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CODERRE, T J AND P D WALL AnMe joint urate arthritis m rats provMe~ a usefid tool fl~r the evaluation of 
analgesic attd antt-arthrttlt agents PHARMACOL BIOCHEM BEHAV 29(3) 461-466, 1988 --Arthrit is was induced In 
ether anesthetlsed rats by injecting 1 25 mg of sodium urate crystals mto the ankle joint Twenty-four hr after the inJection 
the ankle is swollen and the ammal does not place full weight on the affected foot The ankle is more sensitive than normal 
to movement and pressure Responses to stimulation of the foot and toes on the arthritic hmb are reduced due to a 
reluctance to move the affected limb These measures, which reflect ongoing pain, hyperalgesla or tenderness and guard- 
ing, are attenuated in animals treated with dexamethasone, phenylbutazone, and morphine, as well as m animals whose 
nerves to the ankle had been pretreated with capsalcln Guanethldlne and colchlclne faded to influence the behavloural 
responses to the urate Injection Ankle joint urate arthritis has advantages over other models of arthritis for therapeutic 
testing In that in a short time it affects a single joint in rats, and ~t produces responses which can be assessed by simple, 
sensitive measures 

Sodium urate Arthritis Hyperalgesla Inflammation 
Capsmcln Guanethldlne Colchlclne 

Steroidal anti-inflammatory drugs NSAID 

T H E  d e v e l o p m e n t  and  sc reen ing  of  ana lges ic  and  ant i-  
a r t h n t i c  agents  d e p e n d s  on  the  e f fec twe  use  of  an imal  mod- 
els in the  eva lua t ion  of  the  pain r educ ing  as well  as anti-  
i n f l ammato ry  ac t ions  of  new c o m p o u n d s  Animal  mode ls  for  
analges ic  and  ant~-ar thnt ic  drug tes t ing  typical ly  fall in to  two 
c lasses  (1) noc lcep t lve  tes ts  wh ich  invo lve  non-inJUriOUS 
exposu re  to acu te  pare  p r o d u c e d  by  the rmal ,  m e c h a m c a l  and  
e lect r ica l  s t imuh ,  and  (2) i n f l ammato ry  tes ts  wh ich  revolve  
the  inJury of  t i s sue  by  re jec t ion of  nox ious  chemica l s  Al- 
t h o u g h  ve ry  r ehab le ,  s imple  to pe r fo rm,  and  s e n s m v e  to nar-  
cot ic  agents ,  w i thd rawa l - type  acute  pain  mode l s  such  as the  
tall-flick, ho t -p la te  and  f l inch- jump tes t s  are  inappropr ia t e  
for  the  eva lua t ion  of  ant l -ar thnt~c  agents  s ince they  are m- 
s e n s m v e  to the  ef fec ts  of  non-na rco t i c ,  an te- Inf lammatory  
drugs  [24] F u r t h e r m o r e ,  these  s t imuli  do not  p roduce  con-  
d m o n s  s lmdar  to  t hose  seen  m arthrlt~S, and  there  ~s no way 
to measu re  the a n t H n f l a m m a t o r y  p rope r t i e s  of  the  drugs  
wi th  such  tes ts  On  the  o the r  hand .  m a n y  of  the  chemica l  
s t lmuh  wh ich  p roduce  in f l ammat ion  do not  al low for  
adequa t e  eva lua t ion  of  the  analges ic  p rope r t i e s  o f  drugs  
e i the r  because  they  do not  p r oduce  r ehab le  in&ces  of  in- 
f l a m m a t o r y  pain  ( inc luding bo th  s p o n t a n e o u s  pare and  
hypera lges la ) ,  or  b e c a u s e  the  m e c h a n i s m s  by  which  they  

1Requests for repnnts should be addressed to Patrick D Wall 

p roduce  the i r  effects  do not  r e semble  those  p r e s e n t  in ar thr i -  
tic or  In f lammatory  d i seases  

