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In the previous reports sublnitted to the AEC under Con- 
tract No, AT-(40-1)-1542 on SsFt. 15, 1453, and Dec. 31, 1953, re- 

sults of experimental studies were presented which demonstrated some 

of the basic physical limitations involved in the demineralization 

of bone. 

effect of the variables of temperature, acid concentration, and agi- 

tation upon the basic limitations in demineralization. 

various factors were summarized in the Progress Report of Dec. 31, 

1953, as follows: 

In addition, other data were presented which showed the 

These 

"Ths basic limitations upon the rate of demineralization: 

1. Surface eres: This is the major linitation in demin- 

eralization because the rate of removal of bone salts 

is limited by the arcount of surface available to the 

action of the demineralizing agent. The greater the 

surface area of bone exposed, the more rapid the rate 

of demineralization; the smcller the surface area per 

unit of bone m.ss, the slower the rate of deminerali- 

zation under any given conditions. 

2. 3reakdown and removal of mineral from bone: This is 

the second limitation imposed upon that of surface area 

available, Several factors contribute and interrelate 

to produce this limitation: 

a) The diffusion distance: This deternines the 

rate of diffusion of the acid into the bone 

and the rate of removal of calcium salts from 

the bone by imposing a diffusion gradient 
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along which all mzterials must move. 

greater the diffusion distance, the greater 

.The 
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the time necessxy fDr an acid or salt to 

trp.verse it, rnd the slower the rate of de= 

minera.iizati.cn. 

b) The dissociation constant of the demineralizing 
- acid: 

hyeroger, ian in an acid is E determinant of 

the m t e  of breakdown of tha bone sdts. The 

The dissociation or amount of available 

higher the ionization of the acid, the more 

rapid the rate of demineraliza.tion. 

c) "he solubility of the salts of the deminera- 

lizing acid: This is a determinant of the 

rate of removal of the salts from the bone. 

Relatively insoluble salts cannot diffuse 

rapidly even though being produced rapidly at 

the site of mineral breakdown, 

d) The amount of liquid within the demineralized 

portion of the bone: 

to a considerable extent controls the three 

enumerated above (Cf, a, b, c ) ,  because dif- 

fusion, ionization of the acid f o r  breakdown 

of the bone mineral, and solubilizing of the 

caluium salt of the acid all demand liquid, 

Thus, the amount of liquid available within the 
bone matrix following the mineral removal from 

the region will be a deterninant of deminer- 

alization." 

This is a factor which 

From the experimsntal evidence the conclusion was drawn 

that while surface area will 5e the major limitation in the rate of 
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deminera l iza t ion  i n i t i a l l y ,  i t  w i l l  1?3 progressively l e s s  important 

1s t h e  demincrz1izip.g process cont inues because t h e  sur fcce  a rea  of 

t h e  non-derninerslized por t ion  of thc? 'cone will cont inua l ly  decrease.  

I n  a d d i t i o n  it wns pos i ted  th2.t the  distz.nce of d i f fus ion  f o r  t h e  

dern imra l iz ing  agent i n t o  thz  bone and t h e  so luble  sclts out of t h e  

bone through deninernlized m?.trix will i n c r e m e .  This,  l i k e  sur face  

area should br ing  ?bout 9. decreas ine  r z t e  of demineralization. I n  

an e f f o r t  t o  determine t h e  e f f e c t s  of ? i f f u s i o n  and sur face  area 8n 

experiment wsis devised t o  damonstrate t h e  inf luence of each of t hese  

components i n  t h e  same system. 

I. Study of Diffusion: 

As i n  previous s t u d i e s  (Report of  Sept.  15,  1953), s tan-  

dard bone samples of human d r i e d  c o r t i c a l  femur were used f o r  t h e  

experiment. 

a s o l u t i o n  of 0.5 molar hydrochloric ac id  f o r  s ix  hours. 

of t h i s  per iod of time t h e  derninerzlized mct r ix  was removed, t h e  

s u r f a c e  xroa and. weight again determined, and t h e  bone sample run 

under t h e  s2me condi t ions f o r  a second six-hour period. 

t o t a l  twelve-hour period or" OarnineralTzztion, t h e  bone was weighed 

and X-ray p i c t u r e s  t?.ken o f  bo311 thd f r o n t  2nd p r o f i l e  views a t  

half-hour  i n t e r v a l s .  

c?cic! w a s  changed 2.t two-hour i r i t e rva ls .  

i g t o  t h e  bone sample by t h e  demineralizing acid W ~ S  measured and t h e  

s u r f a c e  s r e a s  ca lcu la ted  f o r  each half-hour period. 

ph3sphorus determinst ions were made 2nd r e s u l t s  of t h i s  study w e  

presentec! i n  Table I. 

A bone sample w2.s given t h e  shrpe of  a bar and run i n  

A t  t h e  end 

During t h e  

The demimra l i z ing  s o l u t i o n  of hydrochloric 

The depth of pene t ra t ion  

Calcium and 

The data on t h e  weight and su r fcce  mer? of t h e  o r i g i n a l  

sample as w e l l  as t h e  sanple  f o l l o w h g  removal of t h e  metrix af ter  

t041059 



s i x  hours of demineral izat ion a r e  as follows: 
Xeight Scr face  Area 

Or ig ina l  sample: 1.1j1 gm. 4.81 sq, cm. 

After n a t r i x  removal: O.i& gm. 2.75 sq. cm. 

Results:  

Examination of t he  h t a  summarized i n  Table I shows t h a t  

t h e  p e n e t r a t i o n  o f  ac id  i n t o  t h e  bone was nea r ly  equal  f o r  a l l  ex- 

t e r n a l  surfaces. 

t h e  bone sample t ends  t o  maintain t h e  form of t h e  o r i g i n a l  bone; 

two d i f f e r e n c e s  i n  t h e  r e g u l a r i t y  of pene t r a t ion  were observed how- 

ever: (1) There was  a s l i g h t  d i f f e r e n c e  i n  pene t r a t ion  of t h e  ends 

and s ides  of t h e  bone sample. 

bel ieved t o  be t h e  r e s u l t  of t h e  o r i e n t a t i o n  of t h e  bonets s t r u c t u r e  

t o  t h e  s o l u t i o n .  The bone sample was formed i n t o  a bar  i n  such a 

manner t h a t  t h e  Hmersian canals were cu t  a t  r i g h t  angles only a t  

the  ends of t h e  bone sanple  while +,he sides of t h e  s m p l e  were 

smoothed p a r a l l e l  t o  t h e  Hwersian systems. The Haversian canals  of 

t h e  HG-versian systems w i l l  permit an e a s f e r  entrance of a demineral- 

i z i n g  s o l x t i o n  as w e l l  as a l z r g e r  d i f f u s i o n  are? f o r  removal of t h e  

minera l  s a 1 . t ~ .  Since t h e  h'aversian canals were open t o  t h e  so lu t ion  

b t  t h e  ends of t h e  bone sample i n  t h i s  experiment, it would be ex- 

pected t h a t  t h e  pene t ra t ion  on the  ends would be more advanced than 

t h a t  of t h e  s ides .  Examinztion of Table I demonstrates t h i s  t o  be 

t h e  case.  Review of o the r  experirnents i n  which we have t&en meas- 

uraments of  bone samples shows t h a t  dernineraliz2tion nlwzys proceeds 

a t  9. s l i s h t l y  greater rs te  upon those  su r faces  of t h e  bone where t h e  

g r e a t e r  number of Haverskn  c m c l s  hz.ve been opened t o  t h e  so lu t ion .  

( 2 )  It was observed t h s t  while t h e  undeinineralized port ion of t h e  

Because of t h i s ,  t h e  undeminerslized por t ion  of 

This d i f f e r e n c e  i n  pene t ra t ion  is 
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bone s m p l e  tends t o  maintain t h e  s h a p  of t h e  o r i g i n a l ,  t h e  edges 

and corners  g radua l ly  becone rounded. 

of t h e  observat ion tha t  two o r  more su r faces  are presented t o  t h e  

a c t i o n  of t h e  demineral iz ing agent ,  thus  al lowing more r ap id  re-  

moval i n  t h i s  regioil.  

ing of the edges and corners  of t h e  bone sampla. 

poses a c w u l a t i v e  e r r o r  upon our ca l cu la t ions  of  su r face  area and 

volume of demineralized bone. This e r r o r ,  of  n e c e s s i t y  disregarded,  

This,  we expla in  on t h e  b a s i s  

This mme rapid removal r e s u l t s  i n  t h e  round- 

This rounding i m -  

s l i g h t l y  decreases t h e  sur face  a rea  and i n c r e a s e s  t h e  volume of de- 

mineralized bone. The c a l c u l a t i o n s  a re ,  t h e r e f o r e ,  only an approxi- 

mation. 1 

If t h e  weight of  minaral  removed i n  milliErms is  observed, 

it i s  not iced t h a t  t h e  i n i t i a l  weight loss and weight of  mineral  

remoTJed i s  maximal during t h e  firs+, two-hour per iod;  during t h e  sub- 

sequent f o u r  hours t h e r e  is cont inual  diminution of mineral  removed 

from the sample. I n  our  previous r epor t s ,  we have suggested t h a t  

t h i s  i n i t i a l  loss i s  due t o  t h e  g roa te r  s u r f s c e  area 2nd t h a t  t h e  

subsequent lessening  of  t h e  miners1 removed is t h e  r e s u l t  of dimin- 

i s h h q  sur face  8rea 2.s w c l i  zs a diffusion process.  

