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Abstraet. A study was made of the influence of accentuators (phenol, aniline) and pH on the
stainability of vegetable tissue (roots of Allium 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 P1scHINGER’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 alkalization
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.

In histological staining technigue, auxiliary substances, which are known to
improve the staining of the preparations, have been used for a number of years
(from general studies e.g. HERTWIG 1929, SINGER 1952, DAVENPORT 1960).
These substances may be divided into two groups;ie. caustic dyes which
in combination with a coloured substance form soluble substances only with
difficulty. To this group belongs e.g. iron alum 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 by the so-called accentuators
(SingER 1952). They are essentially two groups of substances (to the one
belongs the usually applied aniline, to the other phenol, which have been
frequently used in histological technique and have become an mdlspensable
part of some staining processes.

The explanation of the action of these substances is, however, unsatis-
factory. Older theories (e.g. PapPENHAIM 1901) that they may effectively
lower the surface tension on the staining solutions and thereby facilitate
intense adsorption of the dyes on the preparations is difficult to maintain.
If it were so, other substances with a high surface tension would have been
discovered, e.g. tributyline or taurocholates, which would also act as accen-
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Fig. 1. Interphase intervals in the root of Allium cepa L. stained with light green (19, light
green -+ 19, phenol + 1 gt HCl). The plasma is less stained, mitoses are not stained.
Thickness of sections is 7 u, time of staining 30 sec., time of differentiation in 969, alcohol
23 min. 20 sec. (obj. 20 x , Hom. IIL., without filter, exp. 3 sec., photoplates Repro Ortho,.

negative developer PD:).
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Fig. 2. Mitoses on root tip of Allium cepa L. stained with methylene blue (19, methylene blue -
+ 19, aniline water + 2 gtt KOH). The plasma is well stained, interphase nuclei are
not stained Thickness of section is 7 y, time of staining 30 sec., time of differentiation
in 969, alcohol is 31 min. 30 sec. (obj. 45, Hom. IL., without filter, exp. 3 sec., photo-
plates Repro Ortho, negative developer PD;).
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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 anﬂlne,
in others only phenol is effective.

When studying this problem we proceeded from the electrostatic theory of
staining, worked out chiefly by Pischinger (PiscHINGER 1926). This author
considers that the decisive factor for staining is the isoelectric point of proteins
or other coloidal substances in the preparations. If a staining mixture is
provided with a suitable pH by a certain buffer system, the preparation stains
much more intensely than at other pH values. This theory has found ample
support. Today staining processes are known in which regulation of pH 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. It 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 experiments were carried out on the roots of the onion (Allium cepa L.), fixed by Na-
washin’s fluid and embedded through methylbenzoate into paraffin. The 7 u thick sections were
stained for a period of 30 seconds which was chosen experimentally as the most suitable, and
then differentiated for a certain time in 969, alcohol, until 1) the staining of the preparation
was constant, or 2) differentiation was interrupted, as the preparation was in danger of being
completely bleached.

For staining we used methylene blue which is known to be a base or light green which on the
contrary is an acid dye. The dyes were applied in 19, solutions, the concentrations also being
chosen experimentally as the most suitable. To the 19, solutions of the above dyes both accen-
tuators were added, also in 19, solutions. Both series were gradually acidified or alkalized by
10 ¥ hydrochloric acid (HCl) or by 10 N potassium hydroxide (KOH). To 50 cecm of dyes 1 to
4 drops of this acid or base were gradually added. The controls were stained in watery solutions
of these dyes, i.e. without accentuators.

The results were evaluated according to the following principles:

1. The resistance of the dye or the staining of the preparation to differentiation with 96 9, alcohol,
which is expressed by the time of differentiation.

