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Summary. The effect o f  the two nonsteroidal antiin- 
flammatory drugs Diclofenac and Indomethacin on 
the formation o f  heterotropic and orthotopic bone in 
rats was compared. Experimental heterotopic bone 
formation was induced by implanting demineralized 
bone matrix into the abdominal wall o f  rats. In- 
domethacin (3 mg/kg), Diclofenac (3, 6 or 12 m g /  
kg), or saline were given as daily subcutaneous in- 
jections. 3H-proline and 45Ca were given 24 h be- 
fore the animals were killed. The net amount oj 
bone formed by induction after three weeks was de- 
creased by 15% by Indomethacin and Diclofenac in 
a dose o f  3 mg/kg. The higher dose o f  6 mg/kg  oJ 
Diclofenac caused a higher degree o f  inhibition 
(30%), while 12 mg/kg  produced toxic effects. Or- 
thotopic bone was not affected by treatment with 
Indomethacin or Diclofenac. 

Although both drugs inhibit prostaglandin syn- 
thesis to a different degree, they exert similar ef- 
fects on induced heterotopic bone, suggesting that 
this action is caused by an inhibition o f  the inflam- 
matory response to trauma. 

R~sum~. Comparaison de l'effet de deux anti-in- 
flammatoires non stbro~'diens, le Diclofknac et l'In- 
domOthacine, sur la formation d'os hbtbrotopique et 
orthotopique chez le rat. La formation exp~rimen- 
tale d'os hkt~rotopique a ~tk provoquke par implan- 
tation de matrice osseuse dkminkralisbe dans la pa- 
roi abdominale du rat. L'Indombthacine (3 mg/kg), 
le Diclofknac (3, 6, 12 mg/kg) ou du sbrum salb ont 
btb administrbs quotidiennement par voie sous-cuta- 
nbe. 24 heures avant que les animaux soient sacri- 
fibs on leur injecte une quantitb connue de 3H-pro- 
line et de Ca45. La quantit~ d'os form~ par induc- 
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tion aprOs 3 semaines est diminube de 15% par l'In- 
dombthacine ou le Diclofbnac h la dose de 3 m g /  
kg. Une dose plus blevbe, de 6 mg/kg  de Diclof~- 
nac, entrafne une inhibition plus importante, de 
30%, tandis qu'une dose de 12 mg/kg  a des effets 
toxiques. L'os orthotopique n'est pas influenc~ par 
l'Indomkthacine ou le Diclofbnac. 

Bien que ces deux mkdications inhibent d diffk- 
rents degrks la synthOse des prostaglandines, elles 
ont le m~me effet vis-dt-vis de l'induction de l'os hb- 
tbrotopique, ce qui conduit ~l penser que cette action 
relOve de l'inhibition de la rbponse inflammatoire 
aux traumatismes. 
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Introduction 

Nonsteroidal antiinflammatory drugs exert im- 
portant effects on bone metabolism. Clinical and 
experimental observation has shown that bone 
formation in fracture healing or heterotopic bone 
induction is retarded or completely inhibited by 
Indomethacin [8-11]. Bone resorption in osteoly- 
sis by malignant tumours or by osteomyelitis can 
be inhibited experimentally by Indomethacin and 
Aspirin [3, 7]. In experiments where a continual 
stimulus to new bone formation is present, as in 
the healing of  fractures or in heterotopic bone for- 
mation induced by demineralized bone matrix, 
nonsteroidal antiinflammatory drugs cause a 
small decrease in the production of  new bone [6, 
14]. These drugs almost completely inhibit heter- 
otopic new bone formation after total hip replace- 
ment [4, 8, 9]. They do not affect the metabolism 
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o f  o r t h o t o p i c  b o n e  u n d e r  p h y s i o l o g i c a l  c o n d i -  
t i o n s  [12, 13, 14]. 