Study of t h e  mec7sured penet ra t ion  i n  n i l l i m e t e r s  i n t o  t h e  

bone on t h e  end and t h e  s i d e s  shows t h e  pene t r a t ion  t o  be about 0.5 

mi l l imeter  during t h o  first two-hour period; during t h e  subsequent 

four  hours of demine r s l imt ion  the  pene t ra t ion  was a t o t a l  of 0.4 

mi l l imeter ,  which i s  less t han  t h e  pene t ra t ion  during t h e  first two- 

hour period. These data show t h a t  the more deeply t h e  demineralizing 

1. The X-ray negat ives  were enlarged 1 5  diameters and 
mezsured t o  t h e  nea res t  0.1,m.n with ve rn ie r  c a l i p e r s .  

IO4 l O b l  
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agent pene t r a t e s  i n t o  t h e  mat r ix  of  t h e  bone sample, t h e  more slowly 

it pene t r a t e s  per u n i t  time. 

per u n i t  t ime c o r r e l a t e s  d i r e c t l y  w i t h  t h e  slowing of t h e  deminer- 

a l i z i n g  process,  

T h i s  decreas ing  r a t e  of  pene t r a t ion  

Thus, t h e  depth of pene t r a t ion  i n t o  t h e  bone before  removal 

of t h e  matrix during t h e  first two-hour per iod on t h e  end of t h e  

sainple was 0.5k mm, 

i n  depth  of pene t ra t ion  was 0.26 mm, end during t h e  t h i r d  two-hour 

per iod was 0.14 mm. 

approximately SO$ per  u n i t  tine. 

t he  l i m i t s  of e r r o r  of t h e  measurement taken on X-ray f i l m .  

During t h e  second two-hour period t h e  inc rease  

This decraasing increment of pene t r a t ion  is  

The v a r i a t i o n s  from 50$ are wi th in  

Additional evidence of t h e  behavior of t h e  decreasing in -  

crement of pene t ra t ion  pe r  u n i t  tiine is  providod i n  t h e  second p a r t  

of t h e  experiment. Hers, t h e  demineralized m t r i x  was removad, the 

sample again run f o r  s i x  hours,  and t h e  increments of  pene t r a t ion  

measured. The increnznts  of p e n e t r a t i o n  are almost i d e n t i c a l  t o  

t hose  of t h e  f irst  six-hour period ( C f .  Table I ) .  The weight l o s s ,  

however, w a s  only a f r a c t i o n  of t h a t  of t h e  previous six-hour run. 

It would zppaar t h a t  t h i s  decreasing increment of pene t r a t ion  is  

related n e i t h e r  t o  su r face  a rea  nor t o  t h e  welght of t h e  sample 

s i n c e  both of t hese  f a c t o r s  were altered when t h e  demineralized ma- 

t r l x  was removed. 

P. decreasing increaent  of t h e  weight of mineral  removed p e r  

u n i t  time a l s o  e x i s t s  ( C f .  Table I ) .  During t h e  first two-hour i n -  

t e r v a l ,  before removal of t h e  demineralized matrix, 147 mg of min- 

eral  mre removed; during t h e  second two-hour period 57 mg; and 

dur ing  t h e  t h i r d  40 mg. Following removal of t h e  matrix t h e  mineral  

removed a l s o  showed a propor t iona l  decreas ing  increment similar t o  

1 0 1 5 I O b 2  



7 

t h a t  of t h e  f i r s t  period (Cf. 'Table I ) .  Unlike t h e  d is tance  of  pene- 

t r a t i o n ,  however, t h e  amount of mineral removed during each twc-hour 

i n t e r v a l  f o r  t h e  two six-hour per iods d i f f e r s .  T h i s  would be ex= 

pected from the  r e s u l t s  of previous experiments i n  which i t  has been 

shown t h a t  the  amount o f  mineral removed per  u n i t  t ime is d i r e c t l y  

r e l a t e d  t o  the  su r face  a rea  exposed t o  t he  a c t i o n  of  t he  demineral- 

i z ing  agent a s  well  a s  the  t o t a l  amount o f  bone sample present  (See 

Progress  Report ,  Sept.  15, 1953, Surface Area Experiments) . 
I t  is s i g n i f i c a n t  t h a t  upon removal of t h e  demineralized 

mat r ix  a t  t he  end of the  f i r s t  six-hour pcr iod t h e  r a t e  of penetra- 

t i o n  immediatcly r c t u r n s  t o  t h a t  of the  i n i t i a l  va lue  which was 

0.54 mm. Comparison of the  f i r s t  two-hour per iods of both runs 

shows t he  pene t ra t ion  t o  be i d e n t i c a l ,  i n  t he  second two-hour period 

t o  vary i n  one dimension by 0,002 mm; i n  t h e  t h i r d  two-hour period 

t o  vary i n  one dimension by 0.004 mm. These f i g u r e s  a r e  wel l  within 

t h e  l i m i t s  o f  e r r o r  of  mcaswement froin t h e  X-ray f i l m .  In each 

c a s e  t h e  r a t e  of pene t ra t ion  in to  t h e  bone was rzduced by approxi- 

m2tely 50% per two-hour t ime period. 

Calcu la t ions  of t h e  w l u m e  of bone demineralized show t h a t  

a t  t h e  end of t he  f i r s t  six-hour period t h e  bonc sample had a de- 

minera l ized  volume o f  34348 cmm, o r  about 57% of t h e  t o t a l  volume of 

t h e  bone w a s  dernincralizcd. A t  the  end of  the  second six-hour period 

the bone sample had s dernincralizcd volume of 183.96 cmm o r  about 76% 

o f  t h e  t o t a l  volume was demineralized. I f  these volumes of bone a r e  

div ided  by t h e  t o t a l  amount of mineral removed during the  dcmineral- 

i z a t i o n ,  i t  is 4.06 rng/cmm f o r  t h e  f i r s t  bone sample and 4.18 rng/cmm 

f o r  t hc  second. This is considercd t o  be i d e n t i t y .  Thus, t he  amount 

of mineral  rernovcd per u n i t  volume is the  same even though the  



m i n e r a l  and w e i g h t  1 ? s s  a r e  q u i t e  d i f f e r e n t ,  

!’Je n3w f e e l  t h a t  i t  is F o s s i b l e  t,; drW1 our major  cnn- 

c l u s i c n s  as tr, the b z s i c  ! i z i t i n G  f a c t o r s  i n  c? g i v e n  systcrrl o f  

deminera l  i z e t  inn,  ( i ) I t  3as b c m  dern#,--nstratzd by t h i s  expsr iment 

t h a t  undet  a g i v ~ n  s e t  o f  c o R t r n l l e d  c ? n . ? i t i o n s  p c n e t r a t i q n  i n t ?  

i! s t a n d a r d  dens:: c:!rtical b::nc c l f  t he  d e T i q e r a l i z i n g  a g e n t  w i l l  

t z k e  p l a c e  a t  a d e c r e z s i n g  rc?tc ,  This r 2 t e  is  :Tidependent o f  

we igh t  of  t h e  br.ne smiple  s s  wc:i a s  surf? .cc  are?. c:f t h c  brrne 

sample,  (2) Tnc rmcxnt  of r!:inzr?.l rer?.rvz”. pcr u n i t  t ime n r  per 

u n i t  qf p c n e t r a t i ? , n  is d i r e c t l y  c - r r c l a t e - l  w i t h  t h e  s u r f a c e  a r ce  

a v a i l a b l e  fcr m i n c r z l  k,rzak$!oavn. ( 3 )  -4s t h i s  s u r f a c c  a rea  is  

c n n t i c u a l l y  d e c r e a s i n g ,  t h e  aariunt .?f n i n z r a l  r.;movzd w i l l  a l s o  

c c n t i n u a l l y  decrease, ( 4 )  S i n c e  t h e  penct.r;?t i ? n  inti.! the  hqne 

inv31ves a decreasin!: r a t e ,  tile r c i a t i v z  Srlnc: mass ( d i s t m c e  f r r l m  

t h e  s u r f a c e  t o  t h e  center r,f t h e  bc?c p i z c c )  w i l l  bs  t h e  dc te rmin-  

a n t  q f  t h e  t n t z l  an:?unt r;f t im r6quired f , ? r  dernincrzl  i z a t i o n .  

I t  is r e c . > g n i z c r !  t tat t h e s c  cxF;r:ments have been made 

under ides1 c o n ~ . l i t i ( ~ n s .  : Jevcr theless ,  t3ey  ai-? a p p l i c a b l e  t o  

c c n d i t i c n r  i n  i r r e g u l n r  bi~ne p i a c c s  anc! b7ncls cqrnp3sed -ff bo th  

cFJmpact anc! canci; 1 l,:\us b.r:ne , I t  i s  nc:ri: d i f f i c u l t  tr! c a l c u l a t e  

znd p r e d i c t  t h c  exac’:. l?chc?vinr ctf sack bTnc p i c c e s ,  but a rr*ugh 

e s t i n a t e  n f  d e n i r i e r n l i z a t i n n  t ime  may trc derived frnm e x t r a p c l l a t i c n  

of  thcse p r i n c i p l z s  t r ?  a g i v e n  hcne p i e c e ,  

XI, Exre r i r l c r i t s  w i t h  vr.ri?us t y o c s  Qf  hcne, 

Thesz cxpz r i rncn t s  were ma*?e t t -  ? c t e r m i n e  t h e  r n t e  of 

ctemincral i z a t  inn, a n d  v a r  iabil f t y  i n  w e i g h t  15ss a n d  m i n e r a l  

remnml i n  vr?riou.s t y ~ c s  of brncs.  F u r t h e r ,  i t  was hoped t h a t  t h e s e  

expe r imen t s  wou1c.l r2v::al a m t t s r n  of e e n i n c r a l i z a t  i o n  f o r  var -  
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k i n d s  o f  bones i f  such  p a t t e r n  e x i s t e d .  i o u s  

t i b i  

MethTd: Five bones were u s e d  from a d u l t  

- f i b u l a ,  innominate ,  femur ,  h u m r u s ,  and c a l c  

male Wistar r a t s :  

nebus. Thzse 

hones werc  f i x e d  i n  10% f o r m a l i n  f o r  24 hour s  and a f t e r  f i x a t i l T n  

wcre c l c a n e d  t o  rernove t h c  si;ft tissgcs and p c r i s s t e u m ,  The boncs 

were p l a c c d  i;? 100 ml of 1 m:?r h y d r m h l o r i c  a c i d  and p l a c e d  

upon a 60 rpm r o l l e r  a g i t z t c r  at 25’C. 

ings were made a t  one-hour i n ? c r v ; i l s  t o  de t e rmine  t h e  d e g r e e  of 

d e m i n e r a l i z a t i o n ,  C ~ l c i v m  an? phosnhorus  d e t e r m i n a t i o n s  were  

madc c n  t h c  d e m i n e r a l i z i n g  s o l u t i m s  a t  t h e  end qf d e m i n e r a l i z a t i o n .  

