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THE EFFECT OF pH ON I NTENSI TI ES OF HISTOLO GICAL STAI I G OF PICRIC 

ACID - ACID FUC HSIN , AS ORDI NATES AND COORDINATES . 

The main theory upon which this thesis is based , is t he ability 

of c ertain io s of organic dyes t o penetrate non - living fixed and 

paraffin imbedded t issues with .vary ing degrees of intensity at dif -

ferent hydro g en ion concentration& My problem seeks to establish t he 

optimum pH of this stain reacti on and differentiation for but one 

pair of dyes, but1t serves to illustrate the i mp ortance of t he control 

of hydro g en ion concentration in all similar s itua tions. 

The dyes I selected to i llustrate my case were acid fuchsin and 

p icric acid . Picric acid gives useful c ytoplasmic stains both as a 

rough general stain and as a differential counterstain . It may be 

used either · as an alcoholic stain, or as an aqueous one depending on 

the pH desired . The place introduced, i.e. hydrated or dehydrated 

has little effec t if stained suffici ent ly long enough . Picric acid 

i s soluble in water to about 1.18 per c ent , whi l e in alcohol i t is 

about 8 . 96 pe r cent solubl e . We see t hat roughl y picric acid is 

seven times as soluble in alcohol as i n wateP , so if t h e stain is 

introduc e d in H20 , i t must be heavily overstained in order to pre-

vent .washi ng out of t he st a in in the d ehydrating alc ohols . Though 

p icric ac i d is a useful "who l e obj ect" stain, bein~ very diffuse 

at a ll pH 1 s, it is a rough one . However , i t is one of the few t hat 

stain vigorously horn, chitin, muscle , and ery throcytes . 

Picric acid is a synthetic or ganic dye , belonging to the class 
OH 

of nitrophenols and is itself tri - nitro phenol . NO,o fJO'-
c:, HL 01-1 (..,oL)

3 
The presence of the OH g roup does not mean basicity , 

NOL 

but on t he other hand makes it mor e a cidic due to the pres ence of 

t he nitrous ( N02 ) g r oups . 

1. 



2 . 

I hav e stated t b at I am s e eking to e s tabl i s h an op t i mum 

stainin g reac t i on f or t he picric acid, t h e aci d fuchsin, and the 

establishment of t he best c ombination of t h ese . I must however , 

state what I classify as optimum staining . Ther e are t wo ways of 

looking at it . In a g ross way , one mi ght consi de r cytopl a sm, nuclei , 

and int er- r elati on shi p s between t he s e . On t he o t ber hand inter

cellular sub st anc es are often sou ght , suc h as, collagen , e lastin, 

-cytosomes and mitochondria . Firstly, a n y solution containing acetic 

aci d will di s solve collagen . This is the case i n exp eriment # 1 , 

under a c i d fuchsi n below . Coll agen c onsists of exceedi n gl y d e licate 

fibrills which usually p resent a wavy appearance . They mt;tY be more 

or less widel:y seperated from ea c h other or uni t ed in thick co a rs e 

strands . Col l a g en f ibrils retain their characterictic s tainin g 

p ropert i es when fi x ed in Zenker 's i n p a rticular . Hence Zenker's is 

used be l ow . Collagenous fibers are f ound i n cart il a g e , 1 00se connective 

tissue , and mos t epithelial t is sue . Care must be taken to keep any 

alkali away from t he t i ssue i n as much a s collagen i s h i ghly .solubl e 

in alkaline medium . Elastic fi b ers on t he other h a n d a r e very l on g 

and run i n various dir e ctions . They a p p ea r as brillfuant , hi gh ly re

frac t ive t hr e ads , much thi nner t h an tbe c ollag enous fibers . Further

mor e , they are homogeneous in constra st wi th t he c ollag enous fiber s . 

