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A Permanent Triple Stain of General Appli¬ 

cation in Histology and Embryology. 

Early workers who attempted to study the microscopic anatomy 

and oellular structure of organs, cut the tissue into thin slices 

and then examined the slides under the microscope unstained. While 

much can be said in favor of studying unstained tissue, the finer 

details, such as the intermingling of the different elements\ could 

not be observed easily, since xhe various cell constituents possess 

the same refractive index, and since the slice as a whole would not 

differ sufficiently from the watery medium in which it was mounted 

to give any marked differentiation between the different elements. 

One of the first attempts to make the tissue more discernable was 

made by Waldeyer in 1868, who soaked the tissue in logwood extract; 

by this means the whole piece of tissue was dyed purple. It is 

doubtful if Waldeyer got much differentiation between the different 

elements, but it was the beginning of histological staining; and in 

fact, logwood extract, now known under the name of haematoxylin, and 

used in conjunction with eosin, is the most widely used stain in 

histology today, i'o be sure this combination is a very general stain 

the nuclei are stained blue by the haematoxylin, and the remainder 

of the tissue, regardless of the different uypes that may be present, 

is stained pink by the eosin. 
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The need for a differential stain, one that would have a 

selective action on the different types of tissue, was met by 

many workers, notably Van Gieson, who devised a combination stain 

that was selective for connective tissue» Van Gieson's stain is 

still used considerably today, but it has important drawbacks in 

that it is not permanent, and in that the stains are antagonistic 

to each other, but of this I shall have more to say later. Mal¬ 

lory's triple stain does not differentiate the nucleus sufficiently 

from the cytoplasmic elements, many of the cytoplasmic structures 

m 
being stained the same color as the nucleus. Fleming's triple 

A 

stain is limited entirely to structures within the cell such as 

chromosomes, nucleoli, spindle fibres, etc. and is not a general 

triple stain. The method herein to be described does not intro¬ 

duce any new dyes to the histologist, but rather makes use of some 

old well-established dyes in such a manner so as to give the 

histologist and embryologist a differential stain that will be 

both permanent and instructive. The method utilizes three dyess 

carmine, picric acid, and indigo-carmine. However, before taking 

up the method in detail I shall interpolate some remarks about 

fixation, since most staining processes are strongly influenced 

by fixation, and this method is no exception. 

When a piece of living tissue is fixed, the protoplasm is 

coagulated, just as egg albumen is coagulated when it is heated. 
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However, while heat may have its raison cflltre for fixing bacteria, 

it is not a good fixative for histological studies, 3ince it tends 

to shrivel and distort the cells. A good fixative is one that will 

precipitate the protoplasm, and at the same time preserve the 

structure and composition of the tissue, so that in the fixed 

state the condition of the tissue will approach that found during 

life; furthermore, it is necessary that the tissue be rendered 

firm and solid, in order to reduce as much as possible changes 

which might occur in passing the tissue through various fluids in 

subsequent handling. Certain reagents that contain the salts of 

elements such as mercury, platinum, and osmium combine with the 

proteids and form insoluble precipitates, while others, notably 

picric acid, combine with and precipitate the proteids, but the 

proteids go into solution again if the tissue is left for any 

length of time in water, ^his is the reason why fixatives con¬ 

taining picric acid should always be washed out with alcohol. 

Precipitation of the proteids also brings about a change in the re¬ 

fractive index of the tissue, and furthermore, the refractive in¬ 

dex of some elements is changed more than others, thereby producing 

optical differentiation where there was none before. It is also 

desirsable in most cases that the fixative act as a mordant, and 

prepare the tissue for the stain, for as Ehrlich (2) pointed out, 



coagulated albumen has a much stronger affinity for dyes than 

has uncoagulated albumen* 

The salts of some of the heavy metals such as iron, mercury, 

and osmium have the property of combining with certain dyes to 

produce certain staining reactions. On the other hand, staining 

may result from the combination of the dye with certain compounds 

which did not exist as such in the living tissue, but which were 

formed by the combination of the tissue elements with chemicals 

in the fixative; for instance, erythrocytes which have been fixed 

in methyl alcohol, picric acid, or formalin, and then immersed 

in a solution of erythrosin, are quickly and intensely stained. 

