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The Basis of Dye Chemistry and Techniques Awvailable
For Identification of Adulterated or Mislabeled Dyes

PART Il

Davorka Barlsic
MNew South Wales Institute of Technology
Mew South Wales, Australin

This is part o of the article “Base Dyve Chemistry and
Technigues Avallable for Ideniiffcation of Adulterafed
or Mislabeled Dyes” The first part of the article ap-
peared in Histologic Winter fssuwe T950.

Techniques Available for the
ldentification of Adulterated or

Mislabeled Dyes

Dives are used for many different staining purposes. They
are important in industry as fabric, paper, leather and
wood dyes, as well as for imparting color 1o ofls, fats,
waxes and numerous ather substances. Such ndustri-
ally important dyes contain many imparithes and varia
tions in the total dye content of different batclhes
manufactured, hence variable coloration results when
staining with different batches,

These dyes would not be useful for blological staining
since impurities and different dye contents would result
in variahle staining and inconsistent results. Hence i1 8
necessary for a dye to be consistent in conlent from
batch to batch and to be virtually free of coptaminants
that will affect the dve's performance, Biological Stain
Commisskons ensure that all batches of a certain dye
contain a definite weight of dyve of a specified dye con-
tent.! Therslore, when variations in staining result, they
can be attributed 1o a different amount of dye presant
and not due bo impoarities

If we are presented with mislabeled or adulierated dyes,
there are many methods, chemical and optical, that can
he used in the identification of a dye. or mixture of dyes,
in a staining sotution, The following discussion will con-
centrate on the identification of mislabeled and adultes-
ated dyes.

Let us fimt consider some chemical methods of testing
for impurities, nature of dyes and their content,

Impurities in Dyes and Their Purification

Impure dyes may be purified by the foflowing methaods:

A, Redwetion of the impure dye and then oxidation of
the reduced solutlon to give the original dye; eg.
metbylene blue,

B Extraction by solvents: Dyes can be extracted from
solvents and hence other impurities, i they are water
snluble.

C. Recrystallizatbon from solvents will also yield the
pure dye.

[ Chromatography ks the maost common and useful
method by which dyes can be separated from im-
purities, as well as from other dyes. By using known
standards of RI values, a dye ¢an be analyvzed and
its Rf value, when compared to the standards, will
Indicate whether it is pure and what type of dye it is
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Dye Content Analysis

A, Titration with titanowes chioride. Lillie' suggests that
this procediin: depends on the fact that reducible md-
fcals are present in almost all dyes, so that the dye
content of a sample may be determined by litration
with TiCl, provided that the endpoint is sharp and
the malecular weight of the dve s known,

B Mitrogen assays may also be used [0 the case of Am
dyes to find the total dye content, provided the na-
ture of the dye is known; eg Kjeldahl Nitrogen
Assay,

€. Acid dyes can be titrated with alkali or precipitated
by alkali, therebore percentage vields can be caleu-
lated. The mverse is the case for hasic dyes.

Identification of Dyes

A, Chromatography, as mentioned earlier, can be used
for the separation and identification of dyes. A mix-
Ture o dlyes can be separated on the chromatograph
and individual dyes can be eluted to give a pure dye
sample. Dilferent chromatographic methods ane
aviilable, from paper chromatography, paper parti-
tion chromatography, (o thindaver chromatograpn
Kirchmer® provides a good explanation of the prin-
ciples involved in thindayer chromatograply and
gives examples of its uses in the identification and
e separation of dyes.

TABLE ¥
SEPARATION OF DYES USING THIN-LAYER
CHROMATOGRAPHY
{Dyes separaled on Silicn Gel using specific solvents)
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B Electrophoresis can also be used in the separation
and identification of dyes. Kirchner® once again
describes the methods of electrophoresis and Thble
V1 gives examples of dyes that have been separated
by electrophoresis in bolh an acid and & hasic
medium.