X-ray p i c t u r e s  and  weigh- 

Results: A t  t k  end ?f f o u r  hour s ,  s tudy 3f t h e  X-r2.y 

p i c t u r e s  showed e a c h  b m e  t o  hevc a small  undcmine rz l i zed  area 

l x z t e d  i n  t h c  c e n t e r  of  t h a t  p o r t i n n  o f  t h e  5one f a r t h e s t  from 

any e x t e r n a l  SurfacC. In  t 5 c  c a l c e n c t u s ,  t h i s  was 2 t h i n  undeminer- 

a l i z e d  bar t h r  ugh t h o  c e n t e r  c f  b m c ;  i n  t h e  c z s e  c)f the i n m m i n a t s  

bene t h e  u n d e x i n e r a l  ized p o r t i c m  wzts 1 ?c:.ted a b s u t  tS;e zce tabulum,  

In t h e  humcrus t h e  undeminera!fzed p-1rti-m was in t h e  head a t  t h e  

t h i c k e s t  p o r t i r n .  Ths t i b i o - f i b u l c  showcd undeminc ra l i zed  p z r t s  

b o t h  i n  t h e  s h a f t  as  w e l l .  a s  i n  t h e  e n d s  r?f t h e  bone. A f t e r  f i v e  

h o u r s  of  d e m i n e r a l i z a t i o n  t h e  picture w?.s m l y  a l t e r e d  i n  d z t a i l ,  

t h e  same a rcas  s t i l l  be ing  undcmincra l izsc’ ,  Tzb le  I1 is a n  average 

o f  two e x p e r i m e n t s ,  e a c h  w i t h  il similar s e t  of  bmes ,  which shows 

t h a t  t h e  w e i g h t  lc,ss o f  t h e  i n d i v i d u a l  samplcs  was about  t h e  same, 

The cmount n f  rn incra l  remove9 f r m  each bone was w i t h i n  1 mg, % 

for c a l c i u m  and pht-tsphqrus fqr t h e  same bcne samples ,  The t i b i o -  

f i b u l a  2nd t h e  i m o m i n a t c  b 3 t h  lr,st a b o u t  38% of t h e i r  w e i g h t ;  the 

humcrus l o s t  zbou t  42%; and t h e  c n l c a n e f u s  shcwzd t h e  h i g h e r  

p e r c e n t a g e  of  we igh t  l o s s ,  I n  t’le case  of t h e  t i b i o - f i b u l a  and  t h e  

101110b5 
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i nncmina te  bones, t h e  amount o f  rnincrril p e r  u n i t  weight  loss was 

75% w h i l e  i n  t h e  humerus i t  1 ~ s  71% and i n  t h e  c > l c a n c # u s  70% o f  

t h c  t c l t z l  we igh t  l o s s .  

I n  every case, t h e  cc ,nc lus ions  r eached  i n  t h e  s t u d i e s  on 

s t a n d r r d  bonc were confirmed: t h a t  p a r t  * I f  t h e  bcsnc, which w a s  

fcirthcst f rom any  e x t p r n a l  s u r f a c e  was i n v a r i a b l y  t h e  l a s t  t o  

dzmine ra l  i z e  w h i l e  t h e  t h i n  p r t i o n s  were a lways  q u i c k l y  demineral-  

i z e d ,  The s i z e  o f  t h e  bone was n-)t qf' s i g n i f i c a n c e  i n  t h e  amount 

of  t ime n e c e s s a r y  f o r  d e m i n c r a l i z a t i n n ,  t h i s ,  be ing  c o n t r o l l e ?  by 

t h e  d i f f u s i o n  d i s t m c z  ( i , e . ,  d e m i n e r a l i z P t i T n  cf the  ca l canepus ,  

we igh t  C .  72 ng,  tljok es long  as t h e  humerus an4  t i b i q - f i b u l a ,  

we igh t  C. 600 mg) .  

111. E x p e r i n s n t s  t o  de te rmine  thc  r e l a t i v e  e f f i c i e n c y  o f  

v a r i n u s  a c i d s  qn deminersl i z a t  im cf r3.t f e m r ~ .  

Wistar r a t  f c m w a  were f i x e d  i n  10% f e r m a l i n  and t h e  

s o f t  t i s s u e s  and  per ic l s teum rcrn.rvcr!. Thesc bnncs were p laced  i n  

100 rnl qf 1 molar o r  0.5 !n?lar c - n c e n t r p t i m s  n f  t h e  fo l l -wing  

acids: 

ace t i c ,  and n i t r i c .  

a g i t a t o r  a t  25%. 

r e g u l a r  i n t e r v a l s ,  and  c z l c f u n  and ph--sphnrus d e t e r m i n a t i o n s  werc 

made on t h c  t n t n l  s n l u t i o n  c t  t h e  end  of  t h e  run. 

hydrobromic, hydroch l?  T i c ,  t r ichlorcjacet ic, ph3sphr\r ic ,  

The bclnes wcrc  ; i g i t a t+zd  nn a 60 rpn roller 

X-rry p i c t u r e s  and weighings  w e r e  made a t  

Results: The r e l a t i v e  rank  :)f these a c i ? s  wi?s  i d e n t i c a l  

tq t h a t  p r e v i q u s l y  sccn ( C f .  Repor t  c?f December 31, 1953). 

Hydr8-chlc1ric, hydrobrqmic snd  n i t r i c  a c i 4 s  rkminc ra l  izec! t h e  bnncs 

i n  6 h o u r s ,  

a c i d  s h - r t l y  the rea f t s r ,  2nd f i n r t l l j r  t h e  slpwest was a c e t i c  a c i d ,  

n q t  b e i n g  c m p l e t e l y  deniner:liz.zd z f t e r  24 hour s  demine ra l i za t ion ,  

T r i ch ln rmce t i c  acid cnnc l a t e r  a t  12 hmrs,  F h n s p h q r i c  
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IV. Experiments with ion exchanqe rzsins, 

Standard rat femora were r r epa red  in the method outlined 

above and p l a c e d  in solutions of 1 molar znd 0.5 molar hydrochloric 

acid, each solution containing 25 gm wet wciaht o f  a diffcrcnt 

resin, The resins w c r e  Rolm and Haas IRC-SO, IR-120, and IR-112, 

and Winthrop-Stearns Win-3000, The bones and resins were agitated 

on a 60 rpm raller agitat.>r at 25°C. 

X-ray picturcs made every hour, Calcium and phosphorus were 

determined in the total scrlut ion. Thc acids were standardized 

prior to the run and again titrated at the end of the run. These 

data are presented in Table 111, 

The bones were weighed and 

Preliminary Results: These arc results of experiments in 

progress and further data are being collected which may change our 

present conclusions, In general, the rzsults of thcse experiments 

show that while r e s i n s  p l u s  acids do not appreciably increase the 

demineralization rate, the solutions do appezr to act more efficien- 

t ly. 

The mineral deterninations for thc resin solutions are not 

informative due t o  the binding capacity of the resins which rzmove 

the mineral frpm the solution, Calcium was the primary mineral 

removed from the solution, phosphorus being taken out of sQlutian 

only to a limited extent, The most efficient remover of calcium 

from the system was IR-120, then Win-3000, IR-112, and finally 

IRC-50 which acceptec! the least amount of calcium ion, 

Comparison of the data presented i n  Table 111 demm- 

strates almost no difference in the activity of 0.5 and 1.0 molar 

hydrochl3ric acid plus various resins, and cnly a small difference 

between 0 .5  and 1.0 molar hydrochloric acid alone, A major 

m \ O b l  
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d i f f e r e n c e  i s  found whzn t h e  r e s i n - z c i 3  s o l u t i o n s  arc cornparad w i t h  

t h e  results o f  a c i d  s o l u t i m s  alon.2, A n a l y s i s  of t h e  X-ray negn- 

t i v c s  shows no d i f f e r e n c e  i n  amount of  d m i n e r a l  i m t  i a n  between t h e  

ac id  a l o n e  and t h e  r z s i n s  p l u s  a c i d  at. a g i v z n  time. Thus,  deminer- 

a l i z a t i o n  a p p c ? r s  t o  p r o g r e s s  a t  t h e  sane rzte w i t h  2nd w i t h o u t  

r e s i n s  as  viewe? in X-ray r i ega t ivcs .  Weight 1 7 s s  f i g u r e s ,  howevcr, 

would seem tr: i n d i c a t e  th:it bqiies i n  t h e  r:;sin s n l u t i T n s  a r e  n c t  

d e m i n e r a l i z i n a  a s  r a p i d l y  because thc r e s u l t i n g  p e r c e n t  w e i g h t  

l o s s  p f t c n  is a s  much 9 s  5 p e r c e n t  p c i n t s  less t h a n  t h o s e  i n  ac id  

alonz (Cf, Table 111). I t  a p p e a r s  from t h i s  c o x p a r i s m  t h a t  t h i s  

difference may be d g e  t.: s m c t h i n g  e l s c  be ing  r emved  f r m  t h e  bone 

b e s i d e  mii lcral  i n  th i z  case of t h e  a c i d  21cne. 

