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(‘r:lth- I ). Thus, I)oiic*s with t I i ( 1  suiiw srirf:iw : i r w .  twt tliilcwiit wigtit s, h t l  
ylmost 110 diBertw*cs i i i  loss of  wight o r  i i i  t tiv :inioiiiits of niitic*r;il rc1niovtrl. 

Lrpcrimed J: The charactcriutirs ui irrirrc~ral rcwioi-al uuii difftrsioti. .\ picw ( I C  

staiidard t)orie \vas shapod as :t har ant1 tleiiiiiiclralizc.tl i n  0.3 niolar hydrovhloriv 
;wid for (i hours, after \vhic*h the esperimciit was stoppd, a i i d  thr tleniiiicwliztrt 
iiiutris \ u s  removed. The surfaw area aiid wight w r v  ;ig:iiir tlrtcwiiiiied: original 
spwinieii-1131 mg., with 4.81 scl. mi. of  surluw :irv:l: aftthr rcwioval of t h t b  

niatris-445 nig., with 2.87 sq. (mi. of siirfacv awa. 
The bone w,.. further deniiiieralized under thc SLLII~(* (.oiiditioiis for it sec*oiid 

6-hour perid.  In hoth parts of the esperirnent, thr h i ( &  W;LS weighed anti s-ray 
filnis were niade (front and profile view) at half-how intervals. Changes of  acid 
solution were made every 2 hours. The depth t o  whirh niiiierul had t)ew removed 
froni the sample of h i e  was measured 011 the s-ray negatives. arid thr surfaw 
are& of the uiideniiiieralized portioii was cd(wlated. 

Reuirlts. lleasurenieilts of the depth of dcniiiieralized niatris revealed that thcs 
process was essentially the same on all estcriial mrfacv> of the hone (Table 2) .  
Because of this, the forni of the iiiideniiiier~~lizetl portion \vas iiot vhaiiged (I:ig. 2 ). 

There was a slightly greater depth of demhieralization oil the ends than 011 

the sides of the sample. Mtwt of the Haversian c-aiials were open to the soliitioil 
at the ends of the sample of hone, mid it was fouiid in other esperinieiits that 
deniiiierslizntioii always proceeded n little iiiorc rapidly upoil thrhsc siirf:rc*w of 
the hone \\-here the majority of thc Haversiaii dystcnis \\-er.c’ open. 
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t 1i:it had t h c  l o w s t  soliildity of c*al(*iunt s i l t s  : I I M I  clissoc.iatiot1 wttstaiit x 

((;roup 3). 
-\ more detailtul siiniiiiary of t hts groiipiiig of  t l i r  v:irious acids is listed l)clo\v. 

whtw tlici :ic*itl with thr highcst valiic i i i  a cnttyory is tianid at. t,hc top of that 
cwlumii. atid the :wid with thr Ioiwst value is ;it t h c l  hottom: 

~__.___._ . ~ .__ 

l l iwniat ion I'cr ('cnt of Lo.* of I)cpth of Uemjner- hlincral Sduhi l i iy  nf the 
U'riRhl alidetl Xhcrir t ' a l m m  Salt- Constant _-__- -___ -- .-. ____ -__ . 

I .  Hydroclrl~~ric~ Hytlrochloric. Hydrochloric Sit ric. H ydrot~rriiiiii~ 
Sitric Hytlrol~romic Sitric Hydrochloric Sitric. 
H ydrolwornic Sit ric. Hydrol)roniic~ Hyiirohromic Hydriwliloric. 

2,  Trichloraretic Phosphoric. Trichloracetic Trichloracetic. Trichlorwtvic, 
Phosphoric, Trichloracetic Phosphoric A w t  ic I'hosphoric 
Forniir Formic Formic I'hosphoric- Pormi c. 

3. l.:tctic Lactic Lactic Formic. Lactic. 
Citric Citric .ice1 ic Lact ic Citric. 
Acet i c e  Acetic. Citric Cit rir .4cetir 

The rate of hreakdowii of the mineral in  the organic niat,ris of the boitc is 
determined by the divsociatioii of the acid, and the solubility of the c.al(*iuni 
salts partially regulates the rate of removal by diffusion t.hrough the dc- 
mineralized matrix. It is difirwlt to  separate these 2 cwmponeitts esperimeiitally 
bec*ause the dissociation c*oitstaitta of  acaids usually parallel the solubilities of 
their ealciuni salts. Acetic. acid, however, did not follow this general rule, and 
the solubility of calcium wetate stands higher in the elassifcation than does the 
dissoviatioii of awtic acmid. The demiiieralizatioii rate of acetic. avid was the 
lowest of all the ac-ids used, aird it also had the lowest disswiatioii mistant of 
all the avid?; i i i  this experiment. .\c~ording to the solubility of c*alviurn aretatc. 
avetiv acid should rank i i t  the group with tric-hlorac-etic. wid, :tiid not LS tht* 
pcwrest tleniiiieralizittg ageiit trsted. From this. it \vould seem that t.h(* solul,ility 
o f  the calcium .salt of ail acid is of iio hetiefit if  thci tiiiiieral is wit hrokeli dowli 
i n  I)otic*. Thus. i t  is reasoiiahlr t o  c*otic*ludc t hat the r;ttr o f  dciiiiiieralizstioii is 
(.hiefly dcternmiiiecl hy the rate of 1)re:ikdowt of iiiiwral, \vhic-h is rclatcvl to t h p  
tiissoc*iatioti cmnstaiit of the wid. 

Ti t  wtioiis of thr c.oiic.ciitritioiis of a d  at the end of the esprimeiit rcbveulpcl 
the amowlit o f  avid that \vas utilized i t i  thv prcic~ss of drniiiieralizatioti. Thp 
iiiasinial amount of wid utilizrd \viis :U p t ~  t w i t  i t 1  thv w s c  of vitric. acid ('I'ahI11 
5 ) ;  t l iv othrr wids :iwrugcd approsiniutcly IO p e r  t w i t  iitilizatioii tliirittg tht. S 
hours of  clrniiiicralizat iott. Jttwniuc*h us a IO per c w t  rrduetioti in molarity 
iiiily r c d u c ~ d  the eotir~c~iitrrrtioit from 1 t o  O.!) 11. a11 atltqnatc* amtiuirt of avitl 
w t s  prcscwt for dciiiiiirralizatioii (cf.. I<spwinicvtt i f c i r  thr niiiiinial c . o t i w i i t  rut ion  
of ac.itl for c1ITeec-t ivr drmiiicralizatioit). 

.\ measure of the efhiciivy of ail a d  i l l  thc. nwioval of niitic!ral friiiii I)oticB 

\vas established hy dctc~niiniiig the tiumher of niillinioles o f  hydrogtw t r s c ~ l  11, 
r v n i o v ~  1 niilliniole of the niisturr of cdciuni a i d  phosphorus i i t  I )or l c , .  This  

- .I_.- 







DISCL-SSIOS 

The esperinieiits on staining of bone aiid associated soft tissiies (after de- 
mineralization of the hone) iiidicated that the criticad elenleiit iii the various 
procedures was the fisiiig of the tissues, i . ~ . ,  cytolog?' \\'as not altered t,y the wid, 
dririiig demineralization. if the tissues were fised well. .\ fisative that provides 
aiid niaintaiiis good preaeri-ation during demirieralizatioii shoi~ld have the follow- 
ing charact erist ips : 

1. The fisative should he relatively rapid in artion owing to  the fact that the 
cella in bone marrow undergo irreversible changes shortly after death or after 
removal of a piew of Imie during surgery. The derisity of the hoiie and the limited 
aniouiit of esposed surfac-e make it desirahle that the fisative penetrate well, 
iii order that the deeper portions of the tissue may be preserved prior to disiiite- 
gratioii of the cells. 

2 .  The fisative should riot harden the tiwic esvessively. ii1asniiic.h as further 
hnrdeiiiiig that results froni treatnieiit i i i  acid and eniheddiiig in parnfiii may 
make it prac*tirally inipossil)le t o  viir .wc.tioits in v-hidi the histologic. piittent 
is pre.vrved. 

3 .  The fisativc shoiiltl liriiig almit prwipitatioii of protein i i i  ail iiisoliit)lc 

form. If the preripitntc is riot iiisoluI)le, trmtiiieiit with arid diiriiig (Ieiiiiiteralim- 
tioti will rcsiilt i i i  eswssive hydrolysis. 

The advaiitages niitl dis:itlvniit:iges of  variow fisiiig .Golutiotis were ol)scr~ed i i t  

se\-eraI esperinieiits. .\ltlrouph ( Irth's, Zniker's,  ati(l IIeIIy's fliiids iisiinlly provide 
escdlent prcscrvatioii of rytologiv strwtiirrs. t h y  \wre uitantisfnvtory for prv- 
serving \)otic ninrro\v dririiig tlctiiiiicrnlizatioii. These fisativcs \vcro slowly pw('- 
trniit and fixed oitly t h c s  outer niilliiiictn. or so of tissur; although th i s  rc*pioii l i d  

escdleiit preservatioii o f  cdliilar elcii~etits. ttw I m i v  ( . o r i l d  i tot  tw owl for study 
intisniuvh ax i t  was friigniriited diiriiig thv snwiiig of thc spwitiicit. 111  adtlitioit, 
dichromate fisntii-es made the tissric estreniely hard,  atid uf to .  clemiiter~ilizatiori 
the sertions teiided to shatter and tear. 

1Ietalliv substnares suvh as iodine ( in  iiiethaitol) and osmic. avid provided 

. 
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1 .  'l'ht. s i i r k e  arw d(~t(wiiities the anioiiiit of 1)otie that is denii~ieralizcul pi. 

w i t  time. intujn1iic.h ibs thtb proc.es* is active oil all the surfaws at the same time 
aiid saiiie rate, :uid I)o1ic1 deniiiierdizes only at the interfare I,et weeit the wid 
;i i id thr mineral. Thus. u picw of hone 1 s 1 s 100 mm. will deniiiieralize i i i  

the s t ~ i i i ~  time that is required for a piere 1 s I s 1 nini. 
2. The time required for demineralization of hone twomes progressively 

greater as the process approaches vompletioil, owing to the increased distatiw 
for diffusion through the deniiiieralized matris. I:or example, a piece of boiie 
I s 1 s 1 mm. ('an Iw deniiiieralized with agitation i i i  1 1 1  hydrochloric acid 
i l l  ;ipprosimately 2 hours. but approsimately 8 hours (uiider the same coiiditioiis) 
am required if the pieve of bone is 2 s 2 x 2 mni. 
:i. .4pproximately 30 per cent less time is required for demineralixatioii of  a 

piew of bone that is agitated during the time in  arid, as compared with the 
timc required for it pieve (with the same weight aid siirfare area) that is not 
agitated . 
4. Iiwreasing the temperature from 2.5 C. (room temperature) t.0 36 to 40 C. 

irsiilts in approsimately a 1.3 per (wit reduetioii of the time required for de- 
mineralization. Temperatures above 40 C. lead to iirt.reased hydrolysis of protciii 
without proportioilally increasing the rate of deniiiieralizat ion. 

5 .  Hydrorhloric. wid is the best oiie to i i sc  8 s  a deiiiineralizing agent. It is tht. 
iiiost efficient, most rapid i n  avtioii, iiiid the least harmful of the several acids 
t est 14. 

(i. The optimal c w i c w i t  ratioti of hydrtwhloriv wid for niasinial rates of de- 
iiiiiic~ralizatio~~ is t)etwtwi l atid '1 AI.  ('oiic.eiitrstioiis nrore than 2 do iiot 
iiicmww the rate of  drniiiiernlizat ion, and those less thaii 0.5 I1 are ineffirieiit . 