The p rincipa l c onst ituen t of t h ese fibers is elastin, which is an 

a l bumi n oid substanc e ; consequent.ly , t hey are very easily stained in 

basic fuchsi n or orsein . Since t he entire process that I am carrying 

out is either neutra l or aci dic, t he elastic fibers must be sacri 

ficed . Mucin r e quir e s a s p e cial st a in of hematin, but owi ng to t he 

gobl et cel ls in tb e villus epithelium , to o much mucous i s p r esent to 

p r e v ent t he entire tis sue from b e coming b l a ck . In summary t hen , t he 

values ·to l ook for are : ( 1) nucl ear ( 2) cytoplasmic ( 3 ) collag enous 

fi bers ( 4) mito chondria and ( 5 ) c entrosome s . 
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Before c onsidering t he action of t h e a ci d , the me t h od in which 

t he tissue was fixed and it s pote n t i a ls must be dealt with . I cho se 

Zenker 1 s to fix t he frog stoma ch because of its good penetrat i on and 

non- s h rinking properties. The composition of the Zenker 1 s is : 

S" fo 1-!f C{.,. 
s "(., C f.i J <..0 0 1-{ G-L- 1\C.lft <.. 

'l... 1;. '7. tr,_ c....,_ o, 

} I 'io No-. , ,jO y jQ<.. v r10N M V<.<.. EllS 

87 vr. ,..,1.., 
LO 0 ( 0 ZEN<rG /t S . 

Th e Na2S0 4 i s a hardening agent, and t h e rema i ning ions c ause a h i gh 

acidity . 

CH 3 c.ooH 
"> c Ii:!. coo + H+ 

Hc;.Cj-..] © - -= -~~( (. ~ \d f° s I~ c;. CI + 11 f" C.l 6 H +- H • - ~<.1 01r 'I ) 

1-il. <:l _, 

(1-1 c;. c.1),_0 + c1- t- ·1; + -0" ' ' 
Obv iou sl y now , cry stals of HgCl2 wou l d dist or t t h e ti s sue if allowed 

to remain, so an iodine s olut ion i s u sed t o d i ssolv e out t h e crysta ls . 

The sol uti on employed is Lugol 1 s , and ro!l.l'\111.A f:o~ 1.oc;.ot'.J 
5" fAR.rs l\.I 

the reacti on involved is: -
5" f ARrs :t. 

1 0 0 <. .<. . 'l ~ '7. c.. ,_l+s- O H 

----'> Z. tr 1--f c,. I .._ +- 2.. ~ et 

al l of which are soluble and di ssolve out . 

The pH o f various solution of picric ac i d a re r epresented on 

ch a rt # 1 . The dis s ociat i on of p icric a cid is a s follows : 

( c, H 3 0 1 /'I 
3 

) 

tr ~ (_M ~ ) 0 J.) 

( '-• 1-t 1 o.., NJ 

1 . J . Ba ker, Cyt ological Te c hnique 1 933 . 

C:..IV €1\1 

d- :: .!!.. ~p \oNn::.A't l OI\/ 

C '- '-clCI C.-9NT ftA. f"lO/V 
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F our t e n t h s is a very d i f f use d i s s o c i a t i on , t h e r efore a t i deal 

c on diti ons we sh oul d h ave a p H of 2 . 5 
I = l..) 
. '1 

This is indeed v ery acidic and c on tains ma ny fr ee ions fo r active 

service. 

P H RlrAD I U<rS P i e. ~ I C.. It c I 0 f.\ v . p~ 1' e'A 0 I,., <r,.< A ~ tO ~ V C. HS IM 

I . <""~ t . ~ r ) . .), I J . '<q 

AQ. v 54>U S so1o. o r •oN 'l' · .. 0 1 · ~, 
Pl<-1\t<. C ot.,, C.... 1 . 5" r " 5,. 1.s-. ~ · n ,.,-, 3 · ~1 

A <\Uf OU5 '";I ( .J") 1 . tt7 .2 • 5' 1 

f . < ~ •· r:r :l ·• 'I ,. fo 

' . 6 ~ "2. . ' J 3. 01 ] · 0 'L. 

"L · . 71 
' · " 1 ., . 01 1• "' 

" I N (.'1"1~ 'l.· , ., '2 · G. v "Z. . 4 '( A~ '-O f'tOLC C.. " ) • 01.. )•01 ] . 01 

Aa.. .... o t•OL 'L -~"' l. ·""' 
3. " ' '. " '( ... . '; ~- or 

") " I ,_ , ( l.. 

1..·12. 

" P14 • · S"S" <.O M i.. . 1-i.,. "1. . ('I. 

. (3 u F FG R. J·> 'l... " '1.. 

t... 1'2. 