I f  terninczl f i g u r e s  z f t e r  comple te  d e m i n e r c l i z a t i o n  i n  a 

f o r  t h e  fcrror?. i n  the  vcrirus s o l u t i o n s  is: 

HC 1 39.1% 
Win-3000 + H C l  38 . 6% 
IRC-50 4 KCl 17.1% 
1 R - l i 2  * FIC1 i6.3% 
IR-120 A HC1 55.2% 

I t  is s e e n  t h z t  3- d i f f e r e n t i a l  of 4% ?as rievelnped d u r i n g  t h e . d e n i n -  

e r a l i z a t i p n  p e r i . ) d ,  y e t  a l l  t h c  b;nc:s a r e  c c n p l e t e l y  deminc ro l i zed .  

C o r r e l a t i c n s  nay b2 rlrc?wn on t h i s  evidence. The minsrcl  cmterit -f 

the rat fzmur is a b w t  30 tc, 31% c,f t hc  t c \ t a l  weight  c.\f t h e  b m e ;  

the c? rbon  Cic- lxide ce-lntent is a b o u t  2-33 c-f t h z  t o t a l  we igh t  nf 

t h z  b.>ne, Thus, t h e  e x p e c t e d  w e i g h t  l o s s  o f  the bone d u r i n g  

d e m i n e r a l i z e t i n n  n a y  be ?xFcctec! tr, he from 32 t c  35% of  t h e  t o t a l  

weight of the bene a t  m m p l e t e  Geaineralization, I n  the  t a b l e  

above ,  t h e  h y d r o c h l o r i c  ac i : l  a l m z  removes.392 of  t h e  total bone 

w e i g h t  i n  cornplete d e m i n e r a l i z a t i m ,  o r  from 4 t o  7% m3re w e i g h t  
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than can  be a c c c u n t c d  f n r  by t h e  m i n e r a l  a n d  carbon dicx ide  p r e s e n t  

in t h c  bcnc,  IR-120, nn t h e  n t h e r  h m d ,  remnves m l y  35% of  t h e  

bone w c i g h t  t n  accnmpl i sh  c q m p l c t e  d e m i n e r a l i z a t i o n ,  n r  from 0 t o  

3% more t h a n  c ? n  be c x w c t c d  as s a l t  p r o d u c t  f r p m  * e m i n c r a I i z a t i o n ,  

I t  ur?uld appc?.r t h n t  rcmavzl of mineral i n  t h e  r e s i n w s  

system is  . just  a s  e f f i c i e n t  as t h a t  i n  t h c  h y d r o c h l o r i c  E c i d  alaric, 

but t h a t  uncvantzrl si42 c f f c c t s  i n  rzmovril nf’ c t h c r  materi2ls docs  

n o t  Occur t o  a s  3rcat  an  c x t c n t  i n  a t  l=?,st twc, of t h c s c  s y s t e m s  

(IR-112 a n d  120) .  Expcr imcn t s  a t  p r c s c n t  in  prc>grzss a r e  e x p e c t e d  

t o  y i e l d  more p r e c i s a  inf , . ) r rnzt inn a s  t c  the p o s s i b l e  s i g n i f i c a n c e  

of  these  7 rese r . t  f i n d i n g s ,  

The  s t a n d a r d i z a t i o n  o f  t h e  a c i d  solution f o l l c w i n g  deminer- 

alizstisn in these sys tems shows th2.t IRC-50 has t h e  same molari ty  

a f t e r  6 e m i n e r a l b z z t i o n  as  before, but 211  r l t h e r  s q l u t i c n s  shnw a 

s l i g h t  r e d u c t i c n  i n  mr\lz!ri ty,  

In a d d i t i o n  t ?  t h e  ab.-ve e x p e r i m e n t s ,  chemica l  s t u d i e s  

havc been cnnductcr l  on t h c  n r i w s  resins, T:?ese s t u d i e s  have 

p r p v i d e d  il base l i n e  of exchange  capaci ty  fnr calcium, phgsphorus ,  

and hyc’rrlgcn i n  t h e  c n l c u l a t i w s  c f  t h c  q t i m u n  rtrnnunt ? f  r a s i n ,  
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%I/. S t u d i e s  of t i s s u s  p r e s e r v a t i o n  and s t a i n i n g a f t e r  a c i d  a c t i o n .  

To t e s t  t h e  e f f e c t s  o f  a c i d s  upon t i s sues  fo l lowing  

var ious  f i x a t i o n  i n  ternis of p r e s e r v a t i o n  of morphologic d e t a i l s ,  

shr inkage ,  s t a i i i i r , ~ ,  and  t i s s u e  f r i a b i l i t y ,  a s e r i e s  of  experiments 

s i m i l a r  t o  those p r e v i o u s l y  r e p o r t e d  for blood ana  bone marrow were 

conducted (Progrecs qeport, Se?t .  15, 1953). Rats  served  a s  t h e  

source o f  t i s s u e  f o r  t h e s s  s t u d i e s .  

Method: The t i s s u e s  were c l t h e r  per fused  w i t h  o r  sub-  

mergad i n  t h e  f i x i n g  s o l u t i m .  Per fus ion  of t h e  animal was accom- 

p l i shed  by i n s e r t i n g  a cannula  i n t o  t h e  do r sa l  a o r t a  and washing t h e  

vascular  system w i t h  3 i n g c r ’ s  so l t i t ion  which was followed by t h e  

per fus ing  l i q u i d .  T h e  s k i n  was removcd from t h e  hind l e g s  of the 

animal and t h e  muscles of t h e  legs  t r a n s e c t e d  t o  nakc s e c t i o n s  

approximately 5 mm t h i ck .  Tke e n t i r s  l e g  w i t h  a t t a c h e d  muscle was 

then subrnerged in  t h e  f i x i n 9  s o l u t i o n  f o r  a t  least 24 hours.  Fol- 

lowing f i x a t i o n ,  rnusclz p i eces  5   run t h i c k  and u s u a l l y  8 cen t ime te r  

i n  i t s  o t h w  dimcnsions were c u t  from ?,hc l s g s ,  w a s h e d  i n  d i s t i l l e d  

water ,  and placcd i n  po lye thylene  c o n t a i n e r s  w i t h  100 rnl of a 2 

molar conccn t r a t  ion of  c?cid. The po1::ctnylcne c o n t a i n e r s  were run 

on a 60 rpm rollcr a g i t a t o r  a t  25OC. f o r  24 o r  48 hours. 

were vrashcd i l i  w t e r ,  dehydrated i n  e t h y l  a l c o h o l s  and embedded i n  

p z r a f f i n .  

2nd eosin or w i t h  it one-step t r i ch ro im devised  in t h i s  labora tory .  

The s l i d e s  v e r e  Oiven code l a b e l s  and  t h e  s e c t i o n s  analyzed wi thout  

knowledge of what procedurc had been app l i ed .  The e m l u a t i o n s  wcre 

made and then  comparzcl t o  a key shee t .  The s l i d e s  were eva lua ted  

according t o  the  fo l lowing  po in t s :  

The p i eces  

P?_ra f f iq  s e c t i o n s  were c u t  arid s t a i n e d  w i t h  haematoxylin 

1. P r e s e r v a t i o n  of morpP.oloqic d e t a i l .  

t 0 4 1 0 ’ I O  



15 

2, Staina5ility and color klance, 

3. Shrinkage. 

4. Friability of the tissue, 

Four fixatives were used: 10% formalin, Emin's, iodine- 

methyl alcohol, and methyl alcohol. Tissues were fixed in these 

solutions both with and without perfusion. The tissues fixed in 

these fluids were placed in the following aqueous solutions: citric, 

hydrobromic, nitric, trichloroacetic, ?hosphoric, hydrochloric, 

acetic and formic acids, and saturated sodium versenate. Fixed 

tissues not treated with acid solutions served as controls. 

Results: 

The quality of the morphology of the tissues after a c i d  

action is the resultant of several factors: 

1, The general effectiveness of the fixative and its 

result with the stains used, 

2, The effectiveness of the staining technique in demon- 

strating the morphology. 

3, The destruction of morphology resulting from the action 

of the acid solution. 

As side issues, it is evident that an acid which destroys all the 

connective tissue will reduce the tissue to a mass of cells, and 

while the morphology of these cells may be perfect, the result de- 

feats the purpose of studying the relztionshfps of stracdures and 

cells -- in situ. Also, the resulting tissue will not be better than 

the fixation and staining regardless of the effect of the acid. 

Fixation: 

Fouin's fixation: Following L?fs  fixation, good cellular 

morphology acid solutions. was maintained in most 



Eouin's d i d  not give adequate p ro tec t ion  aga ins t  t h e  

s t ronger  mineral a c i d s  such as n i t r i c  and hydrobromic, 

The f i x a t i o n  of t he  connective t i s s u e  was general ly  

poor  a:zd these  t i s s u e s  were not maintained i n  even 

d i l u t e  concent ra t ions  of weah a c i d s  unless  t h e  water 

s o l u b l e  p ro t e ins  were f u r t h e r  f i x e d  by alcohol o r  some 

o t h e r  zgent,  The nuc le i  u s u a l l y  lacked b r i l l i a n c e  and 

c l a r i t y  followirig t h i s  f i x a t i o n  and even more var iab le  

r e s u l t s  i n  nuclear s t a i n i n g  w-zre obtained following 

the  ac id  act ion.  In general ,  t h e  nuc le i  were poorly 

s t a ined  unless some a d d i t i o n a l  f i x a t i v e  was employed. 