Uptical identification of dyes using the Spectrophotom-
eter is the most convenient and most mpid method of
dye analysis. Where chemical analysis may be compli-
caled with the fact that impuritics are present and that
some dyes may be similar in structure to others, there
tore specific chembcal assay methods must be adopted.
However, the spectrophotomeric analysis of dyes pro-

vides both quantitative and qualitative results for nearly
all dyes, even though their difference in chemical struc-
ture may be minor,

The spectrophotometer gives specific ahsorption spec-
tra characteristics of a particular dye. This depends on
the concept earlier discussed of absorption of certain
wirvelengihe of light and the transmission of shers. A
certain dye may be lested lor purity or a mixture of dyes
identified by specific absorption curves that enable the
identification of dyes by the general form of the curye
and the absorption maximum, [f the absorption masxi-
mum ar peak s nol in the scoepled position, compared
to a standard curve for that particular dye. then the dye
may have been incorrectly labeled and the troe iden-
tity can be found. Figure 5 gives a good example of the
curves af a mislabeled dye believed (o be methylens
blue and thionin.

FIGURE 5.
ABSORPTION CURVES OF 1. THIONIN, 2.
METHYLENE BLUE AND AN APPARENT MIXTURE
OF THE TWO DYES! INCORRECTLY LABELLED
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TABLE VI
SEPARATION OF DYES ON THIN LAYERS OF SILICA GEL




Deliberate or accidental adulteration of dyes can also
be detected using absorption curves, Adulteration may
be identified by the production of multiple peaks, asym-
metry or lack of sharpness of the peak, or the shift of
thue pesaik iy (ramm the known peak for that dye. Figure
f provides an example of variations in absorption curve
of erystal violet that enables distinction between an lm-
pure or mislabeled dye and the pure dye

FIGLURE 6.

ABSORPTION CURVE OF CRYSTAL VIOLET
EXAMPLES OF CURVES THAT ENABLE
IDENTIFICATION OF ADULTERATED AND
MISLABELLED DYES,
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Thee technigues described for the identification of dyes,
uriknown, miglabeled or adulterated, are only the basic
methods and ideis used in dye analysis. Therefore, when
one knows certain methods are available, detalled ex-
perimental procedures and data can be sought in speciak
ized texts or manualks.

By the knowledge of the chemical and physical proger-
ties of dyes, the basts of dye chemistry can be explained.
That is, by knowing the structure of the dye and the
chemical nature of the many different dyve groups, the
wity In which they hind to specific tissue sites has been
uncderstood, Also, the knowledge of the physical proper-
ties of the dye, such as s relation fo white light and
its absorptive capacities, has enabled us to understand
why dyves are colored and hence, how they impart color
or staining Lo tissues.

The methods availnble for the identification of dyes, such
as chromatography and spectro , has enahled
the separation of mixtures of dyes, the [dentification of
mislabeled and adullerated dyes and the analyals of dye
comtent.
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A Combined Argyrophilic
and Immunoperoxidase
Technique

Antonio Lopez Beltran, M.I. Department of
Anatomic Pathology, Cordoba University,
Faculty of Medicine, Cordoba, Spaln

Editor's Mote: The articles or ures cited in refier-
ences 1, 2 and 3 should be ubtained before an effort
is made to attempt this procedure, The article contains
come steps which are related to both the
immunopernxidase and Grimelius techniques. These
gleps are Included here, since they have been some-
whal modifked from the original method.

The wide distribution of argyrophil cells of the neuro-
endocrine (APUD) system and their participation n
pathologic processes, mainly of neoplastic origin, have
drawn our attention to the nature of their neighboring
cells. These cells, in normal as well as pathologic
situations, may provide information regarding any
differences and or relationship that could exist between
them.

Flggre |t Mote thie good saning of gobilel cells with siclan blee (small ar-
sl e paneth cell sescilon i the Immusschemical procedere meilam
wrre arreawd and the diver egciion b ihe argeniafin cells long armow)
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Figure B Loaw porwer Ve of jame secaof 1o desionatrale lhe ovesl] qualsy
of 1his comlened procedure.

A new method which combines argyrophilic and
immunoperoxidase techniques in the same slide fs
described, to facilitate the staining of both argyrophil-
ic and neighboring cells,

Material: The tissue used to evaluate this procedure
was human duodenum because of ils richness in both
APUD cells and Paneth's cells. The latter contains lyso-
ryme, which can be easily detected by means of an
immunoperoxidase lechnique alter the application of
an antiserum raised in rabbit and diluted 1:200,

Fixation: 10% buffered formaldebhyde
Microtomy: Cut sections at 6 microns,

Immunoperoxidase Technigues Used: Poroxdass.
antiperoidase (PAF) of Slernberger’, or avidinddotin
complex (ABC) of Hsy',

Argvrophilic Technigue: Grimelins stain’.

