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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 communitywith thewealth 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 200þ 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 14thEdition, 2006), chemical/
dye class, molecular formula, molecular weight, physical
form, solubility, melting point, boiling point, pH range,
color change at pH, pKa, absorption (lmax), emission
(lmax), 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 aswell 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 thiswonderfulworld of color science in theDyestuff
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 formywifeMadhuri and daughterAnika. 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

xvii





About the Author

Ram W. Sabnis is currently a
patent agent at Pfizer Inc. in
Madison, NJ. His interests include
dyes, pigments, organic chemistry,
heterocycles, polymers, synthesis,
formulations, coatings, biotechnolo-
gy, medicinal chemistry, medical
devices, and patents. Presently, he
focuses on drafting and prosecuting

U.S. and international patents. He is a registered patent
agent with U.S. Patent & Trademark Office (USPTO) and
is also the inventor of more than 50 U.S. and international
patents (issued/published). Before entering the legal
(patents) field, he was a research chemist for Ascadia,
General Electric, Brewer Science, U.S. Textiles, and
Invitrogen in the United States. He had also worked as
a patent agent at Squire, Sanders &Dempsey L.L.P. in San
Francisco, CA.

Dr. Sabnis was born and raised in Mumbai, India. He
received his M.Sc. in Organic Chemistry from University
of Mumbai and Ph.D. in Organic Chemistry (Dyes) from
University Institute of Chemical Technology (UICT),

University of Mumbai, India. He received FAIC from
American Institute of Chemists, USA. He was awarded
CCol FSDC (Chartered Colourists, Fellow of Society of
Dyers & Colourists), Society of Dyers & Colourists, UK.

Dr. Sabnis is one of the world’s foremost experts in
dyes, inventingworld’s first colored bubbles (nonstaining)
and color changing dye system with many applications.
He has more than 25 years of industrial and academic
research experience in dye chemistry, particularly, dyes
for biomedical (fluorescent probes), personal care pro-
ducts, health/beauty products, displays, inks, paints, plas-
tics, textiles, and toys. He has over 150 publications that
include books, book chapters, encyclopedia chapters,
patents, reviews, papers, and symposium presentations.
Dr. Sabnis is the recipient of Perkin Innovation Award by
Society of Dyers & Colourists (SDC), UK; Grand Inno-
vation Award by Popular Science, USA; Six Sigma Green
Belt & Competitive Spirit Award by GE, USA; and Best
Doctoral Thesis Award by University of Mumbai, India.
He will continue to focus his activities on fascinating dye
chemistry as well as demanding intellectual property in
the years to come.

xix





ACID FUCHSIN

CAS Registry Number 3244-88-0

Chemical Structure

NH2

SO3Na

CH3

NH2

SO3Na

SO3

H2N

+

_

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-

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 C20H17N3Na2O9S3

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 (lmax) 546 nm

Emission (lmax) 630 nm

Synthesis Synthetic methods1–3

Staining Applications Antigen;4 bacteria;5 collagen;6

fungi;7 fats;8 neurons;9,10 paraffin sections;11 proteins;8

starch;8 processed food;12 tumor cells;1,13 decayed teeth;14

lips;1,15,16 hairs1,17

Biological Applications Detecting enzyme activity,18

proteins,19 tumor cells1,13

Industrial Applications Color filter;1,20 recording ma-
terial;1,21 photographic film;22 inks;1,23 highlighters;1,24

paints;1,23 explosives;1,25 corrosion inhibitors;1,26

leathers;27 textiles1,28

Safety/Toxicity Acute oral toxicity;1,29 genotoxi-
city;1,30 neurotoxicity1,31,32

Certification/Approval Certified by Biological Stain
Commission (BSC)
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ACRIDINE HOMODIMER

CAS Registry Number 57576-49-5

Chemical Structure

N

OCH3

Cl

NH

(CH2)3

NH

(CH2)4

NH

(CH2)3

NH

N

OCH3

Cl

CA Index Name 1,4-Butanediamine, N,N0-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 C38H42Cl2N6O2

Molecular Weight 685.69

Physical Form Orange-brown powder

Solubility Soluble in N,N-dimethylformamide, dimethyl
sulfoxide

Melting Point 169–170 �C
Boiling Point (Calcd.) 885.4� 65.0 �C, pressure: 760
Torr

pKa (Calcd.) 10.63� 0.19, most basic, temperature:
25 �C
Absorption (lmax) 431 nm

Emission (lmax) 498 nm

Synthesis Synthetic methods1–4

Staining Applications Nucleic acids;3–8 chromosomes9

Biological Applications Diagnosis of tissue necrosis;10

treating malformed proteins causing neurodegenerative
disease11

Industrial Applications Not reported

Safety/Toxicity Neurotoxicity11
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ACRIDINE ORANGE

CAS Registry Number 65-61-2

Chemical Structure

NN N

CH3

CH3H3C

CH3 HCl.

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

Other Names 3,6-Acridinediamine, N,N,N0,N0-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

Molecular Formula C17H20ClN3

Molecular Weight 301.81

Physical Form Burnt orange to brick-red powder

Solubility Soluble in water, ethanol, dimethyl sulfoxide

Melting Point 284–287 �C
pKa �3.2, 10.5

Absorption (lmax) 500 nm

Emission (lmax) 526 nm

Synthesis Synthetic methods1–8

Staining Applications Lysosomes;9 Golgi apparatus;9

acidic compartments;9secretory granules (SGs);10 synap-
tic-like microvesicles (SLMVs);10 liposomes;10 acidic
organelle membranes;10 bacteria;11 bacterial endo-
spores;12 apoptotic cells;13 blood smears;14 nucleic
acids;15–17 cells;18 malignant musculoskeletal tumors;19

micronucleus;20 microorganisms;21,22 nuclei;23 pep-
tides;24 proteins;24 antibodies;24 parasites;25 sperms26

Biological Applications Detecting cancer cells,27,28

spores,28 human papilloma virus (HPV),29 stress biomar-
kers;30 treating amyloid associated diseases,31 lupus,32

pathogen infections;33 apoptosis assays;34 cytotoxicity
assays35

Industrial Applications Thin films;36 wiring boards37

Safety/Toxicity Carcinogenicity;38,39 cytotoxicity;40

DNA damage;41 embryotoxicity;42 genotoxicity;43,44 mu-
tagenicity;45,46 phototoxicity47
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ALCIAN BLUE 8GX

CAS Registry Number 33864-99-2

Chemical Structure
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CA Index Name Copper(4þ ), [[N,N0,N00,N000-
[(29H,31H-phthalocyanine-C,C,C,C-tetrayl-kN29,kN30,
kN31,kN32)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.

74240; C.I. Ingrain Blue 1; Chloromethylated copper
phthalocyanine-thiourea reaction products; Copper
(4þ ), [[N,N0,N00,N000-[(29H,31H-phthalocyaninetetrayl-k
N29,kN30,kN31,kN32)tetrakis[methylenethio[(dimethy-
lamino)methylidyne]]]tetrakis[N-methylmethanaminiuma-
to]](2-)]-, tetrachloride; Copper(4þ ), [[N,N0,N00,N000-
[29H,31H-phthalocyaninetetrayltetrakis[methylenethio[(d-
imethylamino)methylidyne]]]tetrakis[N-methylmethanam-
iniumato]](2-)-N29,N30,N31,N32]-, tetrachloride; Metha-
naminium,N,N0,N00,N000-[29H,31H-phthalocyaninetetraylte-
trakis[methylenethio[(dimethylamino)methylidyne]]]tetra-
kis[N-methyl-, copper complex

Merck Index Number 218

Chemical/Dye Class Copper phthalocyanine

Molecular Formula C56H68Cl4CuN16S4

Molecular Weight 1298.93

Physical Form Dark blue-violet powder

Solubility Soluble in water, ethanol

Melting Point 148 �C
Absorption (lmax) 615 nm

Synthesis Synthetic methods1–6

Staining Applications Bonghan threads inside lym-
phatic vessels;7 chromatin;8,9 glycoproteins;10 glycosami-
noglycans;11 lung goblet cells;12 neurons;13 nuclear basic
proteins;14 surface coat of cells;15 urine sediments;16

Biological Applications Glycoconjugates assay;2 hya-
luronic acid assay;17 hybridization assay;18 cell agglutio-
nation;19,20 detecting humic acid,21,22 detecting pancreatic
b-granules;23 locomotion of amoeba,24 quantitative deter-
mination of glycosaminoglycans,25,26

Industrial Applications Inks;4 leather products;27

textiles28

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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ALIZARIN

CAS Registry Number 72-48-0

Chemical Structure

OH

OHO

O

CAIndexName 9,10-Anthracenedione, 1,2-dihydroxy-

Other Names Alizarin B; Anthraquinone, 1,2-dihy-
droxy-; 1,2-Anthraquinonediol; 1,2-Dihydroxy-9,10-an-
thracenedione; 1,2-Dihydroxy-9,10-anthraquinone; 1,2-
Dihydroxyanthraquinone; 1,2-Dihydroxyanthrachinone;
Acid Metachrome Red B; Acid Mordant Red B; Alizarin;
Alizarin Red; Alizarina; Alizarine; Alizarine 3B; Alizar-
ine B; Alizarine Indicator; Alizarine L Paste; Alizarine
Lake Red 2P; Alizarine Lake Red 3P; Alizarine Lake Red
IPX; Alizarine NAC; Alizarine Paste 20 percent Bluish;
Alizarine Red; Alizarine Red B; Alizarine Red B2; Ali-
zarine Red IP; Alizarine Red IPP; Alizarine Red L; C Ext.
Red 62; C.I. 58000; C.I. Mordant Red 11; Certiqual
Alizarine; C.I. Pigment Red 83; DAnd C Orange Number
15; Deep Crimson Madder 10821; Eljon Madder; Mitsui
Alizarine B; Mordant Red 11; NSC 7212; Sanyo Carmine
L2B; Turkey Red

Merck Index Number 251

Chemical/Dye Class Anthraquinone

Molecular Formula C14H8O4

Molecular Weight 240.21

Physical Form Orange needles or powder

Solubility Virtually insoluble in water; moderately sol-
uble in ethanol; soluble in benzene, toluene, xylene,
pyridine, acetic acid; freely soluble in hot methanol, ether

Melting Point 290 �C
Boiling Point 430 �C
pH Range 5.5–6.8; 10.1–12.1

Color Change at pH Yellow (5.5) to red (6.8); red
(10.1) to purple (12.1)

pKa 6.77

Absorption (lmax) 567 nm, 609 nm

Synthesis Synthetic methods1–16

Staining Applications Bacteria;17 human adipose-de-
rived stem cells;18 multipotent adult progenitor cells;19

parasite;5 lips;1,20 skin;1,20,21 hairs;1,22,23 keratin
fibers24

Biological Applications Detecting microorganisms;25

treating dermatological conditions26

Industrial Applications Solar cells;27,28 plasma dis-
play panel;1,29 antireflective coatings;1,30 chemical me-
chanical polishing;1,31 optical recording materials;32

inks;33,34 paints;1,34,35 adhesives;34 thermoplastics;1,36 de-
tergents;1,37 textiles;1,38,39 wood1,40

Safety/Toxicity Acute oral toxicity;1,41 carcinogenici-
ty;1,42 clastogenicity;43 environmental toxicity;1,44 estro-
genicity;1,45 genotoxicity;1,46,47 hypersensitivity;1,48 mu-
tagenicity;1,49,50 photoinduced toxicity1,51
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ALIZARIN RED S

CAS Registry Number 130-22-3

Chemical Structure

SO3Na

O

O OH

OH

CA IndexName 2-Anthracenesulfonic acid, 9,10-dihy-
dro-3,4-dihydroxy-9,10-dioxo-, monosodium salt

Other Names 2-Anthraquinonesulfonic acid, 3,4-
dihydroxy-, sodium salt; Acid Mordant Red SW; Acid
Red Alizarine; Ahcoquinone Red S; Alizarin Carmine;
Alizarin Red S; Alizarin S; Alizarine Carmine; Alizarine
Carmine Indicator; Alizarine Red A; Alizarine Red AS;
Alizarine Red Indicator; Alizarine Red S; Alizarine Red S
sodium salt; Alizarine Red SW; Alizarine Red SZ; Ali-
zarine Red W; Alizarine Red WA; Alizarine Red WS;
Alizarine Red for Wool; Alizarine S; Alizarine S Extra
Conc. A Export; Alizarine S Extra Pure A; Alizarinsulfo-
nate; C.I. 58005; C.I. Mordant Red 3; Calcochrome
Alizarine Red SC; Carnelio Rubine Lake; Chrome Red
Alizarine; Diamond Red W; Ext D and C Red No. 7;
FenakromRedW;MitsuiAlizarineRedS;MordantRed 3;
Oxanal Fast Red SW; Sodium 3,4-dihydroxyanthraqui-
none-2-sulfonate; Sodium alizarin-3-sulfonate; Sodium
alizarinesulfonate; Sodium alizarinsulfonate

Merck Index Number 8573

Chemical/Dye Class Anthraquinone

Molecular Formula C14H7NaO7S

Molecular Weight 342.26

Physical Form Orange-yellow powder

Solubility Freely soluble in water; soluble in ethanol;
insoluble in ether

Melting Point 287–289 �C
pH Range 3.5–6.5; 9.4–12.0

Color Change at pH Yellow (3.5) to red (6.5); orange
(9.4) to violet (12.0)

pKa 4.5, 11

Absorption (lmax) 556 nm, 596 nm, 423 nm, 546 nm

Synthesis Synthetic methods1–6

Staining Applications Bacteria;7 bones;8,9 cartilage;8

dental plaques;10 fetal skeletons;11 fish;12 myocardium;13

protein particles;14 calcified tissues;15 hairs;1,16 keratin
fibers17,18

Biological Applications Detecting Candida,19 lactic
acid bacteria,7 microorganisms;20 treating gastropathy,21

viral diseases22

Industrial Applications Chemical mechanical polish-
ing;1,23 inks;24 adhesives;25 ozone sensor;26 chemical
warfare agent;27 detergents;28 coloring fabrics1,29

Safety/Toxicity Carcinogenicity;1,30 cytotoxicity;1,31

genotoxicity;1,31 fish toxicity;1,32 environmental
pollutants;1,33 viral toxicity31

Certification/Approval Certified by Biological Stain
Commission (BSC)
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ALLURA RED

CAS Registry Number 25956-17-6

Chemical Structure

SO3Na

N

HO

N

SO3Na

H3CO

CH3

CA Index Name 2-Naphthalenesulfonic acid, 6-hyd-
roxy-5-[2-(2-methoxy-5-methyl-4-sulfophenyl)diazenyl]-,
sodium salt (1 : 2)

Other Names 2-Naphthalenesulfonic acid, 6-hydroxy-
5-[(2-methoxy-5-methyl-4-sulfophenyl)azo]-, disodium
salt; 2-Naphthalenesulfonic acid, 6-hydroxy-5-[(6-meth-
oxy-4-sulfo-m-tolyl)azo]-, disodium salt; Allura Red 40;
Allura Red AC; Allura red; C.I. 16035; C.I. Food Red 17;
E 129; FD andCRedNo. 40; FD&CRedNo. 40; FDCRed
40; FDCRed 40 dye; FoodRed 17; FoodRedNo. 17; Food

Red No. 40; Japan Food Red No. 40; Japan Red 40; Red
40; Red No. 40

Merck Index Number 284

Chemical/Dye Class Azo

Molecular Formula C18H14N2Na2O8S2

Molecular Weight 496.42

Physical Form Dark red powder

Solubility Soluble in water, ethanol

Melting Point >300 �C
Absorption (lmax) 504 nm

Synthesis Synthetic methods1–6

Staining Applications Alcohol;7 beverage;8,9

drinks;7,10,11 syrup;9 candies;11 cotton candy;12 baked
food;13 frozen food;14 aerated fruits;15 seafood;16 sweet-
ener;17 capsules;18 pharmaceutical dosage;19 tablets;20

toothpaste;21 suncreeen;22 dental bleaching gel;23 eye-
brows;24 lips;25–27 skin;26,27 body surfaces;27 tattoos;28

hairs;29 keratin fibers;29,30 cocoa bath;31 waters32

Biological Applications Antifungal formulation;33

treating bone metabolic diseases,34 coughing,35 sneez-
ing,35 rhinorrhea,35 nasal obstruction,35 periodontal dis-
ease,36 rhinitis37

Industrial Applications Antireflective coatings;38

inks;39 detergents;40 colored bubbles;41 fabric softeners;42

textiles;43 entertainment products;44 toys45

Safety/Toxicity Carcinogenicity;46,47 chromosomal
aberration;48 developmental toxicity;49 DNA damage;50

genotoxicity;51 hyperactive behavior in children;52 muta-
genicity;53–55 neurotoxicity;56 psychotoxicity,49 repro-
ductive toxicity56

Certification/Approval Approved by Food & Drugs
Administration (FDA)
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AMARANTH

CAS Registry Number 915-67-3

Chemical Structure

NaO3S N N

SO3NaHO

SO3Na

CA Index Name 2,7-Naphthalenedisulfonic acid, 3-
hydroxy-4-[2-(4-sulfo-1-naphthalenyl)diazenyl]-, sodi-
um salt (1 : 3)

Other Names 2,7-Naphthalenedisulfonic acid, 3-hy-
droxy-4-[(4-sulfo-1-naphthalenyl)azo]-, trisodium salt;
Bordeaux S; C.I. AcidRed 27; C.I. AcidRed 27, trisodium
salt; 1-(4-Sulfo-1-naphthylazo)-2-naphthol-3,6-disulfo-
nic acid trisodium salt; 1302 Red; 1508 Red; 2-Hy-
droxy-1,10-azonaphthalene-3,6,40-trisulfonic acid triso-
dium salt; Acid Amaranth; Acid Amaranth I; Acid Ama-
ranth J; Acid Amaranth N; Acid Leather Red I 2BW; Acid
Leather Rubine S; Acid Red 27; AizenAmaranth; Amacid
Amaranth; Amaranth; Amaranth (dye); Amaranth
307018; Amaranth 36010; Amaranth 85; Amaranth A;
Amaranth B; Amaranth BPC; Amaranth Extra; Amaranth
Lake; Amaranth R; Amaranth S; Amaranth S Specially
Pure; Amaranth USP; Amaranth WD; Amaranth red;
Amaranthe; Azo Red R; Azo Rubine S-FQ; Azo Rubine
SF; Azo Ruby S; Azorubin S; Basovit Red 470E; Bor-
deaux S Extra Conc. A Export; Bordeaux S Extra Pure A;
Borunil Red A-B; C.I. 16185; C.I. Food Red 9; Canacert
Amaranth; Certicol Amaranth S; Cogilor Red 318.11;
Cranberry Red; D & C Red 2; D and C Red No. 2; D&C
Red No. 2; Daishiki Amaranth; Dolkwal Amaranth; Dye
Red Raspberry; E 123; Edicol Amaranth; Edicol Supra
Amaranth A; Edicol Supra Amaranth AS; Euorcert Al-
lura 311801; Eurocert Amaranth; FD and C Red No. 2;
FD&C Red 2; Fast Red; Food Red 2; Food Red 9; Food
Red No. 2; Fruit Red A Geigy; HD Amaranth B; HD

Amaranth Supra; Hexacert Red No. 2; Hexacol Ama-
ranth B Extra; Hidacid Amaranth; Hidacid Amaranth 21-
6008; Hispacid Red AM; Japan Food Red No. 2; Japan
Red 2; Japan Red No. 2; Java Amaranth; KCA Foodcol
Amaranth A; Kayaku Amaranth; Kayaku Food Colour
Red No. 2; Kiton Rubine S; L Red 3; L Red Z 3050;
Lissamine Amaranth AC; Maple Amaranth; Naphthol
Red LZS; Naphthol Red S; Naphthol Red S Conc.
Specially Pure; Naphthol Red S Specially Pure; Naphthol
Red SI; Necol Amaranth; Neklacid Red A; PuriColor
Red ARE 27; Rakuto Amaranth; Red No. 2; Red dye no.
2; Ritacid Red G; Rouge Solid E; S-Azo Rubine; San-ei
Amaranth; Sandal Amaranth I; Shikiso Amaranth; Solar
Red O; Takaoka Amaranth; Tertracid Red A; Toyo
Amaranth; Triacid Amaranth A; Trisodium salt of 1-
(4-sulfo-1-naphthylazo)-2-naphthol-3,6-disulfonic acid;
Usacert Red No. 2; Victoria Rubine O; Victory Scarlet;
Water Red 176574; Whortleberry Red; Wool Bordeaux
6RK; Wool Red 40F

Merck Index Number 375

Chemical/Dye Class Azo

Molecular Formula C20H11N2Na3O10S3

Molecular Weight 604.47

Physical Form Dark reddish-brown powder

Solubility Soluble in water; slightly soluble in ethanol

Melting Point >300 �C
Absorption (lmax) 520 nm

Synthesis Synthetic methods1–13

Staining Applications Candies;14,15 cereals;14 chewing
gums;14 chocolate confetti;14 snacks;14 drinks;15 micro-
organisms;16 oral liquids;17 soft drinks;18 sweetener;19

drugs;20 dietary supplements;20 tablets;20 granules;20 drug
crystals;20 pellets;20 capsules;20 skin;21 hairs;22,23 keratin
fibers24,25

Biological Applications Detecting membrane-poten-
tial change;26 treating acquired resistance to GABAergic
(ARG) agents27

Industrial Applications Color filters;28 inks;29,30 ther-
moplastics;31 laundry detergent;32 textiles33,34

Safety/Toxicity Acute toxicity;35 carcinogenicity;36

cytotoxicity;37 DNA damage;38 embryotoxicity;39 geno-
toxicity;40–42 hepatotoxicity;43 mutagenicity;44–48 neuro-
toxicity;49 teratogenicity50,51

REFERENCES

1. Lin, X. Method for extracting edible amaranth red
pigment fromAmaranthus. FamingZhuanli Shenqing

Gongkai Shuomingshu CN 101133825, 2008; Chem.
Abstr. 2008, 148, 330343.

Amaranth 19



2. Yu, S.; Takeda, S.; Tari, I.; Nishijima, S.; Nakahira, A.
Development of a recovery process for organic dyes
using high-gradient magnetic separation. Teion
Kogaku 2003, 38, 77–82; Chem. Abstr. 2003, 139,
198787.

3. Yamada, M.; Kato, Y.; Nakamura, M.; Yamada, T.;
Maitani, T.; Goda, Y. Structural determination of
unknown subsidiary colors in commercial food red
Nos.2and102.Chem.Pharm.Bull.1998,46,494–499.

4. Mogi, H.; Takahashi, M.; Inoe, H.; Sakashita, M.
Industrial manufacture of Bordeaux solution. Jpn.
Kokai Tokkyo Koho JP 08073307, 1996; Chem.
Abstr. 1996, 124, 335657.

5. Liu, P.; Xu, M.; Wang, D. Study on extraction of
bordeaux for colorizing food.Huaxue Shijie 1995, 36,
359–362; Chem. Abstr. 1996, 124, 258777.

6. Kabasawa, Y.; Tanimura, T.; Nakazawa, H.;
Shinomiya, K. Application of counter alternative
current chromatography to purification of food
mono-azo dyes. Anal. Sci. 1992, 8, 351–353.

7. Imai, T.; Iwano, K. Transparent solid cosmetics
containing solidified oils and water-soluble dyes.
Jpn. Kokai Tokkyo Koho JP 03294212, 1991;
Chem. Abstr. 1992, 116, 158600.

8. Rebhahn, R. W. J.; Cook, W. L. Ultrafiltration
purification of food dyes. U.S. Patent 4560746,
1985; Chem. Abstr. 1986, 105, 116539.

9. Smith, A. M.; Perletz, P. Rapidly soluble food colors.
U.S. Patent 3447933, 1969; Chem. Abstr. 1969, 71,
37606.

10. Pla-Delfina, J. M. Systematic identification of food,
drug, and cosmetic azo dyes. J. Soc. Cosmet. Chem.
1962, 13, 214–244.

11. McKeown, G. G. Separation of amaranth and
tartrazine. J. Assoc. Off. Agric. Chem. 1954, 37,
527–529.

12. Jablonski, C. F. Report on (the determination of)
coloring matters in foods. J. Assoc. Off. Agric.
Chem. 1929, 12, 354–360.

13. Jablonski, C. F. Report on (the determination of)
coloring matters in foods: (Quantitative separation
of amaranth from tartrazine). J. Assoc. Off. Agric.
Chem. 1928, 11, 434–438.

