI, confidence 
interval. 

a P < 0.05, b P < 0.01, c P < 0.001 versus vehicle-treated rats (one-way ANOVA followed 
by Tukey's multiple comparison test). The data on static weight bearing for tramadol and 
diclofenac were calculated using published data (Yoshimi et al.,2010, J.Pharmacol. Exp. 
Ther. 334: 955–963) with permission from the American Society for Pharmacology and 
Experimental Therapeutics. 

 
  

Dose (mg/kg) Weight bearing Max contact area Swing speed

Diclofenac ED50 (95% CI), mg/kg N/A N/A N/A

% Improvement 
(mean SEM)

3, p.o.
10, p.o.
30, p.o.

N.S.
N.S.
N.S.

N.S.
N.S.
N.S.

N.S.
N.S.
N.S.

Morphine ED50 (95% CI), mg/kg N/A 2.1 (0.81–5.4) 2.2 (1.1–4.5)

% Improvement 
(mean SEM)

0.1, s.c.
1, s.c.
3, s.c.

N.S.
62 5.9a

N.T.

N.S.
N.S.

56 13a

N.S.
N.S.
N.S.

Tramadol ED50 (95% CI), mg/kg 14 (7.2–27) 23 (11–46) N/A

% Improvement 
(mean SEM)

10, p.o.
30, p.o.
100, p.o.

40 9.4 a

66 9.4 c

N.T.

N.S.
N.S.

78 15a

N.S.
N.S.
N.S.

Duloxetine ED50 (95% CI), mg/kg N/A N/A N/A

% Improvement 
(mean SEM)

3, p.o.
10, p.o.
30, p.o.

N.T.
N.S.

42 5.2 b

N.S.
N.S.
N.S.

N.S.
N.S.
N.S.
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3-4.  
MIA 1 mg  3 ,  lidocaine 

 ǻMax contact area (P = 0.040, one-way ANOVA)  ǻSwing 
speed (P = 0.029)  (Figure 18). , 

 MIA  sham  ǻMax contact area  
57.0 ± 6.9 mm2  í4.5 ± 3.9 mm2 (P < 0.0001, Student’s t-test), ǻSwing speed 

 452.7 ± 66.0 mm/s  13.2 ± 36.5 mm/s (P < 0.0001) 
, . 

 

 

Figure 18. Effect of lidocaine on the max contact area and swing speed in the gait paradigm 
in MIA-induced arthritic rats (n = 10 per group). Tests were conducted in week 3 after 
intra-articular injection of MIA. Intra-articular injection of lidocaine was administered 10 
min prior to measurement of the gait parameters. + P < 0.05 versus the max contact area of 
vehicle-treated rats; # P < 0.05 versus the swing speed of vehicle-treated rats (one-way 
ANOVA followed by Tukey’s multiple comparison test). All data are expressed as means ± 
S.E.M. of 10 animals. 
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4.  
, 

 OA [53] , 
.  

, , 
MIA 

.  OA [70]. , 
, MIA 

.  OA 
[71,72].  OA  (QoL) 

[73],  OA 
.  

OA  VAS ,  Western 
Ontario and McMaster  (WOMAC) 

. 
, 

.  OA , 
. , , 

. OA 
,  OA , OA 

.  
,  MIA 

.  diclofenac , 
, . 

, MIA , NSAID 
.  MIA 

 MIA  2 , , NSAIDs 
[60,67,74] ,  NSAIDs 

[62,68,75] . , diclofenac 
 MIA  3 

, . 
,  OA  NSAIDs 

[76–78],  prostaglandin 
. MIA 

, , 
 MIA  DRG  AMP  ATF-3 

[64,66] .  
ȝ-opioid  opioid  morphine 

. , morphine 
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, OA 
[79].  ȝ-opioid ,  morphine 

 opioid tramadol ,  
serotonin/norepinephrine  SNRI [80]. 
Tramadol 

, OA 
[81,82]. SNRI  duloxetine 

, . 
Duloxetine , 

[83,84]. 
 SNRI  duloxetine , MIA 

 tramadol  ȝ-opioid 
.  