...... · '-'r . "" • L f 

" :i. N Hq J' 0 7. • "l. ... · >-f' • z.r 
~-070 • J o • 1..f' .,,,, 

, 
.. Hli~T~ t1L neo 

., . .. 
llA \..Ve-.. 

.. 

Genera lly s p eaking , t he i n ten s itie s of sta ining of p i cric aci d 

on tissue ( i . e . fro g s t oma ch is fo r a r e l ativ el y dilute solut i on ; 

muscl e ~is grea ter t han vil l i (ep ith elium ) ~ i s gr ea t er than s ub-

mu c osa ( connective tissue ) . However , i n my experimen ts many pe -

culiarities a n d alterat i ons were noted . 

Ex . - 1 . When I t o ok a p icric aci d soiliution of pH 7 a nd buffer -

ed i t to 3 .5 with a potassiu:.m ac i d phthal a te solution, I brought 

about a di f ferent r e l a t i on ship . Thi s new rel a ti onship wa s :vi l l iLs 

( ep i thel ium)~i s grea te r than connectiv e tis sue ~is grea ter than 

muscle. Here we se e t hat t h e s tatus of t he submucosa remains r athe r 

cons tant , whil e the musc l e an d t h e ep ith e lium c h a n g e p os iti ons . See 

slide # I f or t h e first reacti on a nd slide # II for t he buffered 

r eact ion . 



5 . 
Fo Rl'tU~I\ : 

FoR 

K-11 -r11THALLAiE O<...oo.,. 

~o o It 

CONPo51TIOI'/ 
or: 

<J u FFG R JO<. 

OISH L/A,'rlON "'C"f(ON : 

0 <.oo• 

c.oo -

c. I 

+ 
H + 

s- c.._c,, 

7 <... ,<... . 

lf!S c.<... . 

. 2 '1 c.., u~ 

• 'Z. ,., HC.I 

N fiUT 

U'- • -·, 

r ! 2H 1-; 
~- - --' 

f'f \. 0 

C. Od IT C.goN . 

Ex . - 2 . Concen trated p icric acid h a s a pH of 1. 55 • Wh en t he 

fi x ed tissue i s stained i n a solut i on of t hi type , we receive t he 

g enera l reaction (whi ch i s opposite to t h e buffered reac tion) of , 

mus cle i s grea t er than submucosa i s g r eater t han epithelium . 

Ex . - 3 . Then a gain , i t may be desireaTule to i n t roduc e t he 

picric a cid in a n alcoh olic solut i on . An a lcoholic soluti on of 

50 per cent c oncentr at e d aqueous pi cric acid,and 50 p er cent of 

95 pe r c ent C2H50 H ( neut ral) , giv e a p H of 2 . 64 . Whi l e adv a ntage is 

gained in keeping t he tis sue dehydrated , s t a ining penetra tion i s 

no t s o go od because of the gr eater solubility of p icric a c id in 

a lcohol . Re a ction- Epithelium villi = mu s cle > s u bmuco sa ( v e ry po or ). 

See slide# I II . 

Ex . - 4 . Ve r y acid p icric ac id s houl d have a g reater int ensity 

of s taining t heore tically , t here f ore I conduct ed s ev e r a l experiments 

a l ong t hos e lin es . I fo und tbat at a p H of . 55 , t h e cry st a l s of 

p icric a ci d a r e p rec i pitated out , bu t , t h e int ens i ty of t h e st a in 

c ontinue s t o i n c rease even till . 28 . Af t e r t hat , t he ti s s u e i s mere -

ly t urned b rown b y the st rong acid , a n d t he conc entrat i on of t h e 

pi c ric aci d is so weak t ha t i t is us eles s . At t h i s poin t the d eg r ee 

of stai ning i s epithelium .villi = muscu l at u .r--:e ) submue o a , a ll of 

which are very v ivid . I t h er efor e assume pH . 28 to b e t he op t i mum 

wi th p icric a ci d . My main rea s ons for thi s conclus ion a re t h e rea son ~ 

t hat wh e n treating wi th acid fuchsin l a t e r , the submuc osa become s 

p ink , and onl y t wo l aye r s which a r e p ene trat ed b y t he p icric a cid 
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wi l. l be the mu s culature and t he v il l us ep i thel i um , both be i ng very 

v i v i d here . See slide # IV . I mi ght furthe r ment ion here , that a 

slight different i at ion may be brought about between nucleus and 

cyt opla sm at . 28 pH bec ause of a certa i n b l a ckening of t he nucleic 

sub st anc e . However , the chromosomi c substances ar.e inj u r ed and t h i s 

different i at i on is of use onl y as a rough est i ma t e . Hema tox yl in 

should be used . See slide # IV . 