)tit1 hundred niillilitcrs ot' a 1 t o  2 .\I solution demi~ieralizes a 2 (im. spevinieli 
of t)oiic> with so little deplthtioii of wid that :I c*haiigv of th(1 arid soliitioii tluriiig 
t h o  prci('~ss is hardly warraiitvd. 

Sl~MM.\ l t lO  I \ ISTEItLlSGI.  \ 

1.  1.e area del siipcrtirie deteriiiiita le quaiititate de osso que cs dismiiienllisntv 
i i i  un c'erte spatio d c h  tenipore, iiani le prwesso es w i v e  siiiiiiltaiieemeiitc r (*oil 
Ir iiiesnie grado de iiiteiisitnte u omiie le superficies. e IC osso es disniineralisatc* 
solmerite al intertic.ic de acido e mineral. .&si uii pech de mso de 1 per 1 per 100 
iiini es dizniirieralisatc in  le (wrso del niesme tempore que es requiritth pro I(* 
dismiiier~liarrtio~i de uti pwia de (wso de 1 per I per 1 nini. 



2. [,e ttwrport' rrcluiritc pro lcdi.~niiiior:ili~;it ion t l r x  osso rrrscc prc,grrssi\ciiiciitci 
i i i  t ; i i i to  I ~ P  Ie prowssi~ apprwh:r. SII c-oiiiplcticw. Isto cbs csplivatc pt'r le cwsieentc 
ctist:iiiti:i &I ditYtisioii n transwrso le jnni disii;iiic.mIisiatc portioir dcl iiiatrice. 
Por c~sciiiphr. iin pei-iu ozso de I per 1 per 1 i i i i i i  pate eswr tlisiiiiiicmlizutr con 
:igit:itioii in  ac'iclo hyclnwhloriv de roiicciitratioii Cic 1 JI i i i  IC (WMO de virm 
2 Iioras. ~c1.1 S U I )  I C  iiiesnie cmditiorirs rircx S horw cs rcquiritc si I r  tlinic.nsiones 
tlc4 pcc-i:i (le osso w 2 per 2 per 2 nim. 

;;. Le ttwiporc requirite pro le disiiiiiieralisatioii de 111; pet% de wwo en reduvite 
pcr virm 30 pro c w t o  si illo es agitate clurtliitc IC tempore de iiiiniersioii in le 
witlo. Iste reilnrtioii cs vowtatate per c.oniparation ('on le tenipore reqriirite pro 
le rlisiiiiuerslis3tioii dc uti pecia dc osso del niesnie peso e del iiiesiiie area super- 
ticid que 11on es agitate durante YU immersion in le mido. 

4.  1-11 nrignierito del teniperatura ah '73 C (temperaturn iioriiinl de interior) a 
:3t\ o 40 C rcaiiltn in uii reduction de circa 15 pro ceiito in le tempore recliiirite 
pro le dizniiiier~lisatioii. Teniperaturas de plus que 40 C resulta iii un augment0 
del hydrolyse de proteina sin acceleration proportional del procel;so disniinernli- 
ssnte. 

3.  .\c-iclo hydrorlilorir. es It: nielior ageiite de disn~iiiel.nlLntioii. 1110 es le plus 
efficnre. h s  le phis rapide action! e es le niiiiris nocive inter le vnrie nridos probate. 

6. Le concentration optimal de ncido hydrochloric. pro grados maximal de 
dismiwr~lisatioii es inter 1 e 2 31. Concentmtiones de plus que 2 31 non acrelem 
le processo disniineralisante, e coneentratioiies de niiniis que 0,5 31 es inefficace. 
Cellto 1111 de tin solution de 1 a 2 31 dismineralisa iiii speciriieii de 2 g de osso con 
si h:i.sse gradus de depletioii del acido que nulle renovation del solution es indicate 
in le curso del processo. 

.1~kfrolr/edgfJrr,rl. Grateful acknowledgment is made to the Bersworth Clicmicnl Com- 
]):bliy, Fr:iminpli:im, J1:isswhus:etts. for scrpp~.virip the disodium vcr3en:ite for thew sl idier.  
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treated hy electrolysis had tl. loss in weight of ti!) mg.. and the voiitrol saniple 
lost Mi mg. The anioiint of niineral removed from the elec.trolytic. sample \vas 
.i(i mg., and from the control sample 3 mg. Thus, the 2 stlniples differed by :< 
mg. with respwt to the loss in weight or the amount of mineral removed. 

The molarity of the avid \vas determined at the end of ewh half hour. The 
reduction in the concmtrtlt ion of wid in the elec*trolysia solutions \vas from 1.0 
t o  O . i  1I at '15 C., and from 1.0 to 0.6 11 at 45 C.; the reduction in molarity 
of both wntrol solutions was from 1.0 to O.O!j 11. There \vas no differeiicv iii 
thr amount o f  nit rogvii removed from the elec*trolysis and rontrol samples, ant1 
the depth to which niiner:il \ v w  removed ivas the sanie for both elertrolysis and 
eoiit rol sample>. 

Erpr~timotl  .i: 7 ' h  c : ( T c ~ l  of rlrrlrol!pis oti Ihr rnlc* qi rlc,,,iiicc,raliialiorr willt 
phosphoric acid. Two picws of standard how ~verc' shaped to approsimatcly 
thv  same tvc4pht and surfarc area for trcatmcnt with phosphoric. acid at 2.j (*., 
with a i i t l  withorit elwt rolysis (I.:spcriniciit. 3.A 1 .  Tht. .snniplr for elwt rolysis 
\vciphvd 1:34 nip..  :iiitl had it s i irf iwe area of  1 .%i s c ~ .  m i . .  aiid t h r  wii tro l  samplr. 
1:(0 nip. with a s;rlri:tc.(a ar~;t of 1.23 si!. vm. 'l'w niorc piwcs of stalidard holhcb 
\ v ( ~ c a  cwt for tri~:itiii(*iit ;it 4.5 <'., with aiitl without elwtrolysis. The elrcBtroIytii. 
sariiphl \vc~ig l i (~ l  1 4 1  iiig., iu i t l  hail il srirfaw ;triB:i of 1.22 $11. cm.. at id  thf. c*oll- 

t r d  sptv-inicii w i p l i c d  1-12 nig., and h id  it stirfuw arva of 1.34 sil. ( - in .  

'I'hv hoiic n'as deniiiic~ralized for 3 hours i n  1 31 phosphoric. avid at 25 ('. 01' 
:rt 4.5 C'. Thr  (~ lwtro lys i s  saniplcs were treated with 10 volts at 1 ..j atiipcq-cs to 
proviclc~ a 1 .;-\vat t d w t  rolysis. Chaiigcs of avid, \vrighiilgs, aiicl s-r:ty tililts ~vcrc 
niitclt. at intwvals of :<O iiiiirntrs. The depth t o  whivh niiiimd had t w w 1  rcvnovcd 
\viis nieasurtd froin r h c b  s-ray iiegativcs. 

Hcwlls .  Ihiriitg t h v  :i Imirs  of demiiieraliaiiig :it 2.5 <'. (Ksperimtwt :;.\), 
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( 1 0  i i o t  f ~ i r i i i  g:is t v w ~  iiscvl, i . ~ . ,  phosphoric. uiici foniriv :witis. 111 I<spt~rilllcqlts :i 
: i i id  4 t l i ~  t l ifT(wiiws Iwt  \ v w i i  t hc c4wtrolyt i c e  :id w i t  rol stiniples w r v  witliiii 
t h c b  ospwtrd rang(* o f  variat i o i i .  Th(w was i i o  diHtwiiw i i i  ttiv loss o f  uc%iglit 
froni t h v  2 s;lniplr?c whvii forniic. orid \vas usetl, siicl, :dthough thcw \vas o big. 
clitTcwiic*c i i i  loss of wigtit whwi phosphoric. wid wir; used, th(- gmitrr loss w:is 

i iotrt l  iii  tlw s:mplr t l u t  had :i h r p r  surfwe i i r w .  Thus, the loss of hydro- 
c*liloric. ;ic*itl duriiig c h t  rolysis did i i i ) t  uffcvt. thc ti i i ir  iiwessnry Tor cI~i i i i i i~~r : i l i -  

z i t  i o i i .  I<rsiilts froni previous esprriniciits~ iidivatcd that tlw rmliwtioir of 
cwiic*riitr:ition of hydroc*hloric* wid frimi 1 .O to O.(i 31 does not apprcvi:rldy 
:iffeet thc rapidity o f  deriiiiirralizatioii. 

I:lec*trolysis praluc*c~s heat i i i  tlir wid solution twause of the rcsistaiiw o f  
rhc solution to the flow of c-iirreiit. Esperimeiits with the electrolytic mwhiiie 
list4 iir these studies revralcd that a rise in temperature of 0.1 C. tvas prduc*etl 
per niiiwtc per \vntt of elrvtrolysis in 100 nil. of 1 M hydrochloric. :&(*id. Thtl 
miowit of heat producwl will vary with the resistaiwe of t.he solution. but 1 11 
c*onceiitrntions of other acids ( i . r . .  phasphorir, formic*, and trichiorawtic.) tiad 
approsimntely the s m i t h  rise of 0.1 C.,'minute watt '100 ml. of sohition during 
c4ec.trolyis. In the previous paper.? the influenw of temperature oil dcniiiicrdi- 
zation ~8 determined, arid it \vas found that ail iiicaretxse of 20 C. (an iiicn~nsv 
froni 25 to  4.5 C.) devreased by 13 to 20 per cent the time necessary for demiii- 
ernlizat ion. 

In the present espcrimriits, a11 iiwrease i i i  temperature also derreasrul thv 
t in i r  required for deminernlization. Owing to  thc facat that the saniples of h i e  
used i n  the various csperimciits were of differeiit weights and surface 3reas, 
:id, in order to  make proper romparisoii. the data should he espressed 1s 
niilligrums of weight lost per square cwitinieter of surface area. The results of  
Experiment 2 indirntc! that lmiic deniiiieralized for 3 hours in 1 11  hydrwhloriv 
:wid at 4.5 C. lost 0.40 nig. pcr sq. cni.: whereas the piece treated similarly, but 
at 2.5 C. lost 0.30 mg. prr sq. (mi. Thus, the differenvc was 0.1 nig. per sq. cni. 
of surfac~ area. Similarly i n  Esperiment 3, bone demiricralized for 3 hours in 
1 31 phosphoiic. acid ut 45 C'. lost 0.23 mg. per SCI. mi.; whrreas the spwimen 
trratrd ut 2,; C. lo5t 0.18 mg. per sq. mi., a differriic~c of 0.05 rng. per sq. viii.  

Thus. t h v  grc'tltrr loss of wight that ocwrrecl at thr highrr tempcraturcb was i i i  

:ipprosimatcly t hr .WIW r:ingv :is that previously determined, niid the tirnr r ~ -  
qiiird for demiiicralizat ioii \vas rcduc*ed approsiniatcly 'M per (wit. 