U t i l i z i n g  the  U r i s t  m o d e l  o f  i n d u c i n g  h e t e r o -  
t o p i c  b o n e  f o r m a t i o n  in  r a t s  b y  i m p l a n t i n g  de-  
m i n e r a l i z e d  b o n e  m a t r i x  in  t he  a b d o m i n a l  wa l l ,  
w e  h a v e  p r e v i o u s l y  s h o w n  t h a t  I n d o m e t h a c i n  re-  
d u c e s  b o n e  f o r m a t i o n  in  a d o s e  r e s p o n d i n g  f a sh -  
i o n  w h e n  the  d r u g  is g i v e n  at  t he  t i m e  o f  i m p l a n -  
t a t i o n  [14, 16]. W h e n  g i v e n  s o m e  t i m e  a f t e r  im-  
p l a n t a t i o n  the  d r u g  d o e s  n o t  a f f ec t  t he  a m o u n t  o f  
b o n e  f o r m e d  [6]. T h e  d r u g s  a p p e a r  to  e f fec t  t he  
e a r l y  p h a s e  o f  b o n e  i n d u c t i o n  b y  t h e i r  a b i l i t y  to  
r e d u c e  the  i n f l a m m a t o r y  r e s p o n s e ,  a n d  t hus  c a u s e  
less  f a v o u r a b l e  c i r c u m s t a n c e s  fo r  b o n e  f o r m a t i o n .  
T h e  e f fec t  m a y  a l so  b e  d u e  to  a c t i o n  o n  a s p e c i f i c  
e v e n t  e s s e n t i a l  to  b o n e  i n d u c t i o n .  

I n  th is  s t u d y  w e  h a v e  c o m p a r e d  the  e f fec t s  o f  
D i c l o f e n a c  a n d  I n d o m e t h a c i n  o n  o r t h o t o p i c  a n d  
i n d u c e d  h e t e r o t o p i c  b o n e  f o r m a t i o n .  

Material and methods 

Animals. 50 male Sprague Dawley rats were used. They were 
four weeks old at the start of the experiment and had a mean 
body weight of 105g (range 95-110). They were weighed 
weekly, and kept in cages with free access to food and water. 
At the end of the experiment the animals were killed by de- 
capitation, and the serum, the implants, and the femora were 
collected. 

Preparation of implants. The femora and tibiae were collected 
from the rats (200 g) and cleaned of soft tissues. The bones 
were then demineralized for 24 h at 4°C in 0.6 N HC1, and 
emptied of bone marrow. The metaphyseal parts were dis- 
carded, and the diaphyses were defatted with 1:1 chloroform- 
methanol at room temperature for one hour, washed in cold 
water, and freeze dried. The mean dry weight of the implants 
was 11 mg (range 9-13 mg). 

Surgery. Six implants per rat were placed in muscle pouches 
created in the upper part of the abdominal wall. Anaesthesia 
was performed with Hypnorm Vet, 1.0 ml/kg body weight 
(Leo, Helsingborg, Sweden). 

Drug treatment. Diclofenac (Voltaren, Ciba-Geigy, V~istra 
Frolunda, Sweden) or Indomethacin (Confortid, Dumex AB, 
Helsingborg, Sweden) was dissolved in sterile water and the 
concentration adjusted so that each animal was given a daily 
subcutaneous injection of 1.0 ml per kg body weight. Control 
animals were given the same amount of NaCI (0.9 g/l) solu- 
tion. 

Experimental design. The rats were allocated into five groups 
of 10 animals. The groups were treated with Diclofenac 3, 6, or 
12 mg per kg body weight, Indomethacin 3 mg per kg body 
weight, or NaC1. Administration was started five days before 
implantation of demineralized bone matrix and continued un- 
til the animals were killed 21 days after implantation. 

Twenty four hours before death the animals were given a 
subcutaneous injection of 6 lxCi carrier-free 45Ca, and 40 IxCi 
3H-L-proline (specific activity 100Ci/mmol) per kg body 
weight (Amersham, England). 

One femur and three implants from each animal were 
placed in a muffle furnace at 600 ° for 24h. The ash was 
weighed and dissolved in 3 ml of HC1, and 10 ml Aquasol 
(New England Nuclear) was added to each sample. The re- 
maining femur and implants were demineralized in 3 ml 0.6 N 
HC1 at 4 ° for 24 h (the implants for 6 h), and 10 mls of Aqua- 
sol was added to the HCI supernatant. The organic residues 
were lyophilized, weighed, and hydrolyzed with 0.2 ml PCA 
and 0.4 ml H202 at 70 ° for 1 h [2]. Ten ml toluol/PPO and 5 ml 
of cellusolve was added to each sample. 

