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The present work is the evaluation of the morphology and 

staining characteristics of the tissi?.es hloter t:?c various 

methods of demineralization. This study has also analysed the 

effectiveness of fixatives in preventing tissue destruction by 

acid hydrolysis, the staining reaction of cells and tissues, 

and various methods of correcting poor staining reactions after 

immersion in acid. 

To make preparations of bone with associated soft tissues 

which ?ire suitable for microscopic study, the bone must be 

demineralized before it can be cut into thin sections. The 

principle in demineralizing bone is to change the insoluble 

inorganic bone salts to soluble salts which can be removed from 

the tissue. Acid solutions arc the only effective method yet 

found to accomplish this change. 

The acid solution frequently alters the morphology or 

staining reaction of the tissues associated with the bone, and 

because of this, many attempts have been made to modify acid 

demineralizing solutions to prevent this unwanted alteration. 

These methods may be grouped into four general categories: 
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In  

The use of a weak ac id  f o r  a long period of time 

( l a c t i c  ac id  by Haug7). 

The use of a s t rong  ac id  f o r  a s h o r t  period of time 

( n i t r i c  by Busch'; 50% hydrochloric by Ranvie&*). 

The use of p ro tec t ive  agents  mixed wi th  various ac ids  

(Phloraglu.cine w i t h  hydyocb lx ic  acid by Ferreri'; 

a lcohol  with n i t r i c  ac id  Ly S+:h?ff.2ri4; o l i v e  oil, 

alcohol ,  and p i c r i c  ac id  by De Galantha3; sodium 

c i t ra te  wi th  formic a c i d  by Evans and Krajian5).  

The use of exchange systems or absorbing agents t o  

remove the bone sal ts  from s q l u t i o n  and increase the 

d i f fus ion  gradien t  out of bone; these systems are 

t o  p ro tec t  the t i s s u e  by shortening the time necessary 

f o r  demineralization ( E l e c t r o l y t i c  method by Richman, 

Gelfand, and €111113; ion  exchange r e s i n  by atti, 

Paparo, and Clarke4; Versenatc by Sreebny and 

Nikiforukl5 and Birge and Imhoff l ) .  

a series of p ipe r s ,  Morris and Benton99 lo, l1 have 

analysed the r e l a t i v e  e f f i c i ency  of t he  various methods of 

demineral izat ion under standard condi t ions.  The c r i t e r i a  f o r  

a good dsa lne ra l i z ing  method were defined as r ap id i ty  of 

demineral izat ion and a low amount of p ro te in  hydrolysis as 

demonstrated by the quant i ty  of ni t rogen i n  the demineralizing 

s o l u t i o n s  a f t e r  demineralization. 



3. 

EXPERIMENT 1: StuCy - of ----- smears - of blood -- and bone marrow .U”der 

v a r i m s  co rd i t i ons  . 
I-- - 

The purpose of t h i s  experiment w 3 s  t o  determine the effects 

of various acids, f i x a t i v e s ,  and concentrations of f i x a t i v e s  and 

a c i d s  upon the  preserva t ion  of cy to logica l  i l e t a i l  and s t a i n i n g  

proper t ies  of blood c e l l  smears. 

Smears were prepared frczm hwnan and r a t  per iphera l  blood 

and rat  bone marrow by t h i n l y  spreading a drop of blood o r  bone 

marrow on a glass s l i d e ,  The smears were s ta ined  for 1 minute 

i n  Wright’s s t a i n  (Coleman and B e l l ,  Cert .  No. CWr-19) and 

di luted f o r  4 minutes w i t h  d i s t i l l e d  water a t  pH 6.5; o r  were 

s t a i n e d  f o r  2 hams i n  Giemsa’s s t a i n  (National Aniline,  BSC 

Cert. No. NQa-16) and d i f f e r e n t i a t e d  i n  0 .1  molar phosphate 

buffer a t  pH 7.0. Caversl ips  were no t  appl ied.  These air-dr ied 

smears cons t i tu ted  the con t ro l  samples f o r  comparison w i t h  the 

experimental r e s u l t s .  

The fDllowing experimental  var iab les  were employed: 

1. Peripheral  blood and bone marrow smears were f i x e d  i n  

the fo l lowins  so lu t ions  f o r  2, 8, 12, and 24 hours and 

then s t a i n e d  w i t h  Wi-ightts a r  Giernsals s t a i n :  

1 6  formalin 
Absolute methanol 
Absolute e thanol  
Bouin 1 s f l u i d  
Bouin’s fluid followed by 1 hour i n  70$ e thanol  
5% m e t a l l i c  iod ine  i n  absolute methanol 
2% osmic a c i d  



4. 

2. Fixed and unfixed per iphera l  blood and marrow smears 

were i m e r s e d  i n  1 an2 2 molar cmcen t ra t ions  of the 

following a c l i l s  f o r  2 o r  18 hours: 

hydrochloric ac id  
hydrobromic a c i d  
phosphoric ac id  
t r i c h l g r o a c e t i c  ac id  
n i t r i c  acic? 
formic acid 

3. After removal from the a c i d  so lu t ion ,  the smears were 

e i ther  s ta iner :  a f te r  a br ie f  wash i n  d i s t i l l e d  water 

o r  a f t e r  being place2 i n  E inze r ' s  so lu t ion  a t  pH 7.0 

for 1 hour f o r  Wright's s t a i n  o r  a f te r  being placed In 

0.1 molar phosphate buffer a t  pH 7.2 f o r  1 hour f o r  

Giemsa I s s t a i n  . 
4. All s l i d e s  were given a code number and the r e s u l t s  

analysed without knowledge of the precedures employed, 

Cytolagy and s t a i n i n g  q u a l i t y  were judzez separately 

an< c l a s s i f i e d  as Excel lent ,  Good, Fa i r ,  o r  - Poor. 