Thr csperimriits drsvrii)c~tl i l l  this popcr iiidivatc. t.hat the electrolytic. met htnl 
( ~ f  tlrniiiici.slizitioii will rrsult i i i  hiphvr teiiipmitiiws i i i  the wid solutioiir;. . i t ,  
l.:)-\vatts c~lcctrolysi~;, thv t(*iiip(*r:itiirv of 100 nil. of 1 11 hydro(-hloric. rvitl will 
iiriwuw 1.5 C. in 10 niiiiutes. 'l'hv dc.miiic.raliz3tioii will then proccxd at 40 C .  
or hig1ic.r. If t hc tiair rvquircd for dcniiiierulizrtioir at 40 C. is vompurtul wit ti 
t h v  t i i i i c a  iwu:dly rcquind tit 2.5 C'., tlrr clcc*troIytiv nwthtxl s~eiiis t.o bt? ~ i iorv  
r:rpid. t w t  this is the rcwlt o f  thc iiicwusctl tenipcwture of the demiiieraliziiig 
sgeiit . Wheii thv tciiipraturr of the solutioil i v ~ s  cwitrolled, thc elevtrolytiv 
aiid w i i t  rol saniples deiiiiiieralized at the same rate. E1ec.t rolysis produws heat 
in  thr : i c d  soliitioir, Imt (4tvtrolysis pcv SI' is not effevtivc :is :I tlmiiiicruliziiig 
:lg('llt 



, 

1 Tlw I I W  o f  clwt rolysih t o  Ibring ; h u t  niow rapid rlciniiiicralizatioii of how 
I.< l l ; l . i ~ i l  011 :in ui rs~~ui i t l  tlicoret i c d  conccpt : iunlely, that 2 positively chargcd 
ion- niiqatc in  cliffwcw1 t1ircc.t ioiis in  respoaw to the same polarizing current, 
i . c  .. t i i t ,  hydrvgtvi ~ I I U  into t h c :  l)oiw, ;ind thc c-ali-iuni ion out of the honc. 

2 .  I k t  rolyis pcjr w Iia> i i o  effect on t h r  time required for d~~niiucralizatioii. 
:I. Heat is prtwlricwi i n  clec*trolytic baths, aiitl an invrease in thc tcnipcraturc 

of r tic. tlcniiiIr~~liaiiiff solutioii will result in less time being required for demin- 
ernliz:irioii of hit. The w i l t  rolled esperinielits dewrilwd in this paper indicate 
tlint the reported d c x ~ m s c s  in time required for deniineralization when using 
the clcrtrolytic- nwthocl arc the result of highrr teniperatures caused by the 
dtvtric-  vurrent passing through the demineralizing solution. 

SUJIJI.IRIO IS ISTERLISGUA 

1. Le URO del electrolyse con le objectivo de accelerar le disniineraliration de 
ossm es basate super un insolide concepto theoric, i.e., le concepto que 2 iones a 
carga positive niigra in differelite directiones sub le effecto del niesme currente 
polarisante: le ion hydrogenic a iii le osso, le ion de cnlciuni a ex le osso. 

’7. Electrolyse per se ha nulle effecto super le tempore requirite pro le dis- 
niinernlisation. 

3. Calor es generate in le banio electrolytic, e un nugmento del temperatura 
in le solution disinineralisante resulta in un reduction del tempore requirite pro 
le dismiiieralisation de ossos. Le esperinientos controlnte que es describite in le 
presente articulo indica que le reportate redurtiones del tempore requirite pro 
le disminemlisation quando le niethodo electrolytic es usate, resulta del elevate 
temperaturm que es cnusate per le electricitate currente a transverso le solution 
rlisniineralisante. 
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i t [ . S I . : I . I ,  1.1.  11Oitl~lS. J R . .  11,s.. .\si) I~OI~I~~ i tT  S .  13I.:STOS, .\..\I. 
FVITII TIlE T E i ' H S I I ' . \ I .  ASSISTASC'E I I P  1~.11{11*E ~ X I I T I t  .\SI) . I E \ S  H. \SKIsS 

/ k p a d t i i r t 1 /  r~i .I t to/<mt 11. Thc .lI<viicul ~ ' d l t y c  CI$ Soiifli ( * i l i . i i l i i i i i .  I'hnr/cn/nn. S ~ ~ i t l h  I'n,olinrr 

Itec*etitly attcwipts were niade to tlec*rease the tinic recIiiirrd for dtmiticraliza- 
tioii of boiiv t)y atltling to t hv deniiti(nlizitig ar-id varioiis c*otiipouiids that hind 
uiid reniove the diswlved mitierats of the h i e .  The c*onipoutid~ used for this 
purpose were ioii esrhatige resitis aiid c.hciatiiig agetit$. 11iasniuc.h as the ac.tioii of 
thew t*onipouiids is h s s d  0 1 1  the same priticsiplr, they w r e  iwtisit1ere.d :is a iiiiit 
i i i  this itivrstigatioti of their uscfultiess. 

I lot t i ,  Papuro. aiid Clarkrz ititroduc*ed the lire of ail i o i i  tw.hange resiu (\Yiti 
:%MI) mised with forniic. acid. Tht. niethtd \vas said t o  result iii deniitieralizntion 
more rapidly that1 other mcthods. aiici t l o t  t o  alter tlic niorphology or staiiiiiig 
reartioils of the tissue. Lillie,' iti a re\+\\- of this paper. questioiied whether the 
results of the methid were artually better thaii formic- acid alone bec.rruse there 
was iio rotitrol for voniparisoii. Case? studied the use of a mtioir exvhatige resin 
in deniineralizatioii, atid foolid that the addition of \!-it1 :3O00 to formic. arid did 
not apprec.iahly shorten t h r  tinit. of deniiiieralizstioii. or eiihaiice the presena- 
tioii and staitiitig qualities of the tissue. 

Srcehiiy aiid Sikiforuk' aid Birgr and Imhoffl ititrcxluc*ed a method of de- 
miiieralizatioii i l l  whic-h the c.hel:ititig conipoutid, ethylene diamine tetra acetate 
(or \-eraeiiatr*). is used in w i c l  solutioii. The niethotl \vas admittedly slower 
thaii others:. hut it \\-as thought. to 1)e useful In~*ausc of the esrelleiit preservation 
of the tissiici. 

Thr~ prirpcw of this study is to tletwiiiiiw whether or not ion esrhaiige resins 
or \'twcti:ite hnr-r ndvaiitagrs that arv not fouiid i ir  thr wc of ail acid solutioii 
alotlc~. 

M.\TEIIl.\Ld .\ S 1) >I I.:THOI)S 

1. S:iniplrs of h i t i t 1  for tho espc-riniciits I V ~ W ~  (litho. ilrtise rorticnl hone froni 
the shaft of a i i  air-dricd, adult. hunuiii f(wiur. or \vhciIr wudd estreniities (hotir 
arid soft tissuvs) of tiialti \!-istar r:tts that \V(W t i i o r ~  thtiii 1.30 days of age. Thc 
smiples of huniaii t w t i c l  \ w r v  f roin t l icn  st:itid:itxl snnip1~ o f  tiotic prchviously tl+ 
writ )tvl ( 3Iorris :it it1 13rii t o i i 5  ). 
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'1. .\I1 clc~mittc~raliz:iticct~r \\en' iiiatlc i n  polyc~thylc~itc c*oiitniitrrs and the saniplw 
\\(w ugitstrd at i s  r.p.ni.  ut 23 C'.  on :\ rollw agitator. 

:I. ( h i ( \  hiiiidrt~l nil .  o f  wid solii t ioit  of kiio\vti tttolarity \ v i w  uz;ccl i t 1  rac-h 
clc~ti~iiirrnliz:iti~~it. 111 the. c*spcirinietttr with rwiiir '1.5 ( i n i .  o f  resin ( in  tht. sati t -  
txtcvl hydropcw fiirttil \wrv atlded t o  100 nil. ( i f  ;wid solution of  kitowit molarity. 
Four i o i t  tw-hatigci rwim \ v w ( ~  ~iscrf for  thr espcrinicvits: II ic '  .io, a c.ar\wsyliv 
:i(.itl typv of  c.:itiiiii cw-haiigw that opcratrs i i r  ;I pH range from 4.0 to 8.0; I11 
112. a w l f o i r i c *  arid typv of wtiott csvhaiig(1r that operate* over the entire rang(' 
of p H ;  I H  120, a sulfotiic* wid type of vation est-hatiger that operates over the 
entire rauge of pH; Witi :4OOO, a11 aniniottium -It of a sulfonic acid type of 
ration eschanger that operates in the wid range.* 

3. The estetit of dernineralizatioit \viis determined by nieasuring the zone i t 1  

s-ray films. 
ti. Determinatioiis of c.oticentratiotm of acid, calcium, phosphorus, and nitrogen 

were made 011 all of the solutions before atid after demineralization. The techiiic-al 
methods were described in the section on Materials and Methods in a previous 
paper (Morris and BeiitonS). 

ESPEHlMESTS 

E.rprrimcnt 1 : Dcmiticralizalion I 'siny Ioti Exchatrgc Rcsins and .-Id, Comparcd 
wifh That f r o m  ;Id .4lorrc 

Five pieres of statidard hone were shaped to approximately the same weight 
and surfac.e area, acwrditig to the method desrr i ld  iti a previous paper (Morris 
and Betitons). The weights of the hoiie samples varied from 233 to  244 nig., atid 
the surfave areas from I(i.5 to lti!) sq. mm. One piece of bone was placed in eavh 
of the following solutions: 1 JI hydro(-hloric. acid; 1 .\I hydrochloric. arid plus 
2.j Chi. of IIiC 3: 1 11 hydrovhloric. acid plus 2.3 Gm. of I R  112; 1 11 hydro- 
c*hlorir acid plus 25 Gm. of I R  120; 1 JI hydrochloric. acid plus 2.5 Gni. of Witi 
:u)o. The saniplcas of hone \\'ere agitated iti  these solutions until iwmpletely 
deniitierdized. as tletcriiiiiied hy s-ray filmr. 

-4ftcr t he saniplw were completc~ly detniticralizrd they were digested in coiweii- 
tratcd hydrovhloric. avid. Ilcterniitiatiotis of c*alriuni. phosphorus, iiitrogen, atid 
molarity ww iii:itl(I o i t  all of the drminemliziiig solutioiis, :ttd also ot i  the ili- 
ywt ioti solut ioitr. 

1irsrtll.s. Thci various samples were not deniiiierslizcd iti thc wine nmouiit of 
tiiiie; t h t w  i t )  thcb avid alone, atid i l l  thc- IIjC 3 aitd avid were demitirralizcd i t t  
1; hours. Thr sanipl~s in  arid plus I I <  112, Ili 120. o r  \Yilt :KKMl \vcrc deniitirrcll- 
i z t 4  iii I!) hoitrr. 