Th e actual diff us ion t h rough t he c ell walls d ep e n d s on the 

phenomenon of per meabi l ity . The c on tributing f acto rs are many , but 

i n my inves t i gat i on I have t aken but one po int , pH , therefore t he 

onl y phas e I am c onc erned with of t he memb r a n e i s t h at of its own 

poten t i a l . The followi ng outline r epres e n ts the fac t ors g ov ern i ng 

permeabi li t y and p en etrat ion of stain~: 

I . Th e Memb r ane . 

a~ porosity of c ell wall . 

b) t hi c ki.n ess . 

c) char ge u p on ( + or - ) potent i a l 

d ) comp os i t i on of t he membr ane . 

1 1} arrangement of the p art i cl es . 

2 ) solubility of t h e penetrating 

( Donnan ) . 

substanc e i n the 

3 ) a ge of t he membrane ( includ e s also condition , 

fixe d or vitro . ) . 

II . The penetrating st ain . 

a) monovalent i ons penetrate more t han diva l ent . 

b ) char ge on part icl e . 

memb r a ne . 

t hat is , 

1) i f an ion, must be opp osite to charge on membrane . 

2 ) i f a mol ecul e , the strict e r t he neutrali ty , the more r ap id. 

t he penetration . 

c ) si z e and we i ght of part icl e . 

d) hydration of i ons . 
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I II . Col l o i d swell i n g 

I V. Sodi um a n d Po tas 2i um conc entrati cm i n f l u i d . ( Na r enders 

memb r an e s mor e permeabl e , while K r enders membr ane l ess 

pe r meable .) 

V. Donnan equilibri um . - Po t ent i al 
R 

O·IV\..."'t r11'ii ~C>..; 4- Cl 
N<>- C.I 

IJ> ~ t. 
:::: (\J u.. (._I 

1 5 '"' EG\ C111L10n•v"1 
~ IC' '( 

'" 11 : D-6 
Iv 

1~N ~GlfJ'L-f6RfUrt t} .;Sr, 

''""- ' C.\ 

VI . p H. 

ittC: P A.Ori ~1"' ·· pr? ·· 

00~5 Nor PG'NG-rRt\.t€" 

f"H e MEl'"1()'1:"c\ll; . 

Sinc e the i nfluenc e of t he pH i s my invest i gat i on , I wil l 

r ecount t he membrane p ot ent i a l fr om data based on t he b ibli ogr aphy . 

When t vrn aqueous so il:ut i nns are s ep erated b y a memb r an e wh ich 

i s impe r r1eabl e for one ion ic vari e t y , namel y t he cel l c ytop l asm , a 

po t entia l a r is es between the t wo solut i on s a n d a l so ac cord i ng t o 

osmnt i c laws an unequal dis t r i but i on of i ons fol lows . Ac cordi ng to 

W. Ostwal d , i mp e r meab i l ity ·to any i onic fo r m g i ves ri se to a membr a ne 

charge . 

Unf ortu natel y , with a ci d fuc hsin I d i d not f ind this v a ri at i on 

· t o b e proport i on a l · to t he p H, but f ound i t t o v a r y d i rectl y with t he 

c onc entrat i on . Opt i mum p en e trat i on wa s ob t a ined in a 45 per c ent 

a cid fuchs i n , 50 p e r cent H2o to wh ich 5 per cent N/ 10 HCl h a d b een 

added . The pH her e was found to b e 3 . 4 9 op timum . As non- cor (1) l la:bory 

as t h i s i s , i t ai ds n o end i n simp lifyi n g the count ers t a ining p ro 

b l em by h a vin _ but one variabl e ; t he a ci d fuchsin rema i ning consta~t. 

The pH of c onc entrated a ci d f uchs i n i s 3 . 5 , a nd sinc e I wanted .t o 

t h i n the solut i on wi t hou t chang ing the pH , I f ound the a bove com-

. b i na t i on of wate r , aci d and dye to g ive t h is p H. 