The  p re sen t  s tudy  assesses  the  use fu lness  of  ankle  j o in t  
ura te  ar thr i t i s  ( A J U A )  in ra ts  for  the  eva lua t ion  of  analges ic  
and  an t l - a r t hn t l c  agents  The  ura te  model  of  a r thr i t i s  is 
p romis ing  because  in addi t ion  to an  i n f l ammato ry  r e s p o n s e  it 
p roduces  d i rec t ly  measu rab l e ,  s p o n t a n e o u s  painful  re- 
sponses  which  are a t t r ibu ted  to a m e c h a m s m  c o m m o n  to tha t  
m v o l v e d  in the  ar thr i t ic  cond i t ion  gout ,  the  phagocy tos l s  of  
ura te  c rys ta l s  by  p o l y m o r p h o n u c l e a r  l eukocy tes ,  and  the  
s u b s e q u e n t  p r o d u c t i o n  of  hypera lges ic  med ia to r s  [17,20] 
Painful  r e s p o n s e s  to a r t icu lar  in jec t ions  of  m o n o s o d l u m  
ura te  c rys ta ls  have  b e e n  r epo r t ed  in ra ts  [15], cats  [14], dogs  
[7, 19, 26] and  man  [7, 20, 22] In h u m a n  vo lun tee r s  and  gout  
pa t ien ts ,  s o d m m  ura te  p roduces  In f l ammat ion  and  p a m  
wh ich  is desc r ibed  as mimick ing  an  a t t ack  of  gout  [11,20] In 
an imals  the  in jec t ion  p roduces  l imping and  a r e luc tance  to 
place  weight  on  the  in jec ted  l imb [7, 14, 15, 26] 

We have  recen t ly  [4] desc r ibed  the  t ime  cour se  and  dose  
r e s p o n s e  cha rac te r i s t i c s  of  the  behav~oural  r e s p o n s e s  to 
A J U A  in ra ts  U n h k e  ar thr i t i s  p r o d u c e d  by  F r e u n d ' s  adju- 
van t ,  wh ich  deve lops  s lowly o v e r  weeks  fol lowing innocula-  
t lon [12,16], A J U A  deve lops  s tar t ing 2-3 hr  af ter  in jec t ion 
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and reaches a maximal level by 24 hr In add~tton to altera- 
tions m spontaneous behavlour including hmpmg and a re- 
duction in the weight placed on the reJected hmb, there are a 
series of behavioural responses to sensory tests indicating 
the presence of hyperalgesm, and a reluctance to move the 
affected hmb While rats vocahze on passive movement of 
the injected ankle, and have reduced foot-withdrawal 
thresholds to pressure on the ankle, their foot-withdrawal 
thresholds to stimulation of other parts of the reJected hmb 
are increased Thls is hkely due to an avoidance of active 
movement of the affected hmb to prevent noxious inputs 
from the ankle, an effect which is also demonstrated by a 
reduction m placing reflexes of the injected hmb 

In addition to examining the sensitivity of AJUA to the 
analgesic effects of a narcotic (morphine), steroidal (dexa- 
methasone), and non-steroidal (phenylbutazone) ant~- 
inflammatory drugs, the present study assessed the Influence 
on AJUA of drugs which specifically affect the neurogemc 
mechanisms of  mflammatlon by reducing C-fiber transmis- 
sion (capsalcin) and the action of  the sympathettc nervous 
system (guanethldme) The effects of colchlclne will also be 
assessed, since tt ~s particularly useful m the treatment of 
gout [25], the arthritis which th~s model most closely resem- 
bles The present study also stresses the usefulness of AJUA 
over previous models of urate arthritis, given the reduced 
expenses involved using rats as subjects, as well as the ad- 
vantages of having multiple behawoural measures of pare 
sensitivity which are extremely rehable, and s~mple to per- 
form 