Staining Procedure:
1. Deparaffinize sections to water.
2, Block endogenous peroxidase in 0.3% hydrogen
peroxide in methyl alcohal.
1. Rinse slides in distilled water.
4. Apply the immunoperoxidase technique {either
PAP or ABC) as describved in references 2 and 3.
5. Develop the chromogenic reaction with
3.3 ‘diaminobenzidine (DAB) under microscopic ob-
servation.
. Wash in distilled water twice, 1 minule each,
. Place the slides in Grimelius acetate bulfersilver
nitrate solution in a 60°C oven for 3 hours,
B, Place slides in Grimellus reducing solution In a
40°C oven for 1 minute. This solution should be

=]
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prebeated before e

9§, Wash slides in distilled water twice, | minute each,

0. Optional: Counlerstaining of nuclel with 1%
methyl green, | minute, and staining of mucosub-
stances with the alcian blue method, can be per-
formed at this point Il desired.

11, Dehydrate slides in alcohol, clear In xylene and
mount coverglass with resinous media,

Results: Neuroendocrine cells ————— hiack

Paneth's cells brown

Muclei green

Mucosubstances hilue
Comments:

L. This combined procedure lengthens the usual
immunoperoxidase techniques about three hours.
Therefore, it ks advisable to apply it in two days. The
tissue sections are run o the primary antibody in-
cubation step of the iImmunoperoxidase technique
during the first day and lefi there overnight ai 4°C.
The remaining technlque can be completed during
the second day.

L. This combined technique yields high quality stain-
ing with minimum background staining. Counter-
staining of the nuclel with hematoxylin increases
nonspecific background staining.

3. Results obtained with both immunehistochemical
techniques. PAP or ABC, are quite similar.

References:

L. Stemberger, L&, Hardy, PH, Cuiilia, L1 s Mayes H_L Thie Dnlalyebed
Aniibody Engyme Wehod of Immmohisechemalry: Preparation and
Froperties ol Seludn Antigen-Aniibody Comglex [Homersdah Perosidis-
Antihomeradish Prroxidase) and (15 Lie is Memtifcalion of Speochetes 1
Histochem. Cytockem. 18315133, 1971

2 Haw M., Rasil, L. and Pangee B Use of daidinBioms-Percaldase Cos-
ek [ABC) i Immanpemndese Techisdques: A Comparison Between ABC
and Unlabeded Anlibody FAP Pmesdures | Hisinchem. Cyloches,
HESTTGRD, 1hE4,

X Grimedive, 1.; & $iver Narsie Suln bor Alpba-? Cel in Humas Pancresic
balesin Acta Soc hed Lpsala, TR243-370, 1968,

Figure 1: Micrarepic view ol & section o human doodermm, M e
ceine systarm celis thlack), as well as PaneiS cols (hrmen| sd micosibanoes
(hles| & rmaly dismguabaibe Nuclo apijpesr green (PAPGrimoliusakein
Liles-rrowi Sl prewn miain ) AelO0X B400X

Acid Extracted Eosin
Y Stain*

David Olaon, AAS, HT (ASCP)
Lake of the Ozarks General Hospital,
Dsage Beach, Missouri 65065

The following acid extracted eosin counterstain has
been found very useful in my laboratory. It provides
excellent counterstaining properties and therefore is
being made available herein for the benefit of ather
histotechnologists.

Materials Needed:
1. Erlenmeyer Hask (3,000 ml)



2. Side arm flask (3.000 ml)

3. Syphon

4. Funnel, large

5 Spatula

6, Filler paper

7. Drying oven (lemperature not o exceed 60°C)
B. Glass mortar and pestle

Extraction Procedure:

1. Pour 1500 ml of distilled water info Erlenmever
flask.

2. Beep the distilled water In seml-vigorous motion
while stowly adding 7.5 gm of eosin Y powder,
MNote: A magnelic stirrer works well,

3. When dye s completely dissolved, add 12.0 ml of
bvdrochioric acid drop by drop. After each drop,
agitate vigorously to enhance the formation of a
flakey, water insoluble reddish-orange precipitate,

4. Allow the precipitate to settle jor sbout 8 howrs,
Syphon off the supernatant water,

5. Add anotier 1500 ml of water. Briskly agitate the
solution until the precipitate ks well suspended,
Allow the precipitate to settle again,

£, Repeal with two more washings as in 4 and 5
above, or until the supernatant water is light orange
in color. Note: Too many washings will cause the
precipltate 10 become water soluble and will
necessitate reprecipitation with a small guantity
(24 ml} of hydrochloric acid.