14. Prado,M.A.; Godoy, H. T. Contents of synthetic dyes
in foods determined by high performance liquid
chromatography. Quim. Nova 2007, 30, 268–273;
Chem. Abstr. 2007, 146, 480797.

15. Yoshioka, N.; Ichihashi, K. Determination of 40
synthetic food colors in drinks and candies by
high-performance liquid chromatography using a

short column with photodiode array detection.
Talanta 2008, 74, 1408–1413.

16. Noda, N.; Mizutani, T. Microorganism-measuring
method using multiple staining. Jpn. Kokai Tokkyo
Koho JP 2006340684, 2006;Chem. Abstr. 2006, 146,
77563.

17. Kamiyasu, H. Odorless oral liquid preparations
containing methionine and vitamin B2. Jpn. Kokai
Tokkyo Koho JP 2006111566, 2006; Chem. Abstr.
2006, 144, 419709.

18. Gianotti, V.; Angioi, S.; Gosetti, F.; Marengo, E.;
Gennaro, M. C. Chemometrically assisted
development of IP-RP-HPLC and spectrophoto-
metric methods for the identification and
determination of synthetic dyes in commercial soft
drinks. J. Liq. Chromatogr. Relat. Technol. 2005, 28,
923–937.

19. Mori, K. Sweetener composition. U.S. Pat. Appl.
Publ. US 2006257550, 2006; Chem. Abstr. 2006,
145, 488169.

20. Petereit, H. U.; Meier, C.; Roth, E. Method for spray-
coating drugs and dietary supplements with pigment-
containing polymers. Ger. Offen. DE 10260920,
2004; Chem. Abstr. 2004, 141, 59757.

21. Lee, H.; Soistier, N.; Simon, J. C. Cosmetic makeup
foundations for darkened skins. Fr. Demande FR
2848822, 2004; Chem. Abstr. 2004, 141, 76373.

22. Hoeffkes, H.; Gross, W. Hair dyes containing
silylcarbonates and/or silylcarbamates for
simultaneous dying and bleaching of hair. Ger.
Offen. DE 102004052060, 2006; Chem. Abstr.
2006, 144, 419031.

23. Plos, G. Hair dye composition containing an oxidase
alcohol and a direct dye having an acid function or its
salt for dyeing keratin fibers. Fr. Demande FR
2865396, 2005; Chem. Abstr. 2005, 143, 179094.

24. Kravtchenko, S. A composition for simultaneously
bleaching and coloring of keratin fibers comprising
an anionic or nonionic dye and a polymer. Eur. Pat.
Appl. EP 1738800, 2007; Chem. Abstr. 2007, 146,
128003.

25. Kravtchenko, S. Agent for simultaneously bleaching
and coloring of keratin fibers comprising an anionic
or nonionic dye and an inert organic liquid. Eur. Pat.
Appl. EP 1738801, 2007; Chem. Abstr. 2007, 146,
128004.

26. Kataoka, T.; Matsubara, M.; Hisada, M. Membrane-
potential change detecting method, drug screening
method, and well plate manufacture. Jpn. Kokai
Tokkyo Koho JP 2006126073, 2006; Chem. Abstr.
2006, 144, 447614.

20 Amaranth



27. Johnson, J. Methods and compositions for treating
ARG. PCT Int. Appl. WO 2006124609, 2006; Chem.
Abstr. 2006, 145, 500136.

28. Deno, T.; Eichenberger, T.; Voigt, J. Use of pyrimido
[5,4-g]pteridines as shading component in color filter
colorant compositions. PCT Int. Appl. WO
2006037728, 2006;Chem. Abstr. 2006, 144, 400791.

29. Mukai, H. Polyoxyalkylene surfactant-containing
water-thinned jet-printing inks with good breakage
prevention of heads, their manufacture, and
containers, heads, and printers containing them.
Jpn. Kokai Tokkyo Koho JP 2006016532, 2006;
Chem. Abstr. 2006, 144, 130597.

30. Yamazaki, H.; Tsuda, M. Aqueous jet-printing inks
containing acid and basic dyes without precipitating
nor clogging. Jpn. Kokai Tokkyo Koho JP
2004263151, 2004;Chem. Abstr. 2004, 141, 262228.

31. Van Den Oever, M. J. A.; Boeriu, C. G.; Blaauw, R.;
Van Haveren, J. Colorants based on renewable
resources and food-grade colorants for application
in thermoplastics. J. Appl. Polym. Sci. 2004, 92,
2961–2969.

32. Kabuto, S.; Tamura, N.; Nagayasu, K.; Nagata, S.
Laundry detergent compositions containing coated
particles contain-ing pigments and/or fluorescent
agents. Jpn. Kokai Tokkyo Koho JP 2005179530,
2005; Chem. Abstr. 2005, 143, 117172.

33. Grier, W. Time and temperature additive scheduling
during fabric sublimation. PCT Int. Appl. WO
2007112037, 2007;Chem. Abstr. 2007, 147, 428814.

34. Jocic, D.; Vilchez, S.; Topalovic, T.; Molina, R.;
Navarro, A.; Jovancic, P.; Julia, M. R.; Erra, P.
Effect of low-temperature plasma and chitosan
treatment on wool dyeing with acid red 27. J.
Appl. Polym. Sci. 2005, 97, 2204–2214.

35. Tonogai, Y.; Iwaida, M.; Tati, M.; Ose, Y.; Sato, T.
Biochemical decomposition of coal-tar dyes. II. Acute
toxicity of coal-tar dyes and their decomposed
products. J. Toxicol. Sci. 1978, 3, 205–214.

36. Johnson, F. M. Carcinogenic chemical-response
‘‘fingerprint’’ for male F344 rats exposed to a
series of 195 chemicals: implications for predicting
carcinogens with transgenic models. Environ. Mol.
Mutagen. 1999, 34, 234–245.

37. Yamashoji, S.; Isshiki, K. Rapid detection of
cytotoxicity of food additives and contaminants by
a novel cytotoxicity test, menadione-catalyzed H2O2

production assay. Cytotechnology 2002, 37,
171–178.

38. Tsuda, S.; Murakami, M.; Matsusaka, N.; Kano, K.;
Taniguchi, K.; Sasaki, Y. F. DNA damage induced by

red food dyes orally administered to pregnant and
male mice. Toxicol. Sci. 2001, 61, 92–99.

39. Piersma,A.H.; Attenon, P.; Bechter, R.; Govers,M. J.
A. P.; Krafft, N.; Schmid, B. P.; Stadler, J.; Verhoff,
A.; Verseil, C. Interlaboratory evaluation of
embryotoxicity in the postimplantation rat embryo
culture. Reprod. Toxicol. 1995, 9, 275–280.

40. Das, A.; Mukherjee, A. Genotoxicity testing of the
food colours amaranth and tartrazine. Int. J. Hum.
Genet. 2004, 4, 277–280.

41. Tripathy, N. K.; Nabi, Md. J.; Sahu, G. P.; Kumar,
A. A. Genotoxicity testing of two red dyes in the
somatic and germ line cells of Drosophila. Food
Chem. Toxicol. 1995, 33, 923–927.

42. Haveland-Smith, R. B.; Combes, R. D. Screening of
food dyes for genotoxic activity. Food Cosmet.
Toxicol. 1980, 18, 215–221.

43. Yoshimoto, M.; Yamaguchi, M.; Hatano, S.;
Watanabe, T. Configurational changes in rat liver
nuclear chromatin caused by azo dyes. Food
Chem. Toxicol. 1984, 22, 337–344.

44. Varella, S. D.; Pozetti, G. L.; Vilegas,W.; Varanda, E.
A. Mutagenic activity of sweepings and pigments
from a household wax factory assayed with
Salmonella typhimurium. Food Chem. Toxicol.
2004, 42, 2029–2035.

45. Rosenkranz, H. S.; Klopman, G. Structural basis of
the mutagenicity of 1-amino-2-naphthol-based azo
dyes. Mutagenesis 1990, 5, 137–146.

46. Ishidate, M., Jr.; Sofuni, T.; Yoshikawa, K.; Hayashi,
M.; Nohmi, T.; Sawada, M.; Matsuoka, A. Primary
mutagenicityscreeningoffoodadditivescurrentlyused
in Japan. Food Chem. Toxicol. 1984, 22, 623–636.

47. Al-Mossawi, M. A. J. The mutagenic effect of
amaranth (FD and C Red No. 2) in bacteria and
yeast. Environ. Int. 1983, 9, 145–148.

48. Chung, K. T.; Fulk, G. E.; Andrews, A. W.
Mutagenicity testing of some commonly used dyes.
Appl. Environ. Microbiol. 1981, 42, 641–648.

49. Khera, K. S.; Whalen, C. Detection of
neuroteratogens with an in vitro cytotoxicity assay
using primary monolayers cultured from dissociated
fetal rat brains. Toxicol. In Vitro 1988, 2, 257–273.

50. Cicurel, L.; Schmid, B. P. Post-implantation embryo
culture: validation with selected compounds
for teratogenicity testing. Xenobiotica 1988, 18,
617–624.

51. Khera, K. S.; Roberts, G.; Trivett, G.; Terry,
Geraldine; Whalen, C. A teratogenicity study with
amaranth in cats. Toxicol. Appl. Pharmacol. 1976,
38, 389–398.

Amaranth 21



9-AMINO-6-CHLORO-2-
METHOXYACRIDINE (ACMA)

CAS Registry Number 3548-09-2

Chemical Structure

N

OCH3

Cl

NH2

CAIndexName 9-Acridinamine, 6-chloro-2-methoxy-

OtherNames Acridine, 9-amino-6-chloro-2-methoxy-;
2-Methoxy-6-chloro-9-aminoacridine; 3-Chloro-7-meth-
oxy-9-aminoacridine; 6-Chloro-9-amino-2-methoxyacri-
dine; 9-Amino-3-chloro-7-methoxyacridine; 9-Amino-6-
chloro-2-methoxyacridine; G 185; NSC 15300

Merck Index Number Not listed

Chemical/Dye Class Acridine

Molecular Formula C14H11ClN2O

Molecular Weight 258.70

Physical Form Yellow crystals

Solubility Soluble in methanol, N,N-dimethylforma-
mide, dimethylsulfoxide

Melting Point 272–274 �C
Boiling Point (Calcd.) 475.1� 35.0 �C, pressure: 760
Torr

pKa 8.6

Absorption (lmax) 412 nm

Emission (lmax) 471 nm

Synthesis Synthetic methods1–10

StainingApplications Nucleic acids;11–15 cells;16 chro-
mosomes;17 microorganisms18

Biological Applications Antimalarial;19,20 bactericid-
al;21,22 detection of cancer cells,23 nucleic acids;11–15

treating malformed proteins causing neurodegenerative
disease24

Industrial Applications Not reported

Safety/Toxicity Genotoxicity;25 mutagenicity26,27

REFERENCES

1. Mansour, M.; Thaller, S.; Parlar, H.; Korte, F.
Photoinduced reaction of Atebrine. Z. Naturforsch.
B 1984, 39B, 1626–1628; Chem. Abstr. 1985, 102,
184582.

2. Shibnev, V. A.; Finogenova, M. P.; Gazumyan, A. K.;
Poletaev, A. I.; Mar’yash, L. I. 2-Methoxy-6,9-
dichloroacridine in peptide synthesis as a
fluorescent label. Bioorg. Khim. 1984, 10,
610–617; Chem. Abstr. 1984, 101, 171702.

3. Albert, A. Acridine syntheses and reactions. VI. A
new dehalogenation of 9-chloroacridine and its
derivatives. Further acridine ionization constants
and ultraviolet spectra. J. Chem. Soc. 1965,
4653–4657.

4. Kitani, K. The syntheses of 9-substituted acridines.
III. Reaction of 9-amino- and 9-(alkylamino)
acridines with amines. Nippon Kagaku Kaishi
1954, 75, 477–480; Chem. Abstr. 1955, 49, 53549.

5. Barber, H. J. Amino-substituted acridines.U.S. Patent
2450367, 1948; Chem. Abstr. 1949, 43, 2882.

6. Barber, H. J.;Wilkinson, J. H.; Edwards,W.G.H. The
reaction of 9-alkoxyacridines with bases and their
salts. J. Soc. Chem. Ind. 1947, 66, 411–415.

7. Guha, P. C.; Mukherjee, S. P. Synthesis of new
antimalarial drugs related to atebrin. II. J. Indian
Inst. Sci. 1946, 28A, 70–74.

8. Barber, H. J. 9-Aminoacridines. Brit. GB 581695,
1946; Chem. Abstr. 1947, 41, 17272.

9. Albert, A.; Goldacre, R.; Heymann, E. Amino
acridines: some partition and surface phenomena. J.
Chem. Soc. 1943, 651–654.

10. Gerchuk, M. P.; Arbuzova, P. G.; Kel’manskaya, I. A.
Synthesis of new chemotherapeutic pyroplasmocidic
compounds. II. Synthesis of acridyl-substituted
ureas. Zh. Obshch. Khim. 1941, 11, 948–953;
Chem. Abstr. 1943, 37, 2075.

11. Park, H. O.; Kim, H. B.; Chi, S. M. Detection method
of DNA amplification using probes labeled with
intercalating dyes. PCT Int. Appl. WO
2006004267, 2006;Chem. Abstr. 2006, 144, 122707.

12. MacFarlane, D. E. 9-Aminoacridine and 9-
aminoquinoline compounds inhibiting immuno-
stimulatory DNA-associated responses. U.S. Pat.
Appl. Publ. US 2003232856, 2003; Chem. Abstr.
2004, 140, 386030.

13. McNally, A. J.; Wu, R. S.; Li, Z. Immunoassay based
on DNA replication using labeled primer. U.S. Pat.

22 9-Amino-6-chloro-2-methoxyacridine (ACMA)



Appl. Publ. US 2002072053, 2002; Chem. Abstr.
2002, 137, 30238.

14. Chin, A. M. A library of modified primers for nucleic
acid sequencing, and method of use thereof. PCT Int.
Appl. WO 2000028087, 2000; Chem. Abstr. 2000,
133, 1455.

15. Zeleznick, L. D.; Crim, J. A.; Gray, G. D.
Immunosuppression by compounds which complex
with deoxyribonucleic acid. Biochem. Pharmacol.
1969, 18, 1823–1827.

16. Teuber, M.; Rogner, M.; Berry, S. Fluorescent probes
for non-invasive bioenergetic studies of whole
cyanobacterial cells. Biochim. Biophys. Acta,
Bioenerg. 2001, 1506, 31–46.

17. Tsou, K. C.; Giles, B.; Kohn, G. Chemical basis of
chromosome banding patterns. Stain Technol. 1975,
50, 293–295.

18. Noda, N.; Mizutani, T. Microorganism-measuring
method using multiple staining. Jpn. Kokai Tokkyo
Koho JP 2006340684, 2006;Chem. Abstr. 2006, 146,
77563.

19. Winter, R.W.; Kelly, J. X.; Smilkstein,M. J.; Dodean,
R.; Bagby, G. C.; Rathbun, R. K.; Levin, J. I.;
Hinrichs, D.; Riscoe, M. K. Evaluation and lead
optimization of antimalarial acridones. Exp.
Parasitol. 2006, 114, 47–56.

20. Girault, S.; Delarue, S.; Grellier, P.; Berecibar, A.;
Maes, L.; Quirijnen, L.; Lemiere, P.; Debreu-
Fontaine, M. A.; Sergheraert, C. Antimalarial in-vivo
activityofbis(9-amino-6-chloro-2-methoxyacridines).
J. Pharm. Pharmacol. 2001, 53, 935–938.

21. Wainwright, M.; Phoenix, D. A.; Marland, J.;
Wareing, D. R. A.; Bolton, F. J. A comparison of
the bactericidal and photobactericidal activities of
aminoacridines and bis(aminoacridines). Lett. Appl.
Microbiol. 1998, 26, 404–406.

22. Wainwright, M.; Phoenix, D. A.; Marland, J.;
Wareing, D. R. A.; Bolton, F. J. In vitro
photobactericidal activity of amino-acridines. J.
Antimicrob. Chemother. 1997, 40, 587–589.

23. Schwarz, G.; Wittekind, D. Selected aminoacridines
as fluorescent probes in cytochemistry in general and
in the detection of cancer cells in particular. Anal.
Quant. Cytol. 1982, 4, 44–54.

24. 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.

25. He, L.; Jurs, P. C.; Custer, L. L.; Durham, S. K.; Pearl,
G. M. Predicting the genotoxicity of polycyclic
aromatic compounds from molecular structure with
different classifiers. Chem. Res. Toxicol. 2003, 16,
1567–1580.

26. Henry, D. R.; Lavine, B. K.; Jurs, P. C. Electronic
factors and acridine frameshift mutagenicity—a
pattern recognition study. Mutat. Res. 1987, 179,
115–121.

27. Brown, B. R.; Firth, W. J., III; Yielding, L. W.
Acridine structure correlated with mutagenic
activity in Salmonella. Mutat. Res. 1980, 72,
373–388.

9-Amino-6-chloro-2-methoxyacridine (ACMA) 23



ANILINE BLUE (METHYL BLUE)

CAS Registry Number 28983-56-4

Chemical Structure

CA Index Name Benzenesulfonic acid, [[4-[bis[4-
[(sulfophenyl)amino]phenyl]methylene]-2,5-cyclohexad-
ien-1-ylidene]amino]-, sodium salt (1 : 2)

Other Names Benzenesulfonic acid, [[4-[bis[4-[(sul-
fophenyl)amino]phenyl]methylene]-2,5-cyclohexadien-
1- ylidene]amino]-, disodium salt; C.I. Acid Blue 93; C.I.
Acid Blue 93, disodium salt; Methyl blue; Acid Blue 93;
Acid Blue FG; Acid Ink Blue G; Acid Leather Blue HER;
Aniline Blue; Aniline Blue water soluble; Brilliant Lake
Blue G; C.I. 42780; Conacid Blue NC; Cotton blue;
Dycosacid Ink Blue G; Helvetia Blue; Helvetia Blue I;
Helvetia Blue Pure I; Ink Blue; Ink Blue BA; Ink Blue
BJT; InkBlueBJTBN80; Ink BlueBJTBNA80; InkBlue
BJTN; Ink Blue G; Ink Blue M; Ink Blue N; Ink Blue
Special; Ink Blue WGS; Ink Blue WRS; Methyl blue
(biological stain); Orient Soluble Blue OBB; Orient
Soluble Blue OBC; Orient Soluble Blue OBX; Poirriers
Blue; Pure Soluble Blue I; Silk Blue H; SkyBlueG; Solar
Soluble Blue BN; Soluble Blue; Soluble Blue 8B; Solu-
ble Blue OBB; Soluble Blue OBX; Special Soluble Blue
HT; Vicoacid Ink Blue; Water Blue; Water Blue 6B;
Water Blue B; Water Blue I Old Type 1240a; Water
Blue IN

Merck Index Number 6028

Chemical/Dye Class Triphenylmethane

Molecular Formula C37H27N3Na2O9S3

Molecular Weight 799.80

Physical Form Dark blue or dark brown powder

Solubility Soluble in water, ethanol; insoluble in xylene

Melting Point >250 �C
Absorption (lmax) 600 nm

Synthesis Synthetic methods1–9

Staining Applications Cartilage;10 chitin;11 hyaline
droplets;12 louse eggs;13 mitochondria;14 proteins;15

sphagnum moss;16 urine sediment;17

Biological Applications Assay for nucleic acids,18 pro-
tein determination,19 identification ofCandida albicans;20

method for counting leukocytes,21 controlled drug re-
lease;22 radiotherapy;23 treating apolipoprotein E-related
diseases;24 oral care products25

Industrial Applications Color filter;26,27 magnetic to-
ners;28 inks;29 highlighters;30 colored pencils;31 packag-
ing materials;32 paints;33 textiles;34 asbestos content mea-
surement;35 paper products36

Safety/Toxicity Mutagenicity37

Certification/Approval Certified by Biological Stain
Commission (BSC)
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AURAMINE O

CAS Registry Number 2465-27-2

Chemical Structure

NH

NN

CH3H3C

CH3 CH3

HCl.

CA Index Name Benzenamine, 4,40-carbonimidoylbis
[N,N-dimethyl-, hydrochloride (1 : 1)

Other Names Benzenamine, 4,40-carbonimidoylbis[N,
N-dimethyl-, monohydrochloride; C.I. Basic Yellow 2;
C.I. Basic Yellow 2, monohydrochloride; ADC Auramine
O; Aizen Auramine; Aizen Auramine OH; Aizen Aura-
mine OW 100; Aizen Auramine conc. SFA; Arazine
Yellow; Auramin; Auramine; Auramine 0-100; Auramine
A1; Auramine Extra; Auramine Extra 0-100; Auramine
Extra 0-125; Auramine Extra Conc. A; Auramine FA;
Auramine FWA; Auramine II; Auramine Lake Yellow O;
Auramine N; Auramine O; Auramine O Extra Conc. A
Export; Auramine ON; Auramine OO; Auramine OOO;
Auramine OS; Auramine Pure; Auramine SP; Auramine
Yellow; Auramine chloride; Auramine hydrochloride;
Basic Flavine Yellow O; Basic Light Yellow; Basic Light
Yellow O; Basic Yellow 2; Basonyl Yellow 120; C.I.