METHOD 

Inje~ turn oJ Urate Ctv,~tal~ 

Sodtum urate crystals were prepared based on the method 
of Seegmdler et al [20] as described previously [4] After 
mixing m a solutton of  10% Tween 80 m 0 ~ sahne, the 
urate crystals were inJected into the medial s~de of the t~b~o- 
tarsal joint (ankle) of ether anesthetized rats After making a 
small skm recision, 1 25 mg of sodium urate (0 05 ml volume) 
was mjected into the ankle joint through a 21 gauge needle 
inserted just medtal to the tendon of  the tibiahs anterior 
Behavioural tests were performed 24 hr after the inJection, 
after which all animals were sacrificed 

Drug~ 

Dexamethasone sodium phosphate (Decadron, MSD) was 
diluted m 0 ~Vc saline, and 0 1 mg/kg was injected lntrapen- 
toneally both I hr before and 6 hr after the sodmm urate 
treatment Colchlcme (Sigma) was dissolved in normal 
saline, and 2 mg/kg was injected Intrapentoneally approx- 
imately 20 hr after the sodmm urate treatment or 4 hr before 
testing Capsaicin (Sigma) was mixed m 10% Tween 80, 10% 
ethanol in normal sahne Under general anesthesm (pen- 
tobarbital, 50 mg/kg IP) cotton pledgets soaked in 1 5% cap- 
salcin were wrapped around the sciatic and saphenous nerve 
in the thigh of the subsequently urate-treated hmdhmb [8] 
The pledgets were removed after 15 min, the muscle and skin 
were sutured, and ammals were left for 1 week before 
sodium urate Injection to the ankle Guanethidlne sulphate 
(Ciba) m normal sahne was reJected lntrapentoneally (30 
mg/kg) once dally for 4 days with the last injection 4 hr 
before the urate injection Phenylbutazone (Sigma) was dis- 
solved m 0 01 M HC1, with the pH tltrated to 6 5-7 0 using 
NaOH A 100 mg/kg dose was rejected in a 5 ml/kg volume 

T A B L E 1  

Rating scale for standing (A) and walking (B) paw pressure scores 

(A) 0 noimal paw pressure, equal weight on both hlndpaws 
1 shghtly reduced paw pressure, paw is completely on the floor 

but toes are not spread 
2 moderately reduced paw pressure, foot curled wlth only some 

parts of the foot hghtly touching the floor 
3 severely reduced paw pressure, foot elevated completel~¢ 

IB) 0 normal gait 
1 shght hmp, visible over-flexion of injected hmb 
2 moderate limp, paw of rejected hlndhmb only briefly touches 

the floor 
3 severe limp. 3-legged gait 

mtraperltoneally 3 hr before testing Morphine (5 mg/kg) was 
rejected subcutaneously 30 mln before testing A 2 5 mg/kg 
dose of naloxone hydrochlorlde (Dupont) was given to rats 
treated with morphine 45 rain earher, 15 mm before testing 

Behavtoural  A ~ ~e~ ~ment~ 

P a w  pressure Male Wlstar rats (250-300 g) were taken 
from their home group cages and placed m a 12"× 12" by 9" 
high Plexlglas chamber and were observed for a standard 
period of 5 mm Under the chamber a mirror was set at a 45 ° 
angle to allow a clear view of the rats' feet The amount of 
weight (standing paw pressure) the rat was wdhng to put on 
the hmdpaw of the reJected limb was evaluated and 
categorized according to the scale given in Table 1A The 
alteration of gait or hmping produced by the reJection of 
sodmm urate was assessed and categorized according to the 
walking paw pressure scale gwen in Table 1B 

Foot-i~tthdrau'al to atd~le prea~ute Foot-withdrawal 
thresholds to mechamcal pressure on the ankle were meas- 
ured using Von Frey hairs This method Is similar to that 
used to obtain w~thdrawal thresholds following sttmulation 
of  the dorsal and plantar surfaces of the rat hindpaw [31] 
Rats were hand-held and the ankles of the right and left 
hmdhmbs were exposed to an ascending series of tests with 
Von Frey hairs which exerted force m the range between 1 
and 440 g Threshold was defined as when a hair in contact 
with the ankle produced a flexor reflex or vocalization as it 
just began to bend The hairs were cahbrated in grams of 
force at the first s~gn of bending 