7. 3¢t up =ade arm fask, lunnel and stopper with
appropriate sized hole and connect tubing to slde
arm and water aspirator. Agitale the mixture
vigorously and pour into the fher paper lined
funnel. Rapid filtration of the water s necessary
to prevent packing of the wel dye

B, Unfold the filter paper and with a spatula, spread
the soft dye (o & unilormly thin layer over the illter
paper and allow o air dry overnight, Place filter
paper with dye in oven for 24 hours, Break off a
few picces of the dyve cake and inspect for dryness
If ned completely dry, return 1o the drying oven for
not more than 24 additional howrs.

9, Do not expose the dve to above B0°C to hasten
dryving and do not excesd 48 hours fotal drying
time, as either or both will result in loss of stain-
ing intensity and stability of the dye

10, Remove the dye with the spatula from the filter
paper. Pulverize the dye in a glass morlar

11. Place the dve in a clean sealable container. A sterile
urine specimen cup is ideal, il avallable,

Extracted Eosin (Stock) Solution

Extracted oesin (stock] solutlon 0.5 gm
Ethanol, 95% 1000 ml
Filter the stain and store in refrigerator,
Solution is stable for 1 year

1% Phloxine B (Stock) Solution
Phloxine B 10 gm
Distilled water 10RO mi

Extructed Eosin (Working) Solution

Extracied eosin (stock) solution 500 ml
Ethanol, 95% 4000 mi
Acetic acid 4.0 mi
1% phioxine B {stock) solution 5.0 ml

Above solution is stable for several montha. Some trial
and error should be practiced 1o delermine proper
counterstaining properties,
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Preparation of
Paraffin-Embedded
Sections of the Eye

Roy 1. Beemer, Jr. Schering-Plough Corporation,
Lafayette, New Jersey 0TH48

Good quality paraffin-embedded sections of the eye ol
dogs, monkeys and rabbits have been consistently ob-
tained with the following procedure,

Fixation:

1. A small volume of 6% glutaraldehyde, sufficient o
cause the eye to become nigid to the touch, is in-
jected into the vitreous al the time of removal from
the anlmal. The eye Is then suspended In 6%
glutaraldehyde for at least 24 hours

2. Afer fixation, the eye is washed in running tap
water overnight.

1. Place the eye in 70% ethyl alcohol for 16 o 24
hisurs.

4, Use a clean, double-edged razor blade and make

a cul perpendicular o the posterior ciliary artery
and approximately 1.5 mm away lrom the optic
nerve. Continue this cut until the entire calotte has
been cut free. After the calotte has been removed,
place the portion containing the optic nerve on the
cutting board, cut surface down. Starting at the cor-
nea and cutting towards the back of the eye, the
second calotte is removed. The center portion of
the eve containing the optic nerve and pupil will
remain for processing and sectioning,
Lising a fine-tipped iris scissor, a cut is made around
the inside of the eye section to facilitiate removal
of the vitreous body. (See [lustration *1). The vitre-
o4 ls then removed from the section using toothed
forceps, During this procedure, care must be taken
not to touch the retina with the scissors or the
forceps.

4. The sections are now processed through the tissue
processar on a I6-hour cycle

6. T'i‘-e:::ctlnns are embedded in standard embedding

mil
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CUT WITH RIS SCIB50R

RETINA

=5

. Set the microtome at zero micrometers. T trim the
blocks, the cutting wheel 3 turned very rapidly
while the specimen feed arm |3 advanced very
slowly. The trimming procedure ks continued until
the entire section, including the optic nerve, is
axposed.