Thr loss hi  wight for each of thr hitex was npprosirnutely the sllnie, hut the 
least li~ss \vas fouiid i t i  tht. .saniplrs that were demineralized iti the arid aloiie, 
or in ac*ici plus I l i  112 or \Yin 3MIo. Ewh of there samples lost npprosiniately 
I 0 . j  nig. The ?i;lniplc%s that \ vew tlcnii~tcralized i n  avid plus I R  I:? or 1 R C '  30 had a 

iVin .u)oo is dist riliuted I)?. the Winthrop Laboratories (formerly \~inthrop-Sie:rrris. 
11ic.1, l W  Bro:~clw:iy. Sew York l Y ,  Sew York, 
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I~Isc~ssIos 

The purpose i i i  using ail ioii eschaiige resiii for deniineraliziitioii is ?-fold," 
i.c., to decrease the tiiiita required, atid to decwasc the aniount of destruction 
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of soCr tissuc hy thc hyclrolytiv avticiii of t l iv  :ic*id. l o i i  ('s(*hiiiig(' ir*siiis ilcwpt 
:in11 l i i d  wtioiis; it \\-as thought that thc gra(Ii(~it of ( l i f i i s io i i  of s d t s  out of t h p  
I I o i w  w i i i I d  t w  iiicwund if thc i dv i i i i i i  t.aticnrs WIW rriiiovecl, thrrc+y dcc-rcasiila 
thr t i i i w ~  r(v(rrirtd for di.iiiiiicralizatioii. 'I'hc iiso o f  IViii :uxw) was said t o  prpvriit 
~iiorphologii- ; i I t ~ w t i o i i  :uid to nitliiituiii t h c b  typivnl staiuiiig r(~:~c*tioiis o f  th(h 
wllrdar rlcniciits. Thv nic~c~t in i~ isn~ o f  this protwtioii \\-;is i i o t  cirsc.ril)cvl by thtb 

iiiiiovators of t h r  mc~thid. 
;\\I c.atioii esc.haiigr resiiis do i i o t  awept tht. wnic aiiiouiit of c.al(iuni ions 

pcr Gm. of resin. Titratioiis of rrsiiis with c-al(*iiini ions revealed that I11 1'10 and 
K i n  :1O00 were the most effic+iit ac.veptors of c*alvi\ini. aiid approximately 28 
nig. of Ca++ were houiid per Gm. of resin. I H  11'1 was iiitermediate iii eapuvity, 
biiiding approsimately 18 mg. of Ca++ per Gni., and IHC' rfi \\-as least, with 
less than 1 mg. of Ca++ per C h i .  king houiid iii acid solutioii. 

In Esperinieiit 1 sqmples of staiidard hoiic irere deniiiieralized in  mixtures of 
hydrochloric. ac*icl a d  resiiis. The results iiidic*ttted that IRC :j was the niost 
rapid of the 4 resins tested as demineraliziiig ageiits, and this resiii awepts the 
least amount of c.al(.inm ions anioiig the group of 4 that were studied. 111 Esperi- 
nieiit '1, where resiiis niid ai-ids w r r  used for clcmiucraliziiig honr (with assovi- 
:ired soft tissues). IRC'  50 aiid I R  112 were thc niost rapid of the resins as de- 
miiicrulizing agents. and these resins are relatively poor acceptors of ralriuni 
ioiis. On the other halid, resins with the greatest capacity for hiiidiiig calciuni 
ions \\-ere slower as deniiiieraliziiig agents. Iii Experiments 1 and 2, the resiii-ac*id 
niistures did not demineralize bone as rapidly as did the arid alone, 

Protection of the tissues by resins could not be demonstrated in these studies. 
The uniouiit of iiitkgen in the solution after dt~~iineralizatioii is ai1 iiidication 
of the aniouiit of protein that is hydrolyzed hy the acid solutioii. If the resin 
protects the soft tissues froni hydrolysis hy a&l, the anioulit of nitrogen in  the 
soliitioiis of rrsiiis should he less than that fouiid ill  the c.o~itrol arid solutiolls. 
I n  Esprriniriit 1 the amouiit of nitrogeii i n  thc solutions after ~oiiiplete de- 
niiiicralizatioii \vas the same for the a d  c.oiit rol as for the acid-rrsiii solutions, 
sild thv :inioruit of ititrogeii in the drniiiirralisrtl aiid digested aniples of hone 
\\-:is thth saiiic, ivhethcr the spwiniriis wcrp trcatd with acid alone or with ac*id 
a i d  rcviii. I i i  Espcrinieiit 2 ,  \\-hew thc i*aiititll tastrcmitirs of Wistar rats w ~ q y  

dcniiiicwlizcd i i i  tliferriit ac-ids a i d  various c*omhiiitltiolis of t hwc acids \\.it11 
tliffcreiit rcsiiis. after diferriit nic*thcwls of tixntioii, the iiiasS of niwc*le provided 
aii al)uiidaiit s o u w t x  of  protein for hydrolysis hy the wid. Hotrrvrr, the aniouilt 
of iiitrogeii reuiovctl from thr piwrs of  1 ) o i i c ~  ~ t l s  thv anic  for all tix:itivc~-rnsiii 
~~oiiitiiiitltioiis with a gi\-rii wid. 'l'hrre ww t l i f f tw l rc . cbs  iii thct aiiioulit of iiitrogeii 
r c ~ l r t l s d  from thc tissue, hiit thew differeii~+w w r c  rtllatcd to thc typc of avid 
uwtl, aut1 i i o t  t o  t h e  resiii. Trivhloruc.ctic. ac+I rmiovctl thc most iiitrogtqi froni 
thc tissrics. and hydrtwhloriv arid rcwioved the lctlst . 

Yer.wiiatp, a vhclatiiig agriit, \\-as relativrly iiiefktivc as a dcmilieraliziilg 
agent, owiiig chiefly to  its slow rate of activity. .bid \'efscnnte did not havc ally 
sd\mtag;c*s over hydroc*hloric. acid. and it had the disadvantage of requiring 
TO times as loiig t o  h i n g  ahout deniirirralizatiori. .\wordiiig to Srwhiry a11d 
Sikifonik,i oiir of thc advantages of Yerseiiate was that i t  vould tw used a~ a 



neiltr:rI or :ilkaliiic. clc~tiiiiic~raliziii~ agolit. ( ) t i  t lw othw huticl. tlic t r s i i l t h  of EX- 
pwi i i i c b t  i t :< i titlic.:i t (>. f (  11' :dl prwt  iwl plt rpc )hi.>, t hut diw i i tcwil isn t iot i did Ilot 
o w i i r  i i i  ai1 dk:iIitiv s o l i i t i o i i  oC \*wwtiutiB. l'hua, i l l  ordw to I)(> c%tTtv+tivca, \'(+ 
wir tc  niwt tw iti t t w  wid fortii,  :itid thoti it huh thr disaclv~trt;igrs of utiy sohitioii 
of a wak iwid. 

The aiitliors pi*cvioiisly clt~tiionstratd that thc specti o f  (hwiiicwliz;it io i i  is 
tlptclrniiiird 1)y thc dihso(kitioit wiistniit of the ac*iti that is usc~tl to hrmk (IO\VH 
the i i i i i t twr l  i t i  the- l ) o t i ( ~ . ~ 5  ti I f  I rcsiii i> atldtd to the deniitieraliziiig wid. it 
does iiot alter tiit. aniouiit o f  hydrogel1 toit that is presetit Iy aweptiiig the 
cdciuni salts. Furthermore, the resin doe* not protwt the tissue from the hy- 
drolytic. action of the avid hy uweptitig the free vatioiis. The resin niuy protect 
the tissue to a limited esteirt \IF removing the hydrogen ion from solutioii, a i d  
reducing the voiiwiitratioii of acid, hut this \vas iniprohable in the esperinietits 
bevause the resiirs w r e  iii the saturated acid forni initially. \Vheii they are i i i  

this state, resitis will accept practically t io  additioiial hydrogen ioii. This was 
demonstrated by titratioiis of the molarity of the wid More  aiid after addition 
of the resins to the solution, atid no ditrerenw in niolarity \vas observed. 

Hydrogel1 ion is the agent responsible for demineralization of bone. aiid for 
the alterations iii morphology and stniititig yualities of the tissues. The resin.. 
sild chelating agents are additives that remove calcium aiid other cations from 
the solution, but such substaiires are relatively ineffective as deminernlizing 
agents. 

STZlZl.IHT 

1. Four errtion esvhaiige resins (IRC .io. I11 112, IR 120, and Win ?,m) were 
tested in acid solutions in order to determine their effevt on demineralization of 
bone. The resins did not reduce the time required for demineralization below that 
required with the wid solution n~otie. 

2. Ion esc*haiigr resiiis did iiot protec-t the soft tissues during demiiierdizntioii. 
The amount of nitrogen rcniovtul f rom the fiiniplrs \vas the same, with or svith- 
out the additioti o f  rrsitis to the wid solotioils. 

:<. \'twriiate was ;L i v w k  wid t y p  of tleiiiitieruliziiig agwit, similar i i i  atatioii 
to avetii* avid. .\lthoiigIi \'rrscviatcb did t io t  bring alwut drstnivtion of tishues, 
it rrtluircd a grrbutly i i i c w a s t d  m i o u t i t  oi timr for demiirer~lizatioii. sild (lid 
iiot have any advutitagcss o v w  hydroc~hlori(. wid. 
4. \vcwwt:it(~ cl~~iiiiticr.3liztul h i ( *  iti ulknlitir solution cstreiiirly slo\vly. 

SI'\IJf .\ I t10  IS I STE1t LI SG I-. \  

I .  Quatro resitias L esc*atiil)io t i e  c*utiotirs ( I R C  3 1 ,  111 112, IU 11'0. P \Yiii 
:W) esseva prohate i i i  solutioties (111 a d o  pro deterniinnr lor effwto super Ip 
disniiiieralisatioii dc. ossos. 1.r n&as ti011 rtdiitvva IC tempore recioirite pro Ir 
disniineralisatioti per le avtioii del acsido. 

2. I3esitias a esc.anil)io iotiiv tioii protegeva le histos niollc durante le dis- 
niineralisatioti. Le quatititate de tiitrogeito ahferite at) le osso esseva le niesnie 
siii e roil le additioti del resintls a1 solution de arido. 

, 
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Dcpnrlri~eril  of .-I rtntnrn!y, The .Vcdirul l . ' d l ~ q c  n l  S o u t h  i 'nroli t tn,  Chnrlcslcl~t . soulh Fnrolirin 

This pnpw deals with an evaluatioii ol the morphology and staiiiiiig charace- 
teristirs of tissues after various niet hods of deniiiieralizutioii. as well as nil 
:inalysis of ( I )  the effectiveness of c.ert:iiii fisati\*es in preveiitiiip destrurt.ion of  
tissue by hydrolysis with acid, (2) the staiiiiiig reactions of (*ells and tissues, 
and (3) various methods of correvtiiig poor stniiiiiig reactions followiiig the iiii- 

rnersion of tissues in acid. 
In order to make preparations of bone (with nsscwiated soft tissues) that are 

suit able for mirronropir study, the l m e  niiist he demineralized hefore it rail he 
piit into thin sertions. The principle iii deniiiieraliziiig t)oiie is to vhaiige the 
iiisohihle iiiorgaiiiv salts of bone to soluble salts that ('a11 he renio\-tttl froni the 
tissue. The use of acid solutions is the oiily presently knoivn method that is 
effert ive in accomplishing this change. 

The acid solutions frequently alter the iiiorphology or staining reactioii of 
the tissues associated with the bone, and, for this reason, several proposals have 
been made t,o modify acid demineralizing solutions in such a ivny that. unwanted 
alterations will riot occur. These methods may be grouped into 4 general cate- 
gories : 

1. Thc use of n weak acid for n long period of time (lacatic. acid, hy Haugl.: 
2. The use of a strong acid for a short period of time (nitric. arid, by Buwh:' 

30 per cent hydrochloric acid, by Ran\-ier).I? 
3. Thc rise of protective agents iiiised with various acids (phlortigliirine with 

liydroc*hloric* acid, by Fermi ;6 al(*oliol with i i i trk  wid, 112' Sdinfl'c.~:~' (,live oil, 
alwhol. niid picric. wid,  by De C;nlaiith:i? s d i u n i  citrate with f o i w i i v  ;wid. hy 
Evans a nd Kraj iun ) . 

