
1

11 1 pp. 1 11

 

NGF

NGF NGF

3

NGF NGF

NGF NGF

26

1

2

3

4

052 678 4078 5710

Correspondence to: Tomoko Koeda

Email: tomokoed@ngu.ac.jp

1 2

3 4

1 1

Received 24 August,  2022

Accepted 16 September,  2022



2

3

17

18

21  

 

20

7 8

20 29

16

8 11 15 16  

 

nerve growth factor; NGF

1

15 19 NGF

9

NGF

22 25 NGF

23

1

NGF

2

5

4

NGF

NGF

 

 

2007  004  

 8 Wistar 8

1

3 Immobi 3

3

3 Immobi 

3w Clod 3

2 Immobi 

2w Clod 2 3

12

 



3

 28

Clophosome-N F70101C-N FormuMax 

Scientific Inc.

ATP

Immobi 2 3

70 mg/kg

4

2 17.5 mg/kg

 

 16

 

 

5 /

11

Immobi Immobi 3w Clod

3 Immobi2w Clod

 

 

40 mg/kg

2

3

60 mg

6

11

4 6

L4 L6 DRG

 

 

20 CM1860

Leica

10 m

CD  68

4’,6  

  2  DAPI

D9564 Sigma-Aldrich

6

BX51 Olympus

DP21 Olympus

400

PC

photoshop CS4 Adobe

merge CD  68 DAPI

ImageJ



4

3  

 E n z y m e - l i n k e d  

immunosorbent assay ELISA

PIPA LysisBuffer 

System sc  24948 Santa Cruz

5000

5810R Eppendorf 4

30

BCA 

Protein Assay Kit 23225/23227 Thermo 

Scientific

Varioskan LUX Thermo 

Scientific

NGF

NGF ELISA kit KA0401

Abnova

NGF 37 90

NGF 37 60

PBS

37 30

3,3’,5,5’  tetramethylbenzidine base TMB

NGF

NGF

NGF

1 mg NGF

3

 

 DRG L4 L6 DRG

10 m

0.1 M

PBS pH7.6 3

BSA /PBS 40

NGF 1 200 M20/sc 

 549 Santa Cruz 37 60

1  BSA/PBS

Alexa fluor 568® IgG 1

200 A11011 Thermo Fisher DAPI

1 10000 Sigma

37 45

BX51 Olympus

DP71 Olympus

PC

ImageJ

National Institute of Health NGF

DRG

NGF

3  

 R4.0.2

5

Immobi Immobi3w Clod

Immobi2w Clod

CD68

NGF DRG

NGF 3

Kruskal-Wallis Steel-Dwass

 



5

 mm 2 

CD68

Immobi 90.9 86.3  118.9 Immobi2w

Clod 36.6 15.6  59.4 Immobi3w Clod

62.9 42.5  86.6 Clophosome-N

2 1

p<0.05  

 Immobi 20.0

2.3 g 1 23.5 1.4 g 2

21.5 2.5 g 3 14.7 3.6 g

Immobi3w Clod 21.9

0.4 g 22.2 0.7 g 17.6 1.2 g 12.1 1.4 

g Immobi Immobi3w Clod

2A

p<0.001 2

p<0.01 Immobi

1 2

p<0.05

2 3

p<0.01

Immobi3w Clod 1

2

p<0.01  

 Immobi2w Clod

22.4 0.3 g 1 18.7 0.4 g

2 11.0 1.2 g

p<0.01  

 Immobi 142.5

7.6 g 1 181.2 22.0 g 2

176.5 20.3 g 3 116.4

11.7 g Immobi3w Clod

157.0 17.3 g 170.8 15.8 g 143.4

14.5 g 112.6 9.8 g Immobi

Immobi3w Clod

2B

p<0.001 2

p<0.01 Immobi

1 2

p<0.01 3

p<0.001

Immobi3w Clod 1

Immobi Immobi2w Clod
p<0.05



6

2

p<0.001  

 Immobi2w Clod

160.8 5.3 g 1

166.3 32.3 g 2 125.6 4.9 g

2

p<0.01  

 1 mg

NGF Immobi

28.6 25.0  32.4 pg Immobi2w Clod  

32.6 30.8  34.5 pg Immobi3w Clod

27.8 25.4  29.3 pg 3

3  

 Immobi NGF 29.5 20.1 

 35.5 Immobi2w Clod 17.4 15.4 

 23.1 Immobi3w Clod 19.8 13.82 

 4.3 3

4  

A B Immobi Immobi3w Clod
2

2 p<0.05 p<0.01

NGF
1 mg

NGF

3



7

 