Table 5 ,  ED50 
, 

. , 

[54]. , 
[55]. 

, 
. 

.  
MIA , 

[63]. 
. 

, . 
, , 
. Tramadol 

, 
NSAIDs . Duloxetine 

, 
, . 

Morphine , 
[63]. 

,  OA 
, 

.  
 lidocaine , 

. ,  OA  lidocaine 
[72]. , 
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, 
. 

, , 
. ,  MIA  

1 mg . MIA 1 
mg  morphine 3 mg/kg , 
MIA 1.5 mg  morphine . , MIA 
1 mg 

[74]. [69,74]  MIA 1.5 mg 
, 

.  
, , 

. 
, 

.  ȝ-opioid 
 opioid 

. 
, OA 

.  
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 3 

-NGF  

 
1.  

OA 
[53]. , OA , QoL 

, . , 
[54,85,86], 

. , 
, 

 opioid . , 
[12,87] , opioid 

. , 
,  OA 

. , , ȕ  
(ȕ-NGF) , OA 

,  tanezumab 

[13,14,88].  
NGF  Į ȕ Ȗ  3 , 

 13kDa  ȕ-NGF  serine protease 
 Ȗ  N , 

, [89,90]. ȕ-NGF  
ȕ-NGF  tyrosine kinase  TrkA 

 p75 . TrkA 
[91] , [92] [93] , 

, ȕ-NGF  TrkA  
DRG , 

, [94,95]. 
 ȕ-NGF 

[96].  TrkA 
, [97]. ȕ-NGF  OA , 

ȕ-NGF  OA 
[98,99].  ȕ-NGF , 

[100].  
,  ȕ-NGF 

 MIA , 
, . 

 MIA  MIA 
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,  OA 
[101].  MIA  2  NSAID 

, MIA  3 [65,68,102]. , 
NSAID  OA  OA [76–78] , 

 MIA  3 
.  
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2.  
2-1.  

 Sprague-Dawley (SD) , 
.  23  2 ,  55%  10% , 7:30 19:30 

, 19:30  7:00  12 , 
, 1  5 . 3 

,  6  MIA . 
, .  

 
2-2.  

 ȕ-NGF immunoglobulin  (IgG) AS2886401-00 [103]
 (CHO) . Glutamine 

synthase  pEE12.4  pEE6.4 (Lonza Group Ltd., Basel, Switzerland) 
 CHO .  CD CHO  

(Thermo Fisher Scientific Inc., Waltham, MA, USA) .  ȕ-NGF 
 (PBS) , 0.1, 0.3  1 

mg/kg  1 mL/kg .  
 
2-3.  ȕ-NGF  

PBS  rat ȕ-NGF (R&D Systems, Inc., Minneapolis, MN, USA)  10ng 
 384  (MaxisorpTM surface clear plate, Thermo Fisher Scientific 

Inc.)  4 . 
 Tween20  Tris  (TBST; pH 7.4, 20 mM Tris, 150 

mM NaCl, 0.05% Tween 20)  3 . 20% Blocking One/TBST 
, 50 ȝL  1 

, 5% Blocking One/TBST  AS2886401-00 
 IgG  0.001  3 ȝg/mL 20 

ȝL  1 .  5% Blocking 
One/TBST  500  horseradish peroxidase (HRP)  ț 

 (SouthernBiotech, Birmingham, AL, USA)  20 ȝL 
 1 .  3,3',5,5'-tetramethylbenzidine  (Dako, 

Glostrup, Denmark) 40 ȝL  10 , 1 M 
, . 450 nm 

.  
 

2-4. TrkA  ȕ-NGF  Ca 

 
 cDNA 

 TrkA  cDNA  pCDNA3.1-V5-His-topo  (Thermo Fisher 
Scientific Inc.)  (HEK) 293 
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,  TrkA . TrkA  HEK293  10% 
 (FBS), 100 U/mL streptomycin 100 μg/mL penicillin (Sigma-Aldrich Co. 