41000; Calcozine Yellow OX; Flexo Yellow 110; Mitsui
Auramine O

Merck Index Number Not listed

Chemical/Dye Class Diphenylmethane

Molecular Formula C17H22ClN3

Molecular Weight 303.84

Physical Form Yellow powder

Solubility Soluble in water, ethanol; very slightly solu-
ble in xylene

Melting Point >250 �C (decompose)

pKa 9.8, 10.7

Absorption (lmax) 370 nm, 432 nm

Emission (lmax) 550 nm

Synthesis Synthetic method1–18

Staining Applications Acid fast bacilli;19 cells;20,21

nuclei;22 smear;23 sputum;24 hairs25

Biological Applications Detecting bacteria;26,27 treat-
ment of cancers,28 cardiovascular disease,29 diabetes-
associated pain,30 mechanical allodynia,31 metabolic syn-
drome,32 protozoan infections in fish;33 targeted drug
delivery;34 as fungal inhibitors35

Industrial Applications Color filter;36 plasma dis-
plays;37 semiconductor devices;38 inks;39 highlighters;40

image-recording materials;41 printing plates;42 toners;43

adhesives;44 fuels;45 pesticides;46 textiles;47,48 wood49

Safety/Toxicity Acute oral toxicity;50 carcinogenici-
ty;51–53 cytotoxicity;54 DNA damage;55 genotoxicity;56,57

mutagenicity58,59

Certification/Approval Certified by Biological Stain
Commission (BSC)
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AZURE A

CAS Registry Number 531-53-3

Chemical Structure
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CA Index Name Phenothiazin-5-ium, 3-amino-7-(di-
methylamino)-, chloride (1 : 1)

Other Names Azure A; Phenothiazin-5-ium, 3-amino-
7-(dimethylamino), chloride; 3-Amino-7-(dimethylami-
no)phenazathionium chloride; 5-Chloro-3-dimethylami-
no-7-amino-5H-phenothiazine; Azur A; Azurea dye; C.I.
52005; N,N-Dimethylthionine

Merck Index Number 927

Chemical/Dye Class Phenothiazine

Molecular Formula C14H14ClN3S

Molecular Weight 291.80

Physical Form Dark green powder or crystals

Solubility Soluble in water, methanol, glycerol; spar-
ingly soluble in ethanol

Melting Point 290 �C (decompose)

Absorption (lmax) 620–634 nm

Synthesis Synthetic method1–9

Staining Applications Bacteria;10 fungi;10 blood pro-
ducts;11,12 cells;13 nucleic acids;14–16 proteins;16 virus-
es;16 nuclei;17 plant virus inclusions;18 tissues;19 hairs;20

keratin fibers;21 malaria-infected cells22

Biological Applications Antimalarial;22,23 medical de-
vices;24 diagnosis of amyloid accumulation related dis-
eases;25 reducing the extent of cardiac arrhythmias;26

treating angiogenic diseases,27 avian influenza virus,28

oral cavity infection,29 neurodegenerative diseases,30

pathological tau–tau association in Alzheimer dis-
ease,31,32 protozoan infections,33 viral diseases34

Industrial Applications Electrochromic devices;35 op-
tical sensors;36 photovoltaic cells;37 solar cells37

Safety/Toxicity Phototoxicity38

Certification/Approval Certified by Biological Stain
Commission (BSC)
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AZURE B

CAS Registry Number 531-55-5

Chemical Structure
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CA Index Name Phenothiazin-5-ium, 3-(dimethylami-
no)-7-(methylamino)-, chloride (1 : 1)

Other Names Azure B; Phenothiazin-5-ium, 3-(di-
methylamino)-7-(methylamino)-, chloride; Trimethy-
lthionine; 3-Methylamino-7-dimethylaminophenazathio-
nium chloride; Azur I; Azure I; C.I. 52010; Methylene
Azure; Trimethylthionine chloride

Merck Index Number 928

Chemical/Dye Class Phenothiazine

Molecular Formula C15H16ClN3S

Molecular Weight 305.83

Physical Form Dark green powder or crystals

Solubility Soluble in water; sparingly soluble in ethanol

Melting Point 205–210 �C (decompose)

Absorption (lmax) 648–655 nm

Synthesis Synthetic method1–14

Staining Applications Blood products;15–17 cells;18 ep-
ithelial tissues;19 nucleic acids;20–24 proteins;23,24 virus-
es;23 nuclei;25 nucleolus;26 lignins;27 melanin;28,29 reticu-
locytes;30 keratin fibers;31 malaria-infected cells32

Biological Applications Antimalarial;32,33 biofuel
cell;34 medical devices;35 diagnosis of amyloid accumu-
lation related diseases,36 diabetes,37 malignant melano-
ma;28,29 detecting oral cancer,38 cells,18 nucleic acids;20–24

treating avian influenza virus,39 nail infection,40 oral cavity
infection,41,42 neurodegenerative diseases,43 pathological
tau–tau association in Alzheimer disease,44,45 protozoan
infections,46 viral diseases47

Industrial Applications Inks;48 electrochromic de-
vices;49 solar energy50

Safety/Toxicity Carcinogenicity;51 phototoxicity52,53

Certification/Approval Certified by Biological Stain
Commission (BSC)
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BAPTA

CAS Registry Number 85233-19-8

Chemical Structure
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COOH

COOHHOOC

HOOC

CAIndexName Glycine,N,N0-[1,2-ethanediylbis(oxy-
2,1-phenylene)]bis[N-(carboxymethyl)-

Other Names 1,2-Bis(2-aminophenoxy)ethane-N,N,N0,
N0-tetraacetic acid; 1,2-Bis(o-aminophenoxy)ethane-N,N,
N0,N0-tetraacetic acid; Ethylenedioxybis(o-phenylenenitri-
lo)tetraacetic acid; 2,20-(Ethylenedioxy)dianiline-N,N,N0,
N0-tetraacetic acid; BAPTA
Merck Index Number 957

Chemical/Dye Class Aromatic

Molecular Formula C22H24N2O10

Molecular Weight 476.43

Physical Form Beige powder

Solubility Soluble in dimethyl sulfoxide

Melting Point 149–159�C
Boiling Point (Calcd.) 766.6� 60.0�C, pressure: 760
Torr

pKa (Calcd.) 1.40� 0.10, most acidic, temperature:
25�C; 5.96� 0.38, most basic, temperature 25�C
Absorption (lmax) 209 nm, 254 nm, 203 nm, 274 nm

Emission (lmax) 363 nm

Synthesis Synthetic methods1–3

Staining Applications Calcium ions;1–3,6–22 zinc
ions;23,24 bone;4 proteins5

Biological Applications Calcium indicators;1–3,6–22

zinc indicators;23,24 treating acute cell death,25 cerebral
infarction,25 myocardial infarction,25 hepatonecrosis,25

kidney ischemic necrosis,25 necrotizing pancreatitis,25

amyloidosis,26 atherosclerosis,26 diseases characterized
by calcification and/or plaque formation,27 osteoporosis,28

Paget’s disease,28 heterotropic ossification,28 hypercalce-
mia,28 cancer,29 inflammation,29 diabetes mellitus,30

epilepsy,31 epithelial disorders,32 glaucoma,33 HIV-asso-
ciated conditions,34 respiratory disorders,35 streptococcal
infection,36 viral diseases37

Industrial Applications Inks38

Safety/Toxicity Carcinogenicity;39 cytotoxicity;40

excitotoxicity;41,42 hydrogen peroxide toxicity;43 neuro-
toxicity44–48
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BAPTA AM

CAS Registry Number 126150-97-8

Chemical Structure

CA IndexName Glycine,N,N0-[1,2-ethanediylbis(oxy-
2,1-phenylene)]bis[N-[2-[(acetyloxy)methoxy]-2-ox-
oethyl]-, 1,10-bis[(acetyloxy)methyl] ester

Other Names 1,2-Bis(2-aminophenoxy)ethane-N,N,N0,
N0-tetraacetic acid tetrakis(acetoxymethyl ester); Glycine,
N,N0-[1,2-ethanediylbis(oxy-2,1-phenylene)]bis[N-[2-
[(acetyloxy)methoxy]-2-oxoethyl]-, bis[(acetyloxy)meth-
yl] ester; BAPTA-AM

Merck Index Number Not listed

Chemical/Dye Class Aromatic

Molecular Formula C34H40N2O18

Molecular Weight 764.68

Physical Form White powder

Solubility Soluble in chloroform, dimethyl sulfoxide

Melting Point >200�C
Boiling Point (Calcd.) 796.1� 60.0�C, pressure:
760Torr

pKa (Calcd.) 1.69� 0.50, most basic, temperature:

25�C
Absorption (lmax) 287 nm

Synthesis Synthetic methods1,2

Staining Applications Calcium ions;1–18 fungi;19 mo-
tor neurons20

Biological Applications Calcium indicators;1–18 treat-
ing cancer,21 chronic bacterial infection,22 glaucoma,23

ocular hypertension,23 HIV-associated conditions,24

infectious diseases,25 neurodegenerative disorders,26

neurological conditions,27 psychiatric conditions27

Industrial Applications Not reported

Safety/Toxicity Cytotoxicity;28 excitotoxicity;29

neurotoxicity;20,30,31 renal toxicity32
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BASIC FUCHSIN

CAS Registry Number 632-99-5

Chemical Structure

NH2

H2N NH2

CH3

+ _
Cl

CA Index Name Benzenamine, 4-[(4-aminophenyl)(4-
imino-2,5-cyclohexadien-1-ylidene)methyl]-2-methyl-,
hydrochloride (1:1)

Other Names Benzenamine, 4-[(4-aminophenyl)(4-
imino-2,5-cyclohexadien-1-ylidene)methyl]-2-methyl-,
monohydrochloride; C.I. Basic Violet 14, monohy-
drochloride; Rosaniline; 12418 Red; Aizen Magenta;
Astra Fuchsine B; Basic Fuchsine; Basic Magenta; Basic
Magenta E 200; Basic Violet 14; Basic fuchsin; C-WR
Violet 8; C.I. 42510; C.I. Basic Violet 14; Calcozine
Fuchsine HO; Calcozine Magenta RTN; Calcozine
Magenta XX; Cerise B; Diabasic Magenta; Diamond
Fuchsine; Fuchsin; Fuchsin basic; Fuchsine; Fuchsine

A; Fuchsine CS; Fuchsine G; Fuchsine HO; Fuchsine
N; Fuchsine RTN; Fuchsine SBP; Fuchsine Y; Lowacryl
Violet 14;Magenta;Magenta DP;Magenta E;MagentaG;
Magenta I; Magenta PN; Magenta Powder N; Magenta S;
Magenta superfine; Orient Basic Magenta; RGB 20; RGN
10; RGN 10 (dye); Rosaniline chloride; Rosaniline hy-
drochloride; Rosanilinium chloride

Merck Index Number 5652

Chemical/Dye Class Triphenylmethane

Molecular Formula C20H20ClN3

Molecular Weight 337.85

Physical Form Dark green crystals

Solubility Soluble in water, ethanol; insoluble in ether

Melting Point 200�C (decompose)

Absorption (lmax) 543 nm

Synthesis Synthetic method1–7

Staining Applications Bacteria;8,9 cells;10 cyto-
plasm;11 nuclei;11 collagen;11 mucus;11 elastin;11 fats;11

lipids;11 fish;12 intestinal mucosa;13 fruit juices;14 fungi;15

nucleic acids;16 pathogens;17 white blood cells;18 nails;19

skin;20 lips;20 hairs;21–23 keratin fibers;24 shampoos25

Biological Applications Detecting cancer;26 treating
Jock itch,27 oral fungal infection,28 piles;29 periodontal
disease30

Industrial Applications Inks;31,32 highlighters;33

textiles34

Safety/Toxicity Acute toxicity;35 carcinogenicity;36

genotoxicity;37,38 mutagenicity39

Certification/Approval Certified by Biological Stain
Commission (BSC)
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BISMARK BROWN Y

CAS Registry Number 10114-58-6

Chemical Structure

CAIndexName 1,3-Benzenediamine, 4,40-[1,3-pheny-
lenebis(2,1-diazenediyl)]bis-, hydrochloride (1:2)

Other Names 1,3-Benzenediamine, 4,40-[1,3-phenyle-
nebis(azo)]bis-, dihydrochloride; C.I. 21000; C.I. Basic
Brown 1, dihydrochloride; Basic Brown G; Basic
Brown GX; Basic Brown GXP; Excelsior Brown; Leather
Brown; Manchester Brown; Phenylene Brown; Vesuvin;
Vesuvine

Merck Index Number 1253

Chemical/Dye Class Azo

Molecular Formula C18H20Cl2N8

Molecular Weight 419.31

Physical Form Blackish-brown or red-brown powder

Solubility Soluble in water, methyl cellosolve, ethylene
glycol; slightly soluble in ethanol; insoluble in acetone,
benzene, carbon tetrachloride, xylene

Melting Point >200�C

pKa 5.0

Absorption (lmax) 457 nm

Synthesis Synthetic methods1–3

Staining Applications Brain;3 spinal cord;3 sperm
head;4 tissue culture;5 cytoplasmic vacuoles;6 nucleic
acids;7 keratin fibers8

Biological Applications Differential inhibition of brain
specific binding9

Industrial Applications Inks;10 toners;11 electropho-
tography;12 paints;13 wood14

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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BLUE TETRAZOLIUM (BT)

CAS Registry Number 1871-22-3

Chemical Structure

CA Index Name 2H-Tetraolium, 2,20-(3,30-dimethoxy
[1,10-biphenyl]-4,40-diyl)bis[3,5-diphenyl-, chloride (1:2)
Other Names 2H-Tetrazolium, 2,20-(3,30-dimethoxy
[1,10-biphenyl]-4,40-diyl)bis[3,5-diphenyl-, dichloride;
2H-Tetrazolium,3,30-(3,30-dimethoxy-4,40-biphenylylene)
bis[2,5-diphenyl-, dichloride; 3,30-(3,30-Dimethoxy-4,40-
biphenylylene)bis[2,5-diphenyl-2H-tetrazolium chlo-
ride]; 2,20,5,50-Tetraphenyl-3,30-(3,30-dimethoxy-4,40-di-
phenylene)ditetrazolium chloride; 2,20-(m,m0-Dime-
thoxy-p,p0-biphenylene)bis(3,5-diphenyltetrazolium chlo-
ride); 3,30-(3,30-Dimethoxy-4,40-biphenylene)bis[2,5-di-
phenyl-2H-tetrazolium chloride]; 3,30-Dianisolebis[4,40-
(3,5-diphenyl)tetrazolium chloride]; BT; BT (dye); Blue
tetrazolium; Blue tetrazolium chloride; Ditetrazolium
chloride; NSC 27623; Tetrazolium blue; Tetrazolium blue
chloride

Merck Index Number 9244

Chemical/Dye Class Tetrazolium salt

Molecular Formula C40H32Cl2N8O2

Molecular Weight 727.64

Physical Form Lemon yellow crystals or powder

Solubility Soluble inwater; freely soluble ethanol,meth-
anol, chloroform; insoluble in acetone, ether, ethyl acetate

Melting Point 242–245�C (decompose)

Absorption (lmax) 253 nm

Synthesis Synthetic methods1–8

Staining Applications Fungi;9 motoneurons10

Biological Applications Cellular response evalua-
tion assays;11 microbial growth assays;12,13 tannins
assays;14 anti-cancer agents;15 diagnostic test strips;16

detecting lactate dehydrogenase (LDH) isoenzymes,17

gamma-hydroxybutyric acid (GHB);18 measuring
ATP,19 number of soil microorganisms,20 niacin;21

treating cancer22

Industrial Applications Electrochromic displays;23

recordingmaterials;24,25 toner;26 photochromic devices;27

thin-film sensor;28 photographic materials29

Safety/Toxicity Cytotoxicity;30–32 dental toxicity;33,34

hepatotoxicity;35in vitro toxicity36,37
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BOBO 1

CAS Registry Number 169454-13-1

Chemical Structure
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CA Index Name Benzothiazolium, 2,20-[1,3-propane-
diylbis[(dimethyliminio)-3,1-propanediyl-1(4H)-pyridi-
nyl-4-ylidenemethylidyne]]bis[3-methyl-, iodide (1:4)

Other Names Benzothiazolium, 2,20-[1,3-propanediyl-
bis[(dimethyliminio)-3,1-propanediyl-1(4H)-pyridinyl-
4-ylidenemethylidyne]]bis[3-methyl-, tetraiodide; BOBO
1; BOBO 1 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C41H54I4N6S2

Molecular Weight 1202.66

Physical Form Yellow-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250�C
Absorption (lmax) 462 nm

Emission (lmax) 481 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;1–4 cells;5,6 chro-
matin;7 leukocytes;15 nuclei;15 micronuclei;7 megakaryo-
cyte;8 microorganisms;9 sperms;10 hairs11

Biological Applications Nucleic acid hybridiza-
tion;12,13 detecting nucleic acids,1–4 cells,5,6 pathogens;14

counting embryoblasts;15 characterization of DNA/lipid
complexes16

Industrial Applications Not reported

Safety/Toxicity No data available
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BOBO 3

CAS Registry Number 169454-17-5

Chemical Structure

CA Index Name Benzothiazolium, 2,20-[1,3-propane-
diylbis[(dimethyliminio)-3,1-propanediyl-1(4H)-pyridi-
nyl-4-ylidene-1-propen-1-yl-3-ylidene]]bis[3-methyl-,
iodide (1:4)

Other Names Benzothiazolium, 2,20-[1,3-propanediyl-
bis[(dimethyliminio)-3,1-propanediyl-1(4H)-pyridinyl-
4-ylidene-1-propen-1-yl-3-ylidene]]bis[3-methyl, tetra-
iodide; BOBO 3, BIBO 3 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C45H58I4N6S2

Molecular Weight 1254.73

Physical Form Yellow-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250�C
Absorption (lmax) 570 nm

Emission (lmax) 602 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;1–5 bacteria;6

cells;7,8 leukocytes;16 nuclei;16 megakaryocytes;9

sperms;10 hairs11

Biological Applications Nucleic acid hybridization;12

DNA fingerprinting;13 DNA sequencing;14 detecting
nucleic acids,1–5 cells,7,8 pathogens;15 counting embryo-
blasts16

Industrial Applications Not reported

Safety/Toxicity No data available
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BODIPY FL C5-CERAMIDE

CAS Registry Number 133867-53-5

Chemical Structure

CA Index Name Boron, [5-[(3,5-dimethyl-2H-pyrrol-
2-ylidene-kN)methyl]-N-[(1S,2R,3E)-2-hydroxy-1-(hy-
droxymethyl)-3-heptadecen-1-yl]-1H-pyrrole-2-pentana-
midato-kN1]difluoro-, (T-4)-
Other Names Boron, [5-[(3,5-dimethyl-2H-pyrrol-2-
ylidene)methyl]-N-[2-hydroxy-1-(hydroxymethyl)-3-
heptadecenyl]-1H-pyrrole-2-pentanamidato-N1,N5]di-
fluoro-, [T-4-[R-[R�,S�-(E)]]]-; Boron, [5-[(3,5-dimethyl-
2H-pyrrol-2-ylidene-kN)methyl]-N-[(1S,2R,3E)-2-hy-
droxy-1-(hydroxymethyl)-3-heptadecenyl]-1H-pyrrole-
2-pentanamidato-kN1]difluoro-, (T-4)-; 1H-Pyrrole-2-
pentanamide, 5-[(3,5-dimethyl-2H-pyrrol-2-ylidene)
methyl]-N-[2-hydroxy-1-(hydroxymethyl)-3-heptadece-
nyl]-, boron complex, [R-[R�,S�-(E)]]-; BODIPY FL-C5-
ceramide; C5-DMB-ceramide

Merck Index Number Not listed

Chemical/Dye Class Organometallic, boron based

Molecular Formula C34H54BF2N3O3

Molecular Weight 601.63

Physical Form Solid

Solubility Soluble in chloroform, methanol, dimethyl

sulfoxide

Melting Point >200�C
Absorption (lmax) 505 nm

Emission (lmax) 511 nm, 620 nm

Synthesis Synthetic method1

Staining Applications Golgi apparatus;1–4 endoplas-
mic reticulum;4 bacteria;5 exosomes;6 glycoproteins;7

Madin–Darby canine kidney (MDCK) cells;8 lipids;9–12

lipidbilayers;13 lipoproteins;14myelin;15 sphingolipid;16–19

transfer RNA20

Biological Applications Measuring activity of a hydro-
lase;21 studying lipid traffic,18membrane traffic;19 inositol
phosphorylceramide synthase activity assay22

Industrial Applications Not reported

Safety/Toxicity No data available
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BRILLIANT BLUE FCF

CAS Registry Number 3844-45-9

Chemical Structure

CA Index Name Benzenemethanaminium, N-ethyl-N-
[4-[[4-[ethyl[(3-sulfophenyl)methyl]amino]phenyl](2-
sulfophenyl)methylene]-2,5-cyclohexadien-1-ylidene]-
3-sulfo-, inner salt, sodium salt (1:2)

Other Names Alphazurine FG; Benzenemethanami-
nium, N-ethyl-N-[4-[[4-[ethyl[(3-sulfophenyl)methyl]
amino]phenyl](2-sulfophenyl)methylene]-2,5-cyclohex-
adien-1-ylidene]-3-sulfo-, hydroxide, inner salt, disodium
salt; Benzenemethanaminium, N-ethyl-N-[4-[[4-[ethyl
[(3-sulfophenyl)methyl]amino]phenyl](2-sulfophenyl)
methylene]-2,5-cyclohexadien-1-ylidene]-3-sulfo-,inner
salt, disodium salt; Brilliant Blue FCF; C.I. 42090; C.I.
Acid Blue 9, disodium salt; Blue 1; Blue 1206; Blue FCF;
Blue No. 1; Brilliant Blue E 133; Brilliant Blue FCF
Supra; C.I. Food Blue 2; Canacert Brilliant Blue FCF;
D and C Blue No. 1; D&C Blue No. 1; Disodium erio-
glaucine; Dolkwal Brilliant Blue; Duasyn Acid Blue AE
02; E 133; E 133 (dye); Erioglaucine; Erioglaucine dis-
odium salt; FD and CBlue 1; FD and CBlue No. 1; FD&C
Blue No. 1; FDC Blue 1; Food Blue 1; Food Blue 2; Food
Blue Dye No. 1; Food Blue No. 1; Food Blue No. 2;
Hexacol Brilliant Blue A; Japan Blue 1; Japan Blue No. 1;
Japan Food Blue No. 1; Puricolor Blue ABL 9; Sicovit
Brilliant Blue 85E133; Usacert Blue No. 1; Usacert FD
and C Blue No. 1

Merck Index Number 1373

Chemical/Dye Class Triphenylmethane

Molecular Formula C37H34N2Na2O9S3

Molecular Weight 792.85

Physical Form Reddish-violet or purple powder

Solubility Soluble in water, ethanol, methyl cellosolve

Melting Point 283�C (decompose)

Absorption (lmax) 406 nm, 625 nm

Synthesis Synthetic methods1–11

Staining Applications Stain for endoscopy;12 cells;13

microorganisms;14 alcohol;15 bakery products;16 bev-
erages;17,18 candies;19 cotton candy;20 canned food;21

cucumbers;21 drinks;15,19 meat products;22 sweeteners;23

capsules;24 tablets;25 toothpastes;26 eyelashes;27 eye shad-
ow;28 skin;29 hairs;30 tattoos;31 teeth32

Biological Applications Treating coughing,33 sneez-
ing,33 rhinorrhea,33 nasal obstruction,33 rhinitis;34medical
devices35

Industrial Applications Electrochromic display
devices;36 inks;37,38 paints;39 photographic materials;40

detergents;41 textiles;42 wood;43 entertainment products44

Safety/Toxicity Acute toxicity;45 carcinogenicity;46–48

environmental toxicity;49 genotoxicity;50,51 mutage-
nicity52,53

Certification/Approval Approved by Food & Drugs
Administration (FDA)
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BRILLIANT CRESYL BLUE

CAS Registry Number 81029-05-2

Chemical Structure
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CA Index Name Phenoxazin-5-ium, 3-amino-7-
(diethylamino)-2-methyl-, chlorozincate (2:1)

Other Names 3-Amino-7-(diethylamino)-2-methyl-
phenoxazin-5-ium chlorozincate; BCB; Brilliant Cresyl
Blue; Brilliant Cresyl Blue ALD; Brilliant Cresyl Blue
BB; Brilliant Blue C; C.I. 51010

Merck Index Number Not listed

Chemical/Dye Class Phenoxazine

Molecular Formula C17H20ClN3O�0.5 ZnCl2

Molecular Weight 385.96

Physical Form Green crystalline powder

Solubility Soluble in water, ethanol

Melting Point 233–236�C
pKa 6.0, 11.0

Absorption (lmax) 622 nm

Synthesis Synthetic methods1–3

Staining Applications Brain tissue;4 nuclei;5 plant
chromosomes;6 reticulocytes;7 platelets;8 reticulated red
cells8

Biological Applications Detection of biochemical
molecules;9 enzyme assay9

Industrial Applications Optical data storage10

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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BRILLIANT GREEN

CAS Registry Number 633-03-4

Chemical Structure

CA Index Name Ethanaminium, N-[4-[[4-(diethylami-
no)phenyl]phenylmethylene]-2,5-cyclohexadien-1-yli-
dene]-N-ethyl-, sulfate

Other Names ADC Brilliant Green crystals; Astradia-
mant Green GX; C.I. Basic Green 1; 12415 Green; ADC
Brilliant Green Crystals; Aizen Diamond Green GH;
Aizen Malachite Green GH; Astra Diamond Green GX;
Astrazon Green D; Avon Green A 4379; Basic Bright
Green; Basic Bright Green Sulfate; Basic Brilliant Green;
Basic Green 1; Basic Green V; Brilliant Green; Brilliant
Green B; Brilliant Green BP; Brilliant Green BP Crystals;
Brilliant Green BPC; Brilliant Green Crystals; Brilliant
GreenCrystals H; Brilliant GreenDSC; BrilliantGreenG;
Brilliant Green GX; Brilliant Green Lake; Brilliant Green
P; Brilliant Green Special; Brilliant Green Sulfate; Bril-
liant Green WP Crystals; Brilliant Green Y; Brilliant
Green YN; Brilliant Green YNS; Brilliant Lake Green
Y; Brilliant green aseptic; C.I. 42040; Calcozine Brilliant
Green G; Deorlene Green JJO; Diamond Green G; Dia-
mondGreenGH;N-[4-[[4-(Diethylamino)phenyl]phenyl-
methylene]-2,5-cyclohexadien-1-ylidene]-N-ethyletha-
naminium sulfate (1:1); Emerald Green; Ethyl green; Fast
Green J; Fast Green JJO; Green EN; Hidaco Brilliant
Green; Malachite Green G; Mitsui Brilliant Green GX;
NSC 5011; Resplendency Green; Solid Green; Solid
Green JO; Tertrophene Brilliant Green G; Tokyo Aniline
Brilliant Green; Zelen brilantni; Zelen malachitova G;
Zelen smaragdova; Zelen zasadita 1

Merck Index Number 1374

Chemical/Dye Class Triphenylmethane

Molecular Formula C27H34N2O4S

Molecular Weight 482.63

Physical Form Glistering green to green-gold crystals

Solubility Soluble in water, ethanol

Melting Point 210�C (decompose)

pH Range 0.0–2.6

Color Change at pH Yellow (0.0) to green (2.6)

Absorption (lmax) 625 nm, 428 nm

Synthesis Synthetic methods1–12

Staining Applications Bone cement;13 cytoplasm;14

horny layer cell;15 large intestine;14 nucleic acids;16

skin;15,17 stratum corneum cell;18 tissues;14 hairs1,19,20

Biological Applications Antimalarial agent;1,21 detect-
ing carious tissue;1,22 treating anococcygeal pain syn-
drome;23 wound dressing materials;1,17,24 catheter;25

mouthwash26

Industrial Applications Color filters;1,27 black ma-
trix;1,27 liquid crystal displays;1,27 photoresist;1,28 con-
ducting polymer films;29 optical fiber pH sensor;30 printed
circuit boards;31 inks;1,32,33 textiles34

Safety/Toxicity Bacterial toxicity;35 carcinogeni-
city;1,36 fish toxicity;1,37 microbial toxicity;38 skin
toxicity39

Certification/Approval Certified by Biological Stain
Commission (BSC)

NN

HSO4

CH3

CH3H3C

H3C

_

+

Brilliant Geen 61



REFERENCES

1. Sabnis, R. W. Handbook of Acid-Base Indicators;
CRC Press: Boca Raton, 2008; pp 36–37.

2. Welcher, F. J. Organic Analytical Reagents; D. Van
Nostrand Company: New York, 1948; Vol. 4, p 341.

3. Berneth, H.; Raue, R. Oxidative manufacture of sulfo
group-free triphenylmethane dyes. Ger. Offen. DE
3842014, 1990; Chem. Abstr. 1991, 114, 64262.

