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Preface

Color has been a fascination for individuals for a long
time. The book is intended as a reference guide for dyes
used in biology, chemistry, histology, cytology, medicine,
microscopy, and all color- and medical-related allied
fields.

Even though the use of biological dyes is widespread, it
is growing rapidly, and has exploded in the last decade,
there is no book available in the market directly on these
dyes that provides information, such as CAS registry
numbers, safety/toxicity data, and various applications,
in one source. Hence, there was a need to publish a book
that provided an immediate incentive for compiling the
notes to update the scientific community with the wealth of
information on biological dyes and stains. The dyestuff
literature, particularly on biological dyes and stains, is
largely in patents. This book, as a reference handbook,
provides systematic and up-to-date library of information
on 200 + biological dyes and stains. The book is compiled
as a resource guide for biologists, chemists, histologists,
cytologists, medical professionals, and nonchemists in
industry as well as in university.

Biological dyes and stains are arranged alphabetically
by the most commonly used name. Again, the choice of
primary name is somewhat arbitrary, but an effort has been
made to strike a balance between names that are easily
recognizable and names that are chemically informative.
The detailed information on each biological dye or stain is
covered in the following order: CAS registry number,
chemical structure, CA index name, other names, Merck
index number (Merck Index 14th Edition, 2006), chemical/
dye class, molecular formula, molecular weight, physical
form, solubility, melting point, boiling point, pH range,
color change at pH, pK, absorption (Aya), emission
(Amax), synthesis, staining applications, biological applica-
tions, industrial applications, safety/toxicity, certification/
approval, and references. Where there are discrepancies
between different values, the author has used his judgment
on selecting the most likely value.

Numerous recent references have been provided on
various synthetic methods, staining applications, biologi-
cal applications, industrial applications, and safety/toxicity

data. Space and format limitations prevent giving all the
references for each dye. This is the first ever book that
provides safety/toxicity data with reference to acute toxi-
city, aquatic toxicity, carcinogenicity, cytotoxicity, chronic
toxicity, ecotoxicity, genotoxicity, hematotoxicity, hepato-
toxicity, immunotoxicity, microbial toxicity, mutagenicity,
nephrotoxicity, neurotoxicity, nucleic acid damage, oral
toxicity, phototoxicity, phytotoxicity, skin toxicity, repro-
ductive toxicity, and so on. The book also provides Bio-
logical Stain Commission (BSC)-certified dyes and Food
& Drug Administration (FDA)-approved dyes.

Several appendixes have been provided at the end of the
book for scientists to conveniently and easily find a dye as
per their need. These appendixes include CAS registry
numbers, BSC-certified dyes, FDA-approved dyes, metal
indicators, nucleic acid stains, organelle probes, and pH
indicators.

Omissions as well as errors of fact and interpretation are
inevitable in dealing with so vast a subject as biological
dyes. I shall be glad to have my attention drawn to errors
and to incorporate suggestions for improvement when a
revision becomes possible.

I express my profound respect and appreciation to my
guru/mentor/advisor, Prof. D. W. Rangnekar, who brought
me to this wonderful world of color science in the Dyestuff
Technology Department of Mumbai University Institute
of Chemical Technology (MUICT), where I laid the
foundation stone for my research career in dye chemistry.

It is my pleasure to make grateful acknowledgement to
Dr. Alan Fanta, Dr. Ganapati Shankarling, and Dr. Jeffrey
Talkington for their extremely useful discussions, encour-
agement, and inspiration.

Words are inadequate to express my sincere apprecia-
tion for my wife Madhuri and daughter Anika. It would not
have been possible to write this book without their en-
couragement and patience. It is a great pleasure to express
my gratitude to John Wiley & Sons, Inc. for giving me an
opportunity to write this book.

R. W. SaBNIS

E-mail: ramsabnis@yahoo.com
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ACID FUCHSIN

CAS Registry Number 3244-88-0
Chemical Structure

SO, SOgNa

HoN NH,

CHa

SOSNa

NH,

CA Index Name Benzenesulfonic acid, 2-amino-5-[(4-
amino-3-sulfophenyl)(4-imino-3-sulfo-2,5-cyclohexadien-
1-ylidene)methyl]-3-methyl-, sodium salt