LLC.) 200 ȝg/mL G418
 (DMEM)(Thermo Fisher Scientific Inc.)  37 °C, 5% CO2 

.  
 TrkA  HEK293  2 × 104  96 

poly-D-lysine  (Becton, Dickinson and Company)  100 
μL , . ,  20 mM HEPES pH 7.4, 0.1% 

 albumin (BSA), 2.5 mM probenecid (Sigma-Aldrich Co. LLC.)  1.55 μM 
Fluo-4 AM Ca2+ , 

 37 °C, 5% CO2  1 . ,  Ca2+ 
 200 ȝL  2 , 150 μL 

,  (FLIPR) 
TETRA  , . 
AS2886401-00  IgG  40  150 ng/mL 

 rat ȕ-NGF  30  50 uL  FLIPR 
. ȕ-NGF 

, .  
ȕ-NGF  100%, 

 0%  ȕ-NGF  % , 
. ȕ-NGF  Ca2+ 

GraphPad Prism® version 5 .  
 
2-5. AS2886401-00

AS2886401-00 0.003, 0.03  0.3 mg/kg (n = 3) 
, AS2886401-00  15 , 24 , 3  14  heparin 

.  AS2886401-00  2-3 
 enzyme-linked immunosorbent assay (ELISA) . 

 5% Blocking One/TBST  5,000  HRP  IgG  
(Dako, Glostrup, Denmark)  HRP  ț . 

 AS2886401-00  0.003  10 ȝg/mL  
3 .  

 
2-6.  OA  

.  
 

2-7.  
.  



 

46 
 

 
2-8.  AS2886401-00  

 MIA  sham 
. MIA  2 , 

. MIA , , 
statistical analysis system (SAS)  (SAS Institute Inc., Cary, NC, USA) 

 AS2886401-00 0.1, 0.3  1 mg/kg 
 4  n = 12 . MIA  3 , AS2886401-00 

. Sham . 
, MIA  4, 6, 10, 14, 17, 21, 24, 31  35 . , 0.3 

mg/kg  1 , 
.  

 
2-9. AS2886401-00  

 MIA  sham 
. AS2886401-00 , 

. MIA , , 
SAS , AS2886401-00 0.1, 0.3  1 mg/kg 

 4  n = 10 . AS2886401-00 
 1 , 24 , 7  18 

. Sham . , 
MIA  3 . ,  18 

, 2-8  MIA  21 , 
.  

 
2-10.  

2-8 MIA 35 ,  AS2886401-00
 32 , [60] . , 

 MIA  7 , sham  5 , 
, 

. , 
.  

 
2-11.  

2-8 MIA 35 , AS2886401-00
32 , . , 

, 10% formalin
. [69] , 0 4 5

. 0; , 1; , 2; 
, 3; , 4; .  
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, 
. 

 
2-12.  

   (S.D.) . , 
, 2  Student’s t-test , 

 Dunnett’s multiple comparison test . , 
 GraphPad Prism version 5 .  

, two-way repeated measures of ANOVA test 

,  AS2886401-00 

. , MIA  35 ,  

AS2886401-00  Dunnett’s multiple comparison test . 

, 2  Wilcoxon rank sum test , 

 Kruskal-Wallis test  Dunn’s multiple comparison test 

.  P  0.05 . , 

.  

 MIA    100 

 MIA   sham  
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3.  
3-1.  ȕ-NGF  AS2886401-00  

 AS2886401-00  ȕ-NGF  ELISA 

. , AS2886401-00 

, AS2886401-00  ȕ-NGF  (Figure 19).  

 

 
Figure 19. Confirmation of binding of AS2886401-00 to rat ȕ-NGF. Binding activities of 

AS2886401-00 and isotype control IgG to rat ȕ-NGF detected using ELISA-based assay. 

Data are presented as each replicate from duplicate experiments. 
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,  ȕ-NGF  AS2886401-00 

.  ȕ-NGF  Ca2+  

TrkA ,  ȕ-NGF  Ca2+ 

 (Figure 20A).  ȕ-NGF Ca2+ 

 AS2886401-00 , AS2886401-00 

, ȕ-NGF  Ca2+ , 0.1 

 1 ȝg/mL  ȕ-NGF 40  150 ng/mL 

 (Figure 20B).  