These c l a s s i f i c a t i o n s  were def ined  before evaluat ion of 
- - -- 

the  r e s u l t s  as: 

Cytology Excellent:  Preserv8tion of  the cytological  elements 

equal t o  the coritrol  s l ides ,  The granules were clear, 

d i s t i n c t ,  rounded, and evenly dis tpibuted through the  

c e l l ,  The c e l l s  were f i l l e d  without being swollen; 

t h e  c e l l s  were not shrunken o r  i r r egu la r .  Nuclear 

and c e l l  membranes were d i s t i n c t  and In t ac t .  Nuclear 

chromatin was c l e a r  and either diffuse,  o r  i n  blocks, 
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or blocks with threads as was characteristic of the 

particular cell and fixative type. Red blood cells 

contained haemogl3bin and were not shrunken or swollen. 

Cytology - Good: Slight deviations from the excellent results, 

such as indistinct or irregular granules, lack of 

clarity af the nuclear chromatin blocks or threads, 

irregular distribution of elements within the cells, 

slight vacuolization of 'che cytoplasm, o r  slight 

shrinkage of the cells. 

Cytology - Fair: The cells were shrunken or swollen with 

indistinct clumps of granules or nuclear chromatin and 

large cytoplasmic vacuoles. 

Cytology - Poor: Destruction of granules, nuclear chromatin 

or cellular membrane; gross shrinkage or swelling was 

present, End point was complete cellular disorganization. 

Staining Excellent: Caloration equal to the best control 

slides. The granules were cleanly stained with the 

proper dyes; cytoplasm was clear and lightly stained, 

Nuclear detaiz was clearly differentiated without 

staining of thaJ nucleoplasm. The red blood cells 

stained red, 

Staueiw u - Goad: Slight variations of color balance from 

the excellent classification. The red blood cells were 

palely stained, or unstained. In some sections, the 

red blood cells stained bluish. The background plasma 

of the nucleus and cytoplasm wes overstained or 



i r r e p l a r l y  s t a i n e d ,  Gpanules showed va r i a t ions  i n  

co lo r  i n t m s i t y  . 
Sta in ing  - F a i r :  Pale i r r e g u l a r  s t a i n i n g  wi th  tendency t o  

ove r s t a in  w i t h  e i t h e r  the  red or blue component. 

D i f f e ren t i a t ion  was 1ncoa;Ilete because of the overs ta in ing  

of the cytoplasm and nucleoplasm. 

S ta in ing  - Poor: Cells s t a ined  w i t h  only one dye component 

Background heavi ly  and were without d i f f e r e n t i a t i o n ,  

s t a ined .  

with odd combinations of  unusual co lo r s .  

Cells d i d  not s t a i n  w i t h  the  dye, o r  s t a ined  

RESULTS : 

The r e s u l t s  of the combinations of f ixa t ive -ac id - s t a in  are 

summarized i n  Ta5le I. 

1. Effec t  - of F ixa t ion  Without - Acid Immersion: Good 

morphological preserva t ion  was obtained w i t h  a l l  the fixativere 

tested,  

f o r  blood smears; longer f i x a t i o n  m d e  the cel ls  more r e f r a c t i v e  

t o  s t a in ing .  F ixa t ion  i n  methanol, iodine i n  methanol, and, t o  

a lesser ex ten t ,  e thanol  gave the  best s t d i n i n g  r e s u l t s  w i t h  

both Wright's and Giemsa's s t a i n ;  smears f i x e 6  In lo$ formalin 

were always overstained w i t h  the blue dye component; M u i n ' s  

f i x a t i o n  without 70$ ebbhano1 gave poor resul ts  with yellow red  

blood c e l l s  and l o s s  of granules from the  white c e l l s .  

i n  Bouin's w i t h  7Q$ ethanol  e l iminated the yellow colora t ion  

of the c e l l s  from the p i c r i c  ac id  and maintained the granules 

c,f the white c e l l s ,  but the s t a i n  was s t i l l  only fa i r .  

The opt imal  t i m e  f o r  f i x a t i o n  was between 2 and 12 hours 

Fixa t ion  

S ta in ing  
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fol lowing f i x a t i o n  with osmic a c i d  was irriFD5Ji3?-c because of 

the binding of the osmium t o  the  c e l l u l a r  components. 

Morphological de t a i l  fol lowing osmic ac id  f i x a t i o n  was 

e x c e l l e n t .  

2. Effec t  -- of Acid Immersion: Unfixed smears were completely 

removed from the s l i d e s  by immersion I n  any concentration of 

any acid f o r  2 hours. 

With f ixed smears, no d i f f e rence  was found between 1 and 2 

molar concentrations of hydrochloric,  hydrobromic, and formic 

acids; the cytological  r e s u l t s  w i t h  these ac ids  were good 

fol lowing f ixa t ion  wi th  formalin,  BOuin's with ethanol,  iodine 

i n  methanol, and 2$ osmic a c i d .  D i s to r t ion  of c e l l u l a r  de t a i l  

was found following immersion i n  2 molar t r i ch lo roace t i c  o r  

phosphoric acids;  f a i r  t o  good r e s u l t s  were obtained i n  1 

molar concentrations.  The r e s u l t s  with n i t r i c  ac id  were always 

poor because of the des t ruc t ion  of cy to logica l  and s t a i n i n g  

q u a l i t i e s .  

I n  general ,  good preserva t ion  of cytology was maintained 

fol lowing immersion i n  a c i d s  by f i x a t i o n  i n  formalin, osmic 

a c i d ,  Bouin's with 7 6  ethanol ,  and iodine i n  methanol; f a i r  

preserva t ion  was obtained following ac id  immersion a f t e r  f i x a t i o n  

i n  methanol; and poor preserva t ion  was obtained a f t e r  f i x a t i o n  

i a  Bouin's alone and e thanol .  