Ex . - l'. I n t he s ol ution of pH 3 . 49 , muscle s t a i n s i s g rea te r 

t h a n v i llus epithelium i s gr eate r t han v illus connect ive tis sue i s 

g rea t e r t h an submucosa . Thi s i s n o t a l ways r eadi l y not ic eabl e , but 
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if one intro duce s t he t i ssue i nto t h e fuchsin i mmedi ately af t e r 

having been in a s olution of 60 c . c . absolute c2 H50H , 30 c . c . 

c h l oroform, 1 0 c . c . g l a ci a l acetic acid , thi s can be easil y s een . :Z,.,. 

Composition : Fuchsin or magenta is a t r i phenyJJmetnane dye prepared 

b y oxi dizing a mi x ture of aniline and i someri c to luene s . The chief 

const i t uent p r epared t h i s way is par asnni line which must be sulfan-

at ed : NH,«:; ~ 
"<;;:== (' === < >·N~Lc.I 

NH '- ( ')/ 

Thi s dye i s ~i ghly soluble 1- fl wa:E e r and l ess so in a l cohol . Thi s is 

in exact rev e rse to picric ac i d , b ut like p icri c acid , acid f uch s i n 

is very sen s a t i ve to alkal i ~s, s o t ha t overstains can easily b e 

removed in t ap water of norma l p H 7 . 2 to 7 . 4 . Aci d f u chsin is one of 

t he most wi de l y used cyt op lasmic dye s a n d c an be used i n man y com-
1 . 

bina t ions . On e of t he most fre qu entl y e111ployed uses i s t he Van Gi eson 

cciunt e r s tai n ing wi th p icric a c i d as wil l l ater be uti iiz ed . 

Ex . - 2 '. If t he t i ssu e i s treated i n an a l coholic solut i on of 

60 pe r cent c2 H50H ( 95%), and 30 per cent g l ac i a l acet ic acid , the 

t is su e stains , mus c l e = epithel i um > submucosa . This i s useful onl y 

in s i ngl e s taining sinc e both of t h es e are r emoved b y p icr ic a ci d 

in t he count er . See s l i de # V •. . 

Ex . - 3
1 

In t he case t hat t he dehydrati n g a lcoho l s have been 
• 

neut r a l, the ti :="~me i s ev enl y s tained with a mor e int ens e r ed t han 

a ny of t he pre vi ous tests . I sel ected t h i s t issue i n my Va n Gie~ on 

count erstai n be c ause of i ts submucosa l vividness . If c a re i s t aken , 

eve n mitot ic fi gur e s of t he cytnp l asm c an b e def i ne d . 

Having t hus worked out effici entl y t he effec t of pH on t he 

i n dividual compon ents of Van Gi esons count erstain , I wil l n ow pro -

ceed wi th t he syst em its elf . 

The p r e scri bed f o rmul a b ~ Van Gi eson is a s atur a ted solution 

of p icri c ac i d to wh i ch has b e en added enough saturated aqueous 
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ac i~ f u hs i n t o r e n d e r t h e sol ution garne t r ed . Another fo r mul a i s 

t o add fiv e parts of 1% solution of ac i d fuchsin to 100 p a rts of 

picr i c a cid s olution . On the f a c e of t hes e systems on e can see t he 

fl i msy limits for error .· For one . t h ing ever ybody ' s conc ep tion of 

" garnet red" may be different . Se c ondly t he concentra ti oms a r e 

n e gl e cted i n the later case . Fur t h ermor e the ac i dity b as icity or 

neut r ali ty of t h e deh rdrating a lcohol s are g rossl y neglect ed . No 

men tion i s made of t he effects of app l y i ng t hese st a i ns seperately . 

I t is t hes e weaknesses t hat I have . reli e d upon t o strepgnhen my own 

argument s . Going back to my ori g ina l experiment s on t h e ind ivi dual 

comp onent s ( a ci d fuchsin and picric a cid ) , it would app ear t ha t a 

combina ti on of t h e most successf ul of each stai n- v.oul d be t he mos t 

advantageous . That woul d be , p icri c ahid of pH . 28 , and aci d fuchsin 

of pH 3 . 49 in aqueous solution after neutral a lcohol s . A f a ct not 

to be neg l e c ted i s t h e s tri k i n g prox i mi ty of t hB p H of t he p ic r ic 

_b u f fe r ed s o l ution a t p H 3 . 50 and t h a t. o f c onc ent r a t ed fuch si n aci d . 