CD68

2

3

3

3

NGF

NGF

 

 Immobi

Immobi3w Clod 2

Immobi3w Clod

Immobi 3

Immobi3w Clod 2

11 16 1

2 Immobi3w

Clod

Immobi2w Clod 2

Immobi

11

225 g

160 g

 

 

2

3

 

 NGF Immobi

Immobi2w Clod Immobi3w Clod

L4 L6 NGF
DRG NGF

3



8

NGF

NGF receptor tyrosine kinase A

TrkA tyrosine kinase

12 NGF

TrkA

12

NGF TrkA

3

NGF

NGF DRG

NGF 3

NGF

Oga 19

2 4

NGF

1

27

29 Oga

2

NGF DRG NGF

NGF

NGF NGF

13

14

 

 

 

 3

2

3 10 24

5 12

3

3 10 24

3

CD68

2

Immobi

2

 



9

 

NGF

NGF

 

 2020

2022  

 1  Amano T, Yamakuni T, Okabe N, Sakimura 

K, Takahashi Y (1991) Production of nerve 

growth  fac tor  in  ra t  ske le ta l  musc le . 

Neurosci Lett. 132: 5  7 

 2  Booth FW (1977) Time course of muscular 

atrophy during immobilization of hindlimbs 

in rats. J Appl Physiol Respir Environ Exerc 

Physiol. 43(4): 656  661 

 3  DiPasquale DM, Cheng M, Billich W, Huang 

SA, van Rooijen N, Hornberger TA, Koh 

TJ (2007) Urokinase-type plasminogen 

activator and macrophages are required for 

skeletal muscle hypertrophy in mice. Am J 

Physiol Cell Physiol 293: C1278  C1285 

 4  Gong WY, Abdelhamid RE, Carvalho CS, 

Sluka KA (2016) Resident macrophages 

in  musc le  contr ibute  to  deve lopment 

o f  hypera lges i a  in  a  mouse  mode l  o f 

noninflammatory muscle pain. J Pain 17(10): 

1081  1094 

 5  Kawanishi  N,  Funakoshi  T,  Machida S 

(2018) Time-course study of macrophage 

in f i l t r a t i on  and  in f l ammat ion  in  cas t 

immobilization-induced atrophied muscle of 

mice. Muscle Nerve 57(6): 1006  1013 

 6  

2022

10(2) 1  9 

 7  

2016

4

1  8 

 8  

2013

1(2) 1  9 

 9  Lewin GR, Ritter AM, Mendell LM (1993) 

Nerve growth factor-induced hyperalgesia in 

the neonatal and adult rat. J Neurosci 13(5): 

2136  2148 

 10  Lidbury BA, Rulli NE, Suhrbier A, Smith 

PN, McColl SR, Cunningham AL, Takowski 

A, van Rooijen N, Fraser RJ, Mahalingam S 

(2008) Macrophage-derived proinflammatry 

factors contribute to the development of 

arthritis and myositis after infection with 

an arthrogenic alphavirus. J Infect Dis 197: 

1585  1593 

 11  

2016

5(1) 15  22 

 12  2022

NGF TrkA

Pain Research 37(1): 7  15 



10

 13  Murase S, Terazawa E, Queme F, Ota H, 

Matsuda T, Hirate K, Kozaki Y, Katanosaka 

K, Taguchi T, Urai H, Mizumura K (2010) 

Bradikinin and nerve growth factor play 

p ivota l  ro les  in  muscu lar  mechan ica l 

hyperalgesia after exercise (delayed-onset 

muscle soreness). J Neurosci. 30(10): 3752 

 3761 

 14  

2014

6 132  135 

 15  Nakagawa T, Hiraga S, Mizumura K, Hori 

K, Ozaki N, Koeda T. (2018) Topical thermal 

therapy with hot packs suppresses physical 

inactivity-induced mechanical hyperalgesia 

and up-regulation of NGF. J Physiol Sci. 