The s ta in ing  c h a r a c t e r i s t i c s  of the c e l l s  were as good as 

r;he preservation of the t issue by the  f i x a t i v e .  If the c e l l s  



wbre well preserved and the  fixa.f,i-Je gav:;: go32 st ,a ining witliout 

a c i d  immersion, t h e  ac id  so lu t ion  did not  a l t e r  the  r e s u l t s .  

3 .  Dsscript ion -- of the Cytological Resul t s :  

a .  - Red blood c e l l s :  Spec i f ic  kinds of d i s t o r t i o n  of 

cy to log ica l  de t a i l  and s t a i n i n g  q u a l i t y  were assoc ia ted  with 

p a r t i c u l a r  combinations of f i x a t i v e s  anC acids. The r e s u l t s  

c l a s s i f i e d  as fol lows:  

Excel lent :  Red blood c e l l s  the same as i n  the 

s tandard smears 

Good: Red blood c e l l s  weakly "basophilic" i n  

s t a i n i n g  r eac t ion  but cy to log ica l ly  normal 

Fa i r :  Red blood c e l l s  pale i n  s t a i n i n g  react ion 

and swollen 

Poor: Red blood c e l l s  c o l o r l e s s  and shadowy 

(Membrane ghosts)  o r  no c e l l s  present .  

The basophi l ic  s t a i n i n g  reac t ion  was a common r e s u l t  a f te r  

a c i d  immersion r ega rd le s s  of f i x a t i o n .  This was corrected by 

buffer ing the  smear for 1 hour i n  e i t h e r  Ringer 's  o r  0.1 molar 

phosphate buf'fer. Following pH buffer ing,  the red blood c e l l s  

were most r e s i s t e n t  t o  ac id  immersion fol lowing formalin o r  

iod ine  i n  methanol f i x a t i o n .  BOuin's f i x a t i o n  with 70$ ethanol 

gave f a i r  preservat ion,  but BOuinrs a lone gave poor r e s u l t s  

w i th  co lo r l e s s  o r  shadowy c e l l s .  Ethanol and methanol f i x a t i o n  

gave l i t t l e  p ro tec t ion  aga ins t  ac id  immersion and the c e l l s  
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Immersion of sriie3rs In hy?~ocnl3rlc, hydrobromic, and formic 

acids for 18 hours $id not show any cytological alterations of 
the red blood cells after jooc! fixation. The cells were usually 

pale and swollen after inunersion in trichloroacetic and 

phosphoric acids regardless of the fixative; the alteration was 

greater in 2 molar than in 1 malar concentration. Nitric acid 

destroyed the red blood cells. 

b .  White b l w 2  cells: The white blood cells showed an 

order of resistance to alteration by acid immersion. The most 

resistant were the lymphocytes, then neutro?hils, monocytes, and 

least resistant were the eosinophils. The ability of basophils 

to resist the effects of acid immersion could not be determined 

because of the limited number of cells. 

In bone marrow, the blast cells were resistant to acid 

immersion but as the cells Secame prozressively more mature, they 

were more easily altered by the aciG solution. 

The cytoplasmic elements also had a definite order of 

alteration durins acid immersion. The most labile elements 

were the cytoplasmic granules; this was followed by swelling 

and alteration of the chromtin pattern of the nucleus; and 

finally fragcmentation of the cells and complete disorganization. 

Fixation f o r  12 hours in formalin, iodine In methanol, and 

Bouin's with 70% ethanol protected the white cells fram cytological 

damage during acid immersion, but not to the same degree with 

d - 2  the acids. Best results were obtained with hydrochloric, 

IO41 tlt 
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formic,  and hydrobrotnic ac ids .  

i n d i s t i n c t  a f te r  immersion of smears i n  2 molar t r i ch lo roace t i c  

acid, but 1 molar c o n c e n t r a t i m s  d i d  not  cause any ser ious 

The Zqcoplasmic granules were 

a l t e r a t i o n .  

Phosphoric acid proCuced e i m p i n g  of the cytoplasmic 

granules  of the eosinophi lzs  and neut rophi l s  which s ta ined  blue.  

N i t r i c  acid produced c e l l s  which were pale s ta in ing ,  swollen, o r  

completely disorganized. 

c .  Platelets :  The p l a t e l e t s  were well preserved i n  a l l  

acids except n i t r i c  ac id .  The best f i a t i o n  method was iodine 

i n  methanol, 

EXPERIMENT 2: Studies - of - the -_I_- preservat ion - and s t a in ing  - of 

t i s s u e s  a the r  than per iphera l  blood and bone marrow. -- - - -- 
The purpose of t h i s  experiment was t o  t e s t  the e f f e c t  of 

f i x a t i o n  and ac id  immersion on muscle and associated t i s sues .  

Muscle t i s s u e s  from male Wistar rats over 150 days of age 

were e i ther  perfused with o r  submerged i n  the  f i x i n g  solut ions.  

The animals were perfuse? by i n s e r t i n g  a cannula i n t o  the dorsal  

a o r t a  and washing the vascular  system wi th  Ringer 's  so lu t ion  

and then with the  perfusion l i q u i d .  The skin'was removed from 

t he  hind l imbs  of the r a t  add the muscles t ransected t o  make 

s e c t i o n s  about 5 mm th i ck .  The e n t i r e  limb, wi th  the attached 
* 

muscle, was then submerged i n  f i x i n g  so lu t ion  f o r  a$ least 24 

hmrs .  Following f i x a t i o n ,  muscle pieces 5 mm th i ck  and about 

I centimeter i n  the o the r  dimensions were cu t  from the limbs, 
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washed i n  t a p  water, and >laced i n  Folyethylene containers  

w i t h  100 ml of t h e  ac id  so lu t ion .  

w i t h  the samples were agitatedi a t  78 r g m  on a r o l l e r  a g i t a t o r  

a t  25" C .  f o r  e i ther  24 o r  48 hours.  