4. Aizawa, T. Manufacture of triphenylmethane dye by
electrochemical oxidation. Jpn. Kokai Tokkyo Koho
JP 02194188, 1990; Chem. Abstr. 1991, 114, 52054.

5. Leont’eva, K. A.; Kulygina, M. A. Commercial-type
BasicBrilliantGreen dye.U.S.S.R. SU724543, 1980;
Chem. Abstr. 1980, 93, 48544.

6. Kast, H.; Mayer, U. Basic dyes. Ger. Offen. DE
2736679, 1979; Chem. Abstr. 1979, 90, 170166.

7. Feldman, M. L.; Gordon, J. E. Recovery and
purification of basic triarylmethane dyes. U.S. Patent
3679713, 1972; Chem. Abstr. 1972, 77, 141488.

8. Feldman, M. L.; Gordon, J. E. Isolation of
triphenylmethane dyes. Ger. Offen. DE 2102404,
1971; Chem. Abstr. 1971, 75, 89326.

9. Kerr, G. O.; Gregory, G. R. E. C. Simple method for
the purification of brilliant green, reagent for
antimony. Analyst 1969, 94, 1036–1037.

10. Yoshino, M. Synthesis of triphenylmethane dyes.
Rep. Tokyo Imp. Ind. Res. Inst. Lab. 1942, 37,
95–189; Chem. Abstr. 1948, 42, 27489.

11. Laptev, N. G. Brilliant green. Anilinokrasochnaya
Prom. 1933, 3, 462–468; Chem. Abstr. 1934, 28,
30113.

12. Browning, C. H.; Gulbransen, R.; Kennaway, E. L.;
Thornton, L. H. D. Flavine and brilliant green. Br.
Med. J. 1917, 73–78.

13. Kuehn, K. D.; Vogt, S. Colored polymethacrylate
bone cement and method for preparation. Ger. DE
102005032110, 2006; Chem. Abstr. 2006, 145,
235931.

14. Yamamoto, A.; Iimori, Y.; Saze, M.; Ishiguro, M.;
Kurosawa, Y.; Sasaki, H. Histofluorescent stain for
endoscopy. Brit. UK Pat. Appl. GB 2441892, 2008;
Chem. Abstr. 2008, 148, 350550.

15. Yamazaki, K.; Fujiwara, N. Horny layer cell staining
solution/method for skin status evaluation and
cosmetic selection. Jpn. Kokai Tokkyo Koho JP
2006053117, 2006;Chem. Abstr. 2006, 144, 249970.

16. Li, L.; Song, G.; Fang, G. Determination of nucleic
acidwith brilliant green by resonance light scattering.
Am. Biotechnol. Lab. 2007, 25, 34–36.

17. Smelov, V. V.; Smelov, E. V. Remedy for removing
benign skin neoplasms. Russ. RU 2259834, 2005;
Chem. Abstr. 2005, 143, 272574.

18. Yamazaki, K.; Sakazaki, Y. Color control of
magnified images of stained stratum corneum cell
preparations by computer graphic technique. Jpn.
Kokai Tokkyo Koho JP 2007114076, 2007; Chem.
Abstr. 2007, 146, 478277.

19. Hoeffkes, H.; Bossmann, B. Use of coated alkali
agents for oxidative hair bleaching and dyeing
compositions to prevent foaming. Eur. Pat.
Appl. EP 1752191, 2007; Chem. Abstr. 2007, 146,
212227.

20. Hoeffkes, H.; Gross, W. Hair dyes containing
silylcarbonates and/or sylilcarbamates for
simultaneous dyeing and bleaching of hair. Ger.
Offen. DE 102004052060, 2006; Chem. Abstr.
2006, 144, 419031.

21. Chong, C. R.; Chen, X.; Shi, L.; Liu, J. O.; Sullivan,
D. J., Jr. A clinical drug library screen identifies
astemizole as an antimalarial agent. Nat. Chem.
Biol. 2006, 2, 415–416.

22. Guggenberger, R.; Luchterhandt, T.; Haeberlein, I.;
Kappler, O.; Hansen, M. Dental composition for
detection of carious tissue, detection method. PCT
Int. Appl. WO 2006125650, 2006; Chem. Abstr.
2006, 146, 33158.

23. Kazakov, M. V.; Khidiyatov, I. I.; Gainutdinov, F. M.
Method for the treatment of anococcygeal pain
syndrome by ‘‘carpet’’ blockades. Russ. RU
2289397, 2006; Chem. Abstr. 2006, 146, 55545.

24. Addison, D.; Greenhalgh, D.; Cullen, B. M.
Antioxidant and antimicrobial wound dressing
materials. PCT Int. Appl. WO 2005049101, 2005;
Chem. Abstr. 2005, 143, 13454.

25. Rosenblatt, J.; Vitullo, J.; Bouchard, M. Catheter
with polymeric coating. U.S. Pat. Appl. Publ. US
2007129690, 2007; Chem. Abstr. 2007, 147,
39251.

26. Bahna, P.; Hanna, H. A.; Dvorak, T.; Vaporciyan, A.;
Chambers, M.; Raad, I. Antiseptic effect of a novel
alcohol-free mouthwash: a convenient prophylactic
alternative for high-risk patients. Oral Oncol. 2007,
43, 159–164.

27. Kurita, E.; Igarashi, T. Photocurable resin
compositions for forming color filters or black
matrixes of liquid crystal displays. Jpn. Kokai
Tokkyo Koho JP 2005208480, 2005; Chem. Abstr.
2005, 143, 183241.

62 Brilliant Geen



28. Abramov, V. N.; Aref’ev, N. M.; Kochukov, A. V.;
Yakovlev, V. B. Film photoresist for stenciling and
method for its manufacture. Russ. RU 2321037,
2008; Chem. Abstr. 2008, 148, 414240.

29. Kato,H.; Takemura, S.;Nishikawa,O.; Taniguchi,M.
X-ray photoemission spectroscopy and Fourier
transform infrared studies of dye molecule doped
conducting polymer films. J. Vac. Sci. Technol., A
2005, 23, 869–874.

30. Beltran-Perez, G.; Lopez-Huerta, F.; Munoz-Aguirre,
S.; Castillo-Mixcoatl, J.; Palomino-Merino, R.;
Lozada-Morales, R.; Portillo-Moreno, O. Fabrica-
tion and characterization of an optical fiber pH
sensor using sol-gel deposited TiO2 film doped with
organic dyes. Sens. Actuators, B 2006, B120, 74–78.

31. Murao, K. Fabrication of printed circuit boards
provided with blind via-holes plugged with copper
by electrodeposition. Jpn. Kokai Tokkyo Koho JP
2006009079, 2006;Chem. Abstr. 2006, 144, 116371.

32. Kimura, F. Color-changing black ink compositions
and marking pen-type color-changing writing tools
and writing tool sets containing them. Jpn. Kokai
Tokkyo Koho JP 2007197486, 2007; Chem. Abstr.
2007, 147, 236905.

33. Masushige, N. Color-changing ink compositions and
color-changing writing tools and writing tool sets

containing them. Jpn. Kokai Tokkyo Koho JP
2007119676, 2007;Chem. Abstr. 2007, 146, 502658.

34. Sheikh, M. R. K.; Farouqui, F. I.; Modak, P. R.;
Hoque, Md. A.; Yasmin, Z. Dyeing of Rajshahi silk
with basic dyes: effect of modification on dyeing
properties. J. Text. Inst. 2006, 97, 295–300.

35. Khadzhai, Y. I.; Skubko, T. P.; Kobzar, A. I.;
Nikolaeva, A. V.; Pavlova, V. V.; Ershova, N. V.
Activity and toxicity of bactericidal adhesive
plasters. Farmatsiya 1988, 37, 56–59; Chem.
Abstr. 1988, 108, 142902.

36. Vachalkova, A.; Novotny, L.; Blesova, M.
Polarographic reduction of some triphenylmethane
dyes and their potential carcinogenic activity.
Neoplasma 1996, 43, 113–117.

37. Ghisotti, F.; Colombo, G. Toxicological analysis of
water-soluble synthetic organic dyes in aquatic
animals. Ecologia 1972, 2, 32–34; Chem. Abstr.
1972, 77, 122700.

38. Oros, G.; Cserhati, T.; Forgacs, E. Separation of the
strength and selectivity of the microbiological effect
of synthetic dyes by spectral mapping technique.
Chemosphere 2003, 52, 185–193.

39. Shehade, S. A.; Foulds, I. S. Allergic contact
dermatitis to Brilliant Green. Contact Dermatitis
1986, 14, 186–187.

Brilliant Geen 63



BSPT

CAS Registry Number 38116-89-1

Chemical Structure
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CA Index Name 2H-Tetrazolium, 2-(2-benzothiazo-
lyl)-3-(3,4-dihydro-1-hydroxy-4-oxo-6-phthalazinyl)-5-
(2-phenylethenyl)-, chloride (1:1)

OtherNames 2H-Tetrazolium, 2-(2-benzothiazolyl)-5-
(2-phenylethenyl)-3-(1,2,3,4-tetrahydro-1,4-dioxo-6-
phthalazinyl)-, chloride; 2-(20-Benzothiazolyl)-5-styryl-3-

(40-phthalhydrazidyl)tetrazolium chloride; 2-(2-Ben-
zothiazolyl)-3-(4-phthalhydrazidyl)-5-styryltetrazolium
chloride; 2-(2-Benzothiazolyl)-5-styryl-3-(4-phthalhydra-
zidyl)tetrazolium chloride; BPST; BPST chloride; BSPT;
BSPT (dye); Thiazolyl blue; Thiazolyl blue (Chinese)

Merck Index Number Not listed

Chemical/Dye Class Tetrazolium salt

Molecular Formula C24H16ClN7O2S

Molecular Weight 501.95

Physical Form Orange crystals or powder

Solubility Soluble in water, ethanol, N,N-dimethyl-
formamide

Melting Point 254�C
Absorption (lmax) 300 nm

Synthesis Synthetic methods1–3

Staining Applications Enzymes;4–11 tissues12,13

Biological Applications Albumin assays;14 detecting
gamma-hydroxybutyric acid (GHB);15 treating cancer,16

cerebrovascular disorder,17 brain degenerative disease,17

demyelinating disease,17 muscle degenerative disease18

Industrial Applications Not reported

Safety/Toxicity Skin toxicity19
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BTC

CAS Registry Number 154324-80-8

Chemical Structure

CA Index Name Glycine, N-[3-(2-benzothiazolyl)-6-
[2-[2-[bis(carboxymethyl)amino]-5-methylphenoxy]eth-
oxy]-2-oxo-2H-1-benzopyran-7-yl]-N-(carboxymethyl)-

Other Names BTC

Merck Index Number Not listed

Chemical/Dye Class Benzothiazolylcoumarin

Molecular Formula C33H29N3O12S

Molecular Weight 691.66

Physical Form Solid

Solubility Soluble in dimethyl sulfoxide

Melting Point >250�C

Boiling Point (Calcd.) 1027.8� 75.0�C, pressure:
760Torr

pKa (Calcd.) 1.70� 0.10, most acidic, temperature:
25�C

6.17� 0.50, most basic, temperature: 25�C
Absorption (lmax) 464 nm

Emission (lmax) 533 nm

Synthesis Synthetic methods1,2

Staining Applications Calcium ions1–10

Biological Applications Calcium indicator;1–10 identi-
fying ion channels modulators11

Industrial Applications Not reported

Safety/Toxicity No data available
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BTC AM

CAS Registry Number 176767-94-5

Chemical Structure

CA Index Name Glycine, N-[2-[(acetyloxy)methoxy]-
2-oxoethyl]-N-[3-(2-benzothiazolyl)-6-[2-[2-[bis[2-
[(acetyloxy)methoxy]-2-oxoethyl]amino]-5-methylphe-
noxy]ethoxy]-2-oxo-2H-1-benzopyran-7-yl]-, (acety-
loxy)methyl ester

Other Names BTC acetoxymethyl ester, BTC AM

Merck Index Number Not listed

Chemical/Dye Class Benzothiazolylcoumarin

Molecular Formula C45H45N3O20S

Molecular Weight 979.91

Physical Form Solid

Solubility Soluble in methanol, dimethyl sulfoxide

Melting Point >250�C
Boiling Point (Calcd.) 992.9� 75.0�C, pressure:
760Torr

pKa (Calcd.) 1.91� 0.50, most basic, temperature:
25�C
Absorption (lmax) 433 nm

Emission (lmax) 504 nm

Synthesis Synthetic method1

Staining Applications Calcium ions;1,3–11 leukocytes2

BiologicalApplications Calcium indicator;1,3–11 detec-
ting leukocytes tumor cells2

Industrial Applications Not reported

Safety/Toxicity No data available
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CALCEIN

CAS Registry Number 1461-15-0

Chemical Structure

CA Index Name Glycine,N,N0-[(30,60-dihydroxy-3-ox-
ospiro[isobenzofuran-1(3H),90-[9H]xanthene]-20,70-diyl)
bis(methylene)]bis[N-(carboxymethyl)-

Other Names Bis[N,N-bis(carboxymethyl)aminome-
thyl] fluorescein;Fluorescein, 20,70-bis[[bis(carboxymethyl)
amino]methyl]-; Fluorescein-bis(methyliminodiacetic ac-
id); Spiro[isobenzofuran-1(3H),90-[9H]xanthene], glycine
derivative; 2,7-Bis[N,N-bis(carboxymethyl)aminomethy-
lene]fluorescein; Acetic acid, [(30,60-dihydroxy-20,70-fluor-
andiyl)bis(methylenenitrilo)]tetra-; Calcein; Fluorescein
complexon; Fluorexon; NSC 298193; Oftasceine

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C30H26N2O13

Molecular Weight 622.53

Physical Form Yellow-orange to brown powder

Solubility Soluble in water, ethanol, N,N-dimethyl
formamide, dimethyl sulfoxide

Melting Point 200�C

Boiling Point (Calcd.) 952.7� 65.0�C, pressure:
760Torr

pH Range 6.0–7.2

Color Change at pH Weak green fluorescence (6.0) to
strong green fluorescence (7.2)

pKa 6.67

Absorption (lmax) 494 nm

Emission (lmax) 517 nm

Synthesis Synthetic methods1–7

Staining Applications Calcium ions;8,9 fluoride ions;10

iron ions;11–13 mercury ions;14 peptides;2 proteins;2 anti-
bodies;2 atherosclerotic plaque;1,15 bone;16,17 cells;18–20

fish;21 liposomes;22,23 neurons;8 skin;24 tumor cells;1,25

inflammations;1 lymphokines;1 hepatocytes3,4

Biological Applications Calcium indicator;8,9 fluoride
indicator;10 iron indicator;11–13 mercury indicator;14 de-
tecting nucleic acids,1,26 proteins;27 treating osteoporo-
sis;28 drug delivery systems1,29

Industrial Applications Chemical mechanical polish-
ing;1,30 coatings;31 photoresists32

Safety/Toxicity Acute toxicity;33 cytotoxicity;1,34 muta-
genicity;35 neurotoxicity;36 ophthalmotoxicity37
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CALCEIN AM

CAS Registry Number 148504-34-1

Chemical Structure

CA Index Name Glycine, N,N0-[[30,60-bis(acetyloxy)-
3-oxospiro[isobenzofuran-1(3H),90-[9H]xanthene]-20,70-
diyl]bis(methylene)]bis[N-[2-[(acetyloxy)methoxy]-2-
oxoethyl]-, 1,10-bis[(acetyloxy)methyl] ester

Other Names Calcein O,O0-diacetate tetrakis(acetoxy-
methyl)ester; Glycine, N,N0-[[30,60-bis(acetyloxy)-3-ox-
ospiro[isobenzofuran-1(3H),90-[9H]xanthene]-20,70-diyl]
bis(methylene)]bis[N-[2-[(acetyloxy)methoxy]-2-oxoe-
thyl]-, bis[(acetyloxy)methyl] ester; Spiro[isoben-
zofuran-1(3H),90-[9H]xanthene], glycine derivative;
Calcein AM; Calcein acetoxymethyl ester; NSC
689290

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C46H46N2O23

Molecular Weight 994.86

Physical Form Colorless powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250�C

Boiling Point (Calcd.) 982.7� 65.0�C, pressure:
760Torr

pKa (Calcd.) 2.66� 0.50, most basic, temperature:
25�C

Absorption (lmax) < 300 nm

Synthesis Synthetic methods1–4

Staining Applications Calcium ions;5–8 zinc ions;9

bacteria;10–12 fungi;11 yeast;12,13 cells;14–21 cornea;22,23

erythrocytes;24 lymphocytes;25 microorganisms;26,27 neu-
rons;28,29 Schwann cells;30 sperms;31–33 tissues34

Biological Applications Calcium indicators;5–8 zinc
indicators;9 cytotoxicity assays;35–37 apoptosis as-
says;38,39 viability assays;3,4,9,13,14,16,21–24,28,32,33 labile
iron pool assays;40 chemotaxis probes;41,42 cell adhesion
probes;25,43–46 mitochondrial probes;46,47 P-glycoprotein
probes;48 multi-drug resistance probes;49–51 treating ath-
erosclerosis,52 cancer;53 ischemic disease54

Industrial Applications Not reported

Safety/Toxicity Carcinogenicity;55 cytotoxicity;56–61

fish toxicity;62 nanoparticle toxicity;63 neurotoxicity;64–66

phototoxicity;67 ophthalmotoxicity;68,69 reproductive
toxicity46
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CALCEIN BLUE

CAS Registry Number 54375-47-2

Chemical Structure
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CA Index Name Glycine, N-(carboxymethyl)-N-[(7-
hydroxy-4-methyl-2-oxo-2H-1-benzopyran-8-yl)methyl]-

Other Names Calcein blue; 4-Methylumbelliferone-8-
methyliminodiacetic acid

Merck Index Number Not listed

Chemical/Dye Class Coumarin

Molecular Formula C15H15NO7

Molecular Weight 321.28

Physical Form White to pale yellow powder

Solubility Soluble inwater,methanol, dimethyl sulfoxide

Melting Point >200�C
BoilingPoint (calcd.) 636.2� 55.0�C,pressure: 760Torr
pKa (Calcd.) 1.74� 0.10, most acidic, temperature: 25�C
Absorption (lmax) 360 nm

Emission (lmax) 449 nm

Synthesis Synthetic methods1–4

Staining Applications Alkaline phosphatase;5 amino
acids;6 bone;7 calcification front;8 fish;9 mineralized nod-
ule;10 mineralized tissues;11 tumor tissues;12 copper
ions;13,14 calcium ions;15 cadmium ions;16 iron (II) ions;17

iron (III) ions;3 fluoride ions;18,19 lanthanides ions;20

magnesium ions;21 silver ions;22 sulfate ions;23 zinc ions24

Biological Applications Copper indicator;13,14 calcium
indicator;15 cadmium indicator;16 iron (II) indicator;17

iron (III) indicator;3 fluoride indicator;18,19 lanthanides
indicator;20 magnesium indicator;21 silver indicator;22

sulfate indicator;23 zinc indicator;24 treating atherosclero-
sis,25 restenosis,25 hypertension25

Industrial Applications Laser materials;26 semicon-
ductor wafer-cleansing solutions;27 detergent28

Safety/Toxicity No data available
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CALCEIN BLUE AM

CAS Registry Number 168482-84-6

Chemical Structure
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CA Index Name Glycine, N-[2-[(acetyloxy)methoxy]-
2-oxoethyl]-N-[(7-hydroxy-4-methyl-2-oxo-2H-1-benzo-
pyran-8-yl)methyl]-, (acetyloxy)methyl ester

Other Names Calcein Blue AM; Calcein Blue acetoxy-
methyl ester

Merck Index Number Not listed

Chemical/Dye Class Coumarin

Molecular Formula C21H23NO11

Molecular Weight 465.41

Physical Form Solid

Solubility Soluble in dimethyl sulfoxide, methanol

Melting Point >200�C
Boiling Point (Calcd.) 617.0� 55.0�C, pressure:
760Torr

pKa (Calcd.) 8.88� 0.40, most acidic, temperature:
25�C; 2.66� 0.50, most basic, temperature: 25�C
Absorption (lmax) 322 nm

Emission (lmax) 437 nm

Synthesis Synthetic method1

Staining Applications Bacteria,2 cells1

Biological Applications Drug delivery;3 fluorescent
viability assay;1 monitoring bacterial transport2

Industrial Applications Not reported

Safety/Toxicity Cytotoxicity3
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CALCIUM GREEN 1

CAS Number 154719-40-1

Chemical Structure

CA Index Name Glycine, N-[2-[2-[2-[bis(carboxy-
methyl)amino]-5-[[(20,70-dichloro-30,60-dihydroxy-3-oxo-
spiro[isobenzofuran-1(3H),90-[9H]xanthen]-5-yl)carbon-
yl]amino]phenoxy]ethoxy]phenyl]-N-(carboxymethyl)-,
potassium salt (1:6)

OtherNames Glycine,N-[2-[2-[2-[bis(carboxymethyl)
amino]-5-[[(20,70-dichloro-30,60-dihydroxy-3-oxospiro
[isobenzofuran-1(3H),90-[9H]xanthen]-5-yl)carbonyl]
amino]phenoxy]ethoxy]phenyl]-N-(carboxymethyl)-,
hexapotassium salt; Spiro[isobenzofuran-1(3H),90-
[9H]xanthene], glycine deriv.; Calcium Green 1; Cal-
cium Green I

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C43H27Cl2K6N3O16

Molecular Weight 1147.19

Physical Form Solid

Solubility Soluble in water

Melting Point >250�C
pKa 6.7

Absorption (lmax) 506 nm

Emission (lmax) 531 nm

Synthesis Synthetic methods1,2

Staining Applications Calcium ions;4–27 cells,3

neurons7,8,10,11,13,21

Biological Applications Calcium indicator4–27

Industrial Applications Not reported

Safety/Toxicity Phloem mobility of xenobiotics28
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CALCIUM GREEN 2

CAS Registry Number 170516-40-2

Chemical Structure

CA Index Name Glycine, N,N0-[1,2-ethanediylbis[oxy
[4-[[(20,70-dichloro-30,60-dihydroxy-3-oxospiro[isobenzo-
furan-1(3H),90-[9H]xanthen]-5-yl)carbonyl]amino]-2,1-
phenylene]]]bis[N-(carboxymethyl)-, potassium salt (1:8)

Other Names Glycine, N,N0-[1,2-ethanediylbis[oxy[4-
[[(20,70-dichloro-30,60-dihydroxy-3-oxospiro[isobenzofu-
ran-1(3H),90-[9H]xanthen]-5-yl)carbonyl]amino]-2,1-
phenylene]]]bis[N-(carboxymethyl)-, octapotassium
salt; CG 2; Calcium Green 2

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C64H34Cl4K8N4O22

Molecular Weight 1665.58

Physical Form Solid

Solubility Soluble in water

Melting Point >250�C

Absorption (lmax) 503 nm

Emission (lmax) 536 nm

Synthesis Synthetic methods1,2

Staining Applications Calcium ions1–6

Biological Applications Calcium indicator;1–6 identi-
fying ryanodine receptors modulators,3 taste receptors
modulators6

Industrial Applications Not reported

Safety/Toxicity No data available
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CALCIUM GREEN 5N