2. The evaluation of the staining of the cell components. The evaluation was carried out in 4
degrees (weakly stained, well stained, intensely stained, intensely overstained).
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Results and Discussion

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

As shown by the experiments, light green is unusually accentuated by
phenol, so that even after one hour’s differentiation with 96 9, alcohol a very
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Tab. 1. Influence of accentuators and pH on staining and time of differentiation

(The intensity of staining is expressed by crosses, time of differentiation in 969, alcohol
in minutes.) — Explanations: 0 — not stained, 4+ +4- — well stained, &+ 4+ and ++ + 4+ — in-
tensively stained, 4 4+ 4+ + — intensively overstained. — Numbers: time of differentiation in
96 9% alcobhol in minutes — Note: 0 — value was lower than 1 min. and moved within the limit
of seconds

Accentuat-
ors Aniline Phenol Control
(water)
light meth. light meth. light meth,
Reaction green blue green blue green blue
Neutral 0 ++ 4+ 4+ + + ++ + +- 4+
(g 27’ 60" 25’ 1 20/
Acid y —;—>;——§; + +++ + >0 ++ 4+ +++
tt tt
gO’ %5’ 8’ 38’ 2’ 16 0’
Alcalic 0 14-2+->04 + 0 44 >+ + >0 4+
— 3
tt tt
0 & 2 & 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 that 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 HCl and that the time of differentiation after this staining is
quite long, too (16 minutes). Light green stains well in a neutral environment,
the time 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 partly
regenerated by adding HCl.  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 HCl cannot
counteract the depressive effect of aniline.

Experiments with methylene blue 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 time 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-
lity 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 alechol 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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Studovali jsme vliv akcentudtora (fenol, anilin) a pH na barvitelnost rostlinné tkané (kofinky
Allium cepa L.) svétlou zeleni a methylenovou mod#i vzhledem k Pischingerové teorii elektro-
statické podstaty barveni. Ziskané vysledky potvrzuji spravnost uvedené teorie pouze u svétlé
zeleng, avSak u methylenové modFi jsme nalezli pom&ry mnohem komplikovansjsi. Pouze alkali-
zace vodniho roztoku methylenové modfi stupiiuje jeji barviei schopnost, zatimco akeentuéatory
ji vyraznd porusduji. Neni tedy Pischingerova teorie o elektrostatické podstaté barveni obecn4,
ale predstavuje pouze jednu slozku tohoto sloZitého procesu. Elektrostatické vlivy, piisobici na
barviei schopnost, jsou u n&kterych barviv dalekosahle pfekonany jinymi faktory tohoto sloZitého
procesu.

B. Payxoscknit, B. Ces, Rageapa 6nomorni Meguiusckoro daxymastera KY, I'pajger Kpa-
joBe, Yexocaopakus: Ilpunnunet posgeiicTsua aknentyaropos u pH mpu rucroioruweckom
okpamusamun. - - Biol. Plant. 6 : 104—107, 1964.

Usyuanocs Bamaume axuentyaropos (¢enos, annmun) u pH Ha okpaingBaeMocTs pacTu-
TepHOH THauu (kopHu Allium cepa L.) ¢BOTT0H 3€7CHBI0 M METHIICHOBON CHHBIO ¢ TOYKH
3PEeHMs TCOPHH 3JIEKTPOCTATHUCCKOR CYIHOCTU OKPANIMBAHKA PISCHINGER'a.

Tlonyyennnie pesyapTaThl NOATBEPKAAIOT IPABIIIBHOCTD 9TOM TeOpun PISCHINGER a TOJIBKO
Nno OTHOHICHWIO K CBETJION 3€JIeHW, MCHKIY TCM KaK /I METHJICHOBOM CHHHM TOJIOKEHHE T0-
pasgo Bosee caomuo. Kpacsuiyio ¢nocoGHOCTE BOZHOTO PACTBOPA METHJIEHOBOK CHHH IjO-
BBIIAET TOJbKO AaJKAJM3allA, TOTAA KAaK AKIEHTYAaTOPH ee pe3ro HapymawoTt. HUrax,
TEOPHA POJI DICKTPOCTATHYCC KAX HPOIIECCOB B OKPAIIMBAHNUN, KaK ee NMPeioKui PISCHIN-
GER, UMeCT TOJIBKO OTPAHUUCHHOC 3HAUEHME. ITO TOJBKO OJUH M3 KOMIIOHEHTORB BCEr( CJIOM-
HOrO Tpoliecca. dleKTpocTaTHCTHICeCKHe QAaKTOPH, BIANAIONME HA OKPAIIMBAIOINYIO C1OCO0-
HOCTh, y HEKOTODHIX KpacuTeJic B 3HAUNTCJLHOM CTENleHH OTCTYNalT HA BTOPOH IUIAH
mepey, ;\pyruMi KOMOOHCHTAMH 3TOTO IIporecca.