68(5): 629  637 

 16  

2015

3(2) 9  16 

 17  N a k a m u r a  M ,  N i s h i k a w a  Y,  U s h i d a 

T,  To y a m a  Y.  ( 2 0 1 1 )  P re v a l e n c e  a n d 

characteristics of chronic musculoskeletal 

pain in Japan. J Orthop Sci. 16(4): 424  432 

 18  Nakamura M, Toyama Y, Nishiwaki Y, Ushida 

T (2014) Prevalence and characteristics 

of chronic musculoskeletal pain in Japan: 

a second survey of people with or without 

chronic pain. J Orthop Sci. 19(2): 339  350 

 19  Oga S,  Goto K,  Sakamoto J ,  Honda Y, 

Sasaki R, Ishikawa K, Kataoka H, Nakano 

J, Origuchi T, Okita M (2020) Mechanisms 

underlying immobilization-induced muscle 

pain in rats. Muscle Nerve. 61(5): 662  670 

 20  Okita M, Yoshimura T, Nakano J, Saeki A, 

Uehara A, Mineshita A, Eguchi K (2001) Jpn 

Phys Ther Assic. 4(1): 1  5 

 21  2019 3

pp23  35 

 22  Petty BG, Cornblath DR, Adornato BT, 

Chaudhry V,  Flexner C,  Wachsman M, 

Sinicropi D, Burton LE, Peroutka SJ (1994) 

The effect of systemically administered 

recombinant human nerve growth factor 

in healthy human subjects. Annu Neurol. 

36(2): 244  246 

 23  Pezet S and McMahon SB (2006) Neurotrophins: 

mediators and modulators of pain. Annu Rev 

Neurosci. 29: 507  538 

 24  Shen W, Li Y, Zho J, Schwendener R, Huard 

J (2008) Interaction between macrophages, 

TGF- 1, and the COX  2 pathway during 

the inflammatory phase of skeletal muscle 

healing after injury. J Cell Physiol. 214: 405 

 412 

 25  Svensson P, Cairns BE, Wang K, Arendt-

Nielsen L (2003) Injection of nerve growth 

factor into human masseter muscle evokes 

long- last ing mechanica l  a l lodynia  and 

hyperalgesia. Pain 104: 241  247 

 26  Terkelsen AJ, Bach FW, Jensen TS. (2008) 

Exper imenta l  forear m immobi l izat ion 

in human induces cold and mechanical 

hyperalgesia. Anesthesiol. 109(2): 297  307 

 27  Tidball JG, Wehling-Henricks M (2007) 

Macrophages promote muscle membrane 

re p a i r  a n d  m u s c l e  f i b re  g ro w t h  a n d 

regeneration during modified muscle loading 

in mice in vivo. J Physiol. 578(Pt 1): 327 

 336 

 28  Van Rooijen N and Sanders A (1994) Liposome 

mediated depletion of macrophages: mechanism 

of  action, preparation of  liposomes and 

applications. J Immunol Methods. 174: 83  93 

 29  

2009

36(6) 305  311  



11

1 Nagoya Gakuin University

2 Home office

3 Saisyukan Hospital

4 Tokyo Rehabilitation Service Cooperation

It has been shown that pain materializes regardless of lack of observed damage due to cast 

immobilization or inactivity.  Nerve growth factor (NGF) is recognized to be involved in this pain, 

however, it is not clear where it is produced.  In addition, the involvement of macrophages has 

also been reported, and since macrophages produce NGF, the effects of macrophages on NGF 

and immobilization-induced muscle pain were investigated in this study.  We intraperitoneally 

administered the macrophage-depleting agent repeatedly to rats before and during the immobilization 

period.  The changes in the mechanical withdrawal thresholds of the skin and muscles during 

that period, the amount of NGF protein in the gastrocnemius muscles, and the number of NGF-

positive cells in the dorsal root ganglion were examined.  As a result, decreases in the skin/muscle 

mechanical withdrawal threshold were observed even in animals using the macrophage-depleting 

agent, and there was no difference in the amount of NGF protein in the gastrocnemius muscle and 

the number of NGF-positive cells in the dorsal root ganglion.  We concluded that macrophages are 

uninvolved in NGF-mediated immobilization-induced pain.

: inactive pain, nerve growth factor, Clodronate, immobilization, rats

Macrophages are uninvolved in NGF-mediated 
immobilization-induced muscle pain in rats.

Tomoko Koeda1, Hikaru Hagiwara2

Risa Koyanagi3, Nana Fukui4

Masanori Watanabe1, Yuta Itoh1