All samples were counted in an Intertechnique 2000 liquid 
scintillation counter. Standard curves for the two isotopes 
were calculated. The mean values of the implants from each 
animal were used to determine the mean and the standard de- 
viation of each group. All radioactive tracer activities were ex- 
pressed as a percentage of the given dose (p.Ci/kg body 
weight) of the respective isotope. 

Three implants from each group were prepared for histo- 
logical examination. The implants were fixed in formalin, de- 
mineralized, embedded in paraffin and stained with haema- 
toxylin, eosin, and azure. 

For statistical evaluation the means of the different pa- 
rameters were calculated for each animal and the groups were 
compared by the Wilcoxon rank sum test. The levels of signif- 
icance are shown in Table 2. 

Results 

I n  a l l  f ive  g r o u p s  a s l igh t  a r r e s t  in  w e i g h t  g a i n  was  
n o t e d  2 - 3  d a y s  a f t e r  i m p l a n t a t i o n  o f  d e m i n e r a l -  
i z e d  b o n e  m a t r i x .  T h e r e  w a s  n o  d i f f e r e n c e  in  t he  
w e i g h t  g a i n  b e t w e e n  the  d i f f e r e n t  g r o u p s .  T h e  
b o d y  w e i g h t  a t  t he  e n d  o f  t he  e x p e r i m e n t  r a n g e d  
f r o m  265 to  300 g. I n  t h e  12 m g / k g  D i c l o f e n a c  
g r o u p  six a n i m a l s  d i e d  w i t h i n  o n e  w e e k  o f  i n i t i a -  
t i o n  o f  t r e a t m e n t ,  a n d  a n o t h e r  t w o  d i e d  the  fo l -  
l o w i n g  week .  T h e  t w o  r e m a i n i n g  ra t s  s h o w e d  n o  
s ign  o f  i l lness .  I n  t he  o t h e r  g r o u p s  n o  s ign  o f  d is -  
e a se  o r  d e a t h s  was  e n c o u n t e r e d .  

N e i t h e r  I n d o m e t h a c i n  n o r  D i c l o f e n a c  a f f e c t e d  
t h e  o r g a n i c  ( d r y  w e igh t )  o r  i n o r g a n i c  ( a sh  w e igh t )  
c o m p o n e n t s  o f  t he  t i b i a e  ( T a b l e  1). S i m i l a r l y ,  t h e  
u p t a k e  o f  4 5 C a  o r  3 H - p r o l i n e ,  g i v e n  24 h p r i o r  to  
d e a t h ,  was  n o t  a f f ec t ed .  

I n d o m e t h a c i n  a n d  D i c l o f e n a c ,  g i v e n  in  d a i l y  
d o s e s  o f  3 m g / k g  b o d y  w e igh t ,  d e c r e a s e d  the  a sh  
w e i g h t  o f  t he  i m p l a n t s  b y  a p p r o x i m a t e l y  15% 
( T a b l e  2). T h e  h i g h e r  d o s e  o f  6 m g / k g  o f  D i c l o f -  
e n a c  c a u s e d  a m o r e  p r o n o u n c e d  d e c r e a s e  in  ash  
c o n t e n t .  T h e  d r y  w e i g h t  o f  t he  i m p l a n t s  is t he  s u m  
o f  t he  i m p l a n t  t ha t  has  n o t  b e e n  r e s o r b e d  a n d  the  
n e t  a m o u n t  o f  b o n e  m a t r i x  f o r m e d  b y  i n d u c t i o n .  
T h e r e  was  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  the  
t r e a t e d  g r o u p s  a n d  c o n t r o l s .  

T h e  a b s o l u t e  v a l u e s  o f  u p t a k e  o f  4 5 C a  in t he  
i m p l a n t s  r e m a i n e d  l a r g e l y  u n a f f e c t e d  b y  t r ea t -  
m e n t .  T h e r e  was  a t e n d e n c y  t o w a r d s  h i g h e r  v a l u e s  
o f  s p e c i f i c  4 5 C a  ac t iv i t i e s  in  t he  t r e a t e d  g r o u p s  
c o m p a r e d  to  c o n t r o l s ,  a l t h o u g h  the  d i f f e r e n c e s  
w e r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
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Table I. Ash and dry weight, 45Ca and 3H specific and absolute activities of the tibiae of rats treated with saline, indomethacin or 
diclofenac for four weeks 