t hen  washed i n  water, dehydrate2 i n  graded ethanol  so lu t ions ,  

The polyethylene containers  

The muscle pieces were 

and emb3dCed i n  5 2 O  C ,  paraf f in .  Muscle sec t ions  7,4 thick 

were cut an3 s t a ined  wi th  haemtoxyl in  anC eosin m with a one-step 

trichrome (Morris ) ,  8 

Five f i x a t i v e s  were used: lo$ formalin,  Bouin's f l u id ,  

BOuin's f o r  18 h m r s  followed by 7% ethanol  f o r  6 hours, iodine 

i n  methanol, and methanol. Tissues f ixed  i n  these f lu ids  were 

p laced  i n  e i the r  1 o r  2 uo la r  concentrat ions bf the  following 

acids: hydrochloric,  hydrobromic, t r i ch lo roace t i c ,  phosphoric, 

formic,  and n i t r i c  a c i d s ,  Fixed tissues not immersed i n  the 

acid so lu t ions  served as the con t ro l s .  

RESULTS : 

The s l izes  were given cocle laSels and the sec t ions  analysed 

without  knowleclge of what procedure had been applied.  The 

slides were evaluated according to :  

Preservation of morphological d e t a i l  
Staining anC: co lo r  balance 

3 Shrinkage :I 4 Tissue f r i a b i l i t y  

All the n i t r i c  ac id  sanjles Wre discarded because the connective 

t issue was digested leaving the muscle f ibers as a macerated brle . 
Trlc results of the experiment are summarized i n  Table 11. 

Good morphological ?reservat ion and exce l len t  s t a in ing  
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were obtained i n  2-21 :he c x i t r o l  s l i d e s  e.u.ce;Tt tk.ose fixed 

i n  methanol. Ejouinls w i t h  7% ethanol,  l@ formalin,  and iadine 

i n  methanol gave good pro tec t ion  t o  muscle and connective t i s s u e  

during immersion f o r  48 hours i n  hycirochloric, formic,  and 

t r l c h l o r o a c e t i c  acich;  poor p m e r v a t i o n  was obtained with 

these  f i x a t i v e s  a f t e r  immersion i n  ghospharic and hydrobromic 

aciGs. 

Iodine i n  methanol gave exce l len t  f i x a t i o n  r e s u l t s  because 

the t issue apreared as fresh.  The muscle f ibers  were round, 

c lose ly  packecl, and showed b r i l l i a n t  and numerous nuc le i .  The 

shrinkage was minimal with t h i s  f i x a t i v e .  

Famnalin f i x a t i o n  a p p a r e z  t o  Fredispose the  t i s sue  t o  

being "cooke-?'! during Llaraffin ernbeciiing. 

t r u e  a f t e r  Immersion i n  hy5roLroinic, hydrochloric,  and 

t r i c h l o r o a c z t i c  ac ids .  If the t i3sw was allowed more than the 

minimal time f o r  p a r a f f i n  i n f i l t r a t i o n ,  i t  would shred and 

shat ter  during sec t ion ing .  

This was p a r t i c u l a r l y  

Bouin's f i x a t i o n  without 70$ ethanol procluczd poor nuclear 

s t a i n i n s  and the connective t i s s u e  was swollen and p a r t i a l l y  

digested following 48 hours immersion I n  any a c i d .  

t i s s u e  change and lack  of nuclear s t a in ing  were eliminated by 

the a d d i t i o n a l  f i x a t i o n  i n  7% ethanol.  

The connective 

, 

Sta in ing  r e s u l t s  pa ra l l e l ed  f i x a t i o n .  If the f i x a t i o n  

WP.S good, the s t a i n i n g  was good; the t i s s u e  s t a i n e d  poorly i n  

Cx? c e n t e r  of the block where the f i x a t i o n  was imperfect.  The 



staining of the nuclear ch;7matin with hamatoxylin following 

immersion in the oe,ri$ms acids was difficult and constituted 

the majar alteration of mor2hological detail in the series. 

EXPERIMENT 3: Effects -- of ion exchange resins -- and the electrolytic 

method on tissue preservation. -- - -_I 

The caudal extremities of male Wistar rats over l 5 O  days 

of age were Tixed by perfusion or immersion with lo$ formalin, 

Bouin's solution followed by 70$ ethanol, or 5% iodine in 

methanol. 

Four acids with four cation exchange resin combinatians were 

used in the experiment. The acids were 1 molar concentrations 

of hydrochloric, formic, trichloroacetic, and phosphoric acids. 

Each acid was useh in five combinations: as a control solution 

of acid alone, or with 25 grams of IRC 50t, or IR 112+, IR 120t, 

or Win 3000$ resin, In all, 75 variations of fixative-acid 
solution-resin were used. 

Before the extremities were placed in the demineralizing 

solutions, the muscle tissue was trimmed to about 1 centimeter 

thickness on all bone samples. Demineralization of the bone 

specimens was done under standard conditions in polyethylene 

containers with 100 ml of solution; the samples were agitated 

+ Grateful acknowledgement is made to the Rhom and Haas Chemical 
Corporation who supplied the resins for this study. 

$ Win 3000 is distributed by Wnthrop-Stearns, Inc. of New York 
city. 



a t  78 rpm on a r o l l e r  a g i t a t o r  a t  2 5 O  C .  u n t i l  demineralized as 

determined by X-ray photography, 

Following demineralization, t he  ra t  l e g s  were washed i n  

water, dehydrated i n  graded ethanol  so lu t ions ,  and c leared  i n  

5076 o i l  of Wintergreen-5M xylene. The t i s s u e s  were embedded 

i n  5 2 O  C .  p a r a f f i n  and 1 0 b  sec t ions  cu t  and mounted. The 

t i s s u e s  were s t a i n e d  w i t h  haematoxylin and eosin,  one-step 

trichrome, Wright's and Giemsa's s t a i n s .  

buffered i n  Ringer 's  so lu t ion  a t  pH 7.2 f o r  2 hours before 

The s l i d e s  were 

s t a i n i n g .  

