
BIOLOGIA PLANTAI~UM (PI=tAHA) 

6 (2) : 104--107, 1964 

The Accentuators, pH and the Principles of the Effect 
in Histological Staining 

]30~VMIL HLI~CEOVSK~ ~nd VLADIMIR SI~B* 

Institute of Biology of Charles University, Medical Faculty, I-Iradec IKrglov6, 

Received March 9, 1963 

Abstraet.  A study was made of the influence of accentuators (phenol, aniline) and pH on the 
stainability of vegetable tissue (roots of Al l ium cepa L.) with light green and methylene blue 
with reference to the theory of the electrostatic basis of staining. -- The results obtained on the 
whole confirm PlSCm~Com~'s theory of the electrostatic basis of staining for light green only, but 
with methylene blue the situation was found to be much more complicated. Only the alkallzation 
of a watery solution of methylene blue increases its staining ability, whereas the accentuators 
markedly disturb staining. Prischinge's theory is thus not of general validity, but applies only to 
one factor of this complicated process. Electrostatic influences acting on staining ability are not 
so important as other factors in this complicated process in some dyes. 

I n  histological staining technique, auxil iary substances, which are known to  
improve  the  staining of the preparat ions,  have been used for a number  of  years  
(from general studies e.g. HEI~TWm 1929, SINGER 1952, DAVE~IPOI~T 1960). 
These substances m a y  be divided into two groups;  i.e. c a u s t i c d y e s which 
in combina t ion  wi th  a coloured substance form soluble substances on ly  wi th  
difficulty. To this group belongs e.g. iron a lum in Heidenhain ' s  stain. These 
substances are supposed to be of  chemical importance.  The other  group which 
is the  subject  of  this  paper  is formed b y  the so-called a c c e n t u a t o r s 
(SI~G~I~ 1952). They are essentially two groups of substances (to the  one 
belongs the  usual ly applied aniline, to  the  other  phenol,  which have  been 
f requent ly  used in histological technique and  have become an indispensable 
pa r t  of  some staining processes. 

The explanat ion  of  the act ion of  these substances is, however,  unsa t i s -  
factory.  Older theories (e.g. PAPPE~m~I~ 1901) t h a t  t h e y  m a y  effect ively 
lower the surface tension on the  staining solutions and the reby  faci l i tate  
intense adsorpt ion of  the  dyes on the  preparat ions  is difficult to  mainta in .  
I f  it were so, o ther  substances wi th  a high surface tension would have  been 
discovered, e.g. t r ibu ty l ine  or taurocholates ,  which would also act  as accen- 
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Fig. 1. Interphase intervals in the root of Al l ium cepa L. stained with light green (l~o light 
green -~ 1 ~ phenol ~- 1 gt HC1). The plasma is less stained, mitoses are not  stained. 
Thickness of sections is 7/~, time of staining 30 sec., time of differentiation in 96~o alcohol 
23 rain. 20 sec. (obj. 20 •  Hom. II.,  without filter, exp. 3 sec., photoplates Repro Ortho,  
negative developer PD:). 
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Fig. 2. Mitoses on root tip of Al l ium cepa L. stained with methylene blue (1% methylene blue ~- 
1 ~o aniline water ~ 2 gtt  KOH). The plasma is well stained, interphase nuclei are 

not stained Thickness of section is 7 ~, time of staining 30 sec., time of differentiation 
in 96~ alcohol is 31 rain. 30 sec. (obj. 45 •  Horn. II.,  without filter, exp. 3 sec., photo- 
plates R~epro Ortho, negative developer PDs). 



THE ACCENTUATORS 105 

tuators. This, however, is not the case. Experience has shown that  only sub- 
stances belonging to the above groups can be used for these purposes. There 
may be a further objection that  both of these accentuators would have to act 
analogically, if only the surface tension were in .question. Even in this case, 
however, it has been found that  this is not so; in some mixtures only aniline, 
in others only phenol is effective. 