4. The rise of exchange systems or ahorbiiig tigelits to remove the l)olle .salts 
froni solutioii and iiic*rense the padielit of diffusioii out of boiic. therchy shortwl- 
iiig tlic t imc- ivrluiretl for deminernlizatioii (elrcw)lytic. method, by I<ivhinnil. 
Gelfalid, silt1 Hill ;I3 i o i i  eschaiige resill. by Dotti. Paparo, atid Clark(.:' \-ersenntc. 
t>y Sreehy aiid Sikiforuk,'j a i d  hy 13irgc mid TiiihotT).l 

JIorris niicl Rriitoii aiialyaetl t h r  r h t  ive effickwies of various iiict liotls of 
deiiiiiieralizatioii ruider staiidnrd c~c~iiditioiis.~-~' The criteria for :i goid riirthrwl 
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I.:xrEiiiJiE\Ts 

t.:xpertttwtrt I : Sttui.t/ of SncJars 0.f BlocnI arid Honl Jlarrou. u)trIrr I'arious 
( 'otidit iotrs 

The purpose of thih esperinierit \vas to  determine the effects of various arids, 
fixatives, and variou,. roncentrations of  fixative and acids upoii the preservation 
of cytologir detail niid staining properties of blood cells in smears. These were 
prepared from human and rat peripheral blood and rat hone marrow by spreading 
a drop of \hod or hone marrow in a thin tilni on a gla3s slide. The smears were 
stained for 1 minute in M'right's stain (Coleman and Bell, Cert. So. CWr-19) 
anddiluted for 4 minutes with distilled water at pH 6.5. or they were stained for 
'1 hours in Giemsa's stain (Sational .hiline, BSC Cert. So .  SGe-16) and differ- 
entiated in 0.1 JI phosphate buffer at pH 7.0. Coverslips \yere not applied. These 
airdried smears ronstituted the control samples for comparison with the experi- 
nieiital results. 

The following experimental variables were employed: 
1. h e a r s  of peripheral blood and bone marrow were fixed in the following 

solutions for 2, S. 12, and ?4 hours and then stained with Wright's or Giemsa's 
stain: 10 per cent formalin; absolute methanol; absolute ethanol; Bouin's fluid; 
Bouin's fluid followed by 1 hour in 70 per cent ethanol; 5 per cent metallic 
iodine in absolute methanol; and 2 per cent aqueous osmic acid. 

2. Fixed and unfised smears of peripheral blood and bone niarrow were irn- 
niersed in 1 and 2 31 concentrations of the following arids for 2 or 18 hours: 
hydrochlorir arid ; hydrobromic acid ; phosphorir acid ; tric*hloracbetir acid; 
nitric. acid ; and formic acid. 

3. After removal from the acid solution, the smears were (a\ washed briefly 
in distilled water, or they were placed in Ringer's solution at pH 7.0 for 1 hour, 
prior to immersing in Wright's stain, or (b) they were placed in 0.1 > I  phosphate 
buffer at pH i . 2  for 1 hour, prior to immersing in Giemsa's stain. 
4. -411 slides \\.ere marked n-ith a ( d e  number and the results were analyzed 

without knowledge of the procedure that was used. Cytology and staining 
cpality were judged separately. and the results were rlassified as e.rcdlrnt, goal, 
,fair. or poor. These c*lnssifirations were defined before evaluation of the results as: 

Excc~llcvit r!gtologu. Preservation of the cytologic elements was equal to that in 
the routrol slide>. The graiiules werr v l t w ,  distiiic*t. rounded, and eveiily dis- 
tributed. The (*ells were filled without being su-ollen. and were not shrunken 
or irregular. Suclear and relliilar membranes were distinct and intart. Suclear 
rhroniatin was vlear. and wus situated either diffusely. or in blocks, or in blocks 
with threads, as was rharavteristir of the particular cell and fixative. Red blood 
cells contaiiied hemoglobin, and were not shrunken or swollen. 

Good cplologp. Slight deviations from the exrellent results were observed, such 
as indistinct or irregular granules, lack of clarity of the blocks or threads of 
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nuclear chromatin, irregular distrilwtion of elements within the cells, slight 
vacuolization of the cytoplasm, or slight shrinkage of the cells. 

Fair cytology. The cells were shniiiken or swolleii. with indistinct dumps of 
granules or nuclear rhroniat in and large cytoplasmic vacuoles. 

Poor cytology. The cells were charwterized by destruction of granules, nuclear 
chromatin or cellular membrane. and there was g r o s  shrinkage or swelliiig. The 
end point was complete disorganization of the cell. 

E x c c h t  staining. Coloring was equal to the best control slides. The granules 
were clearly stained with the proper dyes, and the cytoplasm was clear and 
lightly stained. Suclear detail was clearly differentiated without staiiiiiig of 
the nurleoplasm. The red blood cells stained red. 

Good staining. There were slight variations in the balance of color from that 
regarded as escellent. The red blood cells were palely stained, or were slightly 
blue, or not stained at all. The background material of the nucleus and cytoplasm 
was overstaiiied, or irregularly stained, and the granules had variations in the 
intensity of color. 

Fair staining. Pale irregular staining \vas observed, with a tendency to over- 
stain with either the red or blue componeiit. Differentiation was incomplete 
owing to the overstaining of the cytoplasm and iiucleoplasni. 

Poor staining. Cells were stained with only 1 dye c*ompoiient, and were without 
differentiatioii. The hac*kground was heavily stained. In some instances rells 
were not stained. or they were stained with odd conibiiiations of unusual colors. 

Rcstt1t.s. The results of the various conibinations of fixative with acid with 
stain are summarized in Table 1. 

1. Effect of fisatioii without acid immersion: Good morphologic. preservation 
was obtniiied with all the hsativea tested. The optimal time for fisatioii was from 
2 to 12 hours for blood smears; loiiger tisation made the cells more refractive to 
staining. Fixation i n  methanol. iodine in niethunol. or ethanol (to a lesser estent) 
resulted iii  the best staiiiiiig with Wright’s or Giemsa’s stain; sniears fised in 10 
per c*etit fornialiii were al~vays overstailled with the t h e  component. Bouiii’s 
fluid without i o  per w i t  ethaiiol yielded poor results. with red blood c-ells that 
were yellow and loss of granules from the ivhite (-ells; fixation in Bouiii’z fluid 
with i o  per cent ethanol elimiiiated the yellow cdor of the picric. acid. and 
maintaiiied the granules of the white (*ells, hut the staiti \vas still only fair. Staiii- 
iiig followitig fisatioii with osmic. acid ivn> impossible o\viiig to the biiidiiig of 
osmium to tl ic cdlulw cornpoileiits, Init niorphologic. detail followirig fiuatioii 
with o~rnic. avid \vas exccllriit . 

2. EfFec-t of ininiersioir i i i  wid : I-tifsed sriwars were rompletely removed iron1 
the slides by ininiersioir for 2 hours in any c*oirreiitrations of the acids tested. 
With fised sniears i i o  dit’fereuc*e \vas observed I)et\veeii 1 aiid 2 .\I cwiicwitratioiis 
of hydroc*hloric., hydrohromic.. mid formic. ac*ids. and the cytologic. results with 
these arids were good followiiig tisation with 10 per cent formalin, Rouin’s 
fluid with ethanol, iodiiie in methanol, and ‘1 per cent osniir acid. Distortion of 
rellular detail \vas noted in smears that were immersed in 2 11 trichloracetic- or 
phosphoric acids, but fair to good result:, were olltaiwd in 1 11 rorirentrations. 



-- 

- -- - 
S o n e  sone E; E E Bouin’s fluid 

HCI : Smears re- with 50 p e r  
HBr moved cent rthe- 
HIPOI during no1 
CCIKOOH immer- 
HSOt sion in 
HCOOH wid 

10 per cent for- Sone C P P 5 per cent io- 
nidi 11 HC‘I G F F , dine in 

HBr C F F ’ methanol 
HIPOI F P P  
CCl,COOH F F F 
HSUi P P 1’ 
HCOOH G F F  

hhsolute meth- Sone c E E E I 2 per rent 
:mol HCI F G G osmic acid 

HBr F F F  
H3POI F F F  
CC1,COOH F G G 
HSO? I’ P P 
HCOOH F G C  

Borrin’s fluid Sone F I’ P Ahsoluteeth- 
HC‘I 1’ P I’ mol 
H Br I’ P P 
H 4 I’ I’ I’ 
CCIiCOOH I’ I’ I’ 
HSO: I’ I’ I’ 
H(’c)oH F 1’ I’ 

eacellcnt : G = good; F = fair; 1’ = 1xwr. 
- -_ 

* E 

-I- - Sone C F F  

HBr i G , P i P  
HsPOI I F  , P  ( F  
CCIJCOOH F 1 F 1 F 

HCOOH G 1 F F 

HCI G ‘ G  C 
HBr F / F  

HCI I C / F  F 

HSOI P / P  ( P  

Sone G I G  c 

H J P O ~  F , F  P 
CCIXOOH F F G 
H S O j  

Sone 
HCl l E l P  P 
HBr E P P  
H?PO, E P P  

HSOZ F I P  P 
HCOOH E ; P P 
Sone C ! F  F 
HCI F 1’ P 
HBr I’ P P 
HTI’OI P P I’ 
CCIiCOOH P 1’ 1’ 
HSO? 1’ I’ P 
H C( )( )H F F I’ 

CCIzCOOH E P ’ P 

- - _. 

The results with tiitric. acid were always poor iiiasniuch as there was destiuctioii 
of cytologic- elrmetits u i d  loss of stairiiiig clunlities. 

111 general, good preservatioti of cytologic. feature3 was maintained following 
initnersioti i i i  wid.- i f  the s n w m  w r e  t i s 4  in formalin. osmic. acid, Rcwiti’s fluid 
with 70 per c w t  etli:itiol, atid i t d i i i r  in incBthatiol: fair preservation \vas ot>taiiicd 
folloniiig iiiinier&)ii iu wid after fisntioii iii niethaiwl. and therr \vas poor 
prehervatioii nftrr tisatioti i t i  I h i i i i i ’ s  fluid aloiie or rthatiol. 

The rtaiiiitig c.h:irac~trristic*s of thc c*ells were as good as the preservation 
prctvided by a giveti fixative. I f  thr (sells were well preserved, and the fisative 
did iiot interfere with gtwl staitiiiig wheii there was no immersion in avid. the 
acid solution did itot alter the results. 

3,  Deswiptioii of  cytologic, results: Red l h o d  (-ells had sprrific kinds of distor- 



tion of cytologic detail and staining quality, associated with particular conibina- 
tioiis of fixatives and avids. The result?; were cdassified as follows: escellent-red 
blood cells similar to those iii  the standard smears: good-red blood cells weakly 
“basophilic.” in staining reartion, Iwt cytologirally nomial ; fair-red blood rells 
pale in staining reactioii and swolleir : poor-red blocxi cells colorless and shadowy 
(membrane “ghosts”), or no (bells present. 

The basophilic staining reactioii was a coninion result after immersion in avid. 
regardless of fisation. This \\-as corrected by treating the smear for 1 hour iii 

either Ringer’s solution or 0.1 JI phosphate buffer. .\fter such treatment, the 
red blood cells were most resistant to  immersion in acid following fisation in 10 
per cent formalin or iodine in methanol. Fisation in Bouin’s fluid with 70 per 
cent ethanol provided fair preservation, but Bouin’s fluid alone yielded poor 
results, with colorless or shadowy cells. Fisation with ethanol or niethanol re- 
sulted in little protection against immersion in acid. and the cells were pale and 
swollen. 

Immersion of smears in hydrochloric, hydrobromic, and formic acids for 18 
hours, after good fisatioii. did not bring about cytologic alterations of the red 
blood cells. The cells were usually pale and swollen after immersion in trichlor- 
acetic and phosphoric acids, regardless of the fisative, and the alteration \\-as 
greater in 2 JI than in 1 11 concentration. Sitrie acid destroyed the red blood 
cells. 