R a t  t i s s u e s  were demineralized i n  an e l e c t r o l y t i c  bone 

machine a t  25O C . ,  w i th  15 watts e l e c t r o l y s i s  i n  1 molar 

hydrochloric a c i d .  This technique has been described previously 

Morris and Benton'', 

RESULTS : 

The h i s t o l o g i c a l  r e s u l t s  from th is  s tudy a r e  summarized i n  

Table 111. The chemical data have been previously reported 

( c f .  Experiment 2, Morris and Bentonl l )  . 
The h i s t o l o g i c a l  r e s u l t s  showed gaod t i s s u e  preservat ion 

and s t a i n i n g  with formalin f i x a t i o n  and hydrochloric acid e i t h e r  

w i t h  o r  without t he  addi t ion  of r e s i n s .  F o d c  ac id  gave good 

r e s u l t s  a f t e r  formalin f ixa t ion ;  t r i c h l o r o a c e t i c  gave fair resul ts  

w i t h  formalin f i x a t i o n ,  and phosphoric a c i d  gave cons is ten t ly  

poor s t a i n i n g  r e s u l t s .  

The slides fixed i n  Bouin's and 70$ e thanol  were general ly  



poorer than those fixed in formsline. 

clarity of differentiation and staining rather than of morpholo- 

gical identification of $he cellular elements 

This was a Cifference in 

Iodine in methanol gave ve ry  poor preservation of the blood 

cells of the bone marrow and the results are not recorded in 

Table 111. 

The tissue demineralized in the electrolytic machine was 

the same as that demineralized in the acid without electrolysis; 

no differences between the control an4 experimental samples could 

be demonstrated. 

EXPERIMENT 4: Studies - of methods - of improvinB Wright's - and 

Giemsa's stain -- of bone marrow after demineralization. 

The femora from male Wistar rats over 150 days of age were 

removed and the ends of the bones split to expose the marrow 

cavity. 

followed by 7076 ethanol. 

molar concentratims of trichloroacetic, hydrOChlOrh, phosphoric, 

The split bones were fixed in lo$ formalin o r  Bouin's 

The tissues were demineralized in 1 

and formic acids and in 0.1 malar cli-ssdlum di-hydrogen Versenate. 

The specimens were demineralized in 100 ml of solution while 

agitated at 78 rpm on a roller agitator at 25O C. Demineralization 

was determined by X-ray photography. 

After demineralization, the specimens were washed in water, 

dehydrated in graded ethanol solutions, cleared in 50$ oil of 
Wintergreen-5@ xylene, and embedded in 52' C, paraffin, Tissue 
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s e c t i o n s  7~ th i ck  were cut an< rxouiited, 

were immersed i n  me of the fallowing solutions f o r  1 hour before 

The t i s s u e  sec t ions  

s t a i n i n g  

The 

c l e a r i n g  

RESULTS : 

m e  

w i t h  e i t h e r  Wright's o r  Giemsa's s t a i n :  

Phosphate buffer a t  pE 7.0 
Ringer 's  s o l u t i o n  a t  pH 7.0 
Ringer 's  solution a t  pH 6.4 
2$ potassium dichromate and Ringer 's  s o l u t i o n  a t  pH 9.0 
2$ potassium dichromate arid Ripgerls s o l u t i o n  a t  pH 6.4 
5% magnesium ch lo r ide  
5s ammonium ch lo r ide  
5% s o d i m  chloride 
2$ so2ium c h l w i d e  
5% barium c h h r i d e  

sec t ions  were mounted i n  Clarite with covers l ips  af ter  

i n  buty l  a l coho l  and xylene. 

r e s u l t s  of the conbinations of the va r i ab le s  i n  t h i s  

experiment a re  shown i n  Table IV, Good cytology was obtained 

a f t e r  f i x a t i o n  i n  e i ther  formalin o r  Bouinfs w i t h  e thanol ,  

C e l l u l a r  s t a in ing  comparable t o  the cont ro l  blood smears was 

obtained with both Wrightls and Giemsa's s t a i n  a f t e r  demineraliz- 

a t i o n  i n  hydrochloric,  formic,  and 

use of c e r t a i n  mordants. 

Analysis of the r e s u l t s  ahowed 

t r i c h l o r o a c e t i c  acids 

that  out of 200 

af ter  the 

combinations 

of var iab les ,  exce l l en t  resul ts  i n  s t a i n i n g  were obtainei! In 23 

Ins tances .  These were a f t e r  immersion i n  a mordant of e i t h e r  

2$ potassium dichromate, o r  5% sodium chlor ide,  o r  ammonium 

ch lo r ide .  II_ Poor resul ts  wers obtained i n  9 instances;  these 

resul ts  were obtained af ter  Immersion i n  phosphate buffer, 2$ 

sodium chloride,  magnesium chlor ide,  o r  barium chloride.  



Phosphate iiln was ass;ciatccl with evms- 

e i t h e r  phosphate buffer  o r  phosphoric a c i d .  

poor r e s u l t  as 

Tissues immersed 

i n  phosphate s 9 l v t i m s  W e i Y ?  always avers ta ined  with the blue 

component of the  dye n lx ture ,  with l ack  of s t a i n i n g  wi th  the 

red component. 

and occas iona l ly  w i t h  Giemsa's. - Goad s t a i n i n g  was obtained 

wi th  Giemsa's s t a i n  a f t e r  phosphate b u f f e r  a t  pH 7 .0  but no 

This r e su l t  was a s soc ia t ed  wi th  FJrightls s t a i n  

e x c e l l e n t  results were abtalne4. 