Other Names Benzenesulfonic acid, 2-amino-5-[(4-
amino-3-sulfophenyl)(4-imino-3-sulfo-2,5-cyclohexadien-
1-ylidene)methyl]-3-methyl-, disodium salt; C.I. Acid Vi-
olet 19; C.I. Acid Violet 19, disodium salt; Rubine S; Acid
Fuchsine; Acid Fuchsine FB; Acid Fuchsine N; Acid
Fuchsine O; Acid Fuchsine S; Acid Leather Magenta A;
Acid Magenta; Acid Magenta O; Acid Violet 19; Acid
fuchsin sodium salt; Acid rosein; Acid rubin; Acidal
Fuchsine; Acidal Magenta; Albion Acid Magenta; Andra-

REFERENCES

1. Sabnis, R. W. Handbook of Acid-Base Indicators;,
CRC Press: Boca Raton, 2008; pp 6-7.

2. Kazymov, A. V.; Skryabneva, T. N.; Valeeva, A. M.;
Abramenko, P. I.; Voronin, E. K.; Kazymova, M. A_;
Khakimov, M. G.; Gil’fanov, M. M. Method of
preparing acid fuchsin dye. Russ. RU 2126431,
1999; Chem. Abstr. 2000, 133, 194631.

3. Fierz, H. E.; Koechlin, H. Study of Heumann’s
fuchsine synthesis. Helv. Chim. Acta 1918, I,
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Handbook of Biological Dyes and Stains By R. W. Sabnis
Copyright © 2010 John Wiley & Sons, Inc.

deindicator; C.I. 42685; Fuchine Acid Photo Grade;
Fuchsin S; Fuchsin acid; Fuchsine acid; Kiton Magenta
A; Triacid Magenta; p-Fuchsine acid

Merck Index Number 107
Chemical/Dye Class Triphenylmethane
Molecular Formula C,oH;7N3Na,09S5
Molecular Weight 585.54

Physical Form Olive to dark olive-green crystals or
powder

Solubility Very soluble in water; slightly soluble to
insoluble in ethanol; insoluble in xylene

Melting Point >250 °C

pH Range 12.0-14.0

Color Change at pH Red (12.0) to colorless (14.0)
Absorption (Ana.) 546 nm

Emission (A,.x) 630 nm

Synthesis  Synthetic methods' ™

Staining Applications Antigen;* bacteria;’ collagen;®
fungi;7 fats:® neurons;>'° paraffin sections; ! proteins;8
starch;8 processed food; 12 tumor cells; L.13 decayed teeth; 14
lips; 1516 hairs!17

Biological Applications Detecting enzyme activity,'®
proteins, 19 tumor cells™!?

Industrial Applications Color filter;'*° recording ma-
terial; 2! photographic film;** inks;'** highlighters;l’24
paints;l’ explosives; ™ corrosion inhibitors;l’26
leathers;?’ textiles!?®

Safety/Toxicity Acute oral toxicity;l’29
city;1’30 neurotoxicitylm’32

genotoxi-

Certification/Approval Certified by Biological Stain
Commission (BSC)

4. Mamat, H.; Rummel, C.; Mamat, R.; Beutelspacher,
R.; Kroh, G. Preparation of stained bacterial antigen
reagents for immunoassays. Ger. (East) DD 252686,
1987; Chem. Abstr. 1989, 110, 228166.
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Acridine Homodimer

ACRIDINE HOMODIMER

CAS Registry Number 57576-49-5
Chemical Structure

Cl N

X

G

OCHs

OCHj

Cl N
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1. May, B. C. H.; Fafarman, A. T.; Hong, S. B.; Rogers,
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by bis-acridines. Proc. Natl. Acad. Sci. U.S.A. 2003,
100, 3416-3421.
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3

CA Index Name 1,4-Butanediamine, N,N'-bis[3-[(6-
chloro-2-methoxy-9-acridinyl)amino]propyl]-

Other Names Acridine homodimer; NSC 219743
Merck Index Number Not listed

Chemical/Dye Class Acridine

Molecular Formula C;gH4,CI,N¢O,

Molecular Weight 685.69

Physical Form Orange-brown powder

Solubility Soluble in N,N-dimethylformamide, dimethyl
sulfoxide

Melting Point 169-170 °C

Boiling Point (Caled.) 885.4 £65.0 °C, pressure: 760
Torr

pK. (Calcd.)
25 °C
Absorption (Apnax) 431 nm
Emission (A.x) 498 nm

10.63 +0.19, most basic, temperature:

Synthesis Synthetic methods' ™

Staining Applications Nucleic acids;*® chromosomes’

Biological Applications Diagnosis of tissue necrosis; 10

treating malformed proteins causing neurodegenerative
disease'"

Industrial Applications Not reported
Safety/Toxicity Neurotoxicity''

5. Markovits, J.; Garbay-Jaureguiberry, C.; Roques, B. P;
Le Pecq, J. B. Acridine dimers: influence of the
intercalating ring and of the linking-chain nature on
the equilibrium and kinetic DNA-binding parameters.
Eur. J. Biochem. 1989, 180, 359-366.