Foot-wt thdtawal  to heatmg o f  fi~ot Foot-withdrawal 
latencles were measured following immersion of the hindpaw 
m water at 50°C Rats were hand-held and the right and left 
hmdpaws were alternately lowered between the experi- 
menter 's  fingers into a beaker of water Time was measured 
until the rat flicked its paw out of the water, up to a 12 sec 
cutoff Foot-withdrawal latency scores were based on an 
average of  two tests, w~th a 5 rain interval between tests 

Foot -mampula tum Responses to passive ankle move- 
ments were examined following gentle manipulations of the 
foot Manlpulattons included foot flexions and extensions m 
the normal working range of the ankle joint Responses were 
classified as noxious or non-noxious based on the presence 
or absence of vocahzatlon on mampulat~on 

Plat tng refle~ Active ankle movements were assessed by 
examining the integrity of the placing reflex Rats were 
slowly moved toward a table so that the dorsal surface of the 
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FIG 1 Standing paw pressure scores of rejected hmbs for amcular 
vehicle-rejected rats and urate-mjected rats e~ther untreated or 
treated with various therapeutic agents Th~s and subsequent graphs 
depict the mean and standard error of each score n=5 for each 
group in all figures A Kruskal-Walhs test reveals a slgmficant effect 
of the drug treatment, H(8)=35 44 p<0 01 Sigmficant differences 
from the scores for the vehicle-rejected rats are indicated by as- 
terisks (*p<0 05, **p<0 01) (Abbreviations for treatments in this 
and subsequent figures VEH--vehlcle, MSU--monosodmm urate, 
DEX--dexamethasone, COL--colchlclne CAP--capsalcm, GUA-- 
guanethldme, PHE--phenylbutazone, MOR--morphlne, NAL-- 
naloxone ) 

right or left hlndpaw just touched the edge of the table The 
response was classified as a placing reflex if the rat lifted its 
paw in such a way as to prepare for supporting the weight of 
the body on the surface The test was repeated 5 times for 
each hindpaw, and scores were based on the number of clear 
reflexes displayed out of the 5 trials 

R E S U L T S  

Since the results are very consistent across the separate 
measures they can be summarlsed quite briefly As com- 
pared with articular vehicle injections, sodmm urate rejec- 
tions produced significant elevations in standing (Fig 1) and 
walking (Fig 2) paw pressure scores, and noxious responses 
to foot-mampulatlon (Fig 5) Compared to the umnjected 
contralateral limb, the sodium urate Injected limb was found 
to have sigmflcantly reduced foot-withdrawal thresholds to 
ankle pressure (Fig 3), significantly reduced placing reflex 
scores (Fig 6) and significantly elevated foot-withdrawal re- 
sponses to heating the foot (Fig 4) Dexamethasone, cap- 
satcln, phenylbutazone and morphine significantly reduced 
the abnormal behavtour m all behavioural tests Colchlcine 
and morphine with naloxone had no effect Guanethldme had 
no effect on five of the tests but did influence foot with- 
drawal from hot water The effect of capsaicln on the AJUA 
induced prolongatton of  foot withdrawal from hot water 
could not be tested since capsalcm alone produces a marked 
prolongation [8] 
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FIG 2 Walking paw pressure scores of injected limbs for articular 
vehicle-rejected rats and urate-mjected rats either untreated or 
treated w~th various therapeutic agents A Kruskal-Walhs test re- 
veals a slgmficant effect of the drug treatment, H(8)=34 35,p<0 01 
Slgmficant d~fference from the scores for the vehicle-rejected rats 
are ,ndlcated by asterisks (*p<0 05. **p<0 01) 