The a n a l y s i s  of t he  23 exce l l en t  r e s u l t s  showed that 

among the acids hydrochloric gave e x c e l l e n t  s t a i n i n g  11 times, 

f o m i c  6 times, and t r i ch lo roace t i c  4 t iaes .  Phosphoric acid 

and Versenate were each c l a s s i f i e d  as exce l l en t  i n  1 instance.  

Exce l len t  s t a i n i n g  was obtained wi th  Glemsa's method 14 times 

and with Wright's 9 times; exce l l en t  s t a i n i n g  r e s u l t s  were 

obtained a f te r  Bouin's ethanol f i x a t i o n  14 times and af ter  

formalin f i x a t i o n  9 times. Excel lent  s t a i n i n g  followed the 

mordant i n  ammonium c h l w i d e  14 timzs, moreant i n  potassium 

dichromate 5 times, and mordant i n  5$ sodium chloride 4 times. 

Thus from these data, the best combination of elements 

f o r  e x c e l l e n t  s t a i n i n g  of bone marrow cel ls  appears t o  be: 

F i x a t i o n  i n  Bouin's f l u i d  followed by 7@ ethanol 
Demineralization in 1 t o  2 molar hydrochloric acid 
Mordant I n  'j$ ammonium chlor ide  
S t a i n i n g  i n  Giemsa's s t a i n  

EXPERIMENT 5: - The appl ica t ion  --- of the best  combination - of 

va r i ab le s  - f o r  rap id  prepara t ion  -- of bone marrow slides 

The purpose of t h i s  work has been t o  determine the most 
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reliable and rapid method of prepw1G excellent sec t ions  of 

d e c a l c i f i e d  bone for h i s t o l o g i c a l  study. 

I s  the record of a specif ic  appl ica t ion  of the r e s u l t s  of this 

study:  

The fol lowing pro tocol  

Time i n  hours 
between s t i o n s  

0 hour8 

IQLTt f 8 0  . 

Manipulations -- of the  t l s aue  

1. Surgica l  specimen of human r i b  removed 
and placed i n  freah Bouin's so lu t i sn .  

2 hours 

2. Rib specimen received from surgery and 
c u t  i n t o  cross aect ions with a Stryker 
bone saw; pieces were a b u t  1 cent l -  
meter long and weigheb about 2 ,5  
This type sec t ion  maxinilzed the  8ur- 
face area available t o  the demlneral- 
izing agent,  Sect ions were returned 
t o  fresh Bouln1s so lu t ion  and placed 
on a roller a g i t a t o r  a t  78 rpla. 

3. Specimens placed i n  70$ ethanol and 
4 houra 

agitated a t  78 rpm.  
2 hours 

Elaoed 
4, Spscimens washed I n  t ap  water, 

i n  100 r n l  of 1 molar hydrochlsr  c acid 
and agitated on a ra l le r  machine a t  78 
rpm at 250 C. 

3 hours 
5. Demineralized speoimem mahe4 In t ap  

water and agitated at 78 rpm durlna; 
e thanol  
95s and three 

), The speemne were 
oil @f Winte reen-5M 

absolute ethanol, then I n  5 3 a l l  sf 
~in te rgmen-50$  xylene , 

12 howe 
6. Specimen8 embedded In 52" C. paraf f in  

i n  vacuo, blocked, sec t lone4  a t  4 A ,  
S m w a n d  hydrated. 

2 howa 
7. Sect ions irraaersed in 5s amoniura 

dhloride for 30 minutes. 



11'2 hoar 
8. Wright's p 3 F a r a t i o n  rnade, dehydrated 

and c leared  j.n butyl  alcobCI1 and 
xylene; covers l ip  with C l a r i t e .  

9. Sections s t a ined  i n  Giemsa's s t a i n ,  
l/Q hour 

d i f f e r e n t i a t e d ,  and c o v e r s l i p  appl ied 
a f t e r  c l e a r i n g  i n  xylene. 

2-1/2 hours 

RESULTS : 

The s t a i n i n g  and morphological r e s u l t s  from th i s  technique 

a r e  demonstrated i n  Figures 1 and 2. Figure 1 shows the  amount 

of shrinkage t o  be n i l ;  Figure 2 shows the  d e t a i l s  of the marrow 

a f te r  Qiemsa s s t a i n  . 
The t o t a l  t i m e  f o r  preparat ion of the  Wright's s l i d e  was 

25-3/4 hours; t he  t o t a l  time f o r  the preparat ion of the Giemsa's 

s l i d e  was 28 hours. 
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DISCUSS ION 

These experiments on staining of bone and associated soft 

tissues after demineralization have shown the critical element 

in any procedure to be the fixation of the tissues. 

tissues were well fixed, the cytology was not altered by the 

acid during demineralization. 

preservation during demineralization should have the following 

If the 

A fixative which gives good 

characteristics: 

First, the fixative should be rapid in action beaause of 

the short time before blood cells show irreversible changes 

after removal of a bone piece or after the death of the animal. 

The density of the bone marrow and the limited amaunt Jf exposed 

surface necessita3e that the fixative not only be rapid in 

action but also a rapid penetrant in order that it may reach the 

deeper tissue parts befare they disintegrate, 

Secondly, the fixative should not harden the tissue excessive- 

ly because, with the hardening incident to the subsequent manipula- 

tions of acid immersion and paraffin embedding, frequently it is 

impossible t o  obtain tissue sections. 

Thirdly, the fixative should be an agent which precipitates 

If the protein percipitate is not protein in an insoluble form. 

insoluble, excessive acid hydrolysis will 3ccur during demineral- 

ization, 

The advantages of various fixatives were observed by 

experimentation. 

sublimate, despite their excellence as cytological preservatives, 

Orth's fluid, Zenkerls formalin, and Zenker's 

\ O W 8 2  



proved unsatisfactory as fi::at,ives for preservation of bone marrow 

during demineralization, These fixatives were very slow penetrants 

and fixed only the outer millimeter or so of tissue, and, while 

this area has excellent ;reservation of cellular elements, it 

could not be used for study as it was torn up during the sawing 

of the bone sample. Additionally, dichromate fixatives made the 

tissue extremely hard, and after demineralizatian the sections 

tended to shatter and tear. 