& To obtain sections the microtome & sef & 6 microns,

Cut ribbons are floated onto a floatation bath, set
at 48,
%, After the ribbons have been placed on the doata-
tion bath, they may be stretched somewhat to ob-
tain the same shape and size as the specimen in
the paraffin block. To prevent retinal detachment
during this process, the stretching must eccur from
the center outward as demonstrated in illustration

*2. By stretching in thls manner, ariifactual reti-

nal separation {3 reduced,

COANEA
QFTIC NEPWVE

LEMES

[0, Sections are then mounted on glass slides, dried
and stained.

Comments: Leaving the vitreous in the eye specimen
caunses artifactual retinal detachment and may change
the shape of the eye, This occurs because the vitreous
is 9% water and during dehydration and clearing,
there cin be a greal deal of shrinkage. This shrinkage
can, {a) pull the retina away from the sclera, or (b the
sclera will shrink on each side, thereby making it
impossible o get a nice intact section that retains the
normal shape of the eyve

4

Microtomy: Which
Direction Are We Really
Heading*

Trevor Hinwood Optic Products Specialist,
Selby Scientific, New South Wales, Australin

Many people have felt that microtomy has progressed
as far as poasible and little improvement could be made
o Ehis area. This would be a fair assumption based on
microtome developments during the past one hundred
veare. Prior to the 1970, the basic design of micro-
loemees biad nod changed significantly. During the 1970
and early 80's, some major changes have taken place
with the development of “Universal” microtomes to
handle many applications and these also included
motorized systems,

The development of these modern microtomes seemed
ta indicate a further plateau had been reached and lit-
tle future development could be envisaged.

This is not the case as major microtome manufacturers
are presently committed (o imesting considerable sums
of money into research and development to find ways
of further improving microtomes and also to find new
medhods for specimen preparation. These efforts will
result in improved section quality, section thickness,
reproducibility and serial sections. The operator will
also beneflt rom more comfortable and easier-to-
operale equipment

S0 we will continue to see improvemenis in all tvpes
of microtomes as new technology becomes available,
This will be coupled with improvemants in mbcrotome
knives, disposable blades, resins, paraffing, processors
and embedding equipment.

To discuss some of the developments we will see in the
future, microtomy can be divided into three distinet
Areas:

1. Preparation and sectioning of specimens for routine
diagnaosis,

2. Preparation and sectioning of dilficult and special
specimens,

3. Cryo-preparation and sectioning of specimens for:
&, rapid diagnosis
b. special applications

and Sectloning of Routine Specimens
Traditionally, routine specimens have been processed
and embedded in paralfin prior to sectioning. Owver
recent years, & frend has developed towards plastic

sk ol a presenislicn given at tbe Anmual Ceneral Mesting of the
Histolechma 1 New South Wales, Jaly 1584, The sriicle
was submitbed by Mr, Bruce Munso, with the suthor's permission. Mr,
Munro [s associated with the Department ol Peibalogy, University
o Sydney, Sydney, N.AW, Australin,




embedding which offered advantages such as the
possibility of cutting thinner sections, better preser-
vation of specimen detail and the possibility of using
the same blocks for light and electron microscopy,
Recent information indicates a stight trend away from
plastics and back 1o paralfin. The reasons are:

1. Paraffin sections have improved in quality through
better paraffin waxes, equipment and technigues,
improved quality of disposable blades and the
roiline use of Ralph Enives

2. Considerable cost in the purchasing of resins, equip-
ment 10 process resing and maotorized microtomes,

3. Problems associated with handling and processing
resing,

In the fulure we can therelore axpect 0 $ee a stagna-
tion of partial regression in the light microscopy plastic
techaique, This will result In more research and
development by the major microtome manulacturers
in paraffin tissue processors, embedders and
micratomes. The new generation microtomes will be
precision instruments accepling a range of object
clamping systems and knife holders including quick
clamping svstems. These micrtomes will comprise
manual models and simple motorized syslems

Preparation and Sectioning of Difficult and Special
Specimens

There has been a gradual trend towards plastic em-
bedding in this area with the exception of large organs
which are still processed in parafiin, With the continued
improvement in resing with low viscosities and ime-
proved sectioning capabilities, it will be possible lor
plastics to be also used for large embeddings,

Plastics will piay an expanding role In the processing
and sectioning of the tissue for special staining and
immunological technigques.