D I S C U S S I O N  

The results confirm earlier findings that AJUA m rats 
produces conditions comparable to gouty arthritis m humans 
[4] Urate-treated rats showed a lowered threshold to ma- 
nipulation of or pressure on the ankle, and demonstrated 
guarding with a reluctance to flex the ankle if the foot distal 
to the ankle was stimulated with touch (placing reflex), pres- 
sure or heat Treatment with sodium urate also produced 
dramatic inflammation m the injected ankle Inflammation 
was reflected by increased ankle diameter, marked tissue 
oedema, and a high degree of infiltration of the joint tissue 
with polymorphonuclear leukocytes 

The AJUA model clearly demonstrates the analgesic 
properties of dexamethasone, phenylbutazone, morphine 
and capsamcm The pain reduction produced by de- 
xamethasone supports a similar effect of this drug on adju- 
vant arthritis [29], as well as of the steroid hydrocortlsone on 
urate arthritis [2] This analgesia likely depends on the potent 
antHnflammatory properties of corttcosteroids which result 
from effective membrane stabilization The analgesia 
produced by phenylbutazone agrees with a number of 
studies where pain associated with urate arthrit|s was re- 
duced by NSAIDs [3, 11, 13, 18, 24, 26] This treatment 
likely reduced hyperalgesla by inhibiting the biosynthesis of 
prostaglandins, which contribute to both oedema and in- 
flammatory pare [27] That AJUA IS sensitive to analgesia 
produced by morphine, as well as Its naloxone reverstbdtty, 
supports earlier reports that urate arthritis is capable of de- 
tecting the specific receptor-mediated analgesic effects of 
morphine [14,15] The decreased pain responses following 
local nerve capsaicln also support recent results of Otsuki et 
al [15], and suggest that the urate model of arthritis, like 
adjuvant arthritis [5,10], is extremely sensitive to treatments 
which influence C fiber afferents Capsalcin applied to an 
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FIG 3 Foot-withdrawal thresholds to ankle pressure with von Frey haws on each ankle for 
articular vehicle-injected rats and urate-mjected rats e~ther untreated or treated w~th various 
therapeutic agents Two-way ANOVA reveals s]gmficant mare effects of drug treatment, 
F(8,36)=7 01,p<0 01, foot (treated vs untreated), F(1,36)=102 l , p < 0  01, as well as the drug 
treatment × foot interaction, F(8,36)=9 42, p<0 01 Sigmficant differences between the re- 
jected (shaded bars) and unmjected (open bars) feet m each group are indicated by asterisks 
(*p <0 05, **p <0 01) Although the urate-lnjected feet of the dexamethasone-treated rats have 
slgmficantly lower thresholds than their unmjected control feet, the thresholds are stdl slgmfi- 
cantly higher than that of the urate-mjected feet in urate-only-treated rats (p<0 01) 
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Foot-withdrawal latencles of each paw when exposed to water at 50°C for articular 
vehicle-injected rats and urate-lnjected rats e~ther treated or untreated with various therapeuDc 
agents Two-way ANOVA reveals slgmficant mare effects of drug treatment, F(7,32)=2 79. 
p<0  05, and foot, F(1,32)=45 97, p<0  01, as well as significant drug treatment × foot interac- 
tion, F(7,32)=3 32, p<0  01 Significant differences between injected (shaded bars) and unm- 
jected (open bars) feet within each group are indicated by asterisks (*p<0 05, **p<0 01) 

adult ne rve  reduces  the central  effect  o f  C afferents [28], 
blocks t ransport  in C fibers [9] and depletes  most  C-fiber 
pept tdes  [1], while leaving unmyel lna ted  A fibers unaffected 

