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Abstract

Many staining protocols are widely applied in botanical microtechniques and serve specific histological
purposes. In particular, some dyes are used simultaneously to receive contrasting colorations of different
chemical structures, e.g., lignin and cellulose. One of the most popular differential staining protocols is
based on the Safranin O / Astra Blue dyes combination. Safranin O is a water-soluble basic dye that stains
lignin in red. Astra Blue is also a water-soluble dye but having an acidic reaction, which stains cellulose in
blue. Usually, a 1-2 % solution of Safranin O in distilled water or 50-70 % ethanol is applied in combination
with the 0.5-1 % water solution of Astra Blue to detect lignified structures and obtain contrasting pictures
convenient for the light microscopy. For a long time, Astra Blue was used exclusively with water solutions,
and such recommendation without additional options is indicated on producers’ web sites. However, in
2002 it was proposed to use 1 % Astra Blue solution in 95 % ethanol to identify the lignified tissues. Later,
such an ethanol solution of Astra Blue was also successfully applied by other researchers for different
experimental purposes.

We tested the modified staining protocol with the application of both 1% Safranin O and Astra Blue
solutions in a slightly lower concentration of ethanol (70 %) on the flower buds of Gagea /utea (Liliaceae)
and found it working well. We believe that such a modified protocol with the solutions of these two dyes in
70 % ethanol allows simplifying the procedure of the plant material staining due to application of the same
concentrations of dissolvent and reducing the difference in solvent concentration between two following
contrasting staining solutions. Such differential staining can be effectively applied for plant histology
purposes, especially where there is a need to distinguish lignified structures and secretory tissues.
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of Safranin O and Astra Blue dyes by turns.
Safranin O is a water-soluble basic dye
(pH=10.0) that stains lignin in red. Astra Blue
is a water-soluble acidic dye (pH=4.9) that
stains cellulose in blue but only in the absence
of lignin (Srebotnik & Messner, 1994). Usually, a
1-2% solution of Safranin O in distilled water
or 50-70% ethanol is applied in combination
with 0.5-1% water solution of Astra Blue
(Srebotnik & Messner, 1994; Goujon et al.,
2003; Barykina et al., 2004; Feio et al., 2016).
For along time, Astra Blue was used exclusively
with water solutions. However, Vazquez-Cooz
& Meyer (2002) proposed to use approx. 1%
Astra Blue dissolved in 95% ethanol. Later,
such an ethanolic solution of Astra Blue was
also successfully applied by other researchers
(De Micco & Aronne, 2007; Richet et al., 2011,
and others).

We tested the modified staining protocol
with the application of both 1% Safranin O
(C.I. 50240) and Astra Blue (C.I. 48048)
solutions in 70% ethanol. The flower buds of
Gagea lutea (L.) Ker Gawl. (Liliaceae Juss.) were
fixed in 70% ethanol, embedded in Paraplast
Plus (McCormick Scientific), and later cut
on the rotary microtome MPS-2 onto 20 um
thick cross-sections. Cross-sections were
mounted on glass slides and later processed
the following protocol:

A. Deparaffinization

1. Xylene, 25 min.

2. Xylene, 25 min.

B. Rehydration

3. Absolute ethanol, 10 min.

4. 96% ethanol, 10 min.

5. 70% ethanol, 10 min.

C. Staining
6. 1% Safranin O in 70% ethanol, h.
7. Rinse in the extra volume of 70%
ethanol
8. Contrasting by 70 % ethanol, 5-10 min.
9. Contrasting by 70 % ethanol, 5-10 min.
10. 1% Astra Blue in 70 % ethanol, 10 min.
11. Rinse in the extra volume of 96%
ethanol

D. Dehydration and further contrasting
12. 96 % ethanol, 5-10 min.
13. Absolute ethanol, 10 min.
14. Absolute ethanol:xylene (1:1), 15 min.
E. Infiltration by resin solvent
15. Xylene, 15 min.
16. Xylene, 15 min.
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After that, slides were embedded in Roti
Histokit II (Carl Roth GmbH) and left to dry
for one day. On the next day, they were
examined under Amplival (Carl Zeiss Jena)
light microscope (Fig. 1). Pictures were taken
by Canon EOS 650 camera with microscope
adapter.