They will also become increasingly impartant in the
sectioning of hard materials such as bone and cartilage,

Future resins will have low viscosities, low toxicity,
simple mixing of components, simple polymerization
and be capable of infiltration and polymerization at low
ternperature and have good sectioning capabilities,

To handle these specimens, future generation
micrntomes will have powerful constant forgque maotors,
generating very high cutting lorces (double the present
culting forces in some models) to enable sectioning of
the hardest materials and also large block faces. The
rotary microtomes will also have a large range of
specimen holders and object holders to make them as
versatile as possible. The use of electronics will also
increpse o provide more lexibility and precise control,

Cryo Preparation and Sectioning of Specimens
Cryvo preparation offers a lot of exciting possthilities for

the future. Recent research at the European Molecular
Biology Laboratory in Heidelberg has produced some
interesting results in this area. Three forms of lce have
been identified: Hexagonal (large crystal patterns),
Cubic (fine powder structure) and Vitreous (no struc-
ture). Electron diffractograms are used to identify the
ice crystal state.

The cooling rate initiates these three ice forms Show
freezing rates such as in the conventional cryostat
would produce ice crystals of the hexagonal type which
have a damaging effect on the tissue compaonents and
structure. Faster cooling rates such as the use of liguid
nitrogen can produce cubic ice crystals which will also
affect the specimen.

Very high cooling rates are required to prodiece vitreous
ice (liquid propane or ethane). To maintain the vitreous
state, the temperature woald have to remain below ap-
proximately —140°C, Seclioning at these temperatures
i possible using the latest Cryo-ullramicretomes,
Should the temperature g above = 1405C, the ioe will
revert to the cubic structure

These are important developments in the understand-
ing of low temperature sectioning. As further research
is undertaken in this area, routine methods will develop
to enable good cryopreservation of specimens pro-
viding significant improvement in the quality of the
resulting sections and specimen detail.

1. Rapid Diagnosis: Improvements that can be
envisaged in this field are:

—Better cryo-preservation of the specimen using
mare efficient freezing compounds and eryo-
profectants.

—More efficient cryostats with improved refriger-
ation systems, better microtomes and more com-
fortable conditions for the operator

—The development of disposable blades for cryo
applications.

2. Special Applications: This field offers considerable
potential for future developments. In conjunction
with electron microscopy and the ose of ervo-
ultramicrolomes, major advances will be made in
the areas of identification of viruses and cancer
tissue. Future research will give us a better
understanding of the structure and functioning of
body tissues as it will be possible to carry out in-
vestigations without tissue damage caused by
chemicals and processing technigues. Specialized
cryo-microfomy offers an exciting future.

With all this information in mind, ene need not ask—
Microtomy, which direction are we reatly heading?
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A Mounting Medium Which Retards

Fading of Fluorescent Dyes

Mary Heilly, BS., HT [ASCH

Electron

Department of

ipy Laboratory

Baylor College of Medicine
Houston, Texas 77030

Since Coons' first used Auorescentdabeled antibodies 1o
stain sections of presrmococcus-infected tissue, the tech-
nique of immunoflvorescence has become an invalua-
bile tool, both in research and in clinical diagnosis. Many
technicians now routinely perform flucsrescent tech-
niques in histology laboratories on a day-to-day basis,

Diespite its usefulness, the fading of Nuorescent-stained
preparations has always been an acoepted drawback to
the technique. Exposure to ultraviolet light sources
results in very rapld fading of tetramettylrhodamine
Bothiceyanate and flucrescein isothiccvanate, the most
commonly used Auorescent dyes. This can be an ex-
treme nuisance when altempting to photograph thess
preparations,

Utilizing a report by Giloh and Sedat’ we have con-
firmed their finding that the use of antioxidant n-propyl
gallate in a buffered glyceral mounting medium prevents
fading of Auorescent-labeled material, We have moutinely
used this mounting medium lor over two years with
greal succes. By enabling longer exposure times, more

sensdtive luorescent photomicroscopy is now possible.
The method is being presented bere o make more
histologists aware of its existence. However, it is strongly
recommended that the original paper cited in relerence
2 be obtained and studied for complete detailed infor-
mation.

Flusrescent Mounting Medlom
90% glycern|
10% phosphate-buffered saline
4% nepropyl gallate®
pH o A0
Store in light-proof bottle.
*Sigmn Chemical Co
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