Let us see how closel y my t heory c an be appli ed ~ 

Ex . - l". Wi th a solution brou ght to a pH of .28 u s ing N HC l 

with p icric a ci d , ~nd a ddi ng tb~s with aci d fuchsin of p H 3 . 49 in 

a p r oport i on 50 - 50 b y volume , a r esult i ng pH of 1 . 55 i s gotten . Th i s 

- stains muscl e and v illus epli:thelium with especial vi gon. The sub -

mucosa , both superf i cial and deep sta i ns c omparat ive l y vivi dly , 

being a pink to a r ed , depending whethe r i t i s s ubv i l l us submucos a. 

or d e ep int ers ti t i a l c onnective t i s sue . We now h ave a cross sect i on 

1 . Van Gi eson - New York Me d . J ournal 1889 p . 57. 

2 . American Mic r oscopi c Soc i ety XIX 18 98 p . 105 . 
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which exhi bits an out e r ring of ye llow (mu s cl e ), a midd l e ring of 

p i nk ( connec t i v e ti s sue ), an~ an inn er ring of yellow ( ep ithelial 

l i n ing ). The nuclei are dar kened i n plac e s , but f or best diffe r ent 

i a tion Delafield 's hematoxyl in i s added after b e ing mor danted i n 

2 % ferric alum . See char t# 3 and slide# VI . 

Ex .-2 '~ Wh en the comb ina ti on flui d i s a s olution o f p icric aci d 

of p H 1 . 5 5 ( conc entrated aquepus solution) a n d t he standard aci d 

fuc hs i n , t he s ame g:en:eival reacti on and r e lati nn as abov e t ake p lace , 

but all are l e ss i nt ense and t be di ff e r enc e b etween the ep i thelium 

and s u bmuc o sa is more mar k ed . Ti me of staining will not b e foun d 

to b e a fact or. Both may be overstained . Se e sl i d e # VI I 

Not e 1. If c a r e is not exercised i n t he regulat i on o f aci dity , 

v e r y often the y ellow p ic r i c st a i n i ng c ytopla sm will e xhibit a 

browni sh coloration whi ch i s p e rmanent and t he tis s ue irretri evabl e . · 

This colorat i on c omes p rimaril y in t he e p i thelial l ayer of . 28 

p icric stain i ng . Mitochon dri a are de s troyed i n this r eaction . 

Ex . - 3 ." In a lcohol , the pH of picric c oncentrated a ci d c hanges 

fr nm 1 . 55 to 2 . 64 . Consequent l y t he new pH i s d iffe r ent from t he 

combina ti on flui d . Thi s new hydr ogen i on c oncentra ti on is 2 . 93 , 

a li ttl e le s s t han half wa y between t h e pH of t he a cid fuc hs in a n d 

pi c ric aci d . On e may wonder why i t i s not exac t l y half way , esp ec ial l y 

sinc e it has be en mixed in 50 - 50 by volume/ molarity solution. The 

diffe r ence i s ca us ed by t h e vari abili t ies in s olubili t ies with 

alcoh ol as p r evi ous l y d iscuss ed . However, t o ge t back to t he sta ining 

reacti on , i t is f ound t hat t he vil l us epi thelium d oes not st a i n 

ver y heavil y . Why t he c ontrast exists betwe en t he p icric st a ining 

st a i n i n g epi tb e lium, I cann o t r eal ly justify; but I mi ght suggest 

t ha t perhaps t he muscl e s arc o styles may be lit t l e mou e affinitiv e 
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t o p icri c ac i d , and a lthou gh t b is may be unifor m t hrou ghout a l l 

t ypes of p H c nmbinations , i t may be bec ause t h e alcohol is more 

n oticeable a t t h i s point. If _I h ad t i me , I woul d inves ti gat e fur-

t he r , for I b e li e v e this is a s a li ent f act fr e quentl y overl or ked . 

( The e ffect of a n nr gani c solvent su has c2 H50H.) On t h e whole 

howev e r , the st a i n i n g of t is s u e at t h is pH i s not very iritense . 

Re l a tive l y speaking , t he submuco s a and epith e lium are equal l y stain -

ed , but the di f f eren c e i n c olor i s ma~ked en ough t o di s tinguish . 
I 

I do not recommend thi s solut i on. f or stai n i n g . Se e s lid e s # VII, 

also chart # 3. 