Control Indometh. Diclofenac Diclofenac Diclofenac 
3 mg/kg 3 mg/kg 6 mg/kg 12 mg/kg 

n 10 10 10 10 2 

Ash 143 141 143 145 148 
(mg) (10) (9) (7) (13) 

Dry weight 75 73 78 76 79 
(mg) (4) (7) (5) (5) 

45Ca 0,332 0,372 0,349 0,342 0,435 
(% of dose) (0,052) (0,053) (0,019) (0,052) 

45Ca specific 2,31 2,60 2,44 2,35 2,63 
(% of dose/g ash) (0,34) (0,29) (0,17) (0,32) 

3H 20,3 21,1 21,5 22,8 25,5 
(% of dose x 1000/tibia) (3,7) (5,1) (2,2) (2,5) 

3 H specific 0,27 0,29 0,28 0,30 0,31 
(% of dose/g dry wt) (0,05) (0,05) (0,03) (0,04) 

Values are means with the standard deviation in parenthesis. 45Ca and 3H-proline were given 24 h prior to death. Isotope activities 
are expressed as a percentage of the given dose (l.tCi/kg body weight) of the respective isotope per tibia (absolute activity), or per 
gram ash of dry weight (specific activity). No statistically significant values were obtained when the treatment groups were compar- 
ed to controls, using the Wilcoxon rank sum test 

Table 2. Ash and dry weight, 45Ca and 3H specific and absolute activities of implants three weeks after implantation in rats treated 
with saline, indomethacin or diclofenac 

Control Indometh. Diclofenac Diclofenac Diclofenac 
3 mg/kg 3 mg/kg 6 mg/kg 12 mg/kg 

n 10 10 l0 10 2 

Ash 6,30 5,15" 5,36 4,43** 4,7 
(mg/impl) (1,26) (1,02) (1,3) (0,94) 

Dry weight 11,92 11,10 11,12 11,52 9,3 
(mg/impl) (0,86) (1,04) (0,61) (0,37) 

45Ca 29,4 28,2 26,3 23,3 24,7 
(% dose x 1000/impl) (8,19) (12,2) (6,8) (8,1) 

45Ca spec 4,69 5,65 4,96 5,22 5,14 
(% of dose/g ash × 1000) (0,33) (1,9) (0,75) (1,48) 

3H 1,70 1,19"* 1,33" 1,40 1,15 
(% dose x 1000/impl) (0,28) (0,27) (0,32) (0,37) 

3H specific 0,14 0,12" 0,12 0,12 0,12 
(% of dose/g dry wt × 1000) (0,02) (0,02) (0,03) (0,04) 

* P < 0.05; ** P < 0.01 
Values are means with the standard deviation in parenthesis. 45Ca and 3H-proline was given 24 h prior to death. Isotope activities 
are expressed as a percentage of the given dose (p.Ci/kg body weight) of the respective isotope per implant (absolute activity), or 
per gram ash of dry weight (specific activity). The different treatment groups were compared to controls using the Wilcoxon rank 
sum test 

T h e  a b s o l u t e  a c t i v i t y  o f  3 H  was  l o w e r  in  the  
3 m g / k g  I n d o m e t h a c i n  a n d  D i c l o f e n a c  g r o u p s ;  in  
t he  f o r m e r  g r o u p  the  s p e c i f i c  a c t i v i t y  was  a l so  de -  
c r e a s e d .  I n  t he  o t h e r  t r e a t m e n t  g r o u p s  a s i m i l a r ,  
a l t h o u g h  n o t  s i g n i f i c a n t ,  t e n d e n c y  t o w a r d s  l o w e r  
v a l u e s  o f  a b s o l u t e  a n d  s p e c i f i c  ac t iv i t i e s  o f  3 H  in 
t h e  i m p l a n t s  was  n o t e d .  

Discuss ion 

I n d o m e t h a c i n  i n h i b i t s  e x p e r i m e n t a l  a n d  c l i n i c a l  
h e t e r o t o p i c  n e w  b o n e  f o r m a t i o n ,  d e l a y s  the  hea l -  
i n g  o f  e x p e r i m e n t a l  f r a c t u r e s  in  t he  ra t ,  s l ows  the  
r e m o d e l l i n g  o f  d i a p h y s e a l  b o n e  a f t e r  i n j u r y  in  t he  
r a b b i t ,  a n d  s lows  the  r e m o d e l l i n g  o f  t r a b e c u l a r  
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bone [1, 4, 6, 8, 9, 11]. The mechanism through 
which these effects are mediated is not known, al- 
though the inhibition of prostaglandin synthesis 
by Indomethacin and other nonsteroidal antiin- 
f lammatory drugs indicates that the action may be 
mediated through an effect on the levels of  pros- 
taglandins in the target tissue. Similar effects on 
clinical and experimental heterotopic new bone 
formation have been seen with drugs such as Ibu- 
profen [4]. 