The use of metallic compounds such as ioeine in methanol and 

osmic acid gave excellent fixation in thin smears or tissues which 

were reached during perfusion. The cells in the center of the 

bone block were usually disorganized after demineralization 

following iodine in methanol fixation, because the iodine did not 

reach the deeper areas of the bone marrow with sdficient rapidity 

to effect good fixation before the initial autolytic disorganiza- 

tion. The subsequent demineralization caused digestion of these 

unfixed tissues .( cf , Experiment 3. ) Osmic acid formed a complex 

with the tissue proteins which mace subsequent staining impossible. 

#&coho1 solutions alons were unsatisfactory fixatives because 
they did not protect the tissue against acid hydrolysis. The 

nucleo-proteins were well fixed, and nuclear staining was generally 

good after demineralization. Fixstion with alcohols was generally 

less effective in the center of the block than at the edge, 

although the alcohols were rapid penetrants. The less effective 

fixation at the center of the block may be due to the dilution 

effect of abosrbed water from the tissue during the penetration. 

I O 4 t 1 8 3  



Alcohol 

protein 

fixation did not ha.i?(?.en the tizstle excessively, but the 

Freclpitate was easily hgCralyza6 by the acid solutions. 

Formalin was founc7. to Se the Lest general fixative. It was 

rapid in penetration, d i d  not harclen the tissue excessively, and 

the protein compmnds formed were resistant to acid hydrolysis. 

Low nitrogen values in the dcmineralizinz solutions were 

characteristic of this fixative. 

Bouin's fluid was a rapid penetrant and a soft fixative. 

Tt was an excellent protein precipitator, but many of the proteins 

remained water soluble so that with the change in pH incident to 

acid immersion they were hydrolyzed o r  lost. Bouinls alone 

dit! not fix the granules of the white cells or the nuclear 

chromatin, and these elements did not resist acid hydrolysis 

during demineralization. 

fixative made these elements resistant, and the combined fixation 

gave excellent preservation durinz demineralization. 

The use of ethanol as an additional 

In the Fast, others have reported that Bouin's and formalin 

fixation gave poor staining of b l x c i  cells, and, because of this, 

other fixatives which were n o t  as suitable for the purposes of 

deminerallzatlon but which gave better staining results were 

employed. But these fixatives did not protect the tissue from 

acid damage Juring demineralization. To correct this deficiency, 

methods were cleveloped which used additives such as alcohol, olive 

oil, citrate salts, or phloroglucine to protect the tissue f r o m  

acid alteration. These additives depressed the ionization of 

the acid and slowed both demineralization and tissue alteration. 



A similar result may be obtained by a low ccqricentration of 

acid, but some tissue alteration hl sa ocs:irs with these 

solutions. In addition, low concentrstions of acid have been 

found to cause excessive hydration of the tissue (cf. Morris 

and Benton ), and this can be as conducive to poor results as 

the higher acid concentrations. 

proved as successful in preventing tissue alterations during 

demineralization as has gaod original fixation. 

9 

These additives have not 

The addition of ion exchange resins to the demineralizing 

solutions did not improve either preservation of the tissue or 

the staining quality after demineralization. The electrolytic 

method of demineralization did not improve tissue preservation 

or staining quality when compared to the use of the same acid 

at the same temperature without electrolysis. 

of the acid bath was increased beyond 40 C. during electrolysis, 

the tissue gave a poor staining reaction anu appeared cooked. 

Electrolysis did not offer any acvantages not found with 

hydmohloric acid alone. 

If the temperature 

The staining reaction with Wright's and Giemsa's stains 

after fixation in Bouin's-ethanol or formalin was improved by 

the use of mordant solutions. The clarity of staining of 

cytoplasmic granules and brilliance of red blood cells can be 

restored by imersion of the slide in 2$ potassium dichromate f o r  

1 hour. 

but the granular differentiation was not as good as with the 

dichromate solution. 

The use of 58 sodium chloride also restored good staining 

The best mordant was 5$ ammonium chloride; 

I 0 4 1  1 8 5  



it produced c e l l  s t a i n i n g  tha5 CTLILC; riot Le dist inguished from 

the r e s u l t s  obtaiiled w i t h  a i r - d r i e d  sinears of periTLerzl blaod 

and bone marrow. 

The r e s u l t s  of t h i s  study have shown t h a t  many methods of 

demineral izat ion are acceptable .  If the  t i s s u e  was wel l  f i x e d  

w i t h  e i t h e r  Bouin's w i t h  ethanol o r  fomal i r r ,  exce l len t  r e s u l t s  

were obtained i n  kjdroclzloric,  formic, and t r ichloi-oacet ic  ac ids .  

The b e s t  a c i d  was deteilmined t o  be a 1 t o  2 no la r  concentrat ion 

of hydrochloric because i t  gave a g r e a t e r  number of exce l l en t  

r e s u l t s ,  a low n i t rogen  Geterninat ion i n  the  demineralizing 

so l tu ion ,  and was the most rapid demineralizer of a l l  ac ids  t e s t ed .  

Formic a c i d  gave equa l ly  good r e s u l t s  but  was considerably slower 

and gave higher n i t rogen  values  i n  the demineralizing so lu t ions .  

Tr ich loroace t ic  acici proved t o  be a good demineralizer i n  a 1 

molar concentrat ion b u t  a 2 molar Concentration caused excessive 

cy to log ica l  a l t e r a t i o n .  