Ex . - 4 ." Buffer ed picric acid at p H of 3 ~ 5 p l us t he ac i d 

fuchsin a t p H of 3 . 49 g i v es a fa irly standardiz ed c ombi na ti on pH 

of 3 . 49 . Of course the submucos a wi ll be sa t i s factory at this pH , 

but t h e mu s culatn re i s v e ry poo r . Sli d e# I X shows t h i s v e r y well. 

The r elati on ship i s epithel i a is g r eat e r t h an submucosa i s g reater· 

t b an mu s cul a r. 

DIRBCTI ONS OF GENERAL PROCEDURE . 

In orde r t o ass u re good r e su lts, c e r tain p r e caut ions must be 

obs erved . I will p r oce ed in or der. 

Firstl y t o insure a gainst distm r ti on or de sicca t i on of tis sue , 

i mmediately after t h e fr og has bee n p ithed , i nf.lat e t he stoma ch with 

Ring er' s frog solution ( i sotoni c solut i on of saline and es eafilt i a l 

anuran salts )by inserti ng a pip ette into the e sop hagus and -syring -

ing with p res s u re. Now i nject t h o c oelom with Ri n g er's i mmediately 

u pon i ncis i nn of t he body wall . You n ow h ave t he s t omach b a t h ed 

from within and without by an iso tonic me di um . Remove the s e cti on 

of t he stomach d e.sired , and p l ung e i mmedi ate l y i nto Zenker' s 

fi xative as d e scrib e d above . Al low t o r emai n i n the f i xat ive fr om 

e i ght t o f ifteen hours , with f r e qu ent a gitations, and at l ea st four 
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chang es . t no time al low t he ti s sue to d r y . The tis sue must b e 

washed t horoughl y i n H2o b e f ore carry i n g on t he p rocess . The fol l ow -

ing p i e c e of apparatus i s mos t sat i s f a ct or y . 

pro c eed t o dehydrate in n~utral a~cohol . 

,<"'· ": .~·\-- · .; 11¥~S~ <1;. 1.. oT" p ., ,.. c. 1 v~60 fl y tu o~ 

/[/_ +- ~~·~~ 
;'

1

• -: . ::,·...:..~ ' ...,....:.. T t ()llf' 

Aft er twenty- four hours of thi s washin g , 

A p reliminary clearing in tol uol s e rves to te st d ehydrati on . Pro c eed 

now in t e r p ino l mi x tur e s as p r e scribed by Dr . Br ownba ck . 

After i mbeddi n g in paraff i n , sec t i 0ning wi t h micro tome will 

b e f ound most f avorabl e at 12 mu . If possib l e , a cool day w~th con-

si de rab l e mo i stur e shoul d be cho sen, becaus e war m dry days cau se 

an exc e ss of cha r g es to be t h r own upon t h e knife bl a d e and diff iculty 

in s ecti onin g i s encounter~ d as well a s i n floatation on the g lass 

sli d es , whereas , on a mo is t day , the c har g es are i mmediatley t aken 

u b y t he vapor . Further i n structions on this c a n be h a d b y p rocuring 

a s et of l abora tory directi ons f r om Biology 15- 1 6 . '11he usua l de -

hydra ti on_ · me t hods a r e used wi tb pe rc entages of a lc oho l r anging 

1 0 %, 35 %, 50 %, 60 0 , 70 - 75 %, 95 %, ( br absolut e if possible .) 

The p H of all dilut i ons of a l c ohol must be taken to assure neutrality . 

Ev e r y day before us ing t he s olut i ons , a sample of s ome of t he a l cohols 

should be taken to check t he aci dity . No t a l l of t he a l c ohols need 

be t ested , b u t t h e 50 %, 75 %, and 95 % are vit a l . You will find in 

your pre l i minar y t e sts t h at t h e d i s till e d water of t h e l abor atory 

is about 5 . 7 i n pH . In orde r to cahng e this, you will find that 

simp l e d is t illati on onl y relieves p ar t of t h i s situation ( t he er - ) . 

There a re organic radical s t h at also mus t be r emoved . i.l\Jhen KMn 0 4 i s 

added , i t ox i d iz es sucb i mpuriti es as may be present and neutra l 

wate r ensue s . 