When studying this problem we proceeded from the electrostatic theory of 
staining, worked out chiefly b y  Pischinger (PIscHIN~E~ 1926). This author 
considers that  the decisive factor for staining is the isoelectric point of proteins 
or other coloidal substances in the preparations. I f  a staining mixture is 
provided with a suitable p H  by  a certain buffer system, the preparation stains 
much more intensely than at other p i t  values. This theory has found ample 
support. Today staining processes are known in which regulation of p H  for the 
improvement of the staining results is successfully used. 

From this standpoint the action of the above accentuators presents quite 
a new aspect. Phenol in watery solutions is regarded as a weak acid, aniline 
as a weak base. I t  was our task to examine the influence of changes in acidity 
or basicity on the effect of these accentuators with regard to the theory of the 
electrostatic basis of staining. 

Materials and Methods 

The  e x p e r i m e n t s  were ca r r ied  ou t  on  t h e  roo t s  of  t he  onion  (Alliura cepa L.),  f ixed b y  Na-  
w a s h i n ' s  f luid a n d  e m b e d d e d  t h r o u g h  m e t h y l b e n z o a t e  in to  paraf f in .  The  7 /z  t h i ck  sec t ions  were 
s t a i n e d  for a per iod  of  30 seconds  wh i ch  was  chosen  expe r imen t a l l y  as  t h e  m o s t  su i tab le ,  a n d  
t h e n  d i f fe ren t ia ted  for a ce r t a in  t ime  in 96% alcohol,  un t i l  1) t h e  s t a i n ing  of  t he  p r e p a r a t i o n  
was  c o n s t a n t ,  or  2) d i f fe ren t ia t ion  was  i n t e r rup t ed ,  as  t he  p r e p a r a t i o n  was  in d a n g e r  of  be ing  
comple t e ly  b leached .  

For  s t a in ing  we u sed  m e t h y l e n e  b lue  wh i ch  is k n o w n  to be  a base  or l igh t  g reen  wh ich  on  t h e  
c o n t r a r y  is a n  ac id  dye .  T he  dyes  were app l ied  in 1% solut ions ,  t h e  c o n c e n t r a t i o n s  also be ing  
chosen  e x p e r i m e n t a l l y  as  t he  m o s t  su i table .  To t he  1% so lu t ions  of  t h e  above  dyes  b o t h  accen-  
t u a t o r s  were added ,  also in  1% solut ions .  B o t h  series were g r adua l l y  acidified or a lkal ized b y  
10 ~ hydrochlor ic  acid (HC1) or b y  10 ~ p o t a s s i u m  h y d r o x i d e  (KOt t ) .  To 50 c c m  of  dyes  1 to 
4 drops  of  th i s  acid or base  were g radua l ly  added .  T he  cont ro ls  were s t a i n e d  in  w a t e r y  so lu t ions  
of  t he se  dyes ,  i.e. w i t h o u t  a ccen t ua t o r s .  

The  resu l t s  were e v a l u a t e d  accord ing  to t he  following principles:  
1. The  res i s tance  of  t h e  dye  or t h e  s t a in ing  of  t h e  p r e p a r a t i o n  to  d i f fe ren t ia t ion  w i t h  96 % alcohol ,  

wh ich  is expressed  b y  t he  t i me  of  d i f ferent ia t ion .  
2. The  e v a l u a t i o n  of  t h e  s t a i n i ng  of  t he  cell c o m p o n e n t s .  The  e v a l u a t i o n  was  car r ied  ou t  in 4 

degrees  (weakly  s ta ined ,  well s ta ined ,  in t ense ly  s ta ined ,  in t ense ly  ove r s t a ined) .  

A c k n o w l e d g e m e n t  

W e  are i ndeb t ed  to  M. NovAkovA for t he  t echn ica l  a ss i s t ance .  

Results and Discussion 

The results obtained are shown in Tab. 1. The intensity of the staining is 
marked with crosses, the t ime of differentiation is given in minutes. 