The white blood cells manifested some resistance to alteration by immersion 
in acid. The most resistant were the lymphocytes, and then neutrophils, mono- 
cytes, and eosinophils in decreasing order. The ability of basophils to resist the 
effects of immersion in acid could not be determined owing to the limited number 
of cells. The blast cells in bone marrow were resistant to acid, but, as the cells 
became progressively more mature, they were more easily altered by the acid 
solution. The most labile elements were the cytoplasmic granules, and nest 
there was swelling and alteration of the pattern of chromatin in the nucleus. 
Finally, there was fragmentat ion and complete disorganization of the cells. 

Fisation for 1‘2 hours in 10 per rent formalin. iodine in methanol, or Bouiii’s 
fluid with 70 per cent ethanol protected the white cells from cytologic damage 
during ininiersioii iii acid, but not to the same degree I\-ith all the arids. Best 
results were ohtained with hydrochloriv, formic.. and hydrobromic. acids. The 
c*ytoplasnii(* grniiules were indistii1c.t after imniersion of smears in 2’ 1 1  trirhlor- 
acetic. acid. hut 1 .\I conc.entrations did not cause any serious alteratioii. Phos- 
phoric acid prcducd c-lumping and blue-staining of the cytoplasmir paniiles of 
the eosinophils and neutrophila. Sitric. wid prodiic.d (.ells that were palestaiiiing, 
swollen. or wnipletely disorganized. 

The platelets reniained we\\ preserved in all avid> ewept nitrir avid, aiid the 
hest method of fisatioii \\-as with iodiric ill methanol. 

Erpcrinirttt 2: Sludics o j  thr Prcsm~afion and Slaitiitig oJ Tissttcs Other than 

The purpose of this experiment was to test the effect of fisatioii and immersioii 
Pcriphiv-a1 Blood atid B o w  Jlarrouj 

in acid on muscle and associated tissues. 

. 
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TABI,I< ‘I 

(Experiment 2) 
KFPECT ( I F  FIXATIIIY .\SI, I.M\IERSION IS .\(VI) O S  c I I I 1 L I l C ; Y  .\hD ~ T . \ l \ l S G *  

- __ _ _  - - ___- __ 
Stain 

Fixation Acid Cytologr 
Hernotox) Iin I . s tep  

and eosin tricnromc 
___ __ - - 

Bouin’s fluid with i 0  per Sone I.: I.: I-: 
cent ethanol HCI C G F 

HBr P 1’ P 
H I P O ~  F F P 
CClsCOOH F F c 
HCOOH C G c 

10 per cent formalin Sone E E E 
HCI E E c 
HBr F F P 
HsPO 4 F G P 
CCliCOOH C C G 
HCOOH c E C 
None F F F 
HCI P P P 
HBr 1’ P P 
Hap04 P P P 
CClsCOOH P P P 
HCOOH F F P 

Iodine in absolute meth- Sone E E E 
anol HCI E E C 

HBr C C C 
HsPO, F F P 
CClnCOOH C C C 
HCOOH C E G --__ 

* E - excellent; C = good; F = fair; P = poor. 

Absolute methanol 

IIusrle tissues from male Wistar rats more than 150 days of age were either 
perfused with, or sotmerged in fising solutions. The animals were perfused hy 
inserting a (*artnula into the dorsal aorta and washing the vas(-ular system with 
Ringer’s solution aiid then with the perfusion fluid. The skin was renioved from 
the hind limb of the rat, and the  niiiscles were tralisevted to make .sec*tions 
approsimately 5 mm. thic*k. The entire liml) (with the attarhed niowle) \vas then 
submerged in tisiiig solutioii for at least 24 hours. l ~ o l h i i i g  tisnt ion, pieces of 
musde, 5 nini. thick aiid approximately 1 mi. i l l  the other dimeiisioiis. were ( a t i t .  

from the Iinihs, washed i l l  tap water. arid plavcd i i i  polyt~thyleiic~ cmtniiiers with 
100 nil. of the acid solution. The spcc*inirns werr agitated at 78 r.p.ni. o i i  a 
roller agitator for 24 nr 48 hours at 25 C‘. The pieves of niusvlc n‘err thw washed 
iii water, dehydrated in graded solutiolis of et haiiol. and ernheddetl i i i  pamffjii 
with a melting poiirt of .52 c‘. Sertioiis w r e  cut 7 micaroils iri thic.knes.5 and 
stained with hematosylin aiid eosin or n I-step tric-hronie staiii ( l Iorr is ) .*  

Five fisatives were used: I O  per w i t  formalill, Boilin’s fluid, Bouiii’s fluid 
for 18 hours followd hy 70 per (bent ethiiiiol for (i hours, iodine in  methanol. 



and methairol. Tissues fixed in these fluids were placed i n  either 1 or 2 11  con(*eii- 
tratioiis of the followiiig ar-ids: hydroc*hloric*, hydrohromic, trichloraretir, phos- 
phoric.. formic, and nitric- acids. Fised tissues not immersed in the arid solutiolis 
seriped as the (*on t rols. 

The slides were Iaheled in  rode aiid esamiiied without knowledge of which 
proc.edure had heen used. Evaluations were made according to preservation of 
morphologic. detail, staining and balance of color. shrinkage, and friability of 
the tissuc. All of the specimens treated in nitric acid were discarded, inasmuch 
as the coniiective tissue was digested, leaving the muscle as a macerated, struc- 
tureless mass. 

Results. The results are summarized in Table 2. Good preservation of the 
morphologic features arid excellent staining were obtained in all of the control 
slides escept those fised in methanol. Bouin’s fluid with 70 per cent ethanol, 10 
per relit formalin, and iodine in methanol provided protection to muscle and 
connective tissue during immersion for 48 hours in hydrochloric, formic, and 
trichloracetic. acids, but not during immersion in phosphoric and hydrobromic. 
acids. 

Iodine in methanol was an excellent fixative inasmuch as the fixed tissue seemed 
to lie fresh. The musrle fibers were round, closely packed, and had brilliant and 
numerous nuclei. The shrinkage was minimal with this fixative. Fixing with 
fornialiii seemed to predispose the tissue to being “cooked” during embedding in 
paraffin. This \vas particularly true after immersion in hydrobromic, hydro- 
chloric, and trichloracetic acids. If the tissue \vas alloived more than the minimal 
time for infiltration with paraffin, it would shred and fragment during sectioning. 
Bouin’s fluid without 70 per rent ethanol resulted in poor staining of nuclei, atid 
the corinedve tissue was swollen and partially digested following 48 hours of 
inimersioii iii any of the &(*ids tested. These disadvantages were eliminated hy 
the additional tisation in i 0  per rent ethanol. 

Stniiiiiig results paralleled the quality of fixation. If the fisatioii \vas good, the 
staitiiiig \vas g o d .  hut thc tissue stained poorly in the center of the block where 
thc fisntioti \vas iniperfevt. The staiiiiiig of  the  nudear chromatin with hema- 
tosyliii followitig ininiersioti i n  the various arids \vas diff idt ,  arid this roiisti- 
tilted thth niojor nltcratioii of  morphologic, detail i n  the sries. 

Ji’.rpcrimvri .3: EjT~cts of loti 1Lrchatigc R(Jsiiis airti thr Elccirolytic Nethod O I I  

Prcwrratioti OF l’issrtc 
The c*nutlul estrcmities of male \Tistar rats more thaii 130 days of apc ~ v w c ~  

fisctl hy pcrfusioti or immersion with 10 per w i t  formalin, Houiii’s solr t t ioi i  
follon.cd t)y 70 per (wit ethanol. or 3 pcr twit iotfiiie iii niethaiiol. I.‘oiir acids a i d  
4 w t i o i i  cschitigc rcsiiis w r c  used in the experinwilt. The avids \veri’ I JI POII-  

w i t  rat i o i i s  of hydroc*hloric*, formic-, t ric*hlorwrt iv. atid phosphoric. acids. l.:ac.h 
:ivitl \v;is u w t l  i t i  5 w y s :  as a cwiitrol solutioii of wid alone. aiid with 23 Gin. of 

Win 3000 is disiril)uted I)y the Winthrop Laboratories (formerly Winthrop-Stearit$- 
Inc.) ,  1450 Broadwiy, S e w  Yorli 18. Sew Yorli. 
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TABLE 3 
EFFECT O F  FIXATIOS A S D  DEMISERALIZATION I S  V.4RIOC.S ACIDS A N D  I O S  EXCHASGE 

RESXSS ON T H E  C Y T O L O G Y  A N D  STAISISG O F  W H O L E  LEGS OF RATS. 
(Experiment 3) 

Fixation in I O  Per Cent 1 ~ i ~ ~ i ~ ~  in ~ ~ ~ i ~ * ,  ~~~i~ 
I Formalin 

- ---_-I-/---- 

HCl Sone  E , E i C  F F ; C I G l F  C F 
IRC 50 E ' E I F  P F I G  C I C I P / F  
IR 112 E / E t G  F F G I G / P  F , F  
IR 120 E E ' F I F  F / G ' G i F  F I F  
Win 3000 E ' E  F ' F  P ' C I C  F F , P  

E I E ' G  F P G G ' G I F  P 

IR 112 G : G  F F F , G  G G F ' F  

Win 3000 G l C ' F  P P , C ' G  F P P 
HaPO, Sone  C I E  F P P ' G ' G  F P P 

IRC 50 C ' G < F  P P ; G I C i F , l '  P 

IR 120 C G F P P G I G  F P P 
Win 3000 G I G  F P P C ' G  F P P 

CCI,COOH Sone G ' G  F F F G C F P P 
IRC 50 G G F F P C G F C P  
IR 112 C ' E  F G F F G G F F 
I R  120 C G C F C G C F F C  
Win 3000 C C F I' F F C F P F 

' I  HCOOH Sone  
LRC 50 E ' E  F F P G I F  F , P  P 

IR 120 C / C  F F P J G ' G  F F F 

IR 112 C G F P P C i G  F P P 

_- _ _ _  __  
IC = excellent; G =. good; F = fair; P = poor. 

IRC 50, or Ill 112, 111 120, or Win :3OOO.* In all, 55 variations of fixative with 
acid with resin were used. 

Before the estreniities were placaed in the deniiiieralizing solutions, the n w d e  
tissue \vas trininied to approsimately 1 mi. in thickness. Deniineralizatioii 
of the specimens o f  bone ~ v n s  done wider standard c*onditions in polyethyleiie 
contaiiiers with 100 nil. o f  solatioii. The h i e  \vas agitated at 58 r.p.m. o i i  a roller 
agitator at 2.5 C. until deniiiieralizatioit was complete. as determined by s-ray 
films. 

Followiilg deniiiicralizntioii. the tissues were washed in water, dehydrated in  
graded solutioiis of ethaiiol, and rleared i n  n 1 : 1 misture of oil of \viiitcrgreeii 
and syleiie. The Idoc*ks were e m l d d c d  iii paraffiii (melting point, 32 C.), atid 
10-micron scctioiis were cut and mounted. The sec*tions were treated iu Riiipr's 
solutioii at pH 5.2 for 2 hours, and were then stained with heniatosylin and 
eosin. I-step trkhronic. \Vright's and Giemsa's stains. 

Specimens were also demineralized in ai1 electrolytic ma(-hine at 23 C., with 1: 
watts of elertrolysis in 1 1 1  hydrochloric. arid, as described previously."' 