1 0 4 1  1 8 b  
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1. It was found t h a t  cy to logica l  a l t e r a t i o n  2uring demineralization 

i n  hydrochloric,for?nic, and t r i c h l o r o a c e t i c  ac id  can be 

preventecl by good f i x a t i o n  wi th  e i ther  1Oab formalin o r  

Elmints fol lawed by '702 e thaml .  

2. Addition of i qn  exchange r e s i n s  t o  t he  demineralizing so lu t ion  

d id  not  a l t e r  the r e s u l t s  i n  any way. 

3 .  The ac id  of choice i n  demineralization i s  hydrochloric ac id  

because it i s  the rnost rap id  demineralizer,  gave the greatest 

number of exce l l en t  r e s u l t s ,  and showed the l e a s t  amount 

of ni t rogen i n  the demineralizing so lu t ions .  Formic and 

t r i c h h r a a c z t i c  acid gave exce l l en t  r e s u l t s  but were not  

considered as e f f i c i e n t  as hydrochloric acid.  

The use of 2% potassium d i c h r m a t e  o r  5% ammonium chlor ide 

as a rnorciant f o r  the tissues a f te r  Zemineralization r e s t o r e s  

the s t a in ing  qualit- ;  of formalin and Bouin's-ethanol f i x e d  

t issues.  Wright's and Giensats s t a i n s  a f t e r  use of these 

moFdants could no t  be Gifferent ia te .2  from a i r -dr ied  cont ro l  

s l i des  . 

4. 

5. Using the bes t  poss ib l e  combination of var iables  foupd In 

these s tudies ,  it i s  poss ib le  t o  demineralize and s t a i n  

tone with Wright 's  s t a i n  i n  26 hours o r  with Giemsa's 

s t a i n  i n  28 hours.  

, 
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TABLE I 

Data showing the e f f e c t  of fixation and lmersion in various acids on 
the cytology and staining of blood and marrow smears as described in 
Experiment 1. 

None None Ex Ex Ex 
H C l  
HBr Smears re-  
H P O 4  moved dw- 
C l3COOH inCI; acid 

Immersion 
i! 

moa HCO H 

Formalin None G P  P 

HE& G F  F 
lO$ H C 1  G F  F 

H 3 P O 4  F P P 
CC13COOH F F F 
HNo3 P P  P 

G F  F HCOOH 

Absolute None Ex Ex Ex 
Methanol H C 1  F G  G 

HEW F F  F 
H 3 P O 4  F F F 
CCl3COOH F G G 
H N O ~  P P  P 
HCOOH F G  G 

Bouinls None F P  P 
H C 1  P P  P 
HBr P P  P 
H 3 P O 4  P P P 
CCl3COOH P P P 
H N O ~  P P  P 
HCOOH F P  P 

Fi:ra t ive 

Bouin s 
with 

Ethanol 
7G 

5% Iodine 
in 

Methanol 

2s osmic 
acid 

Absolute 
Ethanol 

Acid 

None 
HC1 
HBr 

None 
HC1 
HBr 

CC13COOH 
H 3 P 0 4  

None 
HC1 
HBr 
H 3 P 0 4  
CCl3COOH 
I9703 
HCOOH 

None 
HC1 
HBr? 
H3P04 
~ 1 3 ~ 0 0 ~  
m03 
HCOOH 

G 
G 
G 
F 
F 
P 
G 

G 
G 
F 
F 
F 
P 
0 

Ex 
Ex 
Ex 
Ex 
Ex 
F 
Ex 

G 
F 
P 
P 
P 
P 
F 

F F  
F F  
P P  
P F  
F F  
P P  
F F  

G G  
G G  
F F  
F P  
F G  
P P  
G O  

P P  
P P  
P P  
P P  
P P  
P P  
P P  

F F  
P P  
P P  
P P  
P P  
P P  
F P  



Data showing the  e f f e c t  of f i x a t i o n  anc! acid illunersion on cytology, 
and s t a i n i n g  as described i n  Experiment 2. Ex - exce l l en t ,  G- good, 
F - f a i r ,  P - poor. 

F i x a t i o n  

Bouin I s 
w i t h  

Ethanol 
7@ 

1% 
Formalin 

Ab s 0 lute  
Methanol 

Iodine i n  
Absolute 
Methanol 

Acid 

None 
HC1 
HBr 
:i3€’04 

HCOOH 
ccl3coorI 

None 
HC 1 
H13r 
H3YOb 
C C 13 COOH 
HCOOH 

None 
HC 1 
XBr 
HpO4 
ccl~COOH 
HCOOH 

None 
HC1 
HBr 

CC13COOH 
HCOOH 

H3P04 

Cyt 0 lo g 

E x  
G 
P 
F 
F 
G 

EX 
Ex 
F 
F 
G 
G 

F 
P 
P 
P 
? 
F 

E x  
EX 
G 
F 
G 
G 

H and E 

Ex 
G 
I;’ 
F 
F 
G 

EX 
EX 
F 
G 
G 
EX 

F 
P 
I-’ 
P 
P 
F 

EX 
E x  
G 
F 
G 
Ex 

S t a i n  

Trichrome 

Ex 
F 
P 
P 
G 
G 

Ex 
G 
P 
P 
G 
G 

F 
P 
P 
P 
P 
P 

Ex 
G 
G 
P 
G 
G 



TRSLE I11 

Data s 
ac ids  
who l e  

hqwing the e f f e c t  of f i x a t i o i i  and deminei-alization i n  var ious 
and ion exchange rGsins on the cytolozy and s t a i n i n g  of 
ra t s  legs as dcscriyed i n  Experiment 3. 
# 

Acid .: Resins 
I 
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Figure Z . ,  referred t o  on page 19,  c o n s i s t s  of 

t w o  color p la t e s  o f  marrow s e c t i o n s  which  could 

not be reproduced in this repor t .  They have 

been submitted for publication. 