As shown by  the experiments, 1 i g h t g r e e n is unusually accentuated b y  
phenol, so that  even after one hour's differentiation with 96 ~/o alcohol a very 
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Tab. 1. Influence of  aceentuators  and p H  on staining and  t ime of differentiation 

(The in tensi ty  of  s taining is expressed b y  crosses, t ime of differentiation in 96~/o alcohol 
in minutes . )  --  Explana t ions :  0 -- no t  stained, + q- -- well stained, -]- -t- + and  + -t- + ~- -- in- 
tensively stained, -t- -t- -~ + -~ --  ir~tensively overstained.  -- Numbers :  t ime of differentiat ion in 
96 % alcohol in minutes  -- Note:  0 -- value was  lower t h a n  1 min. and moved  wi th in  the l imit  
of  seconds 

~Accen tua t -  
, ors A n i l i n e  P h e n o l  C e n t r e  ] 

R ~  (water) 

light meth. light meth. light meth. 
green blue green blue green blue 

Neutral 0 § + + + + + § + + § + 4- .§ 
0' 27' 60' 25' 1' 20' 

Acid "4- --+ + A- § + 4 - +  ~ ---~ 0 q- q- ~-f- ++q- -  
1--2 3--4 
g~t gtt 

' 35' 8' 38' 2' 16' 0' 

Alcalic 0 +_t_ ~ 0  + ~ 0  + +  > A- + ~ 0 +_t__~_+ 
1--2 3--4 
gtt gtt 

0' 23' 0' 8' 0' 23' 

intense staining of the preparation is evident (Fig. 1). The control preparation 
stained with a watery solution of light green, however, tolerates differentiation 
much worse, and is practically bleached as early as after 1 minute. Aniline, on 
the contrary, prevents staining with light green. These results lead to the 
assumption tha t  the influence of pH is really important in this case especially 
as the watery solutions or light green stain very intensely after merely aci- 
difying with HC1 and that  the t ime of differentiation after this staining is 
quite long, too (16 minutes). Light green stains well in a neutral environment, 
the t ime necessary for differentiation is, however, very short (about 1 minute). 
Our assumption can also be confirmed by the fact that  aniline lowers stainabi- 
lity with light green down to zero value and that  the stainability is part ly 
regenerated by adding HCI. After adding 1--2 drops the staining begins to 
appear, the preparation, however, is quickly differentiated, but  after adding 
3--4 drops, stainability increases and the time of differentiation is also con- 
siderably prolonged (35 minutes). Nevertheless, even the added HC1 cannot 
counteract the depressive effect of aniline. 

Experiments with m e t h y 1 e n e b 1 u e yielded much more varied re- 
sults. In  control experiments the watery solution in a neutral environment 
stains well and differentiation lasts about 20 min. On alkalizing the staining 
ability becomes much more intense and the t ime of differentiation is also pro- 
longed. On the basis of these experiments aniline would be expected to increase 
the staining ability of methylene blue. In  these experiments, however, just the 
contrary was proved, aniline essentially lowered this ability. Better  stainabi- 
l i ty was achieved only after adding 1--2 drops of KOH (Fig. 2), whereas 
after further alkalization the staining ability again decreased. 
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On adding phenol in a neutral environment the stainability does not change 
when applying methylene blue, after acidifying it decreases and after alkaliz- 
ing it is regenerated, but not to the same extent as in control experiments. It 
is interesting that the staining ability of watery solutions of methylene blue 
also increases with acidifying, but the time of differentiation in this environ- 
ment is very short (2 min.). The degree of colloidity (sol --  gel) does not seem 
to be a decisive factor in methylene blue. The experiments showed that after 
adding 3 drops of KOH to the solution of methylene blue with phenol the dye 
begins to precipitate reversibly. After 4 drops of KOH reversible precipitation 
occurs almost immediately. On the basis of the electrostatic theory methylene 
blue with phenol should stain best after alkalization since it is close to the iso- 
electric point. We proved, however, that its staining ability in these conditions 
is not good. On the contrary, it does not stain well and in alcohol it dissolves 
immediately. From the results it can be concluded that the accentuators lower 
the staining ability of methylene blue respective of the actual acidity of the 
dye, but that they improve the bond of the dye with the substrate. 
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S tudova l i  j sme  vl iv  akcentuAtorf l  (fenol, anil in) a p H  n a  ba rv i t e lnos t  ros t l inn6 tkAn~ (koHnky 
AUium cepa L.) sv~t lou  zeleni a m e t h y l e n o v o u  m o d H  v z h l e d e m  k P isch ingerov~ teorii  elektro- 
s ta t iek6  p o d s t a t y  ba rven i .  Ziskan6 v ~ s l e d k y  p o t v r z u j i  s p r h v n o s t  uveden6  teorie pouze u sv6tl6 
zelen~, av~ak u m e t h y l e n o v 6  rnod~i j sme  nalezli  po ln6ry  m n o h e m  kornplikovan6j~i .  Pouze  alkali- 
zace vodn iho  roz toku  m e t h y l e n o v 6  mod~i s tupf iu je  jeji  barv ic i  s chopnos t ,  za t imco  a k c e n t u g t o r y  
ji  v~razni5 poru~uji .  Nen i  t e d y  P i s ch i nge rova  teorie o e lek t ros ta t ick6  pods t a t6  ba rven i  obecnA, 
ale p~eds tavu je  pouze j e d n u  slo~ku toho to  slo~it6ho procesu.  E lek t ros t a t i ck6  v l ivy ,  pflsobicl n a  
barv ic l  s chopnos t ,  j sou  u n 6 k t e r # c h  ba rv i v  da lekoshhle  p~ekonAny jin39mi f a k t o r y  toho to  slo~it6ho 
procesu .  