Good p r c t e c t i o n  and s t a i n i n g  r e s u l t s  were 10% Formalin: 

obtained a f t e r  f i x a t i o n  in  t h i s  solut ion.  The f i x a t i v e  

w i t h  a c i d  a c t i o n  d i d  make t h e  t i s s u e  more e a s i l y  

"cooked" during parzf f i n  embedding, Nuclei were gen- 

e r a l l y  good, but some poor s t a i n s  were obtained a f t e r  

hydrolysis  i n  the  strong n i n e r a l  ac ids ,  

Iodine-nethyl a lcchol :  This f i x a t i v e  in  our opinion gave 

the  f i n e s t  r e s u l t s  because t h e  t i s sues  d i d  not appear 

t o  be f ixed  a t  a l l  P u t  hr-d t h e  a9pearance of f resh  

t i s s u e ,  I t  is necessary t o  po in t  ou t ,  however, t h a t  

the  r e s u l t s  w i t h  t h i s  f i xa t ive  might  be considered 

very poor i f  the t y p i c a l  f i x a t i o n  p i c t u r e  is expected, 

By way of demonstration, muscle f ibers  f i x e d  with for-  

malin or Bouin's are u s e a l l y  polygonal i n  shape in 

cross sec t ion ;  w i t h  methyl a lcohol- iodine,  the  f ibers 

a r e  round, c lcse ly  packed, w i t h  b r i l l i a n t  and numerous 

nuc le i*  Shrinkage is minimal, Fresh muscle f i b e r s  In- 

1 0 4 1 0 1 2  



17 

c r o s s  s e c t  ion without f i x a t i o n  a r e  a l s o  round, c lose ly  

packed, End w i t h  v i t a l  s t a i n s  show numerous nuclei .  

Thus,  whi le  in  our own est imate ,  t h i s  f i x a t i o n  gives 

the most s a t i s f a c t o r y  r e s u l t ,  i t  would not  be consi- 

dered "normal" because of the changes which a r e  usua l ly  

expected i n  the processing of the  t i s s u e s .  

With t h i s  f i x a t i v e ,  d i sa s t e rous  r e s u l t s  were ob- 

t a i n e d  w i t h  n i t r i c  and hydrobromic acids .  The tissues 

were completely d iges ted  by t3ese  ac ids .  Good results 

were obtained in  the o t h e r  ac id  s o l u t i o n s  however, and 

l i t t l e  o r  no morphologic a l t e r a t i o n  c o u l d  be noticed 

when compared w i t h  the  non-acid con t ro l  blocks. 

Methyl alcohol:  Resul ts  w i t h  t h i s  f i x a t i v e  were always 

poor. 

Several  f i x a t i v e s  were not considered because of the d i f -  

f i c u l t i e s  which they  cause i n  the demineral izat ion method. Bichro- 

mate o r  mercuric s a l t s ,  which a r e  exce l l en t  f i x a t i v e s ,  were not used 

because of t he  problems of ccmmon ions in  s o l u t i o n ;  the  me ta l l i c  ions 

a r e  removed a t  the expense of calcium ions. 

Staining:  

The s t a i n i n g  c h a r a c t e r i s t i c s  of the t i s s u e s  were governed 

by the a c i d  used. With haematoxylin and eosin,  i t  was frequent ly  

d i f f i c u l t  t o  o b t a i n  nuclear s t a i n i n g  following use  of most of t h e  

acids .  

r e s u l t s ,  but t he  o t h e r s  produce poor haematoxylin s t a i n s .  

The weak organic  ac ids  such a s  a c e t i c  and c i t r i c  give good 

D i f f e r e n t  p a r t s  of the t i s s u e  s t a i n  d i f f e r e n t l y  in  t h e  

s t ronger  ac ids ;  t he  periphery s t a i n s  poorly or not a t  a l l  while the  

i n t e r i o r  of t h e  block may give good r e s u l t s .  Counter s t a i n s  a r e  

t 0 4 1 0 1 3  
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usually good, but use of the one-step trlchroae shows that pH is 

apparently a factor which must Se controlled. 

In general, staining after nitric and hydrobromic acids is 

most difficult if n o t  iinpossible, Hydrochloric and formic acids 

give variable results, f r o n  excellent to poor depending more upon 

the type fixative than  upon the acid. Trichloroacetic acid shows a 

considerable variation, but is  usually l e s s  satisfactory than hydro- 

chloric and formic. The weak organic acids and the sodium salt of 

versenate give good staining results for almost all tissues. 

To sunmarize the results of these studies, it has been 

found: 

1, Strong acids such as nitric, hydrobromic, and hydro- 

chloric acids as well as trichloroacetic tend to make 

the tissues more friable and more easily cooked in the 

embedding process. The tissues frequently shred and 

shatter during sectioning and show aross morphologic 

changes. Shrinkage is maximal with these acids after 

f ormz 1 in or Rou in' s f i xat ion.. 

2. The nuclei are difficult to stain aftor treatment with 

most of the acids. This has been the major staining 

problem. 

3. ( a )  Fixation in iodine-methyl alcohol gives the best 

results if nitric or hydrobromic acids are not used. 

(b) Fixation i n  Bouin's produces poor nuclear staining 

and sone destructLon of connective tissue by the acid 

solutions. 

a f t e r  acid solutions with this ffxztive. If the Bouin's 

is followed Qr alcohol, better preservation of the con- 

The collagenous fibers zre usually swollen 
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' nectivl: t i s s u e  is obtained. 

(c!  Fornal in  f i x a t i o n  gives gocjd p ro tec t ion  t o  the 

t i s s u e s  but  makes them mcre f r i a b l e .  

4. The connective t i s s u e s  nre destroyed by the  s t r o n g  ac ids  

such as n i t r i c  and hydFobrornic. Good r e s u l t s  were ob- 

t a ined  w i t h  hydre;chloric ac id .  

Thus, i n  conclusion, t h e  major problem is t o  e f f e c t  good s t a i n i n g  

a f t e r  ac id  a c t i o n  because the o the r  f a c t o r s  can be control led by 

proper a t t e n t i o n  t o  t he  mechanical d e t a i l s  o f  s l i d e  making, 

Because of t he  d i f f i c u l t y  i n  s t a i n i n g  the t i s s u e s  a f t e r  

t he  a c t i o n  of a c i d ,  i t  was decided t o  undertake a s e r i e s  of  experi-  

mental s t u d i e s  t o  determine some of t h e  f a c t o r s  which govern the 

acceptance of t he  dye by t h e  t i s s u e  in  order  t h a t  co r rec t ive  proce- 

dures migh t  be appl ied,  The work was ou t l ined  t o  inves t iga te  the 

f o  1 lowing po i n t s  : 

1, The e f f e c t  of  the changes in r eac t ion  pa. 

2, The e f f e c t s  o f  dye concent ra t icns .  

3. The e f f e c t s  of mordants. 

4. The e f f e c t s  of ac id  hydro lys is  and hydrolysis o f  o ther  

chemical agents. 

VI.  Study of  the  pH of t i s s u e s  and the  changes in pli, 

Method: Sections were s t a i n e d  w i t h  neu t r a l  red and the 

s l i d e  flooded w i t h  e i t h e r  an ac id  o r  a l k a l i n e  so lu t ion  of known con- 

cen t r a t ion .  The s l i d e  was observed and the  co lo r  changes and the 

t i m e  necessary f o r  t h e  change o f  t h e  pH r e a c t i o n  of neut ra l  red in  

t h e  s l i d e s  noted. 

R e s u l t s :  i n  t h i s  experiment, i t  was found t h a t  i t  r equ i r e s  

15 t o  20 minutes f o r  an ac id  so lu t ion  of 0.01 molar concentrat ion t o  

101r1015 
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s h i f t  t h e  pH one c o l o r  p o i n t ,  I n c r e a s i n g  t h e  a c i d  o r  a l k a l i  concen- 

t r a t i o n  does n o t  markedly a f f e c t  t h i s  r a t s  o f  change,  a l t h o u g h  i n  

c o n c e n t r a t i o n s  of  1 molar ,  t h e  r a t e  m y  be as  much as 50% f z s t e r ,  

If a t i s s u e  is made s t r o n g l y  a c i d  t o  n e u t r a l  r e d ,  an  a l k a l i  

a l s o  r e q u i r e s  a c o n s i d e r a b i e  p e r i o d  of  time t o  s h i f t  t h e  pH t o  an  

a l k a l i n e  i n d i c a t i o n ,  In  g e n c r z l ,  it has bcen found t h a t  i t  r e q u i r e s  

from 30 minutzs  t o  one hour t 3  make a s u b s t a n t i a l  change i n  t h e  pH 

r e a d i n g  o f  t h e  t i s s u e ,  i f  i t  p r e v i o u s l y  h z s  been exposed  t o  e i t h e r  

an  ac id  o r  a l k a l i n e  s o l u t i o n ,  

V I I .  Dye d i sp l scemen t ,  

Method: Tissues were s t a i n e d  w i t h  one o f  t h e  f o l l o w i n g  

dyes: a n i l i n e  b lue ,  a c i d  fuchs i r i ,  orange G, e o s i n ,  a z o  carmine B, 

or f a s t  g reen ,  The t i s s u e s  were t h e n  washed in  w a t e r  and p l aced  in  

a n o t h e r  o f  t h s  above series o f  dyes ,  

R e s u l t s :  In  each  c a s e ,  u s i n g  a l l  t h e  p o s s i b l e  pe rmuta t ions  

of t h e  above system, t he  first dye was d i s p l i c z d  by a second dye. 