6. Bottiroli, G.; Giordano, P; Prosperi, E. Fluorescent
probes in nucleic acid research. Acta Histochem., Suppl.
1982, 26, 189-194.

7. Bottiroli, G.; Giordano, P.; Doglia, S.; Cionini, P. G.
Employment of bis-intercalating dyes for the “in
situ” study of DNA composition. Basic Appl.
Histochem. 1979, 23, 59-63.

8. Le Bret, M.; Le Pecq, J. B.; Barbet, J.; Roques, B. P. A
reexamination of the problem of resonance energy
transfer between DNA intercalated chromophores

using bis-intercalating compounds. Nucleic Acids
Res. 1977, 4, 1361-1379.



9. Van de Sande, J. H.; Lin, C. C.; Deugau, K. V.
Clearly differentiated and stable chromosome
bands produced by a spermine bis-acridine, a

bifunctional intercalating analog of quinacrine.
Exp. Cell Res. 1979, 120, 439—-444.

10. Mills, R. L. Pharmaceuticals and apparatus based on
Moessbauer isotopic resonant absorption of 7y

11.

Acridine Homodimer

emission (MIRAGE) providing diagnosis and
selective tissue necrosis. Can. Pat. Appl. CA
2005039, 1991; Chem. Abstr. 1992, 116, 37120.
Prusiner, S. B.; Korth, C.; May, B. C. H. Cyclic bis-
compounds clearing malformed proteins. U.S. Pat.
Appl. Publ. US 2004229898, 2004; Chem. Abstr.
2004, 141, 406119.



Acridine Orange

ACRIDINE ORANGE

CAS Registry Number 65-61-2
Chemical Structure

O b
Ny N ~

CHs + HCI CHs

CA Index Name 3,6-Acridinediamine, N3,N3,N6,N6-
tetramethyl-, hydrochloride (1: 1)

Other Names 3,6-Acridinediamine, N,N,N',N'-tetra-
methyl-, monohydrochloride; Acridine Orange R; Acri-
dine, 3,6-bis(dimethylamino)-, hydrochloride; Acridine,
3,6-bis(dimethylamino)-, monohydrochloride; 3,6-Bis
(dimethylamino)acridine hydrochloride; Acridine Or-
ange; Acridine Orange N; Acridine Orange NO; Acridine
Orange NS; Basic Orange 14; Basic Orange 3RN; C.I.
46005; C.I. Basic Orange 14; Euchrysine 3R; Rhoduline
Orange NO; Sumitomo Acridine Orange NO; Sumitomo
Acridine Orange RK conc

Merck Index Number Not listed
Chemical/Dye Class Acridine

REFERENCES
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orange). U.S.S.R. SU 694525, 1979; Chem. Abstr.
1980, 92, 43278.

3. Zanker, V. Methods and results of dye purification:
determination of dye content of different technical
acridine orange products. Acta Histochem., Suppl.
1973, 13, 281-289.

4. Saunders, A. M. Absorption and fluorescence spectra
of euchrysine GGNX and acridine orange: effects of
heparin, sodium chloride, and a cation exchange
resin. Stain Technol. 1968, 43, 207-215.

5. Tomita, G. Molecular complexes of acridine orange
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Molecular Formula C;;H,oCIN;

Molecular Weight 301.81

Physical Form Burnt orange to brick-red powder
Solubility Soluble in water, ethanol, dimethyl sulfoxide
Melting Point 284-287 °C

pK. —3.2,10.5

Absorption (Ana) 500nm

Emission (Ap,,,) 526 nm

Synthesis Synthetic methods' ™

Staining Applications Lysosomes;’ Golgi apparatus;’
acidic compartments;gsecretory granules (SGs);'© synap-
tic-like microvesicles (SLMVs);lO liposomes;m acidic
organelle membranes;'® bacteria;!! bacterial endo-
spores;'? apoptotic cells;'® blood smears;'* nucleic
acids;lS*l7 cells;18 malignant musculoskeletal tumors;19
micronucleus;20 microorganisms;ZI’22 nuclei;23 pep-
tides;24 plroteins;24 antibodies;24 parasites;25 sperms26