No  at tempt  was made m this initial test  of  this model  to 
vary  dose,  t iming or  route of  drug administrat ion This may 
well  explain the failure of  the single post-urate  t rea tment  
with colchlcme to affect  pare responses  When adminis tered 
as a p re t rea tment  m previous  studies, colchlcine has effec- 
t ively reduced  urate arthritis m both humans [11,22] and 
animals [21] It might also explain the failure to confirm the 
anti-arthrit ic effects  of  guanethidine repor ted  by Lev ine  et 
al [10], smce they examined  the effect  o f  prolonged pre- 
t rea tment  with guanethldlne on adjuvant  arthritis 

Al though clearly a painful st imulus in man [7,20], intra- 
art icular sodium urate has only recent ly  been invest igated in 
the rat [4,15] K n e e  j o m t  inject ions of  sodium urate produce  

limping and a reduct ion in the weight  placed on the injected 
limb These  behaviours  can be measured  subjecUvely,  as in 
the present  study, as well  as object ively  by recordmg the 
difference m standing weight be tween  the paws of  the re- 
j ec ted  and unmjec ted  limbs, using a pressure  t ransducer  [15] 
We have recent ly  demonst ra ted  further advantages  of  reJect- 
ing sodium urate into a single ankle jo in t  of  rats [4] In addi- 
t ion to paw pressure  changes which indicate spontaneous  
painful responses  to A J U A ,  the Injection produces  a series of  
al terat ions in the behavloural  responses  to noxious  and 
non-noxious  st lmuh Together ,  these fast, simple measures  
provide  an index of  ongoing pain, hyperalges ia  or  tender-  
ness,  and a re luctance  to move  the affected jomt  o r  guarding, 
which are ex t remely  sensit ive to the analgesic effects of  
antt-arthrltlC agents 

A J U A  offers advantages  ove r  o ther  methods  of  producing 
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FIG 5 Percentage of rats with noxious responses to foot-mampulatlon of the 
rejected hmb for articular vehlcle-m.lected rats and urate-lnjected rats either un- 
treated or treated with various therapeutic agents Slgmficant differences from the 
scores for vehicle-injected rats are indicated by asterisks statistic (**p<0 01) 

L 
5_ 

_T_ i 

, • • i 
O[ VEH MSU MSU/DEX MSU/COL MSU/CAP MSU/GUA MSU/PHE MSU/MOR MSU/ 

TREATMENT MOR/NAL 

FIG 6 Placing reflex scores of each limb for arUcular vehicle-injected rats and urate-mjected 
rats eKher untreated or treated with various therapeutic agents Kruskal-Walhs tests indicate a 
slgmficant drug effect for the treated, H(8)=29 56, p<O 0l, but not the untreated foot, 
H(8)= 13 84, p>0 05 Significant differences between the injected (shaded bars) arid unmjected 
(open bars) feet within each group are indicated by asterisks (**/7<0 01) 

a r t hnUs  or  i n f l a m m a t o r y  pain.  Wi th  r e spec t  to c a r r a g e e n a n  
[30], fo rmal in  [6], and  o t h e r  nox ious  chemica l s ,  A J U A  ts 
more  a d v a n t a g e o u s  b e c a u s e ,  u n h k e  the se  o the r  t r e a t m e n t s ,  
it p r o d u c e s  i ts ef fects  t h r o u g h  m e c h a m s m s  wh ich  mimic  a 
k n o w n  cause  o f  a r t h n U s  0 e. ,  t ha t  w h i c h  p roduces  gout)  
Wi th  r e spec t  to  a d j u v a n t  ar thr i t i s ,  t he  A J U A  model  ~s more  
des i rab le  for  ana lges ic  t es t ing  s ince  its ef fects  r e a c h  a peak  
wi th in  1 day  o f  inJect ion,  c o m p a r e d  to the  2-3 w e e k  p e n o d  of  
d e v e l o p m e n t  in a d j u v a n t  a r thr i t i s  Th i s  is no t  on ly  more  con-  
v e n i e n t  for  the  e x p e r i m e n t e r ,  bu t  a lso m e a n s  tha t  the  an imal  