In  some expe r imen t s ,  a s  many 2 s  f i v e  dyes were d i s p l a c e d  f rom t h e  

t i s s u e ,  w i t h  t o t 2 1  s t n i n i n q  of each  s u c c z s s i v e  dye. 

were t h e n  p l a c e d  i n  t h e  f i r s t  dye and t h e  original c o l o r  a g a i n  ob- 

t a i n e d .  

The t i s s u e s  

VIII. Reac t ion  pH. 

Method: S l i d e s  from t h e  same block were a d j u s t c d  t o  pH 1 

t o  11 by p l a c i n g  them i n  a 0.9% NaCl s o l u t i o n  b u f f e r e d  t o  t he  exac t  

pH w i t h  HC1-NaOM. 

i n  t h e  v a r i o u s  pH s o l u t i o n s  b e f o r e  s t a i n i n g .  

pH 1 t o  11 were s t a i n e d  i n  a 1% c o n c e n t r a t i o n  of  t h e  f o l l o w i n g  dyes 

f o r  1 minute:  

g r e e n  (FCF), a n d  haematoxylin.  

The s l i d e s  were al lowcd t o  e q u i l i b r a t e  f o r  1 hour 

A s e t  o f  s l i d e s  from 

a n i l i n e  b lue ,  Wasserblzu, a c i d  f u c h s i n ,  o range  G,  f a s t  

The haematoxyl in  was reduced  i n  

l Q 4 l O l b  
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a l k a l i .  

The s l i d e s  were washed in  wa te r ,  dehydrated i n  e t h y l  a l c o -  

h o l s  and mounted. 

Resul t s :  V a r i a t i o n s  i n  t h e  s t a i n i n g  were obta ined .  With 

haematoxylin,  t h e  dye s t z i n e d  over t h e  e n t i r e  range but t h e  lower 

and h ighe r  pH values  gave mo?e b r i l l i a n t  r e s u l t s .  Orange G d i d  no t  

s t a i n  beyond pH 5. Fas t  g r e s n  faded p r o g r e s s i v e l y  u n t i l  no s t a i n s  

c o u l d  be found above pH 10 a l though t h e  dye d i d  n o t  s t a i n  maximally 

beyond pH 5 .  A n i l i n e  blue a lone  does not  s t a i n  beyond pH 7;  Wasser- 

b l au  s t a i n s  throughout the e n t i r e  pli range but is a t  i t s  weakest i n  

the middle pH range  from 6 t o  8. A c i d  ftrchsin s t a i n s  throughout t h e  

e n t i r e  range but  is weaker on t h e  a l k a l i n e  s i d e ,  

IX. Rezct ion pH i n  polychrome systems: 

Method: T issues  o f  t h e  same block of t i s s u e  were a d j u s t e d  

- 

t o  pH 1 t o l l  i n  0.9% NaC1 buf fe r  w i t h  HCl-NaOR s o l u t i o n  and s t a i n e d  

w i t h  the one s t e p  t r ichrome for 1 minute,  

Results: With t h e  one s t z p  t r ichrome,  i t  was found t h a t  

a t  t h e  lower va lues  of pH 1-5 t h e  b e s t  d i f f e r e n t i a l  r e s u l t s  could be 

a t t a i n e d .  As t h e  pN approachcd 10 t h e  orange G, most of t h e  f a s t  

g reen ,  and almost a l l  of t h e  a c i d  fuchsin werz e l imina ted  and t h e  

t i s s u e s  s t a i n e d  o n l y  w i t h  t h e  prim8ry b lue  or a t  times a blue-green 

c o l o r .  

X..Effect of A c i d  Hydrolysis.  - 
Method: T i s sues  f i x e d  in  10;s formal in  or Bouin's were 

hydrolyzed i n  1 molar hydrochlor ic  a c i d  s o l u t i o n  for 1 hour a t  56OC.; 

t h e  r e a c t i o n  pH was a d j u s t e d  t o  pl-I 3 with 0.9% NaCl bu f fe r  w i t h  

HC1-NaOH s o l u t i o n  and s t z i n e d  w i t h  hazmetoxylin and e o s i n  or w i t h  

t h e  one s t e p  t r ichrome.  T i s sues  frwn Experiment V which had been 

i041UIf 
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a g i t a t e d  i n  2 molar h y d r o c h l o r i c  a c i d  s o l u t i o n  a t  25OC, f o r  48 hours  

were a l s o  used ,  Thess t i s s u c s  w e r e  a d j u s t e d  t o  pE l t o  11 and 

s t a i n e d  i n  haematoxyl in  and e o s i n  a?d i n  t h e  one s t e p  t r i ch rome ,  

R e s u l t s :  Wi th  haematoxyl in ,  t h e  t i s s u e s  stain b e s t  a f t e r  

a d j u s t m e n t  t o  an  a l i ca i inz  r e z c t l o n  $1, t h a t  is, from pH 8 t o  11. In 

t h e  a c i d  range ,  the n u c l e i  cre very d i f f i c u l t  t o  s t a i n  and t h e  c e l -  

l u l a r  o u t l i n e s  a r e  n o t  demcnstrF-ted i n  t h e  t l o r ) d  v e s s e l s  or t h e  con- 

n e c t i v e  t i s s u e ,  Adjustment t o  abou t  pH 7 gave a more s a t i s f a c t o r y  

s t a i n i n g  w i t h  t h e  one s t e p  t r i c h r o m e ,  Thus, fo l lowing  ac id  hydro l -  

y s i s ,  t h e  r e a c t i o n  f o r  op t ima l  s t a i n i n g  w i t h  haematoxyl in  is pH 9 

t o  11, and f o r  one s t e p  t r i ch rome  abou t  pH 5 t o  8 ,  

X I ,  The e f f e c t  of  o x i d i z i n q  and hydro lyz ing  a g e n t s ,  

Method: T i s s u e s  were o x i d i z e d  i n  3% potass ium permanganate 

w i t h  and w i t h o u t  subsequent  wash w i t h  1% pc ta s s iun :  meta b i s u l f i t e .  

O t h e r  t i s s u e s  w e r e  hydrolyzed f o r  1 hsu r  i n  1% p e r i o d i c  a c i d  w i t h  

and  w i t h o u t  a 1% potass ium meta b i s u l f i t e  wash,  The t i s s u e s  were 

a d j u s t e d  f o r  pH i n  bt;ffer sct lut ions and s t e i n e d  w i t h  e i t h e r  haema- 

t o x y l i n  and e o s i n  o r  w i t h  one s t e p  trichrome. 

Rcsults: The i e s u l t s  after s t r o n g  o x i d a t i o n  w i t h  potns-  

s ium permanganate showed t h r t  a n l y  t h e  f x h s i n o p h i l i c  m a t e r i a l  re- 

mained; a s l i g h t ,  bu t  weak s t a i n i n g  w i t h  a n i l i n e  blue was o b t a i n e d  

a t  t imes .  The a l k a l i n e  ad jus tment  o f  pH a f t e r  o x i d a t i o n  d i d  no t  

show any marked improvement. The s t a i n i n g  w i t h  haematoxyl in  was 

poor th roughout  t he  s e r i e s .  

The s t a i n i n g  r e a c t i o n  f o l l o w i n g  h y d r o l y s i s  w i t h  p e r i o d i c  

a c i d  showed an i n c r e a s e d  b r i l l i z n c e  r e g a r d l e s s  of  t h e  a d j u s t e d  pH, 

bu t  best  r e s u l t s  were o b t a i n e d  i n  t h e  pH r a n g e  of 3-5. 
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XII, Use of mordant s a l t s ,  

Method: T i s s u e s  were hydro lyzed  i n  h y d r o c h l o r i c  ac id ,  

p e r i o d i c  a c i d ,  o r  r u n  z s  u n t r e a t e d  COfitrols. These t i s s u e s  were 

t h e n  p l aced  i n  potass iurn  b i c h r o n a t e  s o l u t i o n ,  Zenker ' s  s u b l i m a t e ,  

mercu r i c  b i c h l o r i d e ,  g o l d ,  s i l v e r ,  osmium, barium, ca lc ium,  and 

ammonium s a l t  s o l u t i o n s  f o r  pe r iods  of  1, 2, 3, and 4 hours  b e f o r e  

adcfusted t o  pH 3 and s t a i n e d  w i t h  t h e  one s t e p  t r i c h r o m e  o r  w i t h  

haematoxyl i n  and e o s i n .  

R e s u l t s :  Some o f  t h e  mordant s o l u t i o n s  r e s t o r e d  t h e  

s t a i n a b i l i t y  of  t h e  t i s s u e  w i t h  haernatoxylin bu t  b e s t  r e s u l t s  were 

o b t a i n e d  w i t h  m e r c u r i c  b i c h l o r i d e ,  T h i s  mordant a p p e a r s  t o  com- 

p l e t e l y  r e s t o r e  t h e  n u c l e a r  s t a i n  a f t e r  a c i d  h y d r o l y s i s .  