Indeed, so intense is the stain that vigorous washing with al¬ 

cohol will no'c remove the dye from the cells, although erythrosin 

is very soluble in alcohol. If, however, the erythrocytes are 

fixed with a solution containing potassium bichromate, and then 

immersed in the dye bath, the cells are hardly tinged by the dye. 

On the other hand, if nerve tissue, such as brain, is fixed in 

potassium bichromate and then treated with silver nitrate, the 

nerve cells and their processes are the only elements which are 

stained, and these stand out very strikingly as black spider-like 

cells on a clear background; moreover, this staining reaction 

only occurs if the tissue is fixed in potassium bichromate. 
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It is evident then, from the foregoing, that in selecting a 

fixative, the subsequent staining process should also be consid¬ 

ered. Earlier in this paper I mentioned that carmine was one of 

the dyes used in this method. Now it develops that carmine stains 

are particularly brilliant and intense if the tissue has been 

previously treated with mercuric bichloride. Many of the stand¬ 

ard fixatives, such as Gibson's or Zenker's fluid, contain this 

salt, and these fixatives are usually available; however, as is 

well known, Zenker's fluid, which is one of the most commonly 

used fixatives, forms precipitates in the tissue which are rather 

difficult to remove. In view of this difficulty I have been using 

Mann's fixative (4) which is perhaps not so well known, out which, 

I believe, is equally good. The formula is as follows» 

Dist. Water. .......... 100 c.c. 

Mercuric Bichloride 2.5 gm. 

When solution is complete add 

^icric Acid   1 gm. 

Just before using add 

Formalin 20 c.c. 

This solution gives a delicate and faithful fixation; and 

at the same time the sublimate acts as a mordant for the dye which 

is to follow. There is no precipitate, and the tissue is kept well 
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"rounded out" due to the penetrating power of the picric acid* 

Material can be left in it for 12 to 24 hours, but complete fix¬ 

ation for a piece of tissue five mm. in thickness is accomplished 

in about eight hours. Washing out is done with gradually in¬ 

creasing strengths of alcohol, starting with about 20 percent. If 

the tissue is kept at 37° the washing out can be accomplished in 

24 hours since picric acid is twice as soluble in warm alcohol as 

it is in alcohol at room temperature, however, since picric acid 

and mercuric bichloride are not color enemies, staining will occur 

even if they are not washed out from the tissue? but sharper 

staining will result if the excess fixing fluid, that which is 

uncombined with the tissue, is washed out. The washing out is 

sufficiently well accomplished in 24 hours if the alcohol is changed 

a few times. 

The application of the stain occurs in two steps. The 

nuclear stain is applied to the tissue in bulk immediately after 

the fixative i3 washed out, whereas the cytoplasmic stains are 

not used until after the tissue has been cut and the sections 

mounted on slides. Grenacher's borax carmine is used for stain¬ 

ing the tissue in bulk. The formula for this is as follows* 

Carmine ...2 to 3 grms. 

Borax. ......... 4 grms. 

Water  100 c.c. 