 

Figure 20. Increasing cytosolic calcium influx by rat ȕ-NGF and inhibition by 

AS2886401-00. Cytosolic calcium concentration increase in human TrkA expressed in 

HEK293 cells by rat ȕ-NGF detected using FLIPR (A). Cytosolic calcium influx inhibition 

by AS2886401-00, with 40 and 150 ng/mL rat ȕ-NGF used as stimulator (B). Antibody 

concentration range from 0.01 to 1 ȝg/mL. 

Data are presented as each replicate from duplicate experiments. 
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3-2. AS2886401-00  

, AS2886401-00 , 

.  AS2886401-00 , 0.3 

mg/kg  0.1 ȝg/mL  14  (Figure 

21).  AS2886401-00  0.01 ȝg/mL , 

AS2886401-00  0.003 mg/kg  0.03 mg/kg  0.01 ȝg/mL 

 15  4 .  

 

 
Figure 21. In vivo pharmacokinetic profile of AS2886401-00. AS2886401-00 was 

intravenously administered to rats, and plasma samples were drawn at indicated time points. 

Plasma concentration of AS2886401-00 was measured using an ELISA-based method. The 

points on each graph represent the mean ± S.D. for three rats. 

 

3-3. AS2886401-00  

MIA , sham  Max contact area (Figure 

22A, P < 0.0001 , two-way repeated measures of ANOVA)  Swing speed (Figure 

22B, P < 0.0001) 

.  MIA  3  AS2886401-00 , 

 Max contact area (P < 0.0001, two-way repeated measures of ANOVA) 

 Swing speed (P < 0.0001) .  MIA  35 

 AS2886401-00  32 , 0.3  1 mg/kg 

Figure 22A  B, P < 0.0001, Dunnett's 

multiple comparison test . , AS2886401-00 

.  
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Figure 22. Long-lasting effect of a single administration of AS2886401-00 on the 

imbalance in max contact area (A) and swing speed (B) measured by gait analysis 

paradigm in MIA-induced arthritis rats. Imbalances in max contact area and swing speed 

immediately developed following MIA administration and were sustained during the 

experimental period (open squares). AS2886401-00 was intravenously administered on 

Day 3 post-MIA administration. Data represent the difference between ipsilateral and 

contralateral hind limb and are presented as mean ± S.D. (n = 12 for 0.1 or 1 mg/kg of 

AS2886401-00, n = 11 for 0.3 mg/kg of AS2886401-00, n = 12 for vehicle and n = 10 for 

sham). Statistical comparison was performed on Day 35. 

*** P < 0.001 compared to corresponding vehicle (Dunnett's multiple comparison test). 
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3-4. AS2886401-00  

 1  AS2886401-00 , MIA  

Max contact area (P = 0.43, one-way ANOVA)  Swing speed (P = 0.14) 

 (Figure 23A E). 

 24  AS2886401-00  Max contact 

area (P = 0.13)  Swing speed (P = 0.12) , 

 (Figure 23B F). , 7  AS2886401-00 

,  Max contact area  (P = 

0.013),  54% ± 32% .  Swing speed 

 (P = 0.0035),  56% ± 14%  (Figure 23C

G).  18  Max contact area 

 (P < 0.0001),  82% ± 27% .  Swing 

speed  (P < 0.0001),  67% ± 13% 

 (Figure 23D H). , AS2886401-00  18 , 

,  (Figure 23A B)  MIA 

 21 .  
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Figure 23. Influence of timing of intervention with AS2886401-00 on analgesic outcome. 