CAS Registry Number 153130-66-6

Chemical Structure

CA Index Name Glycine, N-[2-[2-[2-[bis(carboxy-
methyl)amino]-5-[[(20,70-dichloro-30,60-dihydroxy-3-ox-
ospiro[isobenzofuran-1(3H),90-[9H]xanthen]-5-yl)carbo-
nyl]amino]phenoxy]ethoxy]-4-nitrophenyl]-N-(carboxy-
methyl)-, hexapotassium salt

Other Names Calcium green 5N

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C43H26Cl2K6N4O18

Molecular Weight 1192.19

Physical Form Solid

Solubility Soluble in water

Melting Point >250�C
Absorption (lmax) 506 nm

Emission (lmax) 532 nm

Synthesis Synthetic methods1,2

Staining Applications Calcium ions1–12

Biological Applications Calcium indicator1–12

Industrial Applications Not reported

Safety/Toxicity No data available
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CARMINE

CAS Registry Number 1390-65-4

Chemical Structure
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CA Index Name Carmine

Other Names Alum carmine; Alum lake; Alum lake of
carminic acid; B Rose Liquid; C.I. 75470; Carmine;
Carmine alum lake; Carmine red; Cochineal; Cochineal
extract; Nacarat; Natural Red 4

Merck Index Number Not listed

Chemical/Dye Class Anthraquinone

Molecular Formula C44H43AlCaO32

Molecular Weight 1150.86

Physical Form Red powder

Solubility Slightly soluble in water; soluble in alkali
solution; insoluble in cold water

Melting Point 138–140�C (darkens)

Absorption (lmax) 531 nm, 563 nm

Synthesis Synthetic methods1–11

StainingApplications Beverages;12 candies;13 cheese;14

chewing gum;15 noodle seasoning;16 sweeteners;17 confec-
tionery products;18,19 fish;20 meat;20 food casings;21

fruits;22 vegetables;22 bacteria;23 cells;24 chromatin;25 gly-
cogen;26 mucus;26 nuclei;26 microorganisms;27 nucleic
acids;28 proteins;29 capsules;30 cough syrups;31

tablets;13,19,32 lips;35,36,40,41 lip gloss;33 lipstick;34 cheek
color;34 nails;36,37 eyelashes;35 eyebrows;36 sunscreen;38

skin;35,39–41 hairs35,42,43

Biological Applications Drug delivery products;44

preventing coronary artery disease;45 cancer chemo-
preventive activity;46 lipid metabolism;47 treating Alz-
heimer’s disease;48 soaps;49,50 whitening teeth;51 in food
products;52 pharmaceuticals;52 cosmetics;52 medical
devices53

Industrial Applications Adhesives;54 paints;54 inks;54

toners;55 coloring cigarette papers,56 textiles57

Safety/Toxicity Carcinogenicity;58 chronic toxicity;58

clastogenic effects;59 DNA repair;61 embryotoxicity;60

food allergy;62 hepatotoxicity;61 occupational asthma;62

reproductive toxicity;63 teratogenicity60

Certification/Approval Certified by Biological Stain
Commission (BSC)
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COELENTERAZINE

CAS Registry Number 55779-48-1

Chemical Structure
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CA Index Name Imidazo[1,2-a]pyrazin-3(7H)-one, 6-
(4-hydroxyphenyl)-2-[(4-hydroxyphenyl)methyl]-8-(phe-
nylmethyl)-

Other Names 8-Benzyl-2-(4-hydroxybenzyl)-6-(4-hy-
droxyphenyl)imidazo[1,2-a]pyrazin-3(7H)-one; CLZN;
Coelenterazin; Coelenterazine; Coelenterazine native;
3,2-Dihydro-2-(p-hydroxybenzyl)-6-(p-hydroxyphenyl)-
8-benzylimidazolo[1,2-a]pyrazin-3-one; Luciferin; Lu-
ciferin (Oplophorus); NanoFuel; Preluciferin; Prelucifer-
in (Watasenia); Watasenia preluciferin

Merck Index Number Not listed

Chemical/Dye Class Heterocycle; Imidazo[1,2-a]pyr-
azin-3(7H)-one

Molecular Formula C26H21N3O3

Molecular Weight 423.46

Physical Form Orange-yellow crystals or powder

Solubility Soluble in ethanol, methanol

Melting Point 176–181�C (decompose)

Boiling Point (Calcd.) 641.4� 65.0�C, pressure:
760Torr

pKa (Calcd.) 9.91� 0.15, most acidic, temperature:
25�C; 6.63� 0.60, most basic, temperature: 25�C
Absorption (lmax) 429 nm

Emission (lmax) 466 nm; 514 nm

Synthesis Synthetic methods1–15

Staining Applications Calcium ions;12,13,17–31,51

cells,16 erythrocytes62

BiologicalApplications Calcium indicator;12,13,17–31,51

detecting luciferase,34 protease, 35 gene expression,36 nu-
cleic acids,37–40 proteins,41,42 stem cells,43 quantum dot
conjugates,44–46 superoxide;47–50 tracing protein dynam-
ics;51,52 as a substrate for luciferase,53–56 alkaline phos-
phatase,57 galactosidase;58 treating epilepsy,59 pain syn-
dromes,59 hepatitis C virus (HCV) infections,60 herpes
virus infection,61Plasmodium falciparum infection,61 hu-
man immunodeficiency virus infection61

Industrial Applications Not reported

Safety/Toxicity Fish toxicity;62 vascular toxicity63
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COELENTERAZINE cp

CAS Registry Number 123437-25-2

Chemical Structure

CA Index Name Imidazo[1,2-a]pyrazin-3(7H)-one, 8-

(cyclopentylmethyl)-6-(4-hydroxyphenyl)-2-[(4-hydroxy-
phenyl)methyl]-

Other Names CLZN-cp; Coelenterazine cp

Merck Index Number Not listed

Chemical/Dye Class Heterocycle; Imidazo[1,2-a]pyr-
azin-3(7H)-one

Molecular Formula C25H25N3O3

Molecular Weight 415.48

Physical Form Yellow powder

Solubility Soluble in ethanol, methanol

Melting Point >200�C
Boiling Point (Calcd.) 615.1� 65.0�C, pressure:
760Torr

pKa (Calcd.) 9.91� 0.15, most acidic, temperature:
25�C; 6.65� 0.60, most basic, temperature: 25�C

Absorption (lmax) 430 nm

Emission (lmax) 442 nm

Synthesis Synthetic method1

Staining Applications Calcium ions1–6

Biological Applications Calcium indicator;1–6 measur-
ing luciferase activity;7–9 as a substrate for luciferase;
screening HIV-1 protease inhibitors10

Industrial Applications Not reported

Safety/Toxicity No data available
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COELENTERAZINE f

CAS Registry Number 123437-16-1

Chemical Structure

CA Index Name Imidazo[1,2-a]pyrazin-3(7H)-one, 2-
[(4-fluorophenyl)methyl]-6-(4-hydroxyphenyl)-8-(pheny-
lmethyl)-

Other Names CLZN-f; Coelenterazine f

Merck Index Number Not listed

Chemical/Dye Class Heterocycle; Imidazo[1,2-a]pyr-
azin-3(7H)-one

Molecular Formula C26H20FN3O2

Molecular Weight 425.45

Physical Form Orange powder

Solubility Soluble in ethanol, methanol

Melting Point >200�C
Boiling Point (Calcd.) 596.7� 60.0�C, pressure:
760Torr

pKa (Calcd.) 10.48� 0.30, most acidic, temperature:
25�C; 6.49� 0.60, most basic, temperature: 25�C

Absorption (lmax) 437 nm

Emission (lmax) 472 nm

Synthesis Synthetic methods1,2

Staining Applications Calcium ions2–9

Biological Applications Calcium indicator;2–9 assay-
ing luminescent enzyme;10 measuring luciferase activi-
ty;11 as a substrate for luciferase;12,13 screening HIV-1
protease inhibitors14

Industrial Applications Not reported

Safety/Toxicity No data available
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COELENTERAZINE h

CAS Registry Number 50909-86-9

Chemical Structure
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CA Index Name Imidazo[1,2-a]pyrazin-3(7H)-one, 6-
(4-hydroxyphenyl)-2,8-bis(phenylmethyl)-

Other Names CLZN-h; 2-Deoxycoelenterazine; Coe-
lenterazine h; Luciferin; Luciferin (Renilla); Renilla lu-
ciferin; h-Coelenterazine

Merck Index Number Not listed

Chemical/Dye Class Heterocycle; Imidazo[1,2-a]pyr-
azin-3(7H)-one

Molecular Formula C26H21N3O2

Molecular Weight 407.46

Physical Form Yellow powder

Solubility Soluble in methanol, ethanol

Melting Point >200�C
Boiling Point (Calcd.) 593.5� 60.0�C, pressure:
760Torr

pKa (Calcd.) 10.48� 0.30, most acidic, tempera-
ture: 25�C; 6.15� 0.60, most basic, temperature:
25�C
Absorption (lmax) 437 nm

Emission (lmax) 466 nm

Synthesis Synthetic methods1–4

Staining Applications Calcium ions3,5–14

Biological Applications Calcium indicator;3,5–14 as-
saying luminescent enzyme;15 measuring luciferase ac-
tivity;16,17 as a substrate for luciferase;18 screening HIV-1
protease inhibitors;19 bioluminescence resonance energy
transfer (BRET) detection system20

Industrial Applications Not reported

Safety/Toxicity No data available
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COELENTERAZINE hcp

CAS Registry Number 123437-32-1

Chemical Structure
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CA Index Name Imidazo[1,2-a]pyrazin-3(7H)-one, 8-
(cyclopentylmethyl)-6-(4-hydroxyphenyl)-2-(phenylme-
thyl)-

Other Names CLZN-hcp; Coelenterazine hcp

Merck Index Number Not listed

Chemical/Dye Class Heterocycle; Imidazo[1,2-a]pyr-
azin-3(7H)-one

Molecular Formula C25H25N3O2

Molecular Weight 399.48

Physical Form Yellow powder

Solubility Soluble in ethanol, methanol

Melting Point >200�C
Boiling Point (Calcd.) 568.2� 60.0�C, pressure:
760Torr

pKa (Calcd.) 10.48� 0.30, most acidic, temperature:
25�C; 6.17� 0.60, most basic, temperature: 25�C
Absorption (lmax) 433 nm

Emission (lmax) 445 nm

Synthesis Synthetic method1

Staining Applications Calcium ions1–7

Biological Applications Calcium indicator;1–7 assay-
ing luminescent enzyme;8 measuring luciferase activity;9

as a substrate for luciferase;10 screening HIV-1 protease
inhibitors;11 bioluminescence resonance energy transfer
(BRET) detection system12

Industrial Applications Not reported

Safety/Toxicity No data available
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COELENTERAZINE n

CAS Registry Number 123437-22-9

Chemical Structure

CA Index Name Imidazo[1,2-a]pyrazin-3(7H)-one, 6-
(4-hydroxyphenyl)-2-(2-naphthalenylmethyl)-8-
(phenylmethyl)-

Other Names CLZN-n; Coelenterazine n

Merck Index Number Not listed

Chemical/Dye Class Heterocycle; Imidazo[1,2-a]pyr-
azin-3(7H)-one

Molecular Formula C30H23N3O2

Molecular Weight 457.52

Physical Form Yellow powder

Solubility Soluble in ethanol, methanol

Melting Point >200�C
Boiling Point (Calcd.) 663.4� 65.0�C, pressure:
760Torr

pKa (Calcd.) 10.48� 0.30, most acidic, temperature:
25�C; 6.52� 0.60, most basic, temperature: 25�C

Absorption (lmax) 431 nm

Emission (lmax) 468 nm

Synthesis Synthetic method1

Staining Applications Calcium ions1–7

Biological Applications Calcium indicator;1–7 assay-
ing luminescent enzyme;8 measuring luciferase activity;9

as a substrate for luciferase;10 screening HIV-1 protease
inhibitors11

Industrial Applications Not reported

Safety/Toxicity No data available
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CONGO RED

CAS Registry Number 573-58-0

Chemical Structure

CA Index Name 1-Naphthalenesulfonic acid, 3,30-
[[1,10-biphenyl]-4,40-diylbis(2,1-diazenediyl)]bis[4-amino-,
sodium salt (1 : 2)

Other Names 3,30-[[1,10-Biphenyl]-4,40-diylbis-(azo)]
bis[4-amino-1-naphthalenesulfonic acid] disodium salt;
1-Naphthalenesulfonic acid, 3,30-[[1,10-biphenyl]-4,40-
diylbis(azo)]bis[4-amino-, disodium salt; C.I. Direct Red
28, disodium salt; Atlantic Congo Red; Atul Congo Red;
Azocard Red Congo; Benzo Congo Red; Brasilamina
Congo 4B; Cerven Kongo; Cerven Prima 28; C.I.
22120; C.I. Direct Red 28; Congo Red 4B; Congo Red
4BX;CongoRedCR;CongoRedH;CongoRedK;Congo
RedL;CongoRedM;CongoRedN;CongoRedR;Congo
Red RS; Congo Red TS; Congo Red W; Congo Red WS;
Congo Red sodium salt; Congo red; Cotton Red 4BC;
Cotton Red 5B; Cotton Red L; Congorot; Diacotton
Congo Red; Direct Congo Red; Direct Red 28; Direct
Red C; Direct Red DC-CF; Direct Red K; Erie Congo 4B;
Haemomedical; Haemonorm; Hemorrhagyl; Hispamin
Congo 4B; Kayaku Congo Red; Kongorot; Mitsui Congo
Red; Peeramine Congo Red; Red K; Sodium diphenyl-
diazo-bis-a-naphthylaminesulfonate; Solucongo; Sugai
Congo Red; Tertrodirect Red C; Trisulfon Congo Red;
Vondacel Red CL

Merck Index Number 2498

Chemical/Dye Class Azo

Molecular Formula C32H22N6 Na2O6S2

Molecular Weight 696.66

Physical Form Brownish-red powder

Solubility Soluble in water, ethanol; very slightly solu-
ble in acetone; practically insoluble in ether, xylene

Melting Point >360�C
pH Range 3.0–5.0

Color Change at pH Blue (3.0) to red (5.0)

pKa 4.1

Absorption (lmax) 497 nm, 488 nm

Synthesis Synthetic methods1–9

Staining Applications Amyloid-b (Ab) protein;1,10–18
bacteria;19 carious tissue;20 collagen;21 fungi;22 fungal cell
wall mutants;23 liposome;24 polyglutamine protein
oligomers;25 prion;26 skin;27 a-synuclein;28 tissue
section29

Biological Applications Detecting bacteria,30 protein
folding disorders;31 treating dermatological disorders,32

neurodegenerative diseases,1,33 Alzheimer’s disease1,34

Industrial Applications Display devices;1,35 optical
films;35 alignment layers;36 fiber-optic sensors;1,37 optical
waveguides;1,38 highlighters;39 textiles40

Safety/Toxicity Acute toxicity;1,41 algal toxicity;42 bac-
terial toxicity;42 protozoan toxicity;42 carcinogenicity;1,43

cutaneous toxicity;1,44 cytotoxicity;1,45,46 environmental
toxicity;47 genotoxicity;1,48 hematotoxicity;49 microbial
toxicity;50 mutagenicity;1,51–54 neurotoxicity;1,55 yeast
toxicity56

Certification/Approval Certified by Biological Stain
Commission (BSC)
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CoroNa GREEN

CAS Registry Number 690993-66-9

Chemical Structure

O OHO

F F

N

O

O

O

O

H3COOCH2C

CA Index Name 13H-1,4,7,10,13-Benzotetraoxaaza-
cyclopentadecine-13-acetic acid, 16-(2,7-difluoro-6-hy-

droxy-3-oxo-3H-xanthen-9-yl)-2,3,5,6,8,9,11,12-octahy-
dro-, methyl ester

Other Names CoroNA Green; CoroNa Green Sodium
Indicator

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C30H29F2NO9

Molecular Weight 585.55

Physical Form Orange powder

Solubility Soluble in water

Melting Point >200�C
Boiling Point (Calcd.) 777.7� 60.0 �C, pressure:
760Torr

pKa (Calcd.) 7.89� 0.60, most acidic, temperature:
25�C; 2.92� 0.20, most basic, temperature: 25�C
Absorption (lmax) 492 nm

Emission (lmax) 516 nm

Synthesis Synthetic methods1–3

Staining Applications Sodium ions;1–8 neurons;4

dendrites4

Biological Applications Sodium indicator1–8

Industrial Applications Not reported

Safety/Toxicity No data available
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CoroNa GREEN AM

CAS Registry Number 690993-67-0

Chemical Structure

CA Index Name 13H-1,4,7,10,13-Benzotetraoxaaza-
cyclopentadecine-13-acetic acid, 16-[6-[(acetyloxy)
methoxy]-2,7-difluoro-3-oxo-3H-xanthen-9-yl]-
2,3,5,6,8,9,11,12-octahydro-, methyl ester

Other Names CoroNA Green AM; CoroNa Green
acetoxymethyl ester

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C33H33F2NO11

Molecular Weight 657.61

Physical Form Orange powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >200�C
Boiling Point (Calcd.) 821.4� 65.0�C, pressure:
760Torr

pKa (Calcd.) 2.85� 0.20most basic, temperature: 25�C
Absorption (lmax) 454 nm

Emission (lmax) 516 nm

Synthesis Synthetic methods1–3

Staining Applications Sodium ions1–3

Biological Applications Sodium indicators1–3

Industrial Applications Not reported

Safety/Toxicity No data available
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CoroNa RED

CAS Registry Number 481667-01-0

Chemical Structure

CA Index Name Xanthylium, 3,6-bis(dimethylamino)-
9-[6,7,10,11,17,18-hexahydro-5,11-bis(2-methoxy-2-ox-
oethyl)-14-methyl-5H,9H-dibenzo[e,n][1,4,10,7,13]trio-
xadiazacyclopentadecin-2-yl]-, chloride (1:1)

Other Names Xanthylium, 3,6-bis(dimethylamino)-9-
[6,7,10,11,17,18-hexahydro-5,11-bis(2-methoxy-2-oxoe-
thyl)-14-methyl-5H,9H-dibenzo[e,n][1,4,10,7,13]triox-
adiazacyclopentadecin-2-yl]-, chloride; CoroNa Red;
CoroNa Red Sodium Indicator; CoroNa Red chloride

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C42H49ClN4O8

Molecular Weight 773.32

Physical Form Crimson powder

Solubility Soluble in water, dimethyl sulfoxide

Melting Point >200�C
Absorption (lmax) 547 nm

Emission (lmax) 570 nm

Synthesis Synthetic methods1–4

Staining Applications Sodium ions1–9

BiologicalApplications Sodium indicator;1–9 detecting
prostate cancer10

Industrial Applications Not reported

Safety/Toxicity No data available
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CRESYL VIOLET ACETATE

CAS Registry Number 10510-54-0

Chemical Structure

O

N

H2N NH2

+
CH3COO

_

CA Index Name Benzo[a]phenoxazin-7-ium, 5,9-dia-
mino-, acetate (1:1)

Other Names 9-Amino-5-imino-5H-benzo(a)phenox-
azine acetate salt; 5H-Benzo[a]phenoxazin-9-amine, 5-
imino-, monoacetate; 5H-Benzo[a]phenoxazine, 9-ami-
no-5-imino-, acetate; Benzo[a]phenoxazin-7-ium, 5,9-
diamino-, acetate; 5,9-Diaminobenzo[a]phenoxazin-7-
ium acetate; Cresyl violet acetate

Merck Index Number Not listed

Chemical/Dye Class Phenoxazine

Molecular Formula C18H15N3O3

Molecular Weight 321.33

Physical Form Dark green powder

Solubility Soluble in water, ethanol

Melting Point 140–143�C
Absorption (lmax) 596 nm, 601 nm

Emission (lmax) 630 nm

Synthesis Synthetic method1,2

Staining Applications Brain;3–6 spinal cord;6 sperms;7

tissues;8,9 white blood cells10

Biological Applications Biochemical and clinical anal-
ysis;11 detecting cellular proteins;12 treating cardiovascular
diseases13

Industrial Applications Dye lasers;14,15 optical record-
ing materials16

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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CRYSTAL VIOLET

CAS Registry Number 548-62-9

Chemical Structure
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CA Index Name Methanaminium, N-[4-[bis[4-(di-
methylamino)phenyl]methylene]-2,5-cyclohexadien-1-yl-
idene]-N-methyl-, chloride (1:1)

Other Names C.I. Basic Violet 3; 12416 Violet; Ader-
gon; Aizen Crystal Violet; Aizen Crystal Violet Extra
Pure; Aniline violet; Aniline violet pyoktanine; Atmonil;
Avermin; Axuris; Badil; Basic Violet 3; Basic Violet BN;
Basonyl Violet 610; C.I. 42555; Calcozine Violet 6BN;
Calcozine Violet C; Crystal Violet 10B; Crystal Violet
5BO; Crystal Violet 6B; Crystal Violet 6BO; Crystal
Violet AO;CrystalVioletAON;CrystalViolet BP;Crystal
Violet BPC; Crystal Violet Extra Pure; Crystal Violet
Extra PureAPN; Crystal Violet Extra PureAPNX;Crystal
Violet FN; Crystal Violet HL 2; Crystal Violet O; Crystal
Violet Pure DSC; Crystal Violet Pure DSC Brilliant;
Crystal Violet SS; Crystal Violet Technical; Crystal Violet
USP; Crystal Violet chloride; Crystal violet; Gentersal;
Gentian Violet B; Gentian violet; Gentiaverm; Genticid;
Gentioletten; Hecto Violet R; Hectograph Violet SR;
Hexamethyl violet; Hexamethyl-p-rosaniline chloride;
Hexamethylpararosaniline chloride; Hidaco Brilliant
Crystal Violet; Kristall-violett; Meroxyl; Meroxyl-
Wander; Meroxylan; Meroxylan-Wander; Methyl Violet
10B; Methyl Violet 10BD; Methyl Violet 10BK; Methyl
Violet 10BN;Methyl Violet 10BNS;Methyl Violet 10BO;

Methyl Violet 5BNO; Methyl Violet 5BO; Methyl Violet
6B; Methyl Violet 6B (biological stain); Methyl Violett;
Methylrosaniline chloride; Methylrosanilinium chlorid;
Methylrosanilinium chloride; Mitsui Crystal Violet; Oxi-
uran; Oxycolor; Oxyozyl; Paper Blue R; Pararosaniline,
N,N,N0,N0,N00,N00-hexamethyl-, chloride; Plastoresin Vio-
let 5BO; Pyoktanin; Sanyo Fanal Violet R; Vermicid;
Vianin;Viocid;Violet 5BO;Violet 6BN;Violet CP;Violet
XXIII

Merck Index Number 4395

Chemical/Dye Class Triphenylmethane

Molecular Formula C25H30ClN3

Molecular Weight 407.98

Physical Form Dark Green powder

Solubility Soluble in water, acetone, chloroform; very
soluble in ethanol; practically insoluble in ether; insoluble
in xylene

Melting Point 205–215�C (decompose)

pH Range 0.0–2.0

Color Change at pH Yellow (0.0) to blue-violet (2.0)

Absorption (lmax) 590 nm

Synthesis Synthetic methods1–13

Staining Applications b-Amyloid plaques;14 a-synu-
clein; bacteria;15 cells;16 liposomes;17 nucleic acids;18

proteins;19 skin;20,21 thrombocytes;22 vaginal smears;23

hairs1,24,25

Biological Applications Detecting microorganisms;26

treating atopic dermatitis,27 dermatological diseases,28,29

skin wounds,30 lesions,30 hemorrhoids,1,31 multiple mye-
loma,32 Non-Hodgkin’s lymphoma,32 breast cancer,32

neurodegenerative diseases,33 onychomycosis;34 wound
dressing;35 drug delivery system;1,36 dosage form;37 anti-
microbial agent;1,38 antifungal agent;1,39 antimalarial
agent1,40

Industrial Applications Thin film transistors;41,42 lith-
ographic printing plates;1,43 batteries;44 photoresists;45

inks;46 printed circuit boards;47 detergents;48

Safety/Toxicity Acute oral toxicity;1,49 carcinogeni-
city;1,50–52 chronic toxicity;1,51,52 cytotoxicity;1,53 chro-
mosome damage;54 DNA damage;55 genotoxicity;1,56–58

mutagenicity;1,59–62 ototoxicity;1,63 percutaneous toxici-
ty;1,64 phototoxicity1,65