Rcsirlts. The histologic results from this study are summarized in Table 3, and 

1 0 5 1 0 4 5  



the rheniic*al (lata w c w  reported in the prcwdiiig pnper.” Thcw \vas g d  prwer- 
vation of struc*tures :uid gocd stainiiig whcii the tissucss were fisd i i i  10 per w i t  
formaliii anti demineralized iii hydroc.hloric. acid. with or without the additioii 
of resins. Similarly, when tissues w r c  fixed in 1 0  per (wit formaliii. treatment 
with formic atbid also provided good slides. hut those treated io tric*hlornwtic- 
acid were oiily fair, and cwnsisteiitly poor results were ohtniiicd after dcmiiierali- 
zatioii i n  phosphoric. acid. Sections of tissue fixed in Roriiii’s fluid and i o  per 
vent ethanol were usually poorer than those fised in  formaliii. There was a 
difference in clarity of differentiatioii aiid staining, rather thaii of morphologic. 
identification of the c*ellular elements. Iodine i n  methanol resulted in poor preser- 
vation of the blood cells of the boiie marrow. aiid these data are not revorded in 
Table 3. 

The tissues that were demiiieralized in the elec.trolytic* machine were similar to 
those demineralized in the acid without electrolysis; no differeiiws between the 
control atid esperiniental specimens vould he demonstrated. 

Exprimeti t  4:  Studies 011 Itttpror*cd Methods of Staining Bonc JIarrozr 
ajtcr Demincraliratioti 

The femora from male Wistar rats more thaii 150 days of age were removed, 
and the ends of the bones were split to espose the niarrow cavity. The split bones 
were fixed in 10 per cent formaliii or in Bouin’s fluid and TO per cent ethanol. 
The tissues were deniiiieralized in 1 JI concentrations of trichloracetic, hydro- 
chloric, phosphoric, and formic. acids, and in 0.1 31 disodium dihydrogeii Yer- 
senate. The specimens were placed in 100 nil. of the demineralizing fluid and 
agitated at ’78 r.p.m. on a roller agitator at 25 C. until demineralization was 
complete, as determilied by s-ray films. 

After demineralization the spechens were washed in water, dehydrated in 
graded solutions of ethanol, cleared in 1: 1 misture of oil of wintergreen and 
xylene. and embedded in paraffin (melting point. 52 C.). Sections were cut 7 
niic*rons in thic-kness. mounted. and immersed in  oiie of the follo\ving solutions 
for 1 hour prior to staining with Wright’s or Giemsa’s stain: phosphate buffer, 
pH 7.0: Ringer’s solutioii, pH i . 0 :  Ringer’s solution, pH 6.4; 2 per cent potas- 
sium dichromate iii Ririger’s solution, pH ! ) . O ;  2 per rent potassium dichromate 
in Ringer’s solution, pH 6.4 ; .j per cent aqueous solutioir of magiiesium chloride. 
or amnioirium c-hloridc, or sodium chloride; 2 per (wit aqueous solution of sodium 
chloride: 3 per cent aclueous solutioii of hariiini chloride. The sections were 
rleared iii butyl alc*ohol and syleiie. and mouiited i i i  CIarite with coverslip*. 

Rcsu1t.s. The results of the ronihiiiatioiis of the variables i i i  this esperinieiit 
are listed in Tahle 4. Good c*ytologic. detail was ohtained after fixation in  either 
10 per cent fornialiii or Bouiii’s fluid with TO per relit ethanol. Cellular staining 
coniparable to that i i i  the roiitrol blood smears \vas obtaiiied with IYright’s aiid 
with Giemsa’s stain after demineralization in hydrochloric., formic. and tri- 
chloracetic acids, following the use of certaiii mordants. 

Xnalysis of the data indic*ated that excellent results were ohtained in 23 iii- 

stances of the tloo different combinations of variables. These escelleiit results 





owiirrtd nftw iiiiiiivrsioii i i i  :I iiitwlaiit of L’ pcr relit aqiieoiis soliitioii o f  potas- 
sitiiii  tIic*\iroiiintv, or .j pw c*viit  :it1ii(*ous soliit icnis of stdiiim vhloridc or of :ini- 

moiiiiiiii c4iloritlc. Poor  results \ v ( w  ot)taiiied i i i  !I iiistaiiws, ix.. iiftw inimersioii 
iii phospli:itcl \ )ut fer .  i i i  2 prr twit wiiieous soliit ion of srdiiim chloride, or iii 5 
per veiit ;i(iiivoiis soliitioiis o f  ii~igiiesiiini vhloritle or of t)ariuni vhloridr. 

Phospliatc i o i i  \v;w ussoc*i:itd \\i t11 every poor r t w l t ,  either as phosphate t)utYw 
or phosphoric. wid. Tisww t1i:ir were irnmerstd i i i  phosphate solutioiis i v ~ r e  
nl\~-:iys ovcrstuiiircf \ v i t h  t hc hlue cwnipoiieiit of  the dye, and had lark of staiiiiiig 
with the re1 c~onipoiirtit. Thi ort of result was usually assoviated with Wright ’s 
stain, a i d  owasioiiully with Giemsa‘s. Good staining was ohtaiiied with Giemsa’s 
staiii after treatment with phosphate buffer a t  pH T.0, but esrelleiit results were 
not oht siiied. 

The aiialysis of the escelleiit results in the staiiis indicated that tissues treated 
with hydrwhloric. acid \\-ere esvellent 11 times, whereas only r i  such iiistaiices 
were ohaerved after treatment with formic acid, and 4 after use of trichloraretic 
wid. Preparations of tissue previously treated in phosphoric acid or in Yerseiiate 
were escelleiit iii only 1 iiistai1c.e each. Giemsa’s staiii provided escelleiit results 
14 tinies, aiid Wright’s in 9 instances, and ewellent results in staining were ob- 
served 14 times after fis:itiou iii Bouiii’s fluid with TO per cent ethaiiol, and ‘3 
tinies after fising in 10 per rent formalin. Similarly, esrellent results were ob- 
tained in 14 instances after use of ammonium chloride, in 5 instances after use 
of potassiuni dichromate, and 4 tinies after 5 per rent aqueous solution of sodium 
chloride. 

Thus, the best conilhation of fartors for escellent staiiiiiig of the cells iii 

bone marrow seenitvl to he: ( 1 )  fisatioii in  Bouin’s fluid, followed by TO per cent 
ethanol; (2) drniiiieralizatioii in 1 to 2 1 1  hydrochloric arid; (3) use of 5 per vetit 
aqueous solut i o t i  of amnioiiium chloride as a mordant ; (4) Giemsa’s stain. 

I:’.rpc-rimc.tii .i: .-I pplicnfioir of lhv Brsl Combination of T’ariables for 
IZnpiil Prcparalioti 0.i Scctions of Bone .Ifarrow 

The follo\vii ig protiwol reprcseiits a specoifir applic-ation of the results of studies 
to determilie thr iiio*t relicll)lc rapid iiiethod for prepariiig escelleiit sertioiis of 
tlec.nlcificd t)oiic.: 

1. Reiiiove sprrinieii of rih aiid plwe iii fresh Bouiii’s fluid (approsimately 2 
hours). 

2. Cut irito vross set-tioiis with a Stryker boiie saw (pieces approsiniately 1 mi. 
long, weighiiig approsinintely 2.5 h i . ) .  This type of sectioii niasimizes the area 
esposed to the derniiieraliziiig agent. Place spec-imeiis in fresh Bouin’s fliiid and 
treat 011 the roller agitator at i 8  r.p.ni. (approsimately 4 hours). 

3. €’lave spevinien in 70 per ceiit ethaiiol and agitate again at T8 r,p.m. (ap- 
prosiniately 2 hours). 

4. Wash in tap water, aiid treat with 100 ml. of 1 A I  hydrochloric acid 011 the 
roller agitator at T8 r.p.m. at 25 C (approximately 3 hours). 

5.  Wash demineralized specimens in tap water and agitate at 78 r.p.m. during 
dehydration in graded solutions of ethanol (50,70, 95, and 3 changes of absolute). 



-- 

Clr:ir in I :  1 niistiire o f  oil of  wiiitergrwi and :iI)soliite ethanol, thcii iii 1 : 1 
tiiistrire of oil of wiiitergwcii :iird sylriic~ (~ipprosiiiiati.ly 12 hours). 

(i. E1iit)ed i i i  paraffin (nicltirig p o i r i t ,  52 ('.) irc rnccro i i i d  t h k :  (.ut swtioii. .; -1 
ilii~-roi~s i n  thirkntw, nioriitt . aiitl hyclrntt. (tlpproxini:itc.ly 2 hours). 

7.  Inimcrw swtioiis iii 5 pear c c i i t  a c l r l c b o i I s  solrit i o i i  of aninioiiiuiii rhloride 
(approsinintc4y 30 miiiiitcal. 

S. .\pply Wright's stniii. dchydrntc~. :iid r h r  i t 1  h t y l  uli*ohol alii1 xylene; 
plit c.oversIip in posit,ioii with Claritc (approsini:itcly 15 miiiutcs). If ti  Giemsa 
prepuration is desired, apply the staiii after stcp 7. diffc.reiitiate. and cmver.4ip 
after (.learing in syletie (npprosiiiiately 21 2 hours). 

Rr,sttl!s. There is practicdly 110 shriiikagc of the tissiie (Fig. l ) ,  and the cy- 
tologic. details are well preserved aiid vividly ytni i ied (Fig. 2). The total time 
required for preparation of slides stained with Wright's stain is approsiniately 
'1ti hours. and for those staiiied with Giemsa's stain. approsimately 28 hours. 

DISCrSs lOS 

The esperiments on staining of bone and assoriated soft tissues (after de- 
mineralization of the bone) iiidirated that the rrit i d  element in the various 
procedures was the fisiiig of the tissues. i . ~ . ,  rytologv was not altered by the acid, 
during demineralization. if the tissues were fised well, -\ fixative that provides 
and maintains good preservation during demineralization should have the follow- 
ing characteristics: 

1. The kat ive should be relatively rapid iii ac.tion owing to the facbt that the 
cells in bone marrow undergo irreversible changes shortly after death or after 
removal of a piece of hone during surgery. The density of the bone and the limited 
amount of exposed surface make it desirable that the fixative penetrate well, 
in order that the deeper portious of the tissue niay be preserved prior to disiiite- 
grntioii of the rells. 

'1. The fisative should not harden the tissue esvessively, innsniurh as further 
hardening that results from treatment in wit1 aid  embedding iii paraffin niay 
make it prwtirnlly impo>sit)lc to  rut swtioiis i i i  whkh the histologit. p:itteril 
is preserved. 

3. The fisativr should I)riiip atwut prwipitnt ioii of protein iu ail iiisolriljle 
form. If the precipitatc is not iiisoluhle, trc:itiiicrit with wid duriirg tlenii~ieraliza- 
t ioii will result in  esressive hydrolysis. 

The sdvniitngw a id  disadvantages of various tisiiig solutioiis were ol)servecl i i i  
several esperimeiits. ;\lthoiigh (kth's. Zeiiker'..;. arid Ilelly*s fluids 11s11a11y provide 
escdent preservatioii of cytologic' struvtrirrs. they wre ulisatisfac*tory for pre- 
serving bone marrow during deniiiieralizitioii. These fisntives were slowly peiie- 
trniit and fised oiily the outer millimeter or so of tiswt-; althoiigh this rcgioii had 
esrellent preservation of c*ellular elements. the I)ow c.oiild not t x  iisccl for htudy 
inasmuch as it was fragmeiited duriiig the sawing of the spcc*imeii. I i i  addition, 
dic*hromnte fixatives made the tissue estremely hard, and after demiiieralizatioii 
the sections tended to  shatter and tear. 