I t  w a s  found t h a t  t h e  one s t e p  t r i c h r o m e  showed c o n s i d e r -  

a b l e  v a r i a t i o n  i n  s t a i n i n g  depending upon the  l e n g t h  of  time t h e  

t i s s u e  was l e f t  in t h e  mordznt s o l u t i o n ,  The longe r  t h e  t i s s u e  re- 

mained i n  b ichromate  s o l u t i o n ,  t h e  n o r e  t h e  t i s s u e s  d i f f e r e n t i a l  ly 

a c c e p t e d  t h e  a c i d  f u c h s i n  o f  the t r i ch rome  s o l u t i o n .  Muscle moved 

from a n  orange  r e d  a t  0 hour s  t o  a b r i l l i a n t  s ca r l e t  a f t e r  4 hours  

i n  potass ium bichromate ,  S e c r e t i o n  g r a n u l e s  were d i f f e r e n t i a t c d  as 

a b r i g h t  red a f t e r  t h c  mordant w h i l e  t h e y  were da rk  p u r p l e  o r  un- 

s t a i n e d  i n  t h e  c o n t r o l  s o l u t i o n ,  

D i s c u s s i o n  o f  Experiments:  

In  r o u t i n e  h i s t o l o g i c  t e c h n i q u e s ,  t h e  o n l y  mater ia l  which 

remains t o  be s t a i n e d  a f t e r  f i x a t i o n ,  d e h y d r a t i o n  and s e c t i o n i n g  is 

t he  p r o t e i n  s t r u c t u r e s ,  The c a r b o h y d r a t e s  and  f a t s  a re  u s u a l l y  d i s -  

s o l v e d  o u t  e i t h e r  i n  t h e  aqueous o r  the o r g a n i c  s o l u t i o n s  used  i n  

p r e p a r a t i o n .  Thus, it is probabie  t h a t  t h e  s t a i n i n g  which t a k e s  

p l a c e  must be a r e a c t i o n  be twem t h e  dyes and t h e  p r o t e i n  stroma 

1 0 4 1 0 7 9  
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remaining a f t e r  t he  h i s t o l o g i c  procsssing,  

In  o r d e r  for a co lored  substance t o  dye or hold f a s t  t o  a 

t i s s u e  i t  must have some anchoring group or groups, These anchor 

groups o r  auxochromes 8re of two general  types, the  ac id  and the 

bas ic ,  which are:  

Basic Ac i d i c  

R-NHz R-SG3H 

R-NH R - C W H  

R-N-R R-OH 

Dyes which htive basic  auxochrome groups (R-NH2, R-NH, 

R-N-R) w i l l  f o r m  salts w i t h  a c i d  radicals in  the t i s s u e  and these  

a r e  basic  dyes; t h e  a c i d i c  group w i l i  combine w i t h  t h e  bas ic  groups 

i n  t h e  t i s s u e  t o  form dye s a l t s  and a r e  t h e  acid dyes. 

The dyes may r e a c t  i n  two ways, e i t h e r  d i r e c t l y  or through 

another  chemical compound o r  mordant. 

r e a c t  pr imari ly  w i t h  t h e  amino or carboxyl groups of  the  p ro te in  

molecules bu t  some d i r e c t  dyes a r e  also s e l e c t i v e  and form compounds 

w i t h  a s p e c i f i c  dye nucleus w i t h i n  the  t i s s u e  (e ,g, ,  SOg). 

d i r e c t  dyes, the  w n c e n t r a t i o n  g rad ien t s  and d i s soc ia t ion  of both 

the  dye and the  p r o t e i n  s u b s t r a t e  a r e  important condi t ioning f a c t o r s  

f o r  s t a in ing .  

The d i r e c t  dyes probably 

With 

Mordant dyes a r e  unable t o  a c t  w i t h o u t  some adjunct ive  

group or mordant, 

p r o t e i n  groups t o  form a chemical bridge between it and the  dye. 

The most usefu l  mordant ions a r e  those o f  chromium, iron, and mer- 

cury. Frequently, i t  is poss ib l e  t o  s u b s t i t u t e  an ruxochrome group 

i n t o  a molecule by use of a mordant. 

These adjunct ive  groups must be combined wi th  the  

In t h e  tr ichrome system which we use f o r  s t a i n i n g  t i s s u e  

l O l l t O 8 O  
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elements, ali the eyes are sulfon?.tzd ?.cid dyes. They are usually 

sodium salts of sulfonic acid. These stains are dye salts and act 

from acid solution, The staining reaction which takes place de- 

mands a dye salt since the free color acid is neither easily solu- 

ble nor easily acceptzd into thz Eubstrate molecule. 

In ths cxperimentcl results (Cf. VI) a tissue stained 

neutral red which is placed in either acid o r  alkaline solution 

takes a considerable time to make minor changes fn pH of the tissue, 

This is a crude indication of the buffering capacity of the protein 

stroma and its resistance to pH change, Thus, when the buffer 

effect of a tissue has been shifted with either acid o r  alkali, it 

will require a considerable time in a dye solution to readjust to 

the proper staining pH, Because differential steins depend upon the 

more rapid staining of one element over all others, short staining 

periods are necessary; with the increase of time necessary for re- 

adjustment of the buffer effect, all the elements stain and the 

differential effect is lost, 

In the experiment on dye displacement (Cf. Exp, VII) it 

was founG that when a tissue is moved from one sulfonated dye to 

another, dye 11 will completely replace dye I. From this, it may be 

interpreted that the dye or  its chramophore group has little o r  no 

binding capzcity, With such a weak bond, the dye in greater concen- 

tretion wili stain the tissue and dispiace the more dilute dye, 

If additive protein compounds are made with metals, such 

as gold, silver, o r  osmium (Cf, Exp. XII), sulfonated dyes will not 

stzin until these salts, both reduced and nunreduced, are removed. 

These metals usually combine with the carboxylic o r  hydroxy groups. 

Following the ion removal, the dyes will again stain the tissue but 

I O N  1 0 8 1  
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not so well as in the control slide, 

Dyes form lakes or insoluble combination products with pro- 

tein structures only within specific pH ranges, When a dye stains a 

protein, the intensity of staining is an index of the amount of dye- 

protein compound formed, The intensity of stain will be dependent, 

then, upon the concentration of 50th t h e  dye and the protein ions in 

the reacting system, The concentration of the dye and the dye ions 

is a function of: ( 1 )  the amount of dye present, (2) the dissocia- 

tion constant, and ( 3 )  the pH of the solution, The dissociation of 

the protein ions will be determined by the Ionic strength of the 

solution, the pH, an6 the amount of ionizable protein present, 

For the dye to remain in the tissue,, the dye-protein com- 

plex must precipitate, Further, the amount of precipitate will 

follow the mzss action law and be determined by the ionization and 

concentration of the dye or protein ions, The point of maximal pre- 

cipitation of dye-protein complex will be the point of least ioniza- 

tion, and thus, the dye-protein complex has an iso-electric point. 

This iso-electric point may or may not differ from the iso-electric 

point of the protein or the pH range of insolubility of the dye, 

From this i t  has been concluded that thera is a reaction pH or that 

pH at which the maximal reaction between the dye ion and the protein 

will occur and the dye-protein complex precipitate, At pH points 

other than the reaction pH, the dissociation of the dye-protein com- 

plex will s h i f t  the direction of the equilibrium from precipitation 

towards solubility of  the components. 

This concept was tested by the experiment in which the pH 

was adjusted to a pH 1 t e  1 1  and then the tissue stained with the 

various dyes (Cf, V I I I ) .  The pl4 of the dye solution was optimal for 

1 0 1 1 0 8 2  
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i t s  s o l u b i l i t y ,  hut when t h e  a d j u s t e d  pH of the  b u f f e r  systems i n  

t h e  t i s sue  exceeded ?!I 5-6,  t h e  d i s s o c i a t i o n  of t h e  dye-protein com- 

pound is  increased  and t h ?  e q u i l i b r i u n  is  s h i f t e d  towards t h e  solu- 

b i l i t y  s i d e .  No s t a i n i n g  r e s u l t s .  Thus, orange G d i d  n o t  s t a i n  

above pH 4, and f a s t  g reen  above pH 5 .  A s t r o n g  a c i d  dye i n  h igh  

c o n c e n t r a t  ions can c m p e n s a t e  for the  b u f f e r  c a p a c i t y  o f  t h e  t i s s u e .  

T h i s  was shown by t h e  d i f f e r e n c e  between a n i l i n e  blue and a n i l i n e  

b lue-ac id  (Wasserblau) ( C f .  Exp. V I I ) .  

Color i n t e n s i t y  was found t o  vary  upon manipulat ions of 

any one of s eve ra l  f a c t o r s .  Color i n t e n s i t y  can be va r i ed  by t h e  

a d j u s t e d  pH of t h e  t i s s u e  or t h e  pH of  t h e  s t a i n i n g  solut ion. .  Color 

i n t e n s i t y  can  be varied by t h e  c o n c e n t r a t i o n  of t h e  dye; t h e  h i g h  

dye concen t r a t ion  suppres ses  t h q  d i s s o c i a t i o n  of t h e  dye-protein 

complex t o  s h i f t  t h e  r e a c t i o n  t o  p r e c i p i t a t i o n .  F i n a l l y ,  t h e  i o n i c  

s t r e n g t h  and mola r i ty  o f  the  b u f f e r  used t o  a d j u s t  t h e  t i s s u e  pH 

b e f o r e  s t a i n i n g  w i l l  i n f luence  t h e  c o l o r  i n t e n s i t y :  h igh  concent ra -  

t i o n s  and i o n i c  s t r e n g t h s  w i l l  suppress  sta.!ning wh i l e  low concen- 

t r a t i o n s  of buffer  will increasi? the  c o l o r  i n t e n s i t y .  

The i n t e n s i t y  of t h e  dye compounds in t h e  complex t r i -  

chrome system ( C f r  Exp. IX) seem t o  be d i r e c t l y  r e l a t e d  t o  t h e  pH 

of t h e  t i s s u e  components. 

mately pH 3 t h z  bes t  c o l o r  balance was obtained.  As t h e  t i s s u e  was 

a d j u s t e d  t o  a more a l k a l i n e  r e a c t i o n ,  on ly  t h e  s t r o n g l y  a c i d  dyes 

seemed t o  combine w i t h  the t i s s u e  elements. 