Boil for 30 minutes and dilute with equal volume of 70$ 

alcohol. No ripening of the stain is necessary, but it is well 

to filter the solution after a few days to remove the precipitate 

which will form. Since the vehicle for the stain is about 35$ 

alcohol, the tissue, which should not be thicker than 4 mm., is 

brought to this strength alcohol before being put into the stain¬ 

ing solution. The success of ^-he method depends upon the inten¬ 

sity with which the tissue is stained by the carmine; for it is 

at this stage that the nuclei of the tissue are colored. Over¬ 

staining of tissue does not occur with carmine stains but the 

tissue may be understained if it is left in the staining solution 

less than forty-eight hours. After this period the tissue will 

be stained a deep dark red by the carmine, and the next step is 

to fix the stain in the tissue to prevent it from being washed 

out during the process of dehydration. The surplus stain is wash¬ 

ed off with 40$ alcohol, and the tissue is then placed in about 

ten c.c. of fresh 40$ alcohol to which is added two drops of a 

5$ solution of HC1 in 70$ alcohol. The material is left in this 

weak acid alcohol for an hour or so, until it is time for changing 

it into the next higher alcohol, to which two more drops of the 

5$ HC1 are added. Acid alcohol should be added every time a change 

is made until the tissue is in 70$. It should be clearly under¬ 

stood that the acid is not added to remove the stain from the tissue 
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but to fix the stain in the tissue and intensify its color. This 

is in striking contrast to the fading effect of acid on other 

nuclear stains such as haemotoxylin. It may happen after the 

surplus stain has been washed off, and the tissue is in 40% acid 

alcohol, that clouds of stain will still be diffusing out of the 

tissue, for it takes a short while for the acid to penetrate} 

an additional drop or two of acid alcohol will prevent any undue 
-* 

diffusion. 

The tissue is now imbedded in celloidin or paraffin, and 

sections made in the usual manner. ihe stain in no way affects 

the cutting process, and is, in fact, a decided advantage, for 

with paraffin sections one can lay the ribbons out on paper and 

scan them with a binocular microscope (the optical unit removed 

from the stand), and thus, in th3 case of embryological material, 

where every section is needed, get a good idea of the value of 

the series before going through the labor of mounting it. V7ith 

histological tissue every section is not needed} but much can be 

learned about the value of the material at once, that is, as soon 

as a section is mounted, for the outline and topography of tissue 

stained with carmine can be seen clearly without removal of the 

paraffin. 

The next step is to stain the sections differentially, and 

this is accomplished with a mixture of picric acid and indigo- 
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carmine, two dyes belonging to the group of so-called "acid dyes"» 

Generally speaking, acid dyes color the cytoplasm and basic dyes 

color the nucleus, though acid, dyes can be so treated that they 

will color the nucleus. Similarly basic dyes can be made to stain 

the cytoplasm. Hence, the term acid and basic in relation to 

nucleus and cytoplasm have little meaning. In fact, since there 

is no true chromatophily of tissue elements, it is better to 

consider the reactions of the dyes from their chemical make-up 

rather than from their reactions on protoplasm. 

•Whatever chemical constitution a dye may possess it alv/ays 

contains one or more groups which give color to the molecule. 

The color radicals are called chromophores, and an example is the 

V 
nitro group, NO2. Benzine compounds which contain chromophoric 

radicals are called chromogens, but a chromogen is not a dye in 

that it possesses no affinity for fibres or tissues. In order for 

a substance to be a dye it must contain, in addition to the chromo- 

phore group, a group which will allow the molecule to dissociate 

and form new combinations. These additional groups are called 

auxochromes. For instance, when three nitro groups displace three 

✓ 
hydrogens in a benzine molecule we have the compound tri-nitro¬ 

benzene 
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This substance, which is yellow, is not a dye but a chromogenj 

it does not dissociate, and therefore cannot form salts with acids 

or alkalies. If, however, one more hydrogen is replaced, this 

time with an hydroxyl group, which is an auxochrome, the resulting 

compound is an acid, capable of dissociation, and of forming salts. 

This substance is ihe familiar acid dye picric acid, the color 

of which is due to the chromophore groups, and its dyeing prop¬ 

erties to the auxochrome group, which by dissociation allows the 

compound to unite with the protein and form the protein salt 

of the dye. Now proteins are amphoteric in nature. If they con¬ 

tain a large proportion of dicarboxylic acids in their structure 

they are more acidic than basic, but if they contain a larger 

proportion of free amino groups they are basic in reaction. In 

dyeing proteins such as wool and silk the professional dyer has 

merely to decide whether the protein is more acidic or basic in 

reaction, and treat the substance with the appropriate dye, 

since, as ^ have previously mentioned, dyes contain an auxochrome 

group which allows of salt formation between the dye and the pro- 

tern. ow with the histologist it is not quite so simpei as that, 
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for he is dealing with proteins within proteins, so to speak. 