Certification/Approval Certified by Biological Stain
Commission (BSC)
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CYANOTOLYL TETRAZOLIUM
CHLORIDE (CTC)

CAS Registry Number 90217-02-0

Chemical Structure

NN

N

N

_
+ Cl

CH3

CH3

NC

CA Index Name 2H-Tetrazolium, 5-cyano-2,3-bis(4-
methylphenyl)-, chloride (1:1)

Other Names 2H-Tetrazolium, 5-cyano-2,3-bis(4-
methylphenyl)-, chloride; 5-Cyano-2,3-di-(p-tolyl)tetra-

zolium chloride; cyanotolyl tetrazolium, CTC; CTC (bi-
ological stain)

Merck Index Number Not listed

Chemical/Dye Class Tetrazolium salt

Molecular Formula C16H14ClN5

Molecular Weight 311.77

Physical Form Off-white powder

Solubility Soluble in water

Melting Point 225�C
Absorption (lmax) 450 nm (of formazan)

Synthesis Synthetic method1

Staining Applications Bacteria;2–12 cells;13 microor-
ganisms;14,15 plasma membrane16

Biological Applications NADPH-cytochrome P 450
reductase activity assays;17 detecting gamma-hydroxybu-
tyric acid (GHB),18 metabolic activity,19 microorgan-
isms;20 localizing glucose-6-phosphate dehydrogenase
activity;21 monitoring respiratory activity;22–31 treating
cancer32

Industrial Applications Not reported

Safety/Toxicity Bacterial toxicity25,33
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DAF FM

CAS Registry Number 254109-20-1

Chemical Structure
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CA Index Name Spiro[isobenzofuran-1(3H),90-[9H]
xanthen]-3-one, 4-amino-20,70-difluoro-30,60-dihydroxy-
5-(methylamino)-

Other Names 4-Amino-5-methylamino-20,70-difluoro-
fluorescein; DAF-FM

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C21H14F2N2O5

Molecular Weight 412.34

Physical Form Solid

Solubility Soluble in dimethyl sulfoxide, methanol

Melting Point 265 �C
Boiling Point (Calcd.) 693.7� 55.0 �C, pressure: 760
Torr

pKa (Calcd.) 6.88� 0.20, most acidic, temperature: 25
�C; 3.99� 0.20, most basic, temperature: 25 �C
Absorption (lmax) 487 nm, 495 nm

Emission (lmax) 515 nm

Synthesis Synthetic method1

Staining Applications Nitric oxide ions1–10

Biological Applications Nitric oxide indicator;1–10 de-
tecting microorganisms;11 measuring Ga i-coupled or Ga
o-coupled receptors activity12

Industrial Applications Not reported

Safety/Toxicity No data available
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DANSYL CADAVERINE

CAS Registry Number 10121-91-2

Chemical Structure
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CA Index Name 1-Naphthalenesulfonamide, N-(5-
aminopentyl)-5-(dimethylamino)-

Other Names Dansylcadaverine; Monodansylcadaver-
ine; N-(5-Aminopentyl)-5-dimethylamino-1-naphthale-
nesulfonamide; 5-Dimethylaminonaphthalene-1-(N-(5-
aminopentyl))sulfonamide

Merck Index Number Not listed

Chemical/Dye Class Naphthalene

Molecular Formula C17H25N3O2S

Molecular Weight 335.46

Physical Form Yellow to yellowish green powder

Solubility Soluble in ethanol, N,N-dimethylformamide

Melting Point 137 �C
Boiling Point (Calcd.) 505.5� 60.0 �C, pressure: 760
Torr

pKa (Calcd.) 11.96� 0.50, most acidic, temperature:
25 �C; 10.49� 0.10, most basic, temperature: 25 �C
Absorption (lmax) 335 nm

Emission (lmax) 518 nm

Synthesis Synthetic methods1–4

Staining Applications Autophagy/autophagic va-
cuoles;5–10 transglutaminase activity11–15

Biological Applications Measuring cardiac autophagic
flux;16 treating cataract,17 fibrosis,18 Parkinson’s dis-
ease,19 peritoneal ovarian tumor dissemination,20 respira-
tory diseases,21 lung diseases,21 Huntington’s disease,22

spinobulbar atrophy,22 spinocerebellar ataxia,22 dentator-
ubralpallidoluysian atrophy,22 multiple sclerosis,22 rheu-
matoid arthritis,22 insulin-dependent diabetes mellitus22

Industrial Applications Not reported

Safety/Toxicity Cytotoxicity;23,24 neurotoxicity25
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DAPI

CAS Registry Number 28718-90-3

Chemical Structure
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CA Index Name 1H-Indole-6-carboximidamide, 2-[4-
(aminoiminomethyl)phenyl]-, dihydrochloride

Other Names Indole-6-carboxamidine, 2-(p-amidino-
phenyl)-, dihydrochloride; 40,6-Diamidino-2-phenylin-
dole dihydrochloride; 6-Amidino-2-(4-amidinophenyl)
indole dihydrochloride; DAPI

Merck Index Number Not listed

Chemical/Dye Class Indole

Molecular Formula C16H17Cl2N5

Molecular Weight 350.25

Physical Form Yellow powder

Solubility Soluble in water, N,N-dimethylformamide

Melting Point >200 �C
Absorption (lmax) 358 nm, 342 nm

Emission (lmax) 461 nm, 450 nm

Synthesis Synthetic methods1–6

Staining Applications Nucleic acids;3,7–10 bacte-
ria;11,12 cells;13 chromosomes;14 microorganisms;15 neu-
ron-specific nuclear protein NeuN;16 polynucleotide;17

proteins18

Biological Applications Nuclear apoptosis assay;19 tar-
geting drug to cerebral neuron;20 treating amyloidosis,21

neurodegenerative diseases,21 Alzheimer’s disease,22

Down’s syndrome,22 type II diabetes;22 monitoring
bioaerosols23

Industrial Applications Not reported

Safety/Toxicity No data available
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DARROW RED

CAS Registry Number 15391-59-0

Chemical Structure

N

O NH2H3COCHN
+ _

Cl

CA Index Name Acetamide, N-(5-imino-5H-benzo[a]
phenoxazin-9-yl)-chloride

Other Names 9-Acetylamino-5-aminobenzo[a]phe-
noxazonium chloride; 5H-Benzo[a]phenoxazine, acet-
amide derivative; Darrow red; NSC 364163

Merck Index Number Not listed

Chemical/Dye Class Phenoxazine

Molecular Formula C18H14ClN3O2

Molecular Weight 339.79

Physical Form Brown powder

Solubility Soluble in water, ethanol

Boiling Point (Calcd.) 536.3� 50.0 �C, pressure: 760
Torr

pKa (Calcd.) 14.07� 0.20, most acidic, temperature:
25 �C; 3.33� 0.20, most basic, temperature: 25 �C
Absorption (lmax) 502 nm

Synthesis Synthetic methods1,2

Staining Applications Brain;3,4 spinal cord;3,4 cells;5,6

leukocytes7

Biological Applications Treatment of diabetes-associ-
ated pain8

Industrial Applications Pesticides9

Safety/Toxicity No data available
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analyzing cells in urine. Eur. Pat. Appl. EP 513762,
1992; Chem. Abstr. 1993, 118, 35449.
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DASPEI

CAS Registry Number 3785-01-1

Chemical Structure

N
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H
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H

N

CH3

CH3

+ _
I

C2H5

CA Index Name Pyridinium, 2-[2-[4-(dimethylamino)
phenyl]ethenyl]-1-ethyl-, iodide (1 : 1)

Other Names 2-[p-(Dimethylamino)styryl]-1-ethyl-
pyridinium iodide; Pyridinium, 2-[2-[4-(dimethylamino)
phenyl]ethenyl]-1-ethyl-, iodide; Pyridinium, 2-[p-(di-
methylamino)styryl]-1-ethyl-, iodide; 2-[4-(Dimethyla-
mino)styryl]-1-ethylpyridinium iodide; D 426; DASPEI;
NK 557; Pinaflavol

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C17H21IN2

Molecular Weight 380.27

Physical Form Red powder

Solubility Soluble in methanol, N,N-dimethylforma-
mide, dimethyl sulfoxide

Melting Point 267 �C (decompose)

Absorption (lmax) 461 nm

Emission (lmax) 589 nm

Synthesis Synthetic method1–7

Staining Applications Mitochondria;8–10,19 amyloid
plaques;11 bacteria;12 epidermal cells;13 nerve term-
inals;14,15 phospholipid vesicles;16 hairs17,18

Biological Applications Detecting prostate cancer;19

drug screening assays;20 treating amyloidosis disorder11

Industrial Applications Photoresists;21 photography22

Safety/Toxicity No data available
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DASPMI

CAS Registry Number 959-81-9

Chemical Structure
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CA Index Name Pyridinium, 4-[2-[4-(dimethylamino)
phenyl]ethenyl]-1-methyl-, iodide (1 : 1)

Other Names 4-[p-(Dimethylamino)styryl]-1-methyl-
pyridinium iodide; Pyridinium, 4-[2-[4-(dimethylamino)
phenyl]ethenyl]-1-methyl-, iodide; Pyridinium, 4-[p-(di-
methylamino)styryl]-1-methyl-, iodide;4-[2-[4-(Dimethy-
lamino)phenyl]ethenyl]-1-methylpyridinium iodide; 4-[4-
(Dimethylamino)-a-styryl]-1-methylpyridinium iodide;
4-[4-(Dimethylamino)styryl]-1-methylpyridinium iodide;
4-[4-(Dimethylamino)styryl]-N-methylpyridinium iodide;
40-Dimethylamino-1-methylstilbazolium iodide; 40-Di-
methylamino-N-methyl-4-stilbazolium iodide; D 288;

DASPMI; DASPI; 4-Di-1-ASP; w-(N0-Methylpyridyl-
40)-4-dimethylaminostyrene iodide

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C16H19IN2

Molecular Weight 366.24

Physical Form Solid

Solubility Soluble in methanol, N,N-dimethylfor-
mamide

Melting Point 261–262 �C
Absorption (lmax) 475 nm

Emission (lmax) 605 nm

Synthesis Synthetic method1–21

Staining Applications Mitochondria;22–24 cells;1 amy-
loid plaques25

Biological Applications Detecting nucleic acids,26

prostate cancer;27 treating amyloidosis disorders,25 bacte-
rial infection28

IndustrialApplications Organic thin films;29 nonlinear
optical materials;13 photoconductors;30 glass31

Safety/Toxicity No data available
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Di-2-ANEPEQ

CAS Registry Number 160605-94-7

Chemical Structure

CA Index Name Pyridinium, 4-[2-[6-(diethylamino)-2-
naphthalenyl]ethenyl]-1-[2-(trimethylammonio)ethyl]-,
bromide (1 : 2)

Other Names Pyridinium, 4-[2-[6-(diethylamino)-2-
naphthalenyl]ethenyl]-1-[2-(trimethylammonio)ethyl]-,
dibromide; Di-2-ANEPEQ; JPW 1114

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C26H35Br2N3

Molecular Weight 549.39

Physical Form Solid

Solubility Soluble in water, ethanol, dimethyl sulfoxide

Melting Point >200 �C
Absorption (lmax) 517 nm

Emission (lmax) 721 nm

Synthesis Synthetic method1

Staining Applications Dorsal cochlear nucleus;2

neurons3

Biological Applications Measuring membrane poten-
tial;4 examining activity of ion channels5

Industrial Applications Not reported

Safety/Toxicity No data available
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Di-4-ANEPPS

CAS Registry Number 90134-00-2

Chemical Structure

CA Index Name Pyridinium, 4-[2-[6-(dibutylamino)-
2-naphthalenyl]ethenyl]-1-(3-sulfopropyl)-, inner salt

Other Names 6-[2-(N,N-Dibutylamino)naphthyl]ethe-
nyl-40-pyridinium propanesulfonate; 4-(2-(6-(Dibutyla-
mino)-2-naphthalenyl)ethenyl)-1-(3-sulfopropyl)pyridi-
nium hydroxide inner salt; Di-4-ANEPPS; JPW211; 1-(3-
Sulfonatopropyl)4-[b-[2-(di-n-butylamino)-6-naphthyl]
vinyl]pyridinium betaine

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C28H36N2O3S

Molecular Weight 480.66

Physical Form Orange to red powder

Solubility Soluble in ethanol, methanol, N,N-dimethyl-
formamide, dimethyl sulfoxide

Melting Point 122–124 �C
Absorption (lmax) 495 nm

Emission (lmax) 705 nm

Synthesis Synthetic method1

Staining Applications Bacteria;2 cardiac tissues;3–6

myocardium;7 neurons;8–11 proteins12

Biological Applications Measuring membrane poten-
tial;13–16 preventing arrhythmias;17 probes for Na,K-AT-
Pase reaction mechanism;18 assays for identifying taste-
specific genes;19 quantum dots20

Industrial Applications Monitoring polymerization21

Safety/Toxicity Cardiac toxicity;7 photodynamic
damage22

REFERENCES

1. Hassner, A.; Birnbaum, D.; Loew, L. M. Charge-shift
probes of membrane potential: synthesis. J. Org.
Chem. 1984, 49, 2546–2551.

2. Teuber, M.; Rogner, M.; Berry, S. Fluorescent probes
for non-invasive bioenergetic studies of whole
cyanobacterial cells. Biochim. Biophys. Acta
Bioenerg. 2001, 1506, 31–46.

3. Knisley, S. B.; Pollard, A. E. Use of translucent
indium tin oxide to measure stimulatory effects
of a passive conductor during field stimulation
of rabbit hearts. Am. J. Physiol. 2005, 289,
H1137–H1146.

4. Dobrzynski, H.; Nikolski, V. P.; Sambelashvili, A.
T.; Greener, I. D.; Yamamoto, M.; Boyett, M. R.;
Efimov, I. R. Site of origin andmolecular substrate of
atrioventricular junctional rhythm in the rabbit heart.
Circ. Res. 2003, 93, 1102–1110.

5. Nygren, A.; Kondo, C.; Clark, R. B.; Giles, W. R.
Voltage-sensitive dye mapping in Langendorff-
perfused rat hearts. Am. J. Physiol. 2003, 284,
H892–H902.

6. Hooks, D. A.; LeGrice, I. J.; Harvey, J. D.; Smaill, B.
H. Intramural multisite recording of transmembrane
potential in the heart. Biophys. J. 2001, 81,
2671–2680.

7. Novakova, M.; Bardonova, J.; Provaznik, I.;
Taborska, E.; Bochorakova, H.; Paulova, H.; Horky,
D. Effects of voltage sensitive dye di-4-ANEPPS on
guinea pig and rabbit myocardium. Gen. Physiol.
Biophys. 2008, 27, 45–54.

8. Ito, Y.; Oyamada, Y.; Okada, Y.; Hakuno, H.;
Aoyama, R.; Yamaguchi, K. Optical mapping of
pontine chemosensitive regions of neonatal rat.
Neurosci. Lett. 2004, 366, 103–106.

N C
H

C
H

N

H2C

CH2

C4H9

C4H9
+

_

CH2

SO3

Di-4-ANEPPS 135



9. Tsau, Y.;Wenner, P.; O’Donovan,M. J.; Cohen, L. B.;
Loew, L. M.; Wuskell, J. P. Dye screening and signal-
to-noise ratio for retrogradely transported voltage-
sensitive dyes. J. Neurosci. Methods 1996, 70,
121–129.

10. Kent, P. F.;Mozell,M.M.;Murphy, S. J.; Hornung, D.
E. The interaction of imposed and inherent olfactory
mucosalactivitypatternsandtheircompositerepresen-
tation in a mammalian species using voltage-sensitive
dyes. J. Neurosci. 1996, 16, 345–353.

11. Loew, L. M. Voltage-sensitive dyes and imaging
neuronal activity. NeuroProtocols 1994, 5, 72–79.

12. Haugland, R. P.; Singer, V. L.; Jones, L. J.; Steinberg,
T. H. Merocyanine dye protein stains. PCT Int. Appl.
WO 9636882, 1996; Chem. Abstr. 1997, 126, 44635.

13. Millard, A. C; Jin, L.; Wei, M. D.; Wuskell, J. P.;
Lewis,A.;Loew,L.M.Sensitivity of second harmonic
generation from styryl dyes to transmembrane
potential. Biophys. J. 2004, 86, 1169–1176.

14. Xu, C.; Loew, L.M. The effect of asymmetric surface
potentials on the intramembrane electric field
measured with voltage-sensitive dyes. Biophys. J.
2003, 84, 2768–2780.

15. Laurita, K. R.; Singal, A. Mapping action potentials
and calcium transients simultaneously from the intact
heart. Am. J. Physiol. 2001, 280, H2053–H2060.

16. Murakami, T. Cytotoxicity test method by measuring
membrane electric potential. Jpn. Kokai Tokkyo

Koho JP 2000300290, 2000; Chem. Abstr. 2000,
133, 330852.

17. Marban, E.; Abraham, M. R. Preventing arrhythmias
associated with cell transplantation. PCT Int. Appl.
WO 2005092033, 2005; Chem. Abstr. 2005, 143,
319156.

18. Fedosova, N. U.; Cornelius, F.; Klodos, I. Fluorescent
styryl dyes as probes for Na,K-ATPase reaction
mechanism: Significance of the charge of the
hydrophilic moiety of RH dyes. Biochemistry
1995, 34, 16806–16814.

19. Moyer, B.; Zlotnik, A.; Hevezi, P.; Soto, H.; Kalabat,
D.; Lu, M.; Gao, N.; White, E. Rationale, methods,
and assays for identifying human and non-human
primate taste-specific genes and use thereof in taste
modulator and therapeutic screening assays. PCT Int.
Appl. WO 2008153924, 2008; Chem. Abstr. 2008,
150, 49063.

20. Nadeau, J. L.; Cohen, N. Use of quantum dots for
biological labels and sensors. PCT Int. Appl. WO
2006037226, 2006;Chem. Abstr. 2006, 144, 385738.

21. Wang, F. W.; Lowry, R. E. Wavelength-shift
fluorescent probes for monitoring of polymerization.
J. Appl. Polym. Sci. 2006, 101, 747–750.

22. Schaffer, P.; Ahammer, H.; Muller, W.; Koidl, B.;
Windisch, H. Di-4-ANEPPS causes photodynamic
damage to isolated cardiomyocytes. Eur. J. Physiol.
1994, 426, 548–551.

136 Di-4-ANEPPS



Di-8-ANEPPS

CAS Registry Number 157134-53-7

Chemical Structure

CA Index Name Pyridinium, 4-[2-[6-(dioctylamino)-
2-naphthalenyl]ethenyl]-1-(3-sulfopropyl)-, inner salt

Other Names Di-8-ANEPPS; 4-(2-[6-(Dioctylamino)-
2-naphthalenyl]ethenyl)-1-(3-sulfopropyl)pyridinium in-
ner salt; JPW 1153

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C36H52N2O3S

Molecular Weight 592.88

Physical Form Orange to red powder

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Melting Point >200 �C
Absorption (lmax) 498 nm

Emission (lmax) 713 nm

Synthesis Synthetic methods1,2

Staining Applications Cardiac myocytes;3 lipid mem-
brane surfaces;4 lipid particles;5 neurons;6,7 prestin;8 pro-
teins;9 sea urchin eggs19

Biological Applications Measuring membrane poten-
tial;10–18 imaging exocytosis at fertilization19

Industrial Applications Not reported

Safety/Toxicity No data available
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DiBAC4(3)

CAS Registry Number 70363-83-6

Chemical Structure
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CA Index Name 2,4,6(1H,3H,5H)-Pyrimidinetrione,
1,3-dibutyl-5-[3-(1,3-dibutylhexahydro-2,4,6-trioxo-5-
pyrimidinyl)-2-propen-1-ylidene]-

Other Names 2,4,6(1H,3H,5H)-Pyrimidinetrione, 1,3-
dibutyl-5-[3-(1,3-dibutylhexahydro-2,4,6-trioxo-5-pyri-
midinyl)-2-propenylidene]-; Bis(1,3-dibutylbarbituric ac-
id) trimethine oxonol; DiBAC4(3)

Merck Index Number Not listed

Chemical/Dye Class Oxonol

Molecular Formula C27H40N4O6

Molecular Weight 516.63

Physical Form Orange or brown-red powder

Solubility Soluble in ethanol, methanol, N,N-dimethyl-
formamide, dimethyl sulfoxide

Melting Point >200 �C
Boiling Point (Calcd.) 614.3� 65.0 �C, pressure: 760
Torr

pKa (Calcd.) 4.20� 0.20, most acidic, temperature: 25
�C; �2.17� 0.20, most basic, temperature: 25 �C
Absorption (lmax) 493 nm

Emission (lmax) 516 nm

Synthesis Synthetic methods1–8

Staining Applications Bacteria;9–13 a- and b-cells in
islets of Langerhans;14 Bacillus spores;15 cells;16 fun-
gi;17,18 yeast19,20

Biological Applications Measuring membrane poten-
tial;21–28 HCN channel modulators;29 BK channel activa-
tor;30 treating Alzheimer’s disease;31 antimicrobial sus-
ceptibility test;2 ion channel screening assays;32 hERG
channel assay33

Industrial Applications Photographic materials1

Safety/Toxicity Neurotoxicity34
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DiBAC4(5)

CAS Registry Number 63560-89-4

Chemical Structure

CA Index Name 2,4,6(1H,3H,5H)-Pyrimidinetrione,
1,3-dibutyl-5-[5-(1,3-dibutylhexahydro-2,4,6-trioxo-5-
pyrimidinyl)-2,4-pentadien-1-ylidene]-

Other Names Bis(1,3-dibutylbarbituric acid)penta-
methine oxonol; 2,4,6(1H,3H,5H)-Pyrimidinetrione,
1,3-dibutyl-5-[5-(1,3-dibutylhexahydro-2,4,6-trioxo-5-
pyrimidinyl)-2,4-pentadienylidene]-; DiBAC4(5)

Merck Index Number Not listed

Chemical/Dye Class Oxonol

Molecular Formula C29H42N4O6

Molecular Weight 542.67

Physical Form Grey powder

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Melting Point >200 �C
Boiling Point (Calcd.) 642.6� 65.0 �C, pressure: 760
Torr

pKa (Calcd.) 4.79� 0.20, most acidic, temperature: 25
�C; � 2.16� 0.20, most basic, temperature: 25 �C
Absorption (lmax) 590 nm

Emission (lmax) 616 nm

Synthesis Synthetic methods1–4

Staining Applications Liposomes5

Biological Applications Measuring membrane poten-
tial;6–9 HCN channel modulators;10 potassium channel
openers11

Industrial Applications Not reported

Safety/Toxicity No data available
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DiD

CAS Registry Number 127274-91-3

Chemical Structure

CA Index Name 3H-Indolium, 2-[5-(1,3-dihydro-3,3-
dimethyl-1-octadecyl-2H-indol-2-ylidene)-1,3-penta-
dien-1-yl]-3,3-dimethyl-1-octadecyl-, perchlorate (1 : 1)

Other Names 3H-Indolium, 2-[5-(1,3-dihydro-3,3-di-
methyl-1-octadecyl-2H-indol-2-ylidene)-1,3-pentadie-
nyl]-3,3-dimethyl-1-octadecyl-, perchlorate; 1,10-Diocta-
decyl-3,3,30,30-tetramethylindodicarbocyanine perchlo-
rate; D 307; DiD; DiD oil; DiIC18(5); Lipophilic dye DiD

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C61H99ClN2O4

Molecular Weight 959.90

Physical Form Dark brown crystals

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Absorption (lmax) 644 nm

Emission (lmax) 665 nm

Synthesis Synthetic method1

Staining Applications Cells;2 circulating apoptotic
cells;3 liposomes;4,5 membranes;6–9 neurons10–12

Biological Applications Detecting cell lysis,13 micro-
organisms,14 nucleic acids,15 lipid diffusion in giant uni-
lamellar vesicles,16 lipid diffusion in phospholipid bi-
layers,16 lipids and proteins diffusion in membranes;17,18

monitoring cell migration19

Industrial Applications Optical recording materials;20

thin films21

Safety/Toxicity No data available
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DIHYDROETHIDIUM

CAS Registry Number 104821-25-2

Chemical Structure

N

H2N NH2

CH2CH3

H

CA Index Name 3,8-Phenanthridinediamine, 5-ethyl-
5,6-dihydro-6-phenyl-

Other Names 3,8-Phenanthridinediamine, 5-ethyl-5,6-
dihydro-6-phenyl-, (�)-; Dihydroethidium; Hydroethi-
dine; HE; HYD; PD-MY 003