1S not  sub jec ted  to p ro longed  su f f enng  F u r t h e r m o r e ,  it is 
poss ib le  (unhke  in ad juvan t  ar thr i t is )  to c o m p a r e  the re- 
sponses  of  no rma l  and  a b n o r m a l  jo in t s  in the  same animal  

ACKNOWLEDGEMENTS 

We wish to thank Clifford Woolf and Maria Fitzgerald for com- 
ments and suggestions throughout the research, and Alan 
Amsworth, Mary Gardner and Jacquetta Mlddleton for techmcal 
assistance 

REFERENCES 

1 Amsworth, A ,  P Hall, P D Wall, G Allt, L Mackenzie, S 
Gibson and J M Polak Effects of capsalcm applied locally to 
adult peripheral nerve II. Anatomy and enzyme and peptlde 
chemistry of peripheral nerve and spinal cord Patn 11: 379-388, 
1981 

2 Bowman, W C and M J Rand Textbook of  Pharmacology, 
2nd edltf'on London Blackwell Scientific Publications, 1980 

3 Chang, Y-H Studies on phagocytosls II The effect of 
nonstero~dal antHnflammatory drugs on phagocytosis and on 
urate crystal-reduced canine joint inflammation J Pharmacol 
Exp Ther 183: 235-244, 1972 



4 ~  C O D E R R E  A N D  W A L L  

4 Coderre.  T J and P D Wall Ankle joint  urate a r th rms  In rats 
An alternative animal model  o f  arthritis to that produced by 
F r e u n d ' s  ad juvant  Pare 28: 37%393. 1987 

5 Colpaert .  F C .  J Donnere r  and F L embeck  Effects  of  cap- 
salcln on inf lammation and on the subs tance  P content  of  nerv- 
ous  t i ssues  in rats with adjuvant  arthritis Lift. S~I 32" 1827- 
1834. 1983 

6 D u b m s s o n .  D and S G Dennis  The  formalin test  A quanti ta-  
tive s tudy  of  the  analgesic effects of  morphine ,  meper ldme and 
brain s tem st imulat ion m rats and cats Pain 4" 161-174. 1977 

7 Fmres .  J S and D J McCarty .  Jr Acute  arthritis in man  and 
dog after intrsynovlal  injection o f  sodium urate crystals  Lain et 
2: 682-684. 1962 

8 Fitzgerald. M and C J Woolf  The time course  and specificity 
of  the changes  In the behavloural  and dorsal  horn cell r e sponses  
to noxious  s h m u h  following peripheral  capsalcln t rea tment  m 
the rat Neurost lem e 7: 2051-2056. 1982 

9 Gamse .  R .  U Petsche.  F L embeck  and G Jancso  Capsalcln 
applied to peripheral nerve inhibits axoplasmlc  t ransport  o f  
subs tance  P and somatos t a tm Brain Rev 239" 447-462. 1982 

10 Levlne.  J D . S  J Dardlck. M F Rolzen.  C Helms  a n d A  I 
Basbaum Contr ibut ion of  sensory  afferents  and sympathet ic  
efferents to joint  injury m exper imenta l  arthritis J Neuronal 6. 
3423-3429. 1986 

11 Malawlsta.  S E and J E Seegmlller The effect of  pretreat- 
ment  with colchlclne on the Inf lammatory response  to micro- 
crys ta lhne  urate A model  for gouty  inf lammation Ann httepn 
~led 62: 648-654. 1965 

12 Newbould .  B B Chemothe rapy  of  arthritis induced by 
mycobacter la l  adjuvant  Br J Pharmat ol 21. 127-136. 1963 

13 Nlemegeers .  C J E and P A J Janssen  Suprofen.  a potent  
antagonis t  o f  sodium urate crystal- induced arthritis in dogs Ap- 
netmlttel f i ,  ~c h 25. 1512-1515. 1975 

14 Okuda.  K . H Nakahama .  H Mlyakawa and K Shlma Ar- 
thritis induced in cat by sodium urate A possible animal model  
for tomc pain Pare 18: 287-297. 1984 