We believe that such protocol with the
solutions of these two dyes in 70% ethanol
allows simplifying the staining procedure due
to using the same concentrations of dissolvent
and reducing the difference in solvent
concentration between two contrasting
staining solutions. Such differential staining
can be effectively applied for plant histology
purposes, particularly where there is a need to
distinguish lignified structures and secretory
tissues. Astra Blue stains cellulose and
unlignified cell walls in light blue color, while
lignified structures obtain different shades of
red or brown color as a result of incorporating
Safranin O in tissues. Safranin O also stains
in dark red or pink color the nuclei and
protoplasm of secretory tissues. However, the
success and degree of coloration by Safranin O
significantly depends on lignification level,
quality of material, and staining exposure.
Even after two hours of staining by Safranin O,
it was dramatically washed out from tissues
after five minutes of exposure in each of the
following ethanols. It is crucial to control the
time of exposure of slides in ethanols carefully
or to stain the slides by Astra Blue before
putting them in Safranin O. Therefore, this
protocol must be checked and adopted for
each kind of material (e.g., flower, bark, stem
or root tissues, or other specific tissues and
purposes).
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Figure 1. Examples of staining of Gagea lutea
floral parts by ethanol solutions of Safranin O
and Astra Blue. A - a fragment of the receptacle
with lignified tracheal elements of the vascular
bundle stained in red by Safranin O; B -an anther
theca with fibrous endothecium stained in light
blue by Astra Blue and pollen grains stained in
brown by Safranin O; C - a fragment of style with
the secretory epidermis of the channel stained
in pink or red by Safranin O and Astra Blue.
iep - inner epidermis; mw - microsporangium
wall; oep - outer epidermis; pch - parenchyma;
ph - phloem; pg - pollen grain; sc - style channel;
xI - xylem.
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MoaundikoBaHuii npoTokon papbyBaHHA cappaHiHOM O Ta acTpa CUHIM AN uinen
ricronorii pocnvH
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Pi3HOMaHIiTHI npoTokonn ¢apbyBaHHA BUKOPUCTOBYHOTLCA Yy 6O0TaHIUHIN MiKpOTexHiLli BigNOBIAHO
A0 cneundiuHMX TICTONOMYHUX 3adad. 30Kpema, feski 6apBHUKM BUKOPUCTOBYHOTBCA CYMDKHO ANS
OTPUMAaHHSI KOHTPACTHOrO 3abapBAeHHA TUX UM IHWUX XIMIYHUX CTPYKTYp (Hampuknag, AirHiHy i
uentonosn). OAMH 3 HaMbinbLl MNONYyNApPHUX MPOTOKONIB KOMbGiIHOBaHOro ¢apbyBaHHSA nepesbadac
BMKOPUCTaHHA cadpaHiHy O Ta acTpa cnHboro. CagpaHiH O - Lie BOAOPO3UYMHHWNY OCHOBHUI 6apBHIIK,
L0 3a6apBIOE NIrHIH Y YepBOHUIA KOAIP. ACTPa CUHI - Lie TaKoX BOAOPO3UYMHHUI 6apBHUK, KN, OAHAK,
€ KNCNMM, | 3a6apB/IOE LIeNItoNo3y Y CUHI Konip. 3a3BMYain BUKOPUCTOBYOTb 1-2 % po3uunH cadppaHiHy O
y AUCTUNBLOBaHIM BoAi abo X y 50-70% eTaHoni y kombiHauii 3 0.5-1 % po3uMHOM acTpa CUHLOTO Yy
AVNCTUNBOBAaHIN BOAi. Lia KoM6iHaLis 6apBHUKIB JO3BONSE BUABUTU NirHIPIKOBaHi CTPYKTYpU Ta OTpUMaTKH
SIKiCHe KOHTpacTHe 306paxeHHs, Lo YyA0BO MiAXOAUTL ANS Linei CBITA0BOI Mikpockonii. JoBLwni yac,
acTpa CUHIN BUKOPUCTOBYBABCA BMKJIIOYHO Y BOAHWX PO3UMHaX, i CAMe Taka pekoMeHAaLlis 6e3 XOoAHNX
[AOJATKOBMX ONLi po3MilleHa Ha cainTax BUPOBHUKIB. OgHak, y 2002 poui AN BUSBAEHHS NirHidbikoBaHMX
CTPYKTYP Yy POC/IMH 6YN0 3arnpornoHOBaHO BUKOPUCTOBYBATK 1 % PO34UMH acTpa cMHbOro y 95 % etaHoni.
3rofoM, aHaNoriyHi CAMPTOBI PO3UMHN acTpa CMHBLOMO BYNN YCMILLHO BUKOPUCTaHI PSAOM AOCAIAHVKIB
ANSA PI3HOMAHITHUX AOCNIAHNX 3a4aM.

Mwn po3pobunm HOBMIN MOANPIKOBAHMIA MPOTOKO GapbyBaHHSA 3 BUKOPUCTAHHAM 1 % po34nHiB 061B0OX
6apBHVKiB (cadpaHiHy O Ta acTpa CMHBOrO) Y AeLLo HMXYIN KOHLeHTpaLii eTaHony (70 %) i Bunpobysanu
Moro Ha KBITKOBMX ByTOHax Gagea lutea (Liliaceae). HoBnin MoandikoBaHMN NPOTOKOA NiATBEPAMB CBOKO
edeKTUBHICTb. MU CNogiBaEMOCH, WO HOBWI MPOTOKOA A03BOUTb CMPOCTUTU npouec ¢papbyBaHHS
POCAVIHHMX MpenapariB 3aBAAKM BUKOPUCTAHHIO O4HaKOBUX PO3UYMHHUKIB OAHAKOBOI KOHLIEHTpALi Ta
YCYHEHH!IO Pi3HUL B KOHLIEHTPaL,ii MiDXX MOCAIZOBHMMW pO34LHaMU B cepii. Take KoMbiHOBaHe dpapbyBaHHS
MOXe byTn edbeKTUBHO 3aCTOCOBaHE AN Lifel ricToNorii poc/anH, 0Co6MBO KON HEOHXiZHO BUOKPEMUTU
NnirHidikoBaHi CTPYKTYpW i 3a103UCTi TKAHUHN.

KntouoBi cnoBa: acTpa CuHil, cappaHiH O, ricTonoriyni 6apBHUKK, 6OTaHIYHa MIKPOTEXHIKa, BUABAEHHS NirHiHY
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