If t h e  t i s s u e  was a d j u s t e d  t o  approxi -  

A f t e r  h y d r o l y s i s  w i t h  a c i d  s o l u t i o n s .  ( C f .  Exp. X ) ,  it was 

necessary t o  a d j u s t  t o  a more a l k a l i n e  pH l e v e l  for adequate s t a i n -  

i ng  * 

Therefore ,  it has been learned  t h a t ;  (1 )  s t a i n i n g  

1041083 



intensity of a dye-7rotein compound ckn be controlled, and (2) that 

dilute solutioiis of h f f e r  are better than more concentrated solu- 

tions, and ( 3 )  that optinal stairling FK does not occur at the i so -  

electric point of  the Lrrlt?ir! itself but i s  the iso-electric point 

of the dye-protein cori?rouid,r 

Results from tiis st id:*, w.iL1e showing staining improve- 

ments, were not ent frely sz.t isfactory in the hydrolyzed tissues 

because even after pH adjusting they were not as brilliant as 

desired, The mordant series of  experime2ts were run as a possible 

answer (Cf. Exp, XII), Haeniatoxylin in the unmordanted system 

did not stain effectively, but after soaking the slide in mercuric 

bichloride the nuclear chromatin W E S  stained an intense blue, The 

intensity of the haematoxylin stain was also improved after soaking 

the slide in potassiuin dichronate. It was found with the one step 

trichrome that the longer exposure to the dichromate salt increased 

staining intensity with acid fuchsin and depressed staining with the 

aniline bliie. 

T i s s u e s  wcre oxidized with potassium ixrmanganate to 

determine whether this type of ruptu-e was comparable to the mole- 

cular hydrolysis which occur6  with acid (Cf. Exp, XII), The 

act ion of potassium permanganate g a m  consistantly poor staining 

results, Hydrolysis with periodic a c i d ,  however, increased the 

staining brillimcz. Oxidation of protein by potassium permangan- 
c 

ate w i l l  release ketone bonds as the 2nd product; hydrolysis of 

some proteins with hydrochloric acid will release aldehyde groups. 

Hydrolysis with periodic acid will r e l e a s e  adjacent hydroxy groups. 

Both permanganate and hydrochloric acid produce poor staining 

results and it is tentatively proposed that ketone and aldehyde 
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groups a r e  no t  r e s r o r ? s i b l e  f o r  t r i ch rome  s t a i n i n $ .  The s t a i n i n g  

o f  t h e  t i s s u e s  w i t h  t r i c h r o m e  would appea r  t o  be due, a t  l s a s t  i n  

p a r t ,  t o  t h e  i n t a c t n e s s  of t h e  hycirGrwrl g r o u p  i n  t h e  t i s s u e .  

To summarize, it has h e n  found: 

( 1 )  Adjustment o f  t h e  r e a c t i o n  pH cen improve s t a i n i n g  

a f t e r  a c i d  h y ~ r c l y s i s .  "Pis c c n c l u s i o n  had been 

t e n t a t i v z l y  rzZche9 p r e v i o u s l y  in t h e  s t u d y  of blood 

c e l l s  and a c i d  ?.ctim ( s e e  r e ? o r t ,  Sep t .  15, 1953). 

(2) The r z a c t i o n  o f  s u l f o n a t e d  dye s a l t s  w i t h  p r o t e i n s  is 

b e l i e v z d  t o  be depenaent i n  ;art  upon t h e  i n t a c t n e s s  

of  t h e  hyclroxyl groups of the t i s s t l e s .  A l t e r a t i o n  of 

t h e  hydroxyl  group by s u b s t i t u t i o n ,  h y d r o l y s i s ,  o r  

o x i d a t  i on  produce poor s t a i n i n g .  Combinat i on  o f  t h e  

hydroxyl Groups i n  t h e  t i s s u e  w i t h  such  s a l t s  a s  

ammonia, po tass ium,  calcium, o r  barium w i l l  remove 

t h e  s t a i n  from t h e  t i s s u e .  

( 3 )  The d y e - p r o t e i n  complex will p r e c i p i t a t e  o n l y  i n  

s y e c i f i c  pK r cnges  and t h e s e  p c i n t s  are t h e  iso- 

e l e c t r i c  D o i n t s  o f  t h e  dye -p ro te in  complex. Varia- 

t i o n s  from t h i s  i s o - e l e c t r i c  p c i n t  a l low/  d i s s o c i a -  

t i o n  of  t h e  complex and the s o l u b i l i t y  of t h e  dye- 

p r o t e i n  complex t o  aqueous s o l u t i o n .  T h i s  s o l u b i l i t y  

a l l o w s  removal o f  t h e  s t a i n  from t h e  t i s s u e .  

( 4 )  Mordants w i l l  form a dye -p ro te in  b r i d g e  a f t e r  ac id  

hydrolysis. E x c e l l e n t  r e s u l t s  have been o b t a i n e d  by 

us ing  mordants  and c o n t r o l l i n g  t h e  r e a c t i o n  pH fol low- 

ing a c i d  hydrolysis,  Mercuric  b i c h l o r i d e  mordant is 

t h e  best  means o f  r e c o n s t i t u t i n g  t h e  s t a i n a b i l i t y  o f  
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the  nucleus w i t h  hzenietc;XyliiI follcwing a c i d  hydroly- 

sis. 
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Data showing Percent Wt. Loss, Wt. of Mineral Removed, and 
Molarity of A c i d  Solu?ion in deaineralization of rat femora 
in various resins as described in Experiment No. 4. 

Time x Wt. Loss % Wt. Loss 

1 hour Xk-30 21.4 21.6 

0.5 M HC1 1.0 rvf H C ~  

IR-112 

IR-120 

20.2 

19.5 

22.4 

21.3 

V! in- 3090 

Control 

21.7 

20.4 

22 .'5 

25.0 

2 hours IRC-50 29.0 

IR-112 \ 27.4 

IR-120 26.0 

31 .O 

23.0 

20.9 

Win-3000 

Control 

28.6 

30.6 

29.6 

33.1 

4 hours IRC-50 

IR-112 

IR-120 

35.5 

35.0 

33.7 

35.2 

36.1 

33.9 

Win-3000 37.9 34.7 

Control 36.0 38.0 

IRC-50 

IR-112 

IF?-120 

W i n-3000 

35.5 35.4 

36.8 

34.3 

35.3 

5 hours 

35.0 

33.7 

37.9 

Control 

IRC-50 

IR-112 

-- 
37.1 

36.5 

39.0 

.. 0 7 hours 

IR-120 35.2 ..- 
-- W in-3000 38.6 

Control 37.4 30.4 
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TAELE i l l ,  contd .  

Mineral fiemoved After Complete Demineralization 

Ca P 
0.5 M K C l  1 .o !if VC 1 0.5 M IIC1 1.0 M HCl 

IRC-50 138.7f3 146.08 57.78 64.43 

IR-112 ?8.30 74. le 55.65 64.83 

IR-120 .10,23 29 99 62.10 67.57 

W i n-3000 11.14 45 65 60.80 61.60 

Control 134.21 161.60 69.77 69.08 
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Travel :  5 250.00 

Eqtlipment: 41; 1,575.00 
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96 219.05 

% 1,945.29 
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30.95 

$370., 29 
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Balances i -oceived frorn Business Office o f  t h e  Lledical 
Collcge of  S o u t h  Carolina, as of August 31, 1954, 



Summary o f  the P r D g i - P s s  2eport 

(Atomic Encr gy  Corr..mis s ion Contract No. AT-( 40-1 ) - I  542 1 
Szptenbsr 15, 1954 

The results of th2 studies Carrie2 on since ths last report cn 

December 31, 1953, have shown: 

1, A diffitsiqn process exists in tne demineralization of bone, 

This diffusion process is an8 r?f the majcr limitations in 

demincralizatisn because the rnte is determined by tha diffus- 

ion distant!? into the bone scmple, This is indepzndent of 

the weight cf the bonc san?le 2 s  well as the surface area of 

the bone sample, 

2, In experiments with irregulcr bmes, it has been shown that 

the diffusil3n distance is the major determinant of thz time 

necessary f n r  demineralization, In every instancz, that 

part of  the bone which was the greatest distance from the 

surface was the last to denineralize, 

3 ,  Studies of the relative efficiency of demineralizetion on rat 

bones has bc:en shown to be the saxe 2 s  previclusly reported 

f o r  stan6ard bone sanples. ( S e z  Progress Report, December 31, 

1953,) 

4. Preliminary s t u d i c s  using ion exchange rzsins in the demincrel- 

izing systex sh3w that resins appeer to give protection to 

the bone szmple, The weight loss of  thc bonc sample, which 

is an indication of the amunt of material removed during 

demineralizztion, is less in systems of resin plus acid than 

in acid solutions r?!onz ~t complete demineralization, 

5 ,  Studies of tissue preservztion and staining have shown that 



. 
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the major problem is to e f f c c t  g : , o d  staining a f t e r  a c i d  a c t i o n ,  

A l l  other f2c tTrs  can be c c n t r a i i e c !  by p r o p e r  a t t e n t i o n  t o  the 

mechanical d e t a i l s  of  slide making, 

6, S t u d i e s  o f  s t a i n i n g  heve revealecl t h s t  c o n t r o l  of  pH of  t h e  

tissue and use of rn2reant salts will r e c o n s t i t u t e  t h e  staining 

c h a r a c t e r i s t i c s  of t h e  t issues c f t e r  a c i d  5ydrDlysis. 
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