Prostaglandins act as local messengers and reg- 
ulators of cellular activities, thus affecting essen- 
tial events in bone induction and new bone for- 
mation. They also influence the inflammatory re- 
sponse. Their mode of action appears complicat- 
ed, acting in a synergistic or antagonistic fashion 
depending upon their type and the concentration 
in the target tissue. Their inhibitory effect on frac- 
ture healing may be mediated through a nonspe- 
cific decrease in the inflammatory reaction, or by 
a more specific effect such as decreasing the pro- 
liferation of mesenchymal cells essential to new 
bone formation. Physiological bone turnover is 
not affected [12, 13, 14]. 

In this study the formation of matrix and the 
rate of  mineralisation of the tibiae were not af- 
fected by the treatment when studied as the net 
amount  of either compartment (dry and ash 
weights), or as a rate of synthesis of  collagen (in- 
corporation of 3H-proline), or accretion rate 
(45Ca incorporation). This is in agreement with 
previous findings of unaltered turnover of ortho- 
topic bone during treatment with this group of 
drugs [6, 12, 14]. 

Heterotopic bone formation induced by im- 
plants of demineralized bone matrix provides a 
method to study bone induction, bone formation 
and turnover under well-defined experimental 
conditions [15]. The process of bone induction has 
been analysed in detail by Urist et al. [16]. The in- 
ducing agent, designated bone morphogenetic 
protein, is a non-collagenous protein of the bone 
matrix in many species. The demineralized bone 
matrix used in the present study contains no liv- 
ing cells. When transplanted to an allogeneic host, 
bone morphogenic protein is released and induces 
the mesenchymal cells of  the transplant recipient 
to proliferate and differentiate, first into cartilage 
and then, by enchondral mineralisation, into 
bone [16]. The time required for this process var- 
ies, depending upon the species and the age of the 
implant recipient. In young rats, mineralized tis- 
sue forms within 10 days, and a complete ossicle 
with remodelling bone and marrow is formed 
within three weeks of implantation. 

The net amount of heterotopic bone formed 
by induction was similarly decreased by treatment 
with Indomethacin and Diclofenac 3 mg/kg. The 
degree of inhibition increased with higher doses 
of Diclofenac, while higher doses of Indomethac- 
in are toxic to the rat [14]. The incorporation of 
tritiated proline into implants was decreased in 
the Indomethacin and the Diclofenac (3 mg/kg)  
treated groups, indicating an inhibitory effect on 
matrix synthesis three weeks after implantation. 
The rate of mineralisation (45Ca uptake) was not 
affected by treatment with Indomethacin or Dic- 
lofenac [2]. 

The inhibition of induced heterotopic bone 
formation by nonsteroidal antiinflammatory 
drugs can be caused by different mechanisms. 
There may be a decrease in the nonspecific in- 
f lammatory response to the trauma of implanta- 
tion, thus causing a less vascular and cellular 
reaction, which may result in a lower degree of 
bone induction. An altered balance between pros- 
taglandins may influence the proliferation of mes- 
enchymal cells, which are necessary for new bone 
formation [17]. However, the latter explanation is 
probably not correct, since Indomethacin does 
not affect the development of limb-bud cells in 
vitro [13]. 

Both drugs used in this study inhibit the trans- 
formation of arachidonic acid to prostaglandins 
by an irreversible, competitive inhibition of pros- 
taglandin cyclo-oxygenase, and are characterized 
by antiinflammatory, analgesic and antipyretic ef- 
fects [5]. However, they differ markedly in thera- 
peutic index, Diclofenac not being as toxic in ef- 
fects on the gastric mucosa and kidneys, and with 
less analgesic and antipyretic potency. We found 
heterotopic bone formation induced by deminer- 
alized bone matrix to be inhibited by both com- 
pounds to an equal extent, supporting the view 
that this effect is produced by their common ef- 
fect on prostaglandin synthesis. 
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