Netallic substances such as iodine (in methanol) and osmic. arid provided 
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escbelletit tisatioii of thiri sniears or tissws that wtually wnic i l l  c.oiitac.t with the 
fisiiig so1111 i o i l  dririiig prrfiisioii. Folhnvitig trcntnicvit with icnliiie i t i  i i ic~th:i l tol ,  

c-rlls i t i  t t i r  wiitrr o f  the t)loc*k of Iioiic w r c  iisu:~Ily clisorgaiiizc~d after (hiiiiw:iIi- 
z :~ t io i i  I i ~ v ~ : i ~ i s c ~  t h v  i i ~ l i i i ( ,  did i r o t  rcwati t h c h  d ~ t y ) ~  :II’(*:IS of ttw I w i i v  niurrow \\.it11 
siifi(-i(vit rapidity to twiiig atJOllt gotd fis:ttioti I d o r ( .  autolysis I,c.raii. l h -  
~i~iiicrulizatioii t h a i  rcwiltcd iir  cligrstii~i of tlw untixrd portioirs of thr. tissiw, 
( )sniic* :wid iornid ;L voniplcs ivith tlir protcitIs i t i  sudi a ni:itiiiw that s:rti.ifwtory 
staining of the tiwie was impossil)lc. 

Solutiolis of alc~ohol \\-ere tiiisatisfac*tory tisatives I)ec*ausc they did INJt protect 
the tissiie from hydrolysis hy acid. Thc ii~i(~Icoproteiiis w r e  well fised. atid the 
staiiiiiig of nurlei was generally g~K1 after denii~reralization. Although the 
alvohols were rapidly penetrant. fixation \vas generally less effec.tive i l l  the veiiter 
of the 1hc .k  than at the edge. The poorer fixation at the venter of the block 
may have t)ee i i  the result of dilution t)y water ahorbed froni the tissue during 
the diffusion into the deeper portions. Alrohols did not harden the tissue esces- 
sively, but the previpitated proteiii \\-as easily hydrolyzed by the avid solutions 
used for demineralization. 

Fornialiii was the best general fisntive. It was rapid i n  penetration. did not 
harden the tissue escesively, and the protein compounds formed were resistant 
to hydrolysis by acid. It was characteristic to have oiily small amounts of nitro- 
gen in the demineralizing solutions after use of this fisative. 

Bouin’s fluid \\-as rapidly penetrant and did not harden the tissue esressively. 
It \\-as escellent for precipitating protein, hut much of the precipitate was soluble 
in water and was hydrolyzed or lost during ininiersion of the tissue in arid. 
Boiiin’s fluid alone did not fis the granules of the white cells or the nuclear 
chron~atin, and these elements did not resist hydrolysis during demineralizatioii 
with arid. The use of ethanol as an additional fisative rendered these elements 
resistant. and fixation with Bouin’s fluid followed by ethanol provided escelleiit 
preservation that was maintained during demiiieralizatioii. 

Yarious workers reported in the past that t)lootl rells stained poorly after 
fisatiotl with Houin’s fluid or fornialin. I:or this reason other fisatilw were used 
iii  order to ohrain hetter resdts with staiiliiig. h i t  such fixatives were riot a..; 
suitahle for tissues that were to he demineralized, iiiasniurh as the tisues were 
not resistant to damage hy acids. In order to vorrect this deficieiic.y, niethod..; 
were proposed ill  which such suhstatic.es as alwhol. olive oil, citrate salts, or 
phlorogliwine were added for the purpose of protecatiiig tissue from alteratioiis by 
the acids. These additives depressed the ionizatioii of the wids. and therely led 
to a decreased amount of deniirieralizstioir as well as to  less alteratiol~ of the 
tissue. Siniilar results were obtained with a low cwnc*eiitratioir of a d ,  h i t  sonic 
alteratioii of structures also otwirred. 111 addition, low c.onc.eiitratioti* of acid 
resulted in excessive hydration of the tissue (Norris and Belttoll’). and this (.an 
predispose to poor results as do the higher conc*entrations of avid. These additives 
were not as effective in  preventing alterations of tissue as was good fisatioil 
in  it ially . 

The addition of ion eschange resins to the demineralizing solutiolls did llot 
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FIG. 1. Section of human ril, (10 microns in thickness) prep:ired in 26 hours. accord- 
ing to the method outlined in Esperiment 5. Sotp the rn sitid relations hetween elements 
of the bone marrow and the minims1 shrinkage of the gross elements. Wright stain. 
Approsimately X 20. 

improve the preservation of the tissue or the quality of stained preparations ob- 
tained after demineralization. Furthermore, the electrolytic method of de- 
mineralization \vas 110 better than the same acid used at the same temperature 
without electrolysis. If the temperature of the acid was raised above 40 C. during 
electrolysis, the tissues seemed to he “Pooked” and their staining reavtions were 
poor. -4s a means of demineralizing bone, elertrolysis had no advantages over 
those of hydrovhloriv arid aloiic. 

.lfter fixation i l l  Houin’s fluid and ethaitol or iii formalin. staining reartions 
with Kright’s and Giemsa’s stains were improved hy the use of mordanting 
solutions. The clarity of staiiiiiig of rytoplasmiv grnitriles and the hrillianve of red 
blood cells \vas restored hy treating the slides in  2 per rent aqueous solution of 
potassium dichromate for 1 hour. Five per rent aqueous solutioii of sodium 
vhloride also restored good staining, hut thr differelltiation of granules \vas not 
as good as with divhromate solutioii. The hcBst niordant was ;5 per i*eiit aqueous 
solution of ammoiiium chloride, inasmwh as t hc quality of staining was not 
distinguishable from that observed i i i  air-dried sniears of peripheral tdood aiid 
bone marrow. 

SCMMAIn- 

1. The results of this study indicate that several methods of demineralization 
of hone are acceptable. Alterations that occurred in cytologic structures during 



dcniiiicrulizatioti i i i  hytlroc*hloric~, forniiv. or tric*lilorac*etic ac.itls \ w e  prevrii ted 
I)y good fixation in  10 prr w r i t  formaliii. or i i i  Ibr i i i i ’ s  fluid foilon-ed by TO per 
w i t  ethanol. 

2 .  (hie t(J 2 1 1  cwiicwitr:il i o n  ( i f  hylroc4iloric* avid was the best demineraliziiig 
;lgetit inasmuc*h as (a) i t  was the most rapid in  acatioii, (1)) the greatest number of 
esc.elIeiit staining reavtioiis wcrc oI)served after its use, and (c) it removed the 
least aniourit o f  nitrogeti from the  tissues. Equally good results were ohtaiiied 
less often after deminernlizatioii with formic. wid, but it was coiisiderably 
slower and greater amounts of nitrogen were removed from the tissues. Tri- 
vhloraretic. acid in 1 11 concentration was ai1 effective demineralizing agent, 
but a ? 11 concentration brought ahout excessive alteration of cytologic struts- 
tures. 

3. Addition of ion exchange resins to the demineralizing solutions did not 
affect the process or improve the results obtained with the avid aloiie. 

4. Treating sections with a mordant (2 per cent aqueous solution of potassium 
dirhromate, or 5 per cent aqueous solutioii of ammonium chloride) restored 
staining quality to tissues that were fised in 10 per cent formalin or in Bouin’s 
fluid and 70 per cent ethanol. After use of either of these mordants, the quality of 
Wright’s and Giemsa’s stains on sections of tissue that were demineralized could 
not be distinguished from that observed in air-dried control smears of peripheral 
hlood and bone marrow. 

5.  If oiie uses the best possible combination of factors that were studied in 
these esperiments, bone may be fised. demineralized, cut into histologic sections, 
mordaiited, arid stained with Wright’s stain in 26 hours, or with Giemsa’s stain 
in 28 hours. 

STMMY.IRI0 IS 1STERLISCV.S 

1. Le resultatos del presente studio indica que plure methodos de dismiiie- 
ralisatioii de ossos es acc.eptabile. -4lteratiuiies clue occurreva in structuras cyto- 
logic durante le disniiiieralisatioii in  a(*idos formic, hydrochloric, e trichloracetic 
esseva preveiiite per Imi fisatioii in  formalilia a 10 pro cetito o i n  fluido de Boiiini 
sequite per ethaiiol n i 0  pro caeiito. 

2. Vii c.oiic.eiitratioii a I a 2 1 1  de w i d 0  hydrovhloric. esseva le melior ageiite 
dismiiieralisaiite iri tniito clue illo cssrva ( a \  IC plus rapide in su action, que ill0 
resuItava ( t ) )  i i i  IC plus graiidc iiiinirro dc txcdlctite reactioiirs de c-oioratioii. e 
que illo ahfcrcva ((-1 IC plus parve ciuniititntc* dr iiitrogciio ah le histos. Iiesultatos 
eclualnieiite h i  csscva obtriiitr miiius frwluriitenietite post dismineralisatioii 
per medio de wide formic, .d iste ngciite csscra plus lerite, e ill0 ahfereva plus 

FIG. 3. Srction of hum:tn rih (4  mirrorls i n  1 hic-knes*i preparccl.irl ?S hours. accordittg 
to the method out lined in I<speriment 5 .  Thc 2 photomicrographs illustrate the rnaiiiteir- 
anre of I,:isophilic cytolh’ini arid nuclear drt:til in  the myelolila..tr, :tutl the granular 
detail in the prornyelocytes. In the erythrocytic series t h r w  is proper hilanee of haso- 
philin in the cytoplasm and e:irly acidophilia of the hemoglobin in proruhricytes. Giemsa 
stain. Approximately X 1250. 

Editor’s .\-de: Cytologic details in the original preparations were even more distinct 
and vivid than the illustrations indiwte. The printed reproductions were copied from 
colored negatives. and some detail was lost, owing to the technical limitations. 
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graiidc cluuiit itates de iiitrogeiio ah IC hislo% .4c*ido tric-hlorac*etic. in  uti c w i i w i i -  

tratioii dr  I JI P S S P V ~  i i i i  efiicwe ageiitc disniiiieralisaiite. sed i i i  uii caoiicwitratioii 
de 2 1\I illo etrectuava uti cscwsive alteration del strurturas vytologic.. 

:{. Le additioii de resiiias a escwnhio i o i i i c b  al solutioiies de disniiiierali?i;ltil)ii 
iio11 afii~w-a Ir prowsso e produwva melior rrsultatos que le acbidos sol. Lc 
travtameiito del sertioiies (*oil uii mordeiite ( 2  pro cwto de dirhromato de kalium 
iii tit i  solutioii aquose o 5 pro cetito de chlorido de ammoilium iii uii solutioii 
acluose) restaurava le clualitates de coloratioii iii histos fixate per fornialiiia a 10 
pro ceiito o iii fluido de Rouiii sequite per ethanol a 70 pro ceiito. Post le uso del 
uii o del altere del mentionate mordentes, le yualitate del colorantes de Wright e 
de Giemsa in sectioiies de hist.os dismiiieralisate tioii esseva distiuguihile ab lo 
clue esseva observate in aerodesiccate frottis de coiitrolo de periphericb saiiguine 
e medulla o m .  

3. Si 011 us8 le melior possibile comhinatioti de factores studiate in iste experi- 
mciitos. uii spec*imeii de osso pote ewer fixate, dismiiieralisate, secate in sectioiies 
histologic, tractate a mordeiite, e colorate voii le colorante de Wright i i i  26 horas 
o de Giemsa in 28 horas. 
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