Merck Index Number Not listed

Chemical/Dye Class Phenanthridine

Molecular Formula C21H21N3

Molecular Weight 315.41

Physical Form Pink to dark brown powder

Solubility Soluble in N,N-dimethylformamide, dimeth-
yl sulfoxide, acetonitrile, methanol, chloroform

Boiling Point (Calcd.) 580.4� 50.0 �C, pressure: 760
Torr

pKa (Calcd.) 5.30� 0.40, most basic, temperature:
25 �C
Absorption (lmax) 355 nm

Emission (lmax) 420 nm

Synthesis Synthetic methods1–4

Staining Applications Superoxide ions;5–15 nucleic
acids;16–18 cells;19,20,29 myocardium;21 bacteria;22

prokaryotes23

Biological Applications Apoptosis assay;24,25 generat-
ing and detecting reactive oxygen species (ROS);5–15,26,27

detecting nucleic acids,16–18 cells;19,20,29 measuring re-
spiratory burst;28 superoxide indicator;5–15,26,27 viability
assay29,30

Industrial Applications Assaying reactive oxidants in
smoke31

Safety/Toxicity Metabolic toxicity;32 neutotoxicity;33–36

parasite toxicity;37 vascular toxicity38
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DIHYDRORHODAMINE 6G

CAS Registry Number 217176-83-5

Chemical Structure

O NHC2H5C2H5HN

COOC2H5

H3C CH3

H

CA Index Name Benzoic acid, 2-[3,6-bis(ethylamino)-
2,7-dimethyl-9H-xanthen-9-yl]-, ethyl ester

Other Names D 633; Dihydrorhodamine 6G; d-R 6G

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C28H32N2O3

Molecular Weight 444.57

Physical Form Solid

Solubility Soluble in N,N-dimethylformamide, dimeth-
yl sulfoxide, methanol

Boiling Point (Calcd.) 572.4� 50.0 �C, pressure: 760
Torr

pKa (Calcd.) 4.97� 0.40, most basic, temperature:
25 �C
Absorption (lmax) 296 nm

Synthesis Synthetic method1

Staining Applications Mitochondria2

Biological Applications Detecting genetic anomalies,3

methylation in DNA,4 intracellular hydrogen peroxide in
tumor cells,5 intracellular active oxygen and reduced
glutathione,6 gene expression,7reactive oxygen species
(ROS),8 small RNAs;9 nucleic acid ligation assays10

Industrial Applications Solar cells11

Safety/Toxicity No data available
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DIHYDRORHODAMINE 123

CAS Registry Number 109244-58-8

Chemical Structure

O NH2H2N

COOCH3

H

CA Index Name Benzoic acid, 2-(3,6-diamino-9H-
xanthen-9-yl)-, methyl ester

Other Names D 23806; D 632; Dihydrorhodamine 123

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C21H18N2O3

Molecular Weight 346.38

Physical Form Light red or pinkish-white powder

Solubility Soluble in N,N-dimethylformamide, dimeth-
yl sulfoxide, methanol

Melting Point 163–165 �C
Boiling Point (Calcd.) 526.9� 50.0 �C, pressure: 760
Torr

pKa (Calcd.) 4.70� 0.40, most basic, temperature:
25 �C
Absorption (lmax) 289 nm

Synthesis Synthetic methods1–3

Staining Applications Mitochondria;4,5 blood sam-
ples;6 leukocytes;6 cells;7 microbes;8 granulocytes;9 epi-
thelial cells;10 myeloid cells;11 neutrophils12

Biological Applications Generating, detecting & mea-
suring reactive oxygen species;13–18 generating, detecting
& measuring reactive nitrogen species;18,19 detecting
phosphates,20 peroxynitrile;21 measuring respiratory
burst;22 chronic granulomatous disease DHR assay;23

screening antioxidant activity assay;24 peroxidase
substrate25

Industrial Applications Not reported

Safety/Toxicity Cytotoxicity;26 hepatotoxicity;27 neph-
rotoxicity;28 neurotoxicity;29,30 skin toxicity31
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DiI

CAS Registry Number 41085-99-8

Chemical Structure
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CH3 CH3
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CA Index Name 3H-Indolium, 2-[3-(1,3-dihydro-3,3-
dimethyl-1-octadecyl-2H-indol-2-ylidene)-1-propen-1-
yl]-3,3-dimethyl-1-octadecyl-, perchlorate (1 : 1)

Other Names 3H-Indolium, 2-[3-(1,3-dihydro-3,3-di-
methyl-1-octadecyl-2H-indol-2-ylidene)-1-propenyl]-
3,3-dimethyl-1-octadecyl, perchlorate; 1,10-Dioctadecyl-
3,3,30,30-tetramethylindocarbocyanine perchlorate; D
282; D 282 (dye); DiI; DiI (dye); DilC18(3)

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C59H97ClN2O4

Molecular Weight 933.87

Physical Form Burgundy to purples-violet crystals or
powder

Solubility Soluble in ethanol, methanol, N,N-dimethyl-
formamide, dimethyl sulfoxide

Melting Point 68 �C (decompose)

Absorption (lmax) 549 nm

Emission (lmax) 565 nm

Synthesis Synthetic methods1–5

Staining Applications Axons;6 bovine brain tissues;7

mitral/tufted cells;8 retinal ganglion cells;9 bacteria;10

cells;11 lipid bilayers;12 lipid monolayers;13 lipid mem-
branes;14 lipoproteins;15,16 liposomes;17–19 mem-
branes;20,21 neurons;22,23 neural tracers;24,25 vessel;26 pep-
tides;3,4 proteins;3,4 antibodies3,4

Biological Applications Detecting cell fusion,27 cell
adhesion,28 cell migration,28 cell proliferation;28 mem-
brane fusion assay;29 exocytosis and/or endocytosis
assay29

Industrial Applications Silicon-chip30

Safety/Toxicity Neurotoxicity31
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DiIC1(5)

CAS Registry Number 36536-22-8

Chemical Structure

CA Index Name 3H-Indolium, 2-[5-(1,3-dihydro-
1,3,3-trimethyl-2H-indol-2-ylidene)-1,3-pentadien-1-yl]-
1,3,3-trimethyl-, iodide (1 : 1)

Other Names 1,3,3-Trimethyl-2-[5-(1,3,3-trimethyl-
2-indolinylidene)-1,3-pentadienyl]-3H-indolium iodide;
3H-Indolium, 2-[5-(1,3-dihydro-1,3,3-trimethyl-2H-in-
dol-2-ylidene)-1,3-pentadienyl]-1,3,3-trimethyl-, iodide;
1,10,3,3,30,30-Hexamethylindodicarbocyanine iodide; 1,
10,3,3,30,30-Hexamethylindoledicarbocyanine iodide; 1,
3,3,10,30,30-Hexamethylindoledicarbocyanine iodide;
HIDC; HIDCI; HIDC iodide; Hexacyanine 2; NK 529;
PK 643; SNC 6

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C27H31IN2

Molecular Weight 510.45

Physical Form Blue green crystals

Solubility Soluble in methanol, dimethyl sulfoxide;
partially soluble in water

Melting Point 266–267 �C (decompose)

Absorption (lmax) 638 nm

Emission (lmax) 658 nm

Synthesis Synthetic methods1–8

Staining Applications Fungi;9 sperms;9 microorgan-
ism;10 proteoliposomes;11 analytical samples;12 reticulo-
cytes;13 leukocytes13

Biological Applications Measuring membrane poten-
tial;11,14 detecting prostate cancer;15 analyzing urine;9

apoptosis assays;16in vivo hematotoxicity assays17

Industrial Applications Dye laser;18 photoresists;19

liquid crystals;20 semiconductor integrated circuits;21 thin
films;22 recording materials;23,24 inks;24,25 toners;24 pho-
tographic materials4,5,26

Safety/Toxicity No data available
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DiOC2(3)

CAS Registry Number 905-96-4

Chemical Structure

CA Index Name Benzoxazolium, 3-ethyl-2-[3-(3-eth-
yl-2(3H)-benzoxazolylidene)-1-propen-1-yl]-, iodide
(1 : 1)

Other Names 3-Ethyl-2-[3-(3-ethyl-2-benzoxazoliny-
lidene)propenyl]benzoxazolium iodide; Benzoxazolium,
3-ethyl-2-[3-(3-ethyl-2(3H)-benzoxazolylidene)-1-pro-
penyl]-, iodide; Benzoxazolium, 3-ethyl-2-[3-(3-ethyl-2-
benzoxazolinylidene)propenyl]-, iodide; 3,30-Diethyl-
2,20-oxacarbocyanine iodide; 3,30-Diethyloxacarbocya-
nine iodide; 3-Ethyl-2-[3-ethyl-2(3H)-benzoxazolyli-
dene)-1-propenyl]benzoxazolium iodide); DOC; DOC
(dye); DOC iodide; DOCI; DiOC2; DiOC2(3); G 1745;
NK 85

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C21H21IN2O2

Molecular Weight 460.31

Physical Form Dark red crystals or powder

Solubility Soluble in methanol, dimethyl sulfoxide

Melting Point 278 �C (decompose); 210 �C (decom-
pose) (impure)

Absorption (lmax) 482 nm

Emission (lmax) 497 nm

Synthesis Synthetic methods1–9

Staining Applications Hepatocytes;10 P-glycopro-
tein;11 malaria infected cells;12 nucleic acids;13 sperms;14

hairs15

Biological Applications Measuring membrane poten-
tial;16 detecting prostate cancer,17 nucleic acid hybridiza-
tion,18 polynucleotides;19 treating acute myelogenous
leukemia,20metastatic breast cancer,20 cancers expressing
P-glycoprotein20

Industrial Applications Dye laser;21 displays;22 re-
cording materials;23 light emitting diode lens;24 thin
films;25 photographic materials;9,26,27 nonlinear optical
materials;28 solar panels29

Safety/Toxicity Carcinogenicity30
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DiOC5(3)

CAS Registry Number 53213-81-3

Chemical Structure

CA Index Name Benzoxazolium, 3-pentyl-2-[3-(3-
pentyl-2(3H)-benzoxazolylidene)-1-propenyl]-, iodide

Other Names 3,30-Dipentyloxacarbocyanine iodide,
DiOC5(3)

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C27H33IN2O2

Molecular Weight 544.47

Physical Form Red powder

Solubility Soluble in methanol, dimethyl sulfoxide

Melting Point 214–215 �C
Absorption (lmax) 484 nm

Emission (lmax) 500 nm

Synthesis Synthetic method1

Staining Applications Cells;2 leukocytes;3,4 squamous
epithelial cells;4 microorganisms;4,5 proteins;6 sperms;7

hairs8

Biological Applications Detecting prostate cancer;9

monitoring membrane potential;10–15 cytotoxicity as-
say;15,16 drug screening assay;17 susceptibility assay18

Industrial Applications Photoresists19

Safety/Toxicity No data available
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DiOC6(3)

CAS Registry Number 53213-82-4

Chemical Structure

CA Index Name Benzoxazolium, 3-hexyl-2-[3-(3-hex-
yl-2(3H)-benzoxazolylidene)-1-propen-1-yl]-, iodide
(1 : 1)

Other Names Benzoxazolium, 3-hexyl-2-[3-(3-hexyl-
2(3H)-benzoxazolylidene)-1-propenyl]-, iodide; 3,30-Di-
hexyloxacarbocyanine iodide;D273;DiOC6(3);NK2280

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C29H37IN2O2

Molecular Weight 572.52

Physical Form Red powder

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Melting Point 222–224 �C
Absorption (lmax) 484 nm

Emission (lmax) 501 nm

Synthesis Synthetic methods1–3,16

Staining Applications Mitochondria;4–17 endoplasmic
reticulum;16–37 bacteria;38,39 fungi;40 nucleic acids;41 leu-
kocytes;42 lymphocytes;43 microtubules;59 myelin;44 pre-
synaptic nerve terminals;45 sperms;46 spores51

Biological Applications Detecting mitochondrial
membrane potential,3,10–16,47,48 nucleic acid hybridiza-
tion,49 prostate cancer,50 germination Bacillus anthracis
spores;51 apoptosis assays;52,53 diagnostic assays;54 in
photodynamic therapy;55 treating malaria,56 leishmania-
sis, trypanosomiasis,56 trichomoniasis,56 neosporosis,56

coccidiosis56

Industrial Applications Photoresists;57 photography58

Safety/Toxicity Photodamage of microtubules and in-
activation of organelle motility59

REFERENCES

1. Adier, C.; Thomas, M.; Turpin, F.; Brigand, C.;
Cenatiempo, Y.; Belgsir, E. M. Method for
obtaining water-soluble fluorescent complexes from
lipophilic dyes and cyclodextrin derivatives. Fr.
Demande FR 2878853, 2006; Chem. Abstr. 2006,
145, 23859.

2. Akins, D. L.; Kumar, V. T. High-performance liquid
chromatography of cyanine dyes: multiphase
separation, purification, and substitution of the
counter ion. J. Chromatogr., A 1995, 689, 269–273.

3. Sims, P. J.; Waggoner, A. S.; Wang, C.; Hoffman, J. F.
Mechanism by which cyanine dyes measure
membrane potential in red blood cells and
phosphatidylcholine vesicles. Biochemistry 1974,
13, 3315–3330.

4. Swayne, T. C.; Gay, A. C.; Pon, L. A. Visualization of
mitochondria in budding yeast. Methods Cell Biol.
2007, 80, 591–626.

5. Hattori, F.; Fukuda, K. Method for selecting
myocardial cells using intracellular mitochondria

labeled with fluorescent indicator. PCT Int. Appl.
WO 2006022377, 2006; Chem. Abstr. 2006, 144,
270175.

6. Salvioli, S.; Ardizzoni, A.; Franceschi, C.;
Cossarizza, A. JC-1, but not DiOC6(3) or
rhodamine 123, is a reliable fluorescent probe to
assess DY changes in intact cellsimplications for
studies on mitochondrial functionality during
apoptosis. FEBS Lett. 1997, 411, 77–82.

7. Yang, H. C.; Taguchi, H.; Nishimura, K.; Miyaji, M.
Effect of miconazole on diO-C6-(3) accumulation in
mitochondria of Candida albicans. Mycoscience
1996, 37, 243–248.

8. Miyakawa, I.; Higo, K.; Osaki, F.; Sando, N. Double
staining ofmitochondria andmitochondrial nucleoids
in the living yeast during the life cycle. J. Gen. Appl.
Microbiol. 1994, 40, 1–14.

9. Korchak, H. M.; Rich, A. M.; Wilkenfeld, C.;
Rutherford, L. E.; Weissmann, G. A carbocyanine
dye, DiOC6(3), acts as a mitochondrial probe in

N

O

(CH2)5CH3

C
H

C
H

C
H

N

O

(CH2)5CH3

+ _
I

162 DiOC6(3)



human neutrophils. Biochem. Biophys. Res.
Commun. 1982, 108, 1495–1501.

10. Le, S. B.; Holmuhamedov, E. L.; Narayanan, V. L.;
Sausville, E. A.; Kaufmann, S. H. Adaphostin and
other anticancer drugs quench the fluorescence of
mitochondrial potential probes. Cell Death Differ.
2006, 13, 151–159.

11. Kataoka, M.; Fukura, Y.; Shinohara, Y.; Baba, Y.
Analysis of mitochondrial membrane potential in
the cells by microchip flow cytometry. Electro-
phoresis 2005, 26, 3025–3031.

12. Petit, P. X.; O’Connor, J. E.; Grunwald, D.; Brown, S.
C. Analysis of the membrane potential of rat- and
mouse-liver mitochondria by flow cytometry and
possible applications. Eur. J. Biochem. 1990, 194,
389–397.

13. Kalbacova, M.; Vrbacky, M.; Drahota, Z.; Melkova,
Z. Comparison of the effect of mitochondrial
inhibitors on mitochondrial membrane potential
in 2 different cell lines using flow cytometry
and spectrofluorometry. Cytometry 2003, 52A,
110–116.

14. Zamzami, N.;Metivier, D.; Kroemer, G. Quantitation
of mitochondrial transmembrane potential in cells
and in isolated mitochondria. Methods Enzymol.
2000, 322, 208–213.

15. Rottenberg, H.; Wu, S. Quantitative assay by flow
cytometry of the mitochondrial membrane potential
in intact cells. Biochim. Biophys. Acta 1998, 1404,
393–404.

16. Sabnis, R. W.; Deligeorgiev, T. G.; Jachak, M. N.;
Dalvi, T. S. DiOC6(3): a useful dye for staining the
endoplasmic reticulum, Biotech. Histochem. 1997,
72, 253–258.

17. Soltys, B. J.; Gupta, R. S. Interrelationships of
endoplasmic reticulum, mitochondria, interme-
diate filaments, and microtubules: a quadruple
fluorescence labeling study. Biochem. Cell Biol.
1992, 70, 1174–1186.

18. Ramoino, P.; Diaspro, A.; Fato, M.; Beltrame, F.;
Robello, M. Changes in the endoplasmic reticulum
structure of Paramecium primaurelia in relation to
different cellular physiological states. J. Photochem.
Photobiol., B 2000, 54, 35–42.

19. Terasaki, M.; Reese, T. S. Interaction among
endoplasmic reticulum, microtubules and
retrograde movements of the cell surface. Cell
Motil. Cytoskeleton 1994, 29, 291–300.

20. Terasaki,M. Probes for the endoplasmic reticulum. In
Fluorescent and Luminescent Probes for Biological

Activity; Mason, W. T., Ed.; Academic Press:
London, 1993; pp 120–123.

21. Terasaki, M.; Reese, T. S. Characterization of
endoplasmic reticulum by co-localization of BiP
and dicarbocyanine dyes. J. Cell Sci. 1992, 101,
315–322.

22. Toyoshima, I.; Yu, H.; Steuer, E. R.; Sheetz, M. P.
Kinectin, a major kinesin-binding protein on ER. J.
Cell Biol. 1992, 118, 1121–1131.

23. Chen, L. B.; Lee, C. Probing endoplasmic reticulum
in living cells by epifluorescence and digitized video
microscopy. In Optical Microscopy for Biology;
Herman, B.; Jacobson, E., Eds.; Wiley-Liss: New
York, 1990; pp 409–418.

24. Terasaki, M. Recent progress on structural
interactions of the endoplasmic reticulum. Cell
Motil. Cytoskeleton 1990, 15, 71–75.

25. Quader, H. Formation and disintegration of cisternae
of the endoplasmic reticulum visualized in live cells
by conventional fluorescence and confocal laser
scanning microscopy: evidence for the involvement
of calcium and the cytoskeleton. Protoplasma 1990,
155, 166–175.

26. Quader, H.; Fast, H. Influence of cytosolic pH
changes on the organization of the endoplasmic
reticulum in epidermal cells of onion bulb scales:
acidification by loading with weak organic acids.
Protoplasma 1990, 157, 216–224.

27. Dailey, M. E.; Bridgman, P. C. Dynamics of the
endoplasmic reticulum and other membranous
organelles in growth cones of cultured neurons. J.
Neurosci. 1989, 9, 1897–1909.

28. Terasaki, M. Fluorescent labeling of endoplasmic
reticulum. Methods Cell Biol. 1989, 29, 125–135.

29. Lee, C.; Ferguson, M.; Chen, L. B. Construction of
the endoplasmic reticulum. J. Cell Biol. 1989, 109,
2045–2055.

30. Quader, H.; Hofmann, A.; Schnepf, E.
Reorganization of the endoplasmic reticulum in
epidermis cells of onion bulb scales after cold
stress: involvement of cytoskeletal elements. Planta
1989, 177, 273–280.

31. Sanger, J. M.; Dome, J. S.; Mittal, B.; Somlyo, A. V.;
Sanger, J.W.Dynamics of the endoplasmic reticulum
in living non-muscle and muscle cells. Cell Motil.
Cytoskeleton 1989, 13, 301–319.

32. Lee, C.; Chen, L. B. Dynamic behavior of
endoplasmic reticulum in living cells. Cell 1988,
54, 37–46.

DiOC6(3) 163



33. Allen, N. S.; Brown, D. T. Dynamics of the
endoplasmic reticulum in living onion epidermal
cells in relation to microtubules, microfilaments
and intracellular particle movement. Cell Motil.
Cytoskeleton 1988, 10, 153–163.

34. Quader, H.; Hofmann, A.; Schnepf, E. Shape and
movement of the endoplasmic reticulum in onion
bulb epidermis cells: possible involvement of actin.
Eur. J. Cell Biol. 1987, 44, 17–26.

35. Terasaki, M.; Chen, L. B.; Fujiwara, K. Microtubules
and the endoplasmic reticulum are highly
interdependent structures. J. Cell Biol. 1986, 103,
1557–1568.

36. Quader, H.; Schnepf, E. Endoplasmic reticulum
and cytoplasmic streaming: fluorescence
microscopical observations in adaxial epidermis
cells of onion bulb scales. Protoplasma 1986,
131, 250–252.

37. Terasaki, M.; Song, J.; Wong, J. R.; Weiss, M. J.;
Chen, L. B. Localization of endoplasmic reticulum in
living and glutaraldehyde-fixed cells with fluorescent
dyes. Cell 1984, 38, 101–108.

38. Mason, D. J.; Lopez-Amoros, R.; Allman, R.; Stark,
J. M.; Lloyd, D. The ability of membrane potential
dyes and calcofluor white to distinguish between
viable and non-viable bacteria. J. Appl. Bacteriol.
1995, 78, 309–315.

39. Diaper, J. P.; Tither, K.; Edwards, C. Rapid
assessment of bacterial viability by flow cytometry.
Appl. Microbiol. Biotechnol. 1992, 38, 268–272.

40. Duckett, J. G.; Read, D. J. The use of the fluorescent
dye, 3,30-dihexyloxacarbocyanine iodide, for
selective staining of ascomycete fungi associated
with liverwort rhizoids and ericoid mycorrhizal
roots. New Phytol. 1991, 118, 259–272.

41. Honda, M.; Nakai, N.; Fukuda, M.; Kawabe, Y.
Optical amplification and laser action in cyanine
dyes doped in DNA complex. Proc. SPIE-Int. Soc.
Opt. Eng. 2007, 6646, 664609/1–664609/8.

42. Sakata, T.; Kuroda, T. Fluorochrome-containing
reagent for classifying leukocytes by flow
cytometry. U.S. Patent 5175109, 1992; Chem.
Abstr. 1993, 118, 142984.

43. Shapiro, H. M.; Natale, P. J.; Kamentsky, L. A.
Estimation of membrane potentials of individual
lymphocytes by flow cytometry. Proc. Natl. Acad.
Sci. U.S.A. 1979, 76, 5728–5730.

44. Micu, I.; Ridsdale, A.; Zhang, L.; Woulfe, J.;
McClintock, J.; Brantner, C. A.; Andrews, S. B.;
Stys, P. K. Real-time measurement of free Ca2þ

changes in CNS myelin by two-photon microscopy.
Nat. Med. 2007, 13, 874–879.

45. Yoshikami, D.; Okun, L. M. Staining of living
presynaptic nerve terminals with selective
fluorescent dyes. Nature 1984, 310, 53–56.

46. Matsumoto, T.; Okada, H.; Hamaguchi, Y. Method
and reagent for counting sperm by flow cytometry.
Jpn. Kokai Tokkyo Koho JP 2001242168, 2001;
Chem. Abstr. 2001, 135, 207869.

47. Mathur, A.; Hong, Y.; Kemp, B. K.; Barrientos, A. A.;
Erusalimsky, J. D. Evaluation of fluorescent dyes for
the detection of mitochondrial membrane potential
changes in cultured cardiomyocytes. Cardiovasc.
Res. 2000, 46, 126–138.

48. Johnson, L. V.; Wash, M. L.; Bockus, B. J.; Chen, L.
B. Monitoring of relative mitochondrial membrane
potential in living cells by fluorescence microscopy.
J. Cell Biol. 1981, 88, 526–535.

49. Bupp, C. R., II; Choi, K. Y.; Holmes-Davis, R. A.;
Izmailov, A.; Koshinsky, H.; Nulf, C. J.; Urdea, M.;
Wang, M.; Warner, B. D.; Zwick, M. Carbocyanine
dye dimers linked by a conjugated alkenyl chain for
use in detection of nucleic acid hybridization. PCT
Int. Appl. WO 2007100711, 2007; Chem. Abstr.
2007, 147, 358263.