15 Otsukl.  T . H Nakahama .  H N u z u m e  and J Suzuki Evalua-  
tion o f  the analgesic effects o f  capsalcln using a new rat model  
for tomc pain Brain Re~ 365: 235-240. 1986 

16 Pearson.  C M Development  o f  arthritis,  penarthrlt lS, and 
perlost~tls in rats given adjuvant  Ptot Soc E~p Biol ~led 91: 
95-101. 1956 

17 Phelps.  P and D J McCarty  Crysta l - induced inf lammation in 
canine joints  11 Impor tance  of  po lymorphonuc lea r  leukocytes  
J Erp Med 124:115-126.  1966 

18 Phelps.  P and D J McCarty  Suppress ive  effects of  in- 
dome thacm on crystal- induced inf lammation in canine joints  
and on neutrophlhc  motlhty  in vitro J Pharma~ ol I~ ~p Ther 158: 
546-553. 1967 

19 Rosenthale .  M G . J Kassar lch  and F Schneider  Effect of  
ant i - inf lammatory agents  on acute exper imenta l  synovltlS in 
dogs Pro~ So¢ E~p Bud Med 122: 693-696. 1966 

20 Seegmdler .  J E .  R R Howell  and S E Malawlsta The In- 
f lammatory  reaction to sodium urate JAMA 180: 46%475. 1962 

21 Spllberg. I .  B Mandell .  L Slmchowltz  and D Rosenberg  
M e c h a m s m  of  action oI colchlclne in acute urate crystal- 
reduced arthritis J Chn Invest 64: 775-780. 1979 

22 Steele. A D and D J McCarty  An exper imental  model of  
acute  inf lammation in man  Arthrtt:~ Rheum 9: 430-442. 1966 

23 Steele. A D and D J McCarty  Suppress ive  effects o f  ln- 
doxole m crystal- induced synovlt ls  in man  Ann Rheum DI~ 26 
39--42. 1967 

24 Stone.  C A . C  G V a n A r m a n .  V J Lottl .  D H Mmsker .  E 
A Rlsley. W J Bagdon.  D L Bokelman.  R D Jensen.  B 
Mendlowskl .  C L Tate.  H M Peck. R E Zwzcky and S E 
McKlnney  Pharmacology and toxicology ofdlflUnlsal Br I ( hn 
Phalma(ol  4. 1%29s, 1977 

25 Talbott ,  J H Gout, 2nd edition New York Grune & Stratton, 
1964, p 195 

26 Van Arman ,  C G ,  R P Carlson,  E A Rlsley, R H Th o m as  
and G W Nuss  Inhibitory effects o f m d o m e t h a c m ,  asp l lm and 
certain other  drugs on inf lammation induced m rat and dog by 
carrageenan,  sod ium urate and ellaglc acid I Pharma~ ol k~p 
Iher 175" 45%468, 1970 

27 Vane,  J R Inhibition of  prostaglandln synthes is  as a mech-  
anism of  action o fasp l rm-hke  drugs Nature 231: 232-237, 1971 

28 Wall, P D and M Fitzgerald Effects  of  capsa lcm applied lo- 
cally to adult  peripheral nerve I Physiology of  peripheral nerve 
and spinal cord Pain 11: 363-377. 1981 

29 Winter.  C A and G W Nuss  Trea tment  of  adju~ant arthritis 
in rats with an tHnf l ammato ry  drugs Arthrttlr Rheum 9: 394- 
404. 1966 

30 Winter.  C A .  E A Rlsley and G W Nuss  Carrageenan-  
induced edema  in hmdpaw of  the rat as an assay  for anti- 
inf lammatory  drugs Pro~ %~ Erp Bud Med 111:544--547.1963 

31 Woolf.  C J Long term alterations in the excitability of  the 
flexion reflex produced by penphera l  t issue Injury in the chronic 
decerebrate  rat Pare 18: 325-343. 1984 