A typical cell contains a limiting membrane, within which is the 

semi-3olid cytoplasm containing the nucleus. The cytoplasm may 

be undifferentiated, or it may be highly differentiated, as in 

muscle, connective tissue, cartilage, elastic tissue, etc. It 

has been shown that all cytoplasm is basic in character, varying 

in intensity from the weakly basic undifferentiated cytoplasm 

to the strongly basic elastic tissue of blood vessels. 

^ence, histologically, cytoplasm stains intensely with acid 

dyes, and further, some elements of the cytoplasm show a stronger 

affinity for certain dyes than do others. Picric acid, for in¬ 

stance, has a tendency to stain all cytoplasm, but it shows a part 

icular affinity for chitin, muscle, yolk and erythrocytes, in that 

it does not wash out so readily from these elements as from others 

On the other hand, indigo carmine Which has nothing in common 

with carmine, being the active principle of indigo blue, which 

contains no salt-forming groups), is also an acid dye and stains 

cytoplasm blue, but it shows a mar.-ced affinity for connective 

tissues, and forms a much stronger linkage with these elements 

than with other cytoplasmic structures, although it also shows a 

slight affinity for cell walls. Now since either one of these 

dyes will stain cytoplasm, it was found inadvisable to use them 

successively, as the dye that was used last would have to over- 
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ride some of the first dye, which would have stained some of 

the elements for which the second dye was selective; hence, 

a mixture of the two colors would result. It was found that this 

difficulty could be overcome if the two dyes were mixed together. 

A saturated aqueous solution of picric acid containing 0*3$ of 

dry Indigo-carmine was found to be a good combination. Sections 

are taken down to water and left in this mixture for 3 to 5 min¬ 

utes; they are then rinsed in water and examined under the micros¬ 

cope. If the connective tissue is not blue enough a further im¬ 

mersion in the picro-indigo mixture will be necessary. No 

difficulty is experienced in getting the picro-indigo mixture 

to "take"; four minutes in the stain is usually sufficient. The 

sections are then dehydrated and mounted, the dehydration should 

be fairly rapid, otherwise there will be some loss of the picric 

acid from undifferentiated cytoplasm. The indigo is quite fast 

and is unaffected by the alcohol. A piece of tissue such as 

stomach, in which there are differen.: elements of cytoplasm, should 

show the following differentiation from without ins The serous 

coat, which ia derived from the peritoneum, and hence of con¬ 

nective tissue origin, is blue, the circular and longitudinal layer 

of smooth muscle is yellow, and the submucosa, which is areolar 

connective tissue, is blue, as are also the strands of connective 

tissue which ramify into the mucous membrane and serve to support 
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the otherwise limpid glands ; the cells of the gastric glands are 

relatively large, so that in the folds of the mucous membrane 

we see rather large rectangular-shaped cells, the cytoplasm of 

which is ejllow, each containing a red nucleus at its base. The 

nuclei throughout the preparation are red. The section (Slide #l) 

stained as above, is in striking contrast to a similar section 

which has been stained with haematoxylin and eosin (Slide $2). 

Here we see the purple nuclei on a homogeneous pink background. 

•Vith embryological material the results are equally strik¬ 

ing. As I mentioned earlier in the paper, picric acid has a 

strong affinity for yolk, and in amphibian and teleost eggs the 

yolk constitutes a large part of the egg. If such material is 

stained by ordinary methods, such as haematoxylin and eosin, one 

would expect to get blue nuclei and pink yolk, but the contrast is 

not so striking as one might be led to believe (see Slide $6)$ 

for one thing the yolk cell3 take up 30me of the haematoxylin which 

cannot very easily be washed out; hence, when the sections are 

counterstained with eosin, the yolk has a bluish tinge, and further¬ 

more, since eosin stains almost everything, it goes into the nuclei 

and lessens the sharpness and electivity of the haematoxylin stain. 