All st a i ns are introduced i n a qu eou s solut ion, but because of 

t h e destain ing e f fect of t he alcoho l s on p icri c ac i d, t h e p icra te 
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used in t~e comb ina tion flui d is used b , i t self fir st because of 

the need for picric ov erstaining . No altern ation in pH i s enc ountered 

this way . 8 ® ® ® © 
" 

® 
S' , 

8 8 
r ... 

In fina l clearing before mount ing , t wo toluols are employed . One 

t o test for pos s ibl e hydration, the other to d efinitely clear the 

tissue . The time of staini n g is about three minut es in t h e straight 

picri c , and fiv e minut es i n the combinat ion flui d . 

PR 1 PARATI ON OF ST NDARD SOLUTI ONS . 

In order t o k eep the staining regu l ar , all solutions must be 

standardized and put i n sealed test tube s . These are standardized 

by ti t ra t ion and then the pH i s t aken at least ten times in seperate 

clean conta i n e rs . Th e total is divi ded b y ten or the numbe r of t ests 

a ppli ed for a mean pH . 

Alc ohol ! - In rde r to ge t an absolute a lcoho l solution from 

the 95 .o gi ven i n t he l a bora t ory , one needs onl y to s hake some 95 % 

C2H50H wi th Cao and al low to s ett l e . Then t he supernatent alcohol 

is withdrawn and toge ther with fr e sh lime ( CaC 03) is c a reful l y 

disti l led . Another me t hod us ed b y McClung ~'°is to a dd anhydrous 

c opper sulfate to 9 5 % al c ohol . This maintain s t h e dehydra ted state 

of the alcohol, but at t h e s ame time in t roduces a l ittle copuer 

s ulfate t o the solution . 

Paraf fin : - Paraffin of v ari ous melting points ma y b e used d e -

pending on t he ti ssue . The ones us e d in the l abo r ato r y are ap rox -

i matel y M. P . 38 ° C . trangel y enough the older t he par a f f i n , t h e bet -

ter the penet ra t ion , p r oviding no fo r eign mat eri a ls hav e been introduc ed . 

'Thi s c onclud ·:: s· my a c t ual ex periment a ti on , s o I will · h e re 

su-'Y1mari z e my c onclusions . 

~'" Mcclung , · tl[icroscop ical Technique . 1 929 . p . 47 4 . 
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l . pH i s d efini tel y a de termining f a ctor i n histolo gica l stain

i ng of fi xed tis sues . 

2 . Thi s i nfluenc e ext ends to int ensit i es of col or and differ

entia t i 0n . ( To a r easonabl e degree h owever , pH c a nnot be so 

changed as to oblitera t e t he color e x c ept i f i t be c h a nged 

from its ac i dit y to basicity or v i sa versa . ) 

3 . Th e Van Gieson c ount e rstai n ing method employing picric 

fu chsin mi xtur e is gre a tl y enhanc ed when t he hydrogen i on 

concentrat i ons are . 28 for p icric , and 3 . 49 for the a ci d 

fuchsin . This g i ves a new p H of 1 . 5 5 when mixe d in 50 - 50 

b y volume p roportion . 
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LI ST OF PPARATUS 

1 . Beckman pH det erminer ( dry c ell compensator ) 

2 . Frog s tomach ( Rana p i piens m. ) 

3 . Pr oc essing material 

a) Ethyl alcohol di l utions ( s e e page l5 f or p reparat ion) 

b) Neutral dist i l led H20 

c) Pur e para ffin 

d) Toluol 

e) Terpinol 

f) Ch loroform C . P . Me r k 

g ) Gl a ci a l ac e tic acid Baker 

4 . Stain i ng materials 

a) Picric acid C. P . c oncentrated . 

b) Ac i d f uc hsin A. P . 

5 . Buf f er - K H Phthallate 

6 . A . H. T . Co . Incu at or 

7 . No . 1 t h in cover g lasses 

8 . Mayer ' s a l bumi n fi xat i ve 
• 

9 . Solutions stand a r diz ed and t itrated with AgN03 and Na OH . 

EXPERI MENTAL TI ME 

Labora to r y a na l y sis :- Febr uary 1 5 - April 20 , 1940 , four hour s per 

day , five days per week . 

Research time : - Approxi matel y three hundred hours . 
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