50. Dickman, D. Methods of detecting prostate cancer.
PCT Int. Appl. WO 2006054296, 2006; Chem.
Abstr. 2006, 145, 3346.

51. Laflamme, C.; Ho, J.; Veillette, M.; Latremoille, M.
C.; Verreault, D.; Meriaux, A.; Duchaine, C. Flow
cytometry analysis of germinating Bacillus spores,
using membrane potential dye. Arch. Microbiol.
2005, 183, 107–112.

52. Buenz, E. J.; Limburg, P. J.; Howe, C. L. A high-
throughput 3-parameter flow cytometry-based cell
death assay. Cytometry 2007, 71A, 170–173.

53. Li, X.; Darzynkiewicz, Z. The Schrodinger’s cat
quandary in cell biology: integration of live cell
functional assays with measurements of fixed cells
in analysis of apoptosis. Exp. Cell Res. 1999, 249,
404–412.

54. Thiruvengadam,A. P.; Chandrasekaran,K.Diagnosis
of bipolar disorder and ADHD based on regulation of
Naþ ,Kþ -ATPase and membrane potential of
lymphoblasts or whole blood cells. PCT Int. Appl.
WO 2006113095, 2006; Chem. Abstr. 2006, 145,
451297.

55. Lipshutz, G. S.; Castro, D. J.; Saxton, R. E.;
Haugland, R. P.; Soudant, J. Evaluation of
four new carbocyanine dyes for photodynamic

164 DiOC6(3)



therapy with lasers. Laryngoscope 1994, 104,
996–1002.

56. Zeligs,M.A.Antiparasiticmethods and compositions
using diindolylmethane-related indoles. PCT Int.
Appl. WO 2008057253, 2008; Chem. Abstr. 2008,
148, 554046.

57. Farid, S. Y.; Haley, N. F.; Moody, R. E.; Specht, D. P.
Negative working photoresists responsive to shorter
wavelength visible light and novel coated articles.
U.S. Patent 4743529, 1988; Chem. Abstr. 1988, 109,
160608.

58. Farid, S. Y.; Haley, N. F.; Moody, R. E.; Specht, D. P.
Dye-sensitized photographic imaging system. U.S.
Patent 4743531, 1988; Chem. Abstr. 1988, 109,
139163.

59. Lee, C.;Wu, S. S.; Chen, L. B. Photosensitization by
3,30-dihexyloxacarbocyanine iodide: specific
disruption of microtubules and inactivation of
organelle motility. Cancer Res. 1995, 55,
2063–2069.

DiOC6(3) 165



DiOC7(3)

CAS Registry Number 53213-83-5

Chemical Structure

CA Index Name Benzoxazolium, 3-heptyl-2-[3-(3-
heptyl-2(3H)-benzoxazolylidene)-1-propenyl]-, iodide

Other Names D 378; DiOC7(3)

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C31H41IN2O2

Molecular Weight 600.57

Physical Form Red crystals

Solubility Solubleinethanol,methanol,dimethylsulfoxide

Melting Point 194–197 �C
Absorption (lmax) 482 nm

Emission (lmax) 504 nm

Synthesis Synthetic method1

Staining Applications Mitochondria;2 cells;3,4 fungi;5

tumors6

Biological Applications Detecting cells,3 fungal
stress,5 membrane potential;1,2 cytotoxicity assays7,8

Industrial Applications Not reported

Safety/Toxicity No data available
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DiSBAC2(3)

CAS Registry Number 47623-98-3

Chemical Structure
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CA Index Name 4,6(1H,5H)-Pyrimidinedione, 5-[3-
(1,3-diethylhexahydro-4,6-dioxo-2-thioxo-5-pyrimidi-
nyl)-2-propen-1-ylidene]-1,3-diethyldihydro-2-thioxo-

Other Names 4,6(1H,5H)-Pyrimidinedione, 5-[3-
(1,3-diethylhexahydro-4,6-dioxo-2-thioxo-5-pyrimidi-
nyl)-2-propenylidene]-1,3-diethyldihydro-2-thioxo-;
Bis(1,3-diethylthiobarbituric acid)trimethine oxonol;
DiSBAC2(3)

Merck Index Number Not listed

Chemical/Dye Class Oxonol

Molecular Formula C19H24N4O4S2

Molecular Weight 436.55

Physical Form Purple powder

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Boiling Point (Calcd.) 545.0� 60.0 �C, pressure
760 Torr

pKa (Calcd.) 3.72� 0.20, most acidic, temperature: 25
�C; �2.49� 0.20, most basic, temperature: 25 �C
Absorption (lmax) 535 nm

Emission (lmax) 560 nm

Synthesis Synthetic methods1,2

Staining Applications Cells;3 clostridial toxin sub-
strate;4 endothelial cells;5 lipid particles;6 myocardium;7

neurons;8 islets of Langerhans;9 epithelial cells14

Biological Applications Measuring membrane poten-
tial;3,5,7,10,11 ion channel screening assays;12 taste mod-
ulators screening assays;13 detecting cystic fibrosis trans-
membrane conductance regulator (CFTR);14 HCN chan-
nel modulators;15 BK channel openers16

Industrial Applications Photographic materials17

Safety/Toxicity No data available
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CAS Registry Number 53213-94-8

Chemical Structure

CA Index Name Benzothiazolium, 3-propyl-2-[5-(3-
propyl-2(3H)-benzothiazolylidene)-1,3-pentadien-1-yl]-,
iodide (1:1)

Other Names Benzothiazolium, 3-propyl-2-[5-(3-pro-
pyl-2(3H)-benzothiazolylidene)-1,3-pentadienyl]-, io-
dide; 3,30-Dipropyl-2,20-thiadicarbocyanine iodide; 3,30-
Dipropylthiadicarbocyanine iodide; Di-S-C3-5; NK 2251

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C25H27IN2S2

Molecular Weight 546.53

Physical Form Dark green powder

Solubility Soluble in methanol, N,N-dimethylforma-
mide, dimethyl sulfoxide

Melting Point 248–249 �C
Absorption (lmax) 651 nm

Emission (lmax) 675 nm

Synthesis Synthetic method1

Staining Applications Bacteria;2 cells;3 cytochrome c
oxidase-reconstituted proteoliposomes;4 fungus;5

sperms;5 epithelial cells;6 erythrocytes;7 lipid bilayer;8

lipid membranes;9 lipid particles;10 liposome;11 lympho-
cytes;12 lysosomes;13 microorganisms;14 mitochondrial
neuroblastoma cells;15,16 neutrophils;17 red blood cells;18

tumor cells;19 yeast20,21

Biological Applications Measuring membrane poten-
tial;1–3,15–25 measuring membrane fusion;26,27 detecting
prostate cancer,28 nucleic acid hybridization;29 immu-
noassays;30 nucleic acid assays;30 as anticancer agents31

Industrial Applications Not reported

Safety/Toxicity No data available
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CAS Registry Number 548-24-3

Chemical Structure
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CA Index Name Spiro[isobenzofuran-1(3H),90-[9H]
xanthen]-3-one, 40,50-dibromo-30,60-dihydroxy-20,70-dini-
tro-, sodium salt (1 : 2)

Other Names Fluorescein, 40,50-dibromo-20,70-dinitro-,
disodium salt; Spiro[isobenzofuran-1(3H),90-[9H]xan-
then]-3-one, 40,50-dibromo-30,60-dihydroxy-20,70-dinitro-,
disodium salt; C.I. 45400; C.I. Acid Red 91; Dibromodi-
nitrofluorescein sodium; Eosin B; Eosin BA; Eosine B;
Eosine BA; Eosine BN; Eosine BNX; Eosine I Bluish;
Saffrosine; Simacid Nitro Eosin 24669

Merck Index Number 3602

Chemical/Dye Class Xanthene

Molecular Formula C20H6Br2N2Na2O9

Molecular Weight 624.06

Physical Form Red-brown to green crystals or powder

Solubility Freely soluble in water; soluble in ethanol

Melting Point 295 �C
Absorption (lmax) 514 nm, 395 nm

Emission (lmax) 544 nm

Synthesis Synthetic method1–4

StainingApplications Brain;5 cells;6microorganisms;7

nucleic acids;8 peptides;9 proteins;9–13 enzyme sub-
strates;14,15 hairs16

Biological Applications Antimalarial agent;17 protein
assay;18 detecting enzyme activity;14 treating cancer,19

malaria,19 diabetes,20 a variety of conditions affecting
skin,21 mouth,21 digestive tract,21 urinary tract,21 repro-
ductive tract,21 respiratory tract,21 circulatory system,21

head,21 neck,21 endocrine system,21 lymphoreticular sys-
tem;21 dental materials22,23

Industrial Applications Color filters;24,25 liquid crystal
displays;25 inks;26–28 NLO materials;29 photographic ma-
terials;30 laundry detergent;31 textiles32

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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CAS Registry Number 17372-87-1

Chemical Structure
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CA Index Name Spiro[isobenzofuran-1(3H),90-[9H]
xanthen]-3-one, 20,40,50,70-tetrabromo-30,60-dihydroxy-,
sodium salt (1 : 2)

Other Names Eosin Yellowish; Fluorescein, 20,40,50,70-
tetrabromo-, disodium salt; Spiro[isobenzofuran-1
(3H),90-[9H]xanthen]-3-one, 20,40,50,70-tetrabromo-30,60-
dihydroxy-, disodium salt; 11445 Red; 11731 Red;
1903 Yellow Pink; ABCO Eosin; Abbey Eosin; Acid Red
87; Acid Red 87-39014; Aizen Eosine; Aizen Eosine GH;
Basacid Red 316; Bromo 4D; Bromo 4DC; Bromo 4DL;
Bromo B; Bromo FL; Bromo JPS; Bromo TS; Bromo X
100; Bromo XX; Bromo acid; Bromoeosine; Bromofluor-
esceic acid; Bromofluorescein; Bronze Bromo; C.I.
45380; C.I. Acid Red 87; Certiqual Eosine; Chugai Ink
Red AM 5; Cogilor Orange 212.10; Conacid Red ML; D
and C Red No. 22; D&C Red 22; D&C Red No. 22; D&C
Red No. 22-90133; Daiwa Red 103WB; Dawn red; Di-
nacid Eosine Red; Disodium eosin; Dycosweak Acid Red
A; Eosin; Eosin A; Eosin OJ; Eosin Y; Eosin Y 17255;
Eosin YS; Eosin yellow; Eosine; Eosine 3G; Eosine 3Y;
Eosine A; Eosine AG; Eosine BPC; Eosine BS; Eosine
BS-SF; Eosine DA; Eosine DWC 73; Eosine Extra Conc.
A. Export; Eosine Extra Yellowish; Eosine FA; Eosine G;
Eosine GF; Eosine GH; Eosine J; Eosine K; Eosine K Salt
Free; Eosine Lake Red Y; Eosine OJ; Eosine S; Eosine S
13; Eosine SSO; Eosine Salt Free; Eosine Y; Eosine Y
90133; Eosine YB; Eosine YS; Eosine Yellow; Eosine
Yellowish; Eosine sodium; Eosine sodium salt; Eosine w/
s; Eosine water-soluble; Fenazo Eosine XG; Food Red
103;HidacidBoilingBromo;HidacidBromo acid regular;
Hidacid Dibromo Fluorescein; Hidacid Eosine Soda Salt;
HidacidWhite Bromo; Irgalite BronzeRedCL; JapanRed
103; Japan Red 230-1; Japan Red 230-2; Japan Red No.

103; Japan Red No. 230-1; Morning red; Neelicol Eosine;
Orient Water Red 2; Orient Watger Red 2; Phlox Red
Toner X 1354; Phloxine Red 20-7600; Phloxine Toner B;
Pure Eosine YY; Red 103; Red 17255; Red No. 103; Red
No. 230-1; Silk Discharge Orange 3R; Simacid Eosine Y;
Sodium eosin; Sodium eosinate; Sodium eosine; Spiro
[isobenzofuran-1(3H),90-[9H]xanthen]-3-one, 20,40,50,70-
tetrabromo-30,60-dihydroxy-, disodium salt; Symuler Eo-
sin Toner; Tetrabromofluorescein; Tetrabromofluorescein
D; Tetrabromofluorescein S; Tetrabromofluorescein solu-
ble; Toyo Eosine G; Triacid Eosine; Vicoacid Eosine;
Water Red 2

Merck Index Number 3603

Chemical/Dye Class Xanthene

Molecular Formula C20H6Br4Na2O5

Molecular Weight 691.85

Physical Form Red-brown crystals or powder

Solubility Freely soluble in water; slightly soluble in
ethanol, methanol; insoluble in ether

Melting Point 295.5 �C
pH Range 0.0–3.0

Color Change at pH Non-fluorescence (0.0) to green
fluorescence (3.0)

pKa 2.9, 4.5

Absorption (lmax) 517 nm

Emission (lmax) 538 nm

Synthesis Synthetic methods1–11

Staining Applications Blood;12 blood smears;13 bone
marrow;12 cells;14 nucleus;15 cytoplasm;15 membrane;15

candies;16 drinks;16 keloid;17 orthodontic adhesives;18

proteins;19 tissues;20 thrombocytes;21 eye lens;22 eye
shadow;23 lips;24 skin;24,25 hairs;1,26 keratin fibers27

Biological Applications Treating age-related macular
degeneration,28 burns,1,29 cancer,1,30 diabetes,1,31 obesi-
ty,1,31 dental bone defects,1,32 gastroesophageal reflux
disease,33 prostate cancer,34 viral diseases;35 stents;1,36

wound-healing materials1,37

Industrial Applications Solar cell;38 semiconductor
devices;39 color filters;1,40 Light-emitting devices;41 pho-
tovoltaic devices;1,42 electrochromic devices;43 thin
films;44 sol–gel materials;45 inks;1,46,47 colored bubbles48

Safety/Toxicity Acute toxicity;1,49 carcinogenicity;50

cardiotoxicity;51 ecotoxicity;52 environmental toxici-
ty;53,54 microbial toxicity;55 mutagenicity;1,56 neurotox-
icity;57 nucleic acid damage;58 phototoxicity;1,59 pulmo-
nary toxicity;60 reproductive toxicity;61 skin toxicity62

Certification/Approval Certified by Biological Stain
Commission (BSC)

Eosin Y 173



REFERENCES

1. Sabnis, R.W.; Handbook of Acid-Base Indicators;
CRC Press: Boca Ratan, 2008; pp 139–141.

2. Anantharaman, P. N.; Vasudevan, D.; Chellammal, S.
An improved process for the preparation of eosin by
electrolytically brominating fluorescein. Indian IN
185585, 2001; Chem. Abstr. 2005, 142, 95715.

3. Vasudevan, D.; Basha, C. A. A kinetic study on the
electrochemical bromination offluorescein to eosin in
a batch reactor. J. Indian Chem. Soc. 1998, 75,
165–166.

4. Vasudevan, D.; Anantharaman, P. N. Electrochemical
synthesis of eosin from fluorescein. J. Appl.
Electrochem. 1993, 23, 808–812.

5. Anantharaman, P. N.; Noel, M. Electrochemical
manufacture of erythrosine or eosine from
fluorescein. Indian IN 168346, 1991; Chem. Abstr.
1992, 116, 237372.

6. Amt-Guerri, F.; Lopez-Gonzalez, M. M. C.;
Martinez-Utrilla, R.; Sastra, R. Synthesis and
spectroscopic properties of new Rose Bengal and
Eosin Y derivatives. Dyes Pigments 1990, 12,
249–272.

7. Jagannathan, E.; Anantharaman, P. N. Electro-
chemical preparation of erythrosine and eosine.
Bull. Electrochem. 1987, 3, 29–31.

8. Fompeydie, D.; Onur, F.; Levillain, P. Synthesis of
pure eosine. Bull. Soc. Chim. Fr. 1982, 5–6; Chem.
Abstr. 1982, 96, 201245.

9. Paucescu, S. D.; Ionescu-Ioan, C. Microscopy
xanthine dyes. II. Fluorescein bromination to
tetrabromo compounds. Rev. Chim. 1980, 31,
339–341; Chem. Abstr. 1980, 93, 96775.

10. Dolinsky, M.; Jones, J. H. Studies on coal-tar colors.
IX. D&C Yellow No. 7, D&C Orange No. 5, D&C
RedNo. 21, tetrachlorofluorescein, D&CRedNo. 27,
and FD&C Red No. 3. J. Assoc. off. Agric. Chem.
1951, 34, 114–126.

11. Welcher, F. J. Organic Analytical Reagents; D. Van
Nostrand Company: New York, 1948; Vol. 4, p 486.

12. Dagiral, R. L. G. Cell staining method for blood and
bone marrow. PCT Int. Appl. WO 2008043963,
2008; Chem. Abstr. 2008, 148, 466507.

13. Trukhachev, V. I.; Rodin, V. V.; Mikhailenko, V. V.;
Dergunov, A. A. Staining of blood smears by using
the Erlich’s hematoxylin and sodium eosin. Russ. RU
2304776, 2007; Chem. Abstr. 2007, 147, 253438.

14. Korchagina, E.; Bovin, N.; Henry, S. Fluorescent cell
markers containing fluorophore and diacyl lipid. PCT

Int. Appl. WO 2008030115, 2008; Chem. Abstr.
2008, 148, 326200.

15. Gholap, A. S.; Gholap, G. A.; Joshi, A.; Basu, A.;
Rao, C. V. K.; Jadhav, P. Method and system for
digital image based tissue independent simultaneous
nucleus, cytoplasm and membrane quantitation. PCT
Int. Appl. WO 2007024264, 2007; Chem. Abstr.
2007, 146, 269702.

16. Yoshioka, N.; Ichihashi, K. Determination of 40
synthetic food colors in drinks and candies by
high-performance liquid chromatography using a
short column with photodiode array detection.
Talanta 2008, 74, 1408–1413.

17. Butler, P. D.; Ly, D. P.; Longaker, M. T.; Yang, G. P.
Use of organotypic coculture to study keloid biology.
Am. J. Surg. 2008, 195, 144–148.

18. Brennan, J. V.; Soo, P. P.; Kalgutkar, R. S.;
Suhrwardy, R. A. Methods of identifying ortho-
dontic adhesives on teeth by selective staining with
pigments and/or food dyes. U.S. Pat. Appl. Publ.
US 2007148609, 2007; Chem. Abstr. 2007, 147,
102288.

19. Becker, K. F.; Schott, C.; Becker, I.; Hoefler, H.
Guided protein extraction from formalin-fixed
tissues for quantitative multiplex analysis avoids
detrimental effects of histological stains.
Proteomics 2008, 2, 737–743.

20. Brusilovskiy, A. I. Tissue staining protocol using
eosin and hematoxylin solutions. U.S. Pat. Appl.
Publ. US 2005202524, 2005; Chem. Abstr. 2005,
143, 282169.

21. Lindberg, S. Enumeration of thrombocytes. PCT Int.
Appl. WO 2008010760, 2008; Chem. Abstr. 2008,
148, 163110.

22. Korsakova, N. V.; Sergeeva, V. E. Cytochemical
analysis of cellular structures in eye lens of
laboratory animals including vital–supravital
staining by methylene blue. Russ. RU 2319132,
2008; Chem. Abstr. 2008, 148, 302857.

23. Bouchard, F. Eye shadow comprising least 50%
colorants. Eur. Pat. Appl. EP 1757262, 2007;
Chem. Abstr. 2007, 146, 280374.

24. Dumousseaux, C. Cosmetic composition for
application to the skin, lips, and body surface. Fr.
Demande FR 2868694, 2005; Chem. Abstr. 2005,
143, 392520.

25. Teboul, K. Method for coloring dark skins. PCT Int.
Appl. WO 2008087308, 2008; Chem. Abstr. 2008,
149, 160219.

174 Eosin Y



26. Hercouet, L. Hair dye composition comprising a
derivative of diamino-N,N-dihydropyrazolone, a
coupler, and a heterocyclic direct dye. Fr.
Demande FR 2886132, 2006; Chem. Abstr. 2006,
146, 49738.

27. Kravtchenko, S. Agent for simultaneously bleaching
and coloring of keratin fibers comprising an anionic
or nonionic dye and an inert organic liquid. Eur. Pat.
Appl. EP 1738801, 2007; Chem. Abstr. 2007, 146,
128004.

28. Hofmann, R. F. Use of targeted oxidative therapeutic
formulation in treatment of age-related macular
degeneration. U.S. Pat. Appl. Publ. US
2005250756, 2005;Chem. Abstr. 2005, 143, 416314.

29. Hofmann, R. F. Use of targeted oxidative therapeutic
formulation in treatment of burns. PCT Int. Appl.
WO 2006002302, 2006; Chem. Abstr. 2006, 144,
114433.

30. Hofmann, R. F. Use of targeted oxidative therapeutic
formulation in treatment of cancer. U.S. Pat. Appl.
Publ. US 2005250757, 2005; Chem. Abstr. 2005,
143, 16223.

31. Hofmann, R. F. Use of targeted oxidative therapeutic
formulation in treatment of diabetes and obesity. PCT
Int. Appl. WO 2005107728, 2005; Chem. Abstr.
2005, 143, 466228.

32. Walline, K. S.; Atkinson, B. L. Light-curable bone
growthmaterial for treating dental bone defects. PCT
Int. Appl. WO 2007079053, 2007; Chem. Abstr.
2007, 147, 173744.

33. Chandrasoma, P. Methodologies for the diagnosis
and treatment of gastroesophageal reflux disease.
U.S. Pat. Appl. Publ. US 2007178510, 2007;
Chem. Abstr. 2007, 147, 184153.

34. Datta, M. W.; Datta, S.; Altaba, A. R. I. Methods for
diagnosis and treatment of prostate and other cancers
by inhibition of proteoglycans perlecan and patched
and smoothened receptors. PCT Int. Appl. WO
2006007450, 2006;Chem. Abstr. 2006, 144, 143034.

35. Hofmann, R. F. Targeted oxidative therapeutic
formulation in treatment of viral diseases. U.S. Pat.
Appl. Publ. US 2005192267, 2005; Chem. Abstr.
2005, 143, 272504.

36. Nakayama, Y.; Nemoto, Y. Stents having soft polymer
coating layers with fine pores, and production thereof.
Jpn. Kokai Tokkyo Koho JP 2006333940, 2006;
Chem. Abstr. 2006, 146, 50430.

37. Nakayama, Y.; Nemoto, Y. Visible light-curable
materials and their use for wound-healing
promotion materials and hemostatics. Jpn. Kokai
Tokkyo Koho JP 2008073443, 2008; Chem. Abstr.
2008, 148, 410835.

38. Okamoto, T.; Ito, S. Dye-sensitized solar cell and its
manufacture by electrodepositing zinc oxide with
template compound. Jpn. Kokai Tokkyo Koho JP
2008177099, 2008;Chem. Abstr. 2008, 149, 180291.

39. Latchinov, A. N.; Salazkin, S. N. Anisotropic
electrically conductive adhesives for semiconductor
devices. PCT Int. Appl. WO 2007120078, 2007;
Chem. Abstr. 2007, 147, 487258.

40. Deno, T.; Eichenberger, T.; Voigt, J. Use of pyrimido
[5,4-g]pteridines as shading component in color filter
colorant compositions. PCT Int. Appl. WO
2006037728, 2006;Chem. Abstr. 2006, 144, 400791.

41. Uehara, M. Light-emitting device, method for
manufacturing light-emitting device, electronic
device, and electronic instrument. PCT Int. Appl.
WO 2006132374, 2006; Chem. Abstr. 2006, 146,
35756.

42. Ando, H.; Takeuchi, H.; Minoura, H.; Yoshida, T.
Manufacture of porous metal oxide/dye composite
film for photovoltaic devices. Jpn. Kokai Tokkyo
Koho JP 2006283048, 2006; Chem. Abstr. 2006,
145, 445190.

43. Kanitz, A.; Roth, W. Electrochromic active
formulation and electrochromic device
manufactured therewith. Eur. Pat. Appl. EP
1892566, 2008; Chem. Abstr. 2008, 148, 273017.

44. Verma, A.; Goyal, A.; Sharma, R. K.Microstructural,
photocatalysis and electrochemical investigations on
CeTi2O6 thin films. Thin Solid Films 2008, 516,
4925–4933.

45. Murciano, A.; Blaya, S.; Carretero, L.; Madrigal,
R. F.; Fimia, A. Holographic reflection gratings on
photopolymerizable solgel materials. Opt. Lett.
2006, 31, 2317–2319.

46. Asahino, K.Water-erasable oil-based inks applied on
thermally reversible recording sheets. Jpn. Kokai
Tokkyo Koho JP 2007169319, 2007; Chem. Abