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SUMMARY 

We have  examined  the  e f f e c t  of DIDS 
(4 ,4 ' -d i i so th iocyana tos t i lbene  sulfonic acid) a po ten t ,  
spec i f i c  and i r revers ib le  inhibi tor  of ch lo r ide /  
b i c a r b o n a t e  exchange  on bone resorp t ion  by d isaggre-  
ga ted  r a t  os teoc las t s ,  using an in v i t ro  bone s l ice  
assay. DIDS inhib i ted  bone resorp t ion  in c o n c e n t r a t i o n  
dependen t  fashion,  wi thou t  a f f ec t i ng  o s t e o c l a s t  
v iab i l i ty  or survival  on bone slices.  The role  of anion 
exchange  in t he  r e so rp t ive  process  is discussed. 
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s ens i t ive  f luo rescen t  probes to measu re  cy top lasmic  
pH changes  while  varying the  ionic compos i t ion  of 
t he  medium and using inhibi tors  of t he  anion 
exchange .  
We have  used the  bone resorp t ion  assay [5] to  
examine  t he  e f f e c t  of DIDS (4 ,4 ' -d i i so th iocyana-  
t o s t i l bene  sulfonic  acid), a po ten t ,  spec i f ic  
i r r evers ib le  inhibi tor  of the  e r y t h r o c y t e  anion 
exchange  [6], on bone resorp t ion  by d i saggrega ted  r a t  
OCs. The resu l t s  show t h a t  DIDS can  inhibi t  bone 
re so rp t ion  in c o n c e n t r a t i o n  dependen t  fashion and 
ind ica te  t h a t  con t ro l  of in t r a -ce l lu la r  pH by anion 
exchange  is i m p o r t a n t  for  op t imal  o s t eoc la s t i c  bone 
resorp t ion .  

INTRODUCTION 

Os teoc las t s  (OCs) resorb  bone  by binding 
onto  bone sur faces  and then  t r anspor t ing  protons  into 
t he  hemivacuo le  be t w een  the  cel l  and t he  mine ra l i zed  
bone  su r f ace  (reviewed in [1]). P ro tons  are  g e n e r a t e d  
by ca rbonic  anhydrase  (CA) f rom carbon  dioxide and 
w a t e r  and cu r r en t  ev idence  (from immunohi s to -  
chemica l  s tudies)  suggests  t h a t  OCs con ta in  CA 
isozyme II [2]. The acidic  mil ieu,  c r e a t e d  by pro ton  
s ec r e t i on  into the  hemivacuo le  (pHs as low as 4.7 
have  been  r eco rded  in vivo [3]), solubi l izes  bone 
mine ra l  - p r imar i ly  ca lc ium phosphate .  This provides  
op t ima l  condi t ions  for  the  ac t iv i ty  of OC enzymes ,  
main ly  acid hydrolases  and pro teases ,  which degrade  
t he  organic  bone  m a t r i x  [1]. B ica rbona t e  ions a re  also 
produced by the  CA ca ta lysed  r e a c t i o n  and the i r  
r emova l  f rom OCs would seem to be  essen t ia l  in 
order  to  m a i n t a i n  the  in t r ace l lu la r  pH a t  physiological  
levels  during bone  resorp t ion .  Recen t ly ,  Te t i  e t  al. [4] 
have  d e m o n s t r a t e d  t he  p re sence  of a ch lo r ide /  
b i c a r b o n a t e  (anion) exchange  in avian OCs, using pH- 

Send reprint requests to Dr. Tony J. Hall, Men'ell Dow Research 
Institute, Strasbourg Research Center, 16 rue d'Ankara, 67084 
Strasbourg Cedex, France. 

MATERIALS AND METHODS 

The bone resorp t ion  assay has been  
descr ibed  in de ta i l  previously [5]. Briefly,  OCs 
d i saggrega ted  f rom neona ta l  r a t  long bones  were  
s e t t l e d  onto  bovine  cor t i ca l  bone sl ices and incuba ted  
for  6 hr  in t he  p re sence  or absence  of DIDS (Sigma 
Chemica l  Co., St. Louis, Mo.). A f t e r  incubat ion,  OCs 
were  r emoved  by immers ion  of the  bone s l ices  in 
10% NaOC1 for  10 min, washed, dehydra ted  in 
e thanol  and s p u t t e r  coa t ed  wi th  gold for scanning  
e l e c t r o n  microscopy.  The e n t i r e  su r face  of e ach  bone 
s l ice  was examined  "blind" and the  number  of 
r esorp t ion  pi ts  and the i r  plan su r face  a rea  ( the  a rea  
of pi ts  in the  p lane  of the  bone s l ice su r f ace  when 
viewed perpendicu la r ly  f rom above) was recorded .  

The dep th  of OC resorp t ion  pi ts  was 
m e a s u r e d  wi th  the  P e t r a n  vers ion  of the  Tandem 
Scanning R e f l e c t e d  Light  Microscope [7]. P i t  dep th  
was compu ted  as the  d i s t ance  through which the  
ob jec t ive ,  focussed on the  su r face  of the  sl ice,  had 
to be  moved  to b e c o m e  focussed on the  base  of the  
excava t ion  under  observa t ion .  

Morphological  examina t ion  of OCs 
incuba ted  on p las t i c  for  6 hr wi th  100 ~M DIDS 
revea l ed  no ev idence  of d rug -med ia t ed  cy to tox i c i t y  or 
cel l  dea th .  Os t eoc l a s t  survival  on bone s l i c e s  w a s  
assessed a f t e r  incubat ion  wi th  100 /IM DIDS. Bone 
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slices were  stained with toluidine blue ( 0 . 1 %  w/v in 
phosphate buffered saline) and mul t inuc lea te  OCs 
were  counted by t ransmis t ted  light microscopy. 

Di f fe rences  be tween groups were  
analysed by paired StudenUs t - tes t .  

RESULTS 

As shown in Fig. l ,  DIDS inhibited OC 
bone resorpt ion in a concentra t ion dependent  manner,  
as assessed both by the  plan area resorbed per bone 
s l ice  and the number of resorption pits per bone 
slice. 

OC survival on bone slices was not 
a f f ec t ed  by incubation with 100 #M DIDS. As shown 
in Table 1, s imilar  numbers of OCs were  observed on 
bone slices incubated with DIDS (100 #M) or medium 
control ,  while resorpt ion was inhibited (-36 %) in the  
presence  of DIDS. 

It  has been shown previously that  there  is 
a good corre la t ion be tween  the plan surface  area  and 
volume of bone resorbed [5]. We have measured pi t  
depths in order to rule  out  the unlikely possibility 
tha t  although the surface  area of pits was reduced by 
DIDS tha t  deeper  pits were  made, meaning tha t  
inhibition of to ta l  bone resorption by DIDS was 
actual ly  less than es t imated  by measurement  of plan 
surface  area. 

The average  area  pe~r resorpt ion pi t  was 
reduced -30 0/% from 71 + 5 pM ~ in control  cul tures  
to 50 + 2 #M" with 100-pM DIDS (mean +_ SEM for 
15 bone slices; p = 0.05). The average  pit  depth of 
20 pits chosen at random was 6.1 2 0.5 #M (control) 
and 5.6 2 0.7 with 100 pM DIDS (mean z SEM; 0.15 
> p > 0.1). Thus, the  average volume of bone 
resorbed per pit  (calculated by 2/3 mean l~it area x 
mean pit  d~pth) was reduced from 289 pM ~ (control) 
to 187 pM with 100 pM DIDS, represent ing -35 % 
inhibition of to ta l  bone resorbed. These results  
indicate  tha t  the resorpt ive  capaci ty  of OCs was 
inhibited a t  the  level  of individual excavat ions as 
measured  by the  plan surface  area resorbed, pi t  depth 
or to ta l  volume of bone resorbed, in the presence  of 
DIDS. 

DISCUSSION 

While it has been known for many years 
tha t  OCs are  the cells  tha t  resorb bone, i t  is only 
recent ly  tha t  the mechanisms involved have been 
e lucidated [1]. Af t e r  binding onto the bone surface,  
OCs s ec r e t e  CA derived protons into the  hemivacuole  
in order to solubil ize the  mineral  component  of bone. 
Exocytosis  of lysosomal acid-dependent  hydrolases and 
proteases  results  in degradation of the  organic bone 
mat r ix  and maintains exposure of calc i f ied mater ia l .  
Thus, OCs are  capable of resorbing all components  of 
bone, as previously shown by morphological  ev idence  
[8]. The accumulat ion of  bicarbonate  ions in OCs also 
produced by the CA cata lysed reac t ion  which 
genera tes  protons, could lead to de t r imenta l  e levat ion  
of intraeel lular  pH in OCs during bone resorption.  
Recen t  evidence from Teti  e t  al. [4] has indicated 
tha t  avian OCs possess a DIDS inhibitable anion 
t ransport  system, which exchanges intracel lular  
b icarbonate  ions for ex t race l lu lar  chloride ions. 

We have examined the  e f f e c t  of DIDS, a 
potent ,  speci f ic  i r reversible  inhibitor of chlor ide/  
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Figure 1. Each point is the mean t SEM from 3 
exper iments ,  5 bone slices per experiment .  The bas~ 
line plan sur face  area  resorbed was 911 t 267 pM ~ 
and number of pits resorbed per bone sl ice was 14.5 
+ 4.9 (mean + SEM of the 3 experiments).  

Table 1. 

PLAN AREA RESORBED 
PER~ BONE SLICE (n=5) 
(pM~; MEAN _+ SEM) 

NUMBER OF OCs 
PER BONE SLICE 
(MEAN _+ SEM) 

CONTROL 1454 + 271 6.2 _+ 1.6 

DIDS 926 + 253 5.8 +_ 2.0 
(100 #M) (p , 0.01) (p , 0.7) 

b icarbonate  exchange [6], on bone resorption by 
isolated mammal ian  (rat) OCs in vi tro.  The results  
show tha t  DIDS can part ial ly inhibit bone resorption 
in a dose dependent  fashion (Fig. 1). Maximal 
inhibition of -40 % (plan surface  area) was seen with 
100 /zM DIDS, at which concentra t ion  OC viabil i ty 
and survival on bone slices was not a f fec ted .  DIDS 
also inhibited bone resorption as assessed by the 
number of pits made  per bone slice, the  mean area  
per pit  and the depth of resorption pits. These results  
indicate  tha t  the  resorpt ive  process i tself  is impaired 
by DIDS, result ing in fewer  and smaller  pits. 

Proton t ransport  by the  Na+/H+ 
ant ipor ter  and anion t ransport  by the 
chlor ide /b icarbonate  exchanger  are  known to be 
coupled processes in other  cell  systems [9,10], and in 
isolated rabbit  proximal tubule cells  i t  has been 
shown tha t  Na+/H+ ant iport  ac t iv i ty  is inhibited when 
the  in t racel lular  pH increases [11]. There  is ev idence  
in the  l i t e ra ture  for the Na+/H+ ant ipor ter  and anion 
exchanger  regulat ing OC acidity [12] and we have 
found tha t  inhibitors of the Na+/H+ ant ipor ter  are  

~potent inhibitors of OC bone resorption (manuscript in 
preparation),  indicating a major  role for this proton 
t ransport  sys tem in os teoc las t ic  bone resorption.  Thus, 
by analogy with the  kidney tubule system, ft is 
possible tha t  an increase of intracel lular  pH in 
resorbing OCs, due to inhibition of anion exchange by 
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DIDS, results in diminished proton secretion and 
impaired bone resorption. 
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