
The initial trichrome staining results using no pretreatment solution and citric acid solution pH 6
were suboptimal insofar that collagen fibers and cytoplasm were nearly indistinguishable from
each other. However, Bouin’s solution and Gram’s iodine produced satisfactory results with blue
collagen fibers contrasting distinctly from the red cytoplasm of smooth muscle, fibroblasts,
epithelia, and other tissue cells. The citric acid solution pH 4 demonstrated results similar in
quality to those of Bouin’s solution in Laboratory 1, but less than optimal results in Laboratory 2
(Figure 1). 

However, when solutions were prepared freshly in Laboratory 2, results were similar to those
seen in Laboratory 1 (Figure 2). 
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ABSTRACT

Masson’s trichrome stain is a standard stain used to differentiate extracellular 
matrix components, primarily collagen, from cells in histologic tissue samples. 
The classic pretreatment solution, Bouin’s solution, contains formaldehyde, 
picric acid, and acetic acid. The chemical components induce safety concerns 
encompassing respiratory and explosive hazards. Pretreatment solutions 
including citric acid solutions pH 4 and pH 6 and Gram’s iodine were assayed 
along with Bouin’s solution on various human and animal tissue samples by 2 
laboratories using manual methods. The investigators determined that tissue 
sections heated 30 minutes at 60°C - 70°C in either Gram’s iodine or citric 
acid solution pH 4 produced similar results to those noted when using Bouin’s 
solution, and therefore those solutions may be safe and effective replacement 
solutions in the trichrome stain. 
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MATERIALS AND METHODS

Laboratory 1 prepared and sectioned a tissue array containing the following 
human tissues: lung (x2), uterus, liver, skin, and stomach, as well as the 
following animal tissues: porcine kidney and mouse anaplastic sarcoma. 
Alternate serial sections were divided between the 2 laboratories. 
Pretreatment solutions for Masson’s Trichrome stain were assayed in two 
separate histology laboratories which routinely perform trichrome staining 
manually. 
Each laboratory used its own specific reagents and staining procedures with 
variation only in the pretreatment solutions. Initially five conditions were 
tested: no pretreatment, Bouin’s solution, Gram’s iodine, citric acid solution 
pH 4 and citric acid solution pH6. Pretreatment solutions were heated to 60°C 
- 70°C and tissue sections were immersed for 1 hour. 
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The investigators in both laboratories repeated trichrome staining using Bouin’s solution, citric 
acid solution pH 4, and Gram’s iodine on 3 consecutive days with a variety of staining solutions to 
establish results repeatability. 
All iterations produced similar results on all tissues tested suggesting that both Gram’s iodine 
and citric acid solution pH 4 could be safer substitutes for Bouin’s solution in the trichrome stain. 

RESULTS

INTRODUCTION

The Masson’s Trichrome staining method [1], or modifications thereof, is a 
staple special stain in most full-service histology laboratories. The method 
differentiates collagen from cells including smooth muscle with which it 
frequently interdigitates. Among other applications, the trichrome stain is 
used routinely on liver biopsies to determine the level of cirrhosis as well as in 
murine models to determine the level of scarring or organ fibrosis. The 
technique traditionally employs a pretreatment step of heated Bouin’s 
solution, composed of formalin, glacial acetic acid, and picric acid, prior to the 
beginning of the dye application steps. There is scarce scientific literature 
identified which describes alternate pretreatment solutions but includes 
Gram’s iodine and sodium citrate solutions [2]. The goal of this project was to 
determine if safer pretreatment alternatives are available which produce 
comparable results as those of Bouin’s solution. 
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Figure 1. Trichrome stain on 
artery in human lung. The initial 
assessment of five conditions 
where pretreatment solutions 
were heated to 60-70⁰C and 
tissue sections were incubated 
for one hour showed poor 
contrast between collagen and 
smooth muscle fibers in 
untreated sections and in section 
pretreated with citric acid 
solution pH 6. However, citric 
acid solution pH 4 and Gram’s 
iodine solution revealed results 
similar to those of Bouin’s 
solution which showed bold blue 
collagen fibers interdigitating 
with red smooth muscle cells in 
the arteries. Scale bar = 100 µm.
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MATERIALS AND METHODS (Continued)

The three optimal conditions were chosen for further analysis and consisted of the following 
solutions: 
• Bouin’s solution (pH 1.84)
• Gram’s iodine (pH 3)
• 0.3% citric acid with equal parts 0.3% sodium citrate (pH 4)

The tissue sections were incubated in one of the preheated solutions for 30 minutes and then 
stained following a standard Masson’s Trichrome protocol omitting the Weigert Hematoxylin 
step to promote vibrant red and blue coloration of the tissues 
• (Link to Laboratory 1 SOP)
• (Link to Laboratory 2 SOP)

Each of the 2 laboratories performed repeat staining on 3 consecutive days for a total of 6 
experiments to establish repeatability with  various staining solutions. Slides were scanned at 
20x on an Aperio AT2 Whole Slide Scanner and evaluated visually. 

Figure 2.  Trichrome stain 
on porcine kidney and 
mouse anaplastic 
sarcoma. Tissue sections 
with pretreatment 
solutions citric acid 
solution pH 4 and Gram’s 
iodine solution for thirty 
minutes demonstrate 
results comparable to 
those pretreated with 
Bouin’s solution.  Scale 
bar = 100 µm.
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