Biological Applications Detecting cancer cells,>’®

s.pores,28 human papilloma virus (HPV),? stress biomar-
kers;*” treating amyloid associated diseases,” lupus,*>
pathogen infections;>® apoptosis assays;>* cytotoxicity
assays™’

Industrial Applications Thin films;*® wiring boards®’
Safety/Toxicity Carcinogenicity;*>*®  cytotoxicity;*°
DNA damage;*' embryotoxicity;** genotoxicity;**** mu-
tagenicity;**° phototoxicity*’
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ALCIAN BLUE 8GX

CAS Registry Number 33864-99-2
Chemical Structure

HSC\ CHj _
a N —CHs Hac\ﬁ/ Cl

/Y

/+\ -

N
_ / + CH,
cl HaC

CA Index Name Copper(4+), [[N,N.N'N"-
[(29H,31H-phthalocyanine-C,C,C,C-tetrayl-k N29,x N30,
KkN31,xN32)tetrakis[methylenethio[(dimethylamino)me-
thylidyne]]]tetrakis[N-methylmethanaminiumato]](2-)]-,
chloride (1:4)

Other Names Alcian Blue; Alcian Blue 8G; Alcian
Blue 8GN; Alcian Blue 8GS; Alcian Blue 8GX; C.I

REFERENCES

1. Yang, Z.; Lu, Z.; Xie, M. Synthesis of alcian blue.
Huaxue Yanjiu Yu Yingyong 2002, 14, 222-224;
Chem. Abstr. 2002, 138, 355185.

2. Rees-Milton, K. J.; Anastassiades, T. P. High-
throughput quantitation of metabolically labeled
anionic glyco-conjugates by scintillation proximity
assay utilizing binding to cationic dyes. Methods Mol.
Biol. 2006, 347, 267-275.

Alcian Blue 8GX

74240; C.I. Ingrain Blue 1; Chloromethylated copper
phthalocyanine-thiourea reaction products; Copper
(4+), [[N.N ,N' N"-[(29H,31H-phthalocyaninetetrayl-x
N29,xN30,xN31,xN32)tetrakis[methylenethio[ (dimethy-
lamino)methylidyne]]]tetrakis[ N-methylmethanaminiuma-
to]](2-)]-, tetrachloride; Copper(4+), [[N.N ,N',N"-
[29H,31H-phthalocyaninetetrayltetrakis[methylenethio[(d-
imethylamino)methylidyne]]]tetrakis[ N-methylmethanam-
iniumato]](2-)-N29,N30,N31,N32]-, tetrachloride; Metha-
naminium, N,N',N" ,N"'-[29H,31 H-phthalocyaninetetraylte-
trakis[methylenethio[(dimethylamino)methylidyne]]]tetra-
kis[N-methyl-, copper complex

Merck Index Number 218

Chemical/Dye Class Copper phthalocyanine
Molecular Formula CsgHggCl,CuN S,

Molecular Weight 1298.93

Physical Form Dark blue-violet powder

Solubility Soluble in water, ethanol

Melting Point 148 °C

Absorption (Ahax) 615nm

Synthesis Synthetic methods'™®

Staining Applications Bonghan threads inside lym-
phatic vessels;’ chromatin;®® glycoproteins;'® glycosami-
noglycans;'' lung goblet cells;"? neurons;'? nuclear basic
proteins;1 surface coat of cells;15 urine sediments;16
Biological Applications Glycoconjugates assay;> hya-
luronic acid assay;'” hybridization assay;'® cell agglutio-
nation;'%? detecting humic acid,*'** detecting pancreatic
B—granules;23 locomotion of amoeba,** quantitative deter-
mination of glycosaminoglycans,*>*°

Industrial Applications Inks;* leather products;®’
textiles”®

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)

3. Carrado, K. A.; Forman, J. E.; Botto, R. E.; Winans, R.
E. Incorporation of phthalocyanines by cationic and
anionic clays via ion exchange and direct synthesis.
Chem. Mater. 1993, 5, 472-478.

4. Ide, Y.; Hikosaka, M.; Kawamura, T. Manufacture of
pigments with high coloring power and gloss for inks
and coatings. Jpn. Kokai Tokkyo Koho JP 02102272,
1990; Chem. Abstr. 1990, 113, 193531.