Imbalance in max contact area (left) and swing speed (right) was measured by the gait 

analysis paradigm in MIA-induced arthritis rats. AS2886401-00 was intravenously 

administered 1 h (A, E)(n = 10 per group), 24 h (B, F)(n = 10 per group), 7 days (C, G)(n 

= 10 per group) or 18 days (D, H)(n = 12 for 0.1 or 1 mg/kg of AS2886401-00, n = 11 for 

0.3 mg/kg of AS2886401-00, n = 12 for vehicle and n = 10 for sham) prior to gait 

measurement (i.e., efficacy evaluation) which was conducted at Week 3 post-MIA 

administration. Data represent the difference between ipsilateral and contralateral hind 

limb and are presented as mean ± S.D. * P < 0.05, ** P < 0.01, and *** P < 0.001 

compared to corresponding vehicle control (Dunnett's multiple comparison test). +++ P < 

0.001 compared to corresponding sham control (Student's t test). 
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3-5. AS2886401-00  

3-3 ,  MIA 

35 , MIA  saline 

 (Figure 24A, P = 0.022, Student’s t-test). 

, MIA  saline 

 (Figure 24B, P < 0.0001, Wilcoxon rank sum test). MIA  3 

 AS2886401-00 

,  AS2886401-00  (P < 0.0001, 

one-way ANOVA, Figure 24A).  AS2886401-00 , 

 (Kruskal-Wallis test, P = 0.13; Figure 

24B). 

 

   
Figure 24. Effect of AS2886401-00 on knee diameter (A) and knee lesion score (B) in 

rats with MIA-induced arthritis. Knee diameter on Day 35 post-MIA administration was 

assessed (n = 7 for each AS2886401-00 dose, n = 7 for vehicle and n = 5 for sham). The 

differences in the diameter between the right and left knee were determined by subtracting 

the values of the left side from those of right (MIA-injected side). Data are presented as 

mean ± S.D. *** P < 0.001 compared to vehicle-treated MIA rats (Dunnett's multiple 

comparison test). + P < 0.05 compared to sham control rats (Student's t test)(A). The 

ipsilateral tibias were removed on Day 35 post-MIA administration. The score of each tibia 

was defined as the mean scores of two independent observers. Each symbol indicates the 

score in each individual. The bar represents the median of scores in each group (n = 12 for 

0.1 or 1 mg/kg of AS2886401-00 dose, n = 11 for 0.3 mg/kg of AS2886401-00, n = 12 for 

vehicle and n = 10 for sham). +++ P < 0.001 compared to sham control rats (Wilcoxon rank 

sum test)(B). 



 

55 
 

4.  
MIA , 1 

.  ȕ-NGF  
AS2886401-00 , MIA , 

. MIA  3  OA 
[74],  MIA  1 

[58,74].  MIA  3 
.  ȕ-NGF  MIA  4 

[104] , ȕ-NGF  OA 
, . MIA  

AS2886401-00 ,  ȕ-NGF  OA 
, . 

 AS2886401-00 ,  
ȕ-NGF  OA [78–80, 94] . 

, MIA  3  OA  AS2886401-00 
,  OA  OA  

ȕ-NGF 
.  

AS2886401-00  ȕ-NGF ,  ȕ-NGF 
.  in vitro  0.1 ȝg/mL  AS2886401-00  40 ng/mL 

 ȕ-NGF .  
AS2886401-00 , 0.3 mg/kg  14 

 0.2 ȝg/mL . 
, AS2886401-00 ,  ȕ-NGF 

.  
AS2886401-00  MIA  ȕ-NGF 

, AS4886401-00 
.  

AS2886401-00 , 
MIA  7  18  AS2886401-00 

, MIA  1  24  AS2886401-00 
. ȕ-NGF 

 TrkA  DRG , 
, 

[94,95].  MIA  DRG  TrkA 
[106], ȕ-NGF-TrkA 

.  ȕ-NGF , 
 ȕ-NGF-TrkA 

.  MIA  ȕ-NGF 
, 

.  
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, AS2886401-00 
. , AS2886401-00 

[107,108].  AS2886401-00 
.  AS2886401-00 

. , , 
. , 

,  ȕ-NGF 
.  

, morphine  tramadol 
,  AS2886401-00 

. 
 OA ,

.  OA 
, , 

 OA  AS2886401-00 
. , 

.  
,  ȕ-NGF ,  OA 

, 
,  ȝ-opioid 

. , 
. 

 OA  ȕ-NGF 
.  
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6  OA , , 
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