I3. F[lYXOBCI~H[~, B. CPB, Haq)eApa @() .7orn~ MeJ~rill~IHCl~oI'o ~aKyabTewa H Y ,  l'pa;~el~ N p a -  
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H3yqa~o(!~, BdIl4~]une a~tiet tTyaTopoB (/peno~, anr I~mt)  14 p H  Ha oKpaluHBaeMocTb pacT~I- 
Te$IbnOfi TKaHH (KOpHrl A l l i u m  cepa  L.)  c~eT,~Ofi 3e~enh~) rt MeT14:IeHOBOfi CH~IblO C TOql~14 
3peliHfi TeopHH 3JIe~TpOCTaTHqeCKOfi cylKHOCTH o I ~ p a m n s a H ~ a  PISC14INGER'0.. 

IIo~yqeHHhIe peay~IbTaTbi nO~TBepm~alOT IlpaBH~IbHOCTb 0TOni TeopHH PISCHIIffGER'a TO~I~RO 
He OTHOIIIOH~IIO K CBeTJIOI~I 3e~ieHn, Mere ly  TeM ~ a ~  ~Io~n MeTtI~IeHOBO~ ClIHH no.~omeHrle ro-  
pa.3~o 6o~ee C~aOmHO. I~pac~Imylo CnOCO6HOCT~ BO~140ro paCTBOpa MeTn~IeHOUOfi C~IHrI IIO- 
BhIIlIaeT TO~bKO a~tKa.~Haai~n~, TOF~a Hall atCtieHTyaTop~I ee peaKo HapymalOT. I/ITal~:, 
Teopg~  pO:IH 3~el~TpOCTaTHqe('l~HX npol ieecoB n oKpamrlBaH~4,  KaK ee npe~$IO~14~ PISCHI~- 
GER, liMeeT TOJII~HO oFpaHl4qOHHOe 3HaqeHHe. ~TO TO.VIlaI~O O~I~IH 143 I~OMIIOHeHTOB BeeF() CJIOH{- 
n e r o  npoRecca .  3JIeKTpOCTaTFICTHqeeHHe ~aI<TOphI, BJII/IaIOIKHe Ha oKpamrma to i ay lo  cnoco6-  
nOCTb, y Hel~OTOpmX Kpac~ITeJiefi B 3HaqHTeJIbHOI4 CTeneHrI OTETyIlaIOT Ha BTOpOf~ IIJIai~ 
Ilepe;t ;tpyH~MH HOMHOHeHTflMIi 3TOFO npoi~ecca.  