(See Slide $6). With the carmine followed by the picro-indigo 

mixture the results are strikingly different, as shown by slide $7. 

On first viewing this preparation one lias an immediate simultaneous 
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impression of red and yellow? the optical properties of the stain 

are apparent at once; wherever the nuclei are aggregated for some 

new phase of development, such as in the region of the notochord 

or primordia of the heart, they stand out strikingly on the yellow 

field. Less spectacular, but no less distinct, is the structure 

of the individual yolk cell, with its bright red nucléus and the 

small greenish-yellow yolk granules associated with it. In 

young embryos, connective tissue, of course, is absent, but as 

soon as any connective tissue becomes differentiated the indigo 

asserts itself. See slide ,.78. 

One of the outstanding characteristics of this triple stain 

is that it is not capricious; in this respect it is only rivaled by 

haematoxylin. ‘gith other triple stains, such as Mallory’s or 

Van Gieson's, and with some double stains, such as Safranin and 

Light-green, the histologist has to stain his material by a strict 

time schedule in which seconds count, and he hopes, after he has 

mounted the section in balsam, that it will be satisfactory. To 

stop and observe the progress of the staining under the microscope 

would be to ruin the preparation. Mallory's stain, for instance, 

uses three acid dyes and does not take into account the nucleus, 

although the nucelus is expected to stain, as is evident from the 

following quotation (4). "Nuclei, cytoplasm, axis cylinders, neu¬ 

roglia fibres and fibrin red". I have tried to show that sharp 



and selective staining of the nucleus is equally as im¬ 

portant as selective staining of the cytoplasm, for it gives 

the observer landmarks which strike the eye, and thus enables 

him to follow with ease the contours and relations of the ele¬ 

ments to which the nuclei belong. In mallory's stain a good 

deal of the cytoplasm is stained the same color as the nuclei, 

and furthermore, the nuclear staining is done with acid fuchsin 

which has no true affinity for nuclei, being an acid dye. With 

the method herein outlined the nuclei are always a different col¬ 

or from the cytoplasm, for they alone are stained with carmine. 

The active principle of carmine, it is true, is carminic acid, but 

in the solution here used it is cade basic by the addition of 

appropriate salts? hence it will only combine with the nuclei, which 

it stains red. This is well brought out in slide which is 

a section of a piece of skin. The region in the field is the 

deeper connective tissue layer, which is stained deep blue, but 

in the center of the field is a connective tissue cell with its 

red nucleus and small amount of undifferentiated cytoplasm 

surrounding it stained yellow. 

Van Gieson attempted to stain the nuclei differentially, but 

he used haematoxylin in order to do it, and since picric acid is 

one of the cytoplasmic stains whi?h he employed, nnd which, as I 

pointed out, is a weak acid, it changes the color of nuclei from 

blue to a reddish brown, and since the permanancv of most basic 

dves is dependent upon freedom from acidity the stain fades after 
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a few months» However, while it lasts, Van Gieson's stain is very 

instructive, as it colors nuclei reddish brown, connective tissue 

bright red, and undifferentiated cytoplasm yellow. 

The fading of microscopical preparations is usually attributed 

to acidity of the balsam, fhis property of Canada balsam, which 

it either has or takes on through the solvent, is the frète noire 

of all microscopists. But with the picro-indigo-carmine stain 

acid balsam is, if anything, an asset, for it seems to fortify the 

stain. 1 pointed out earlier that the carmine was fixed in the 

tissue with dilute acid, and that treatment with acid appeared to 

intensify and brighten up the stain. Hence with carmine exhibiting 

this property, and the other two stains being definitely "acid" 

dyes and intensified by acids, we have an ideal situation. Sections 

which were made some years ago are still in excellent condition, 

and show promise of many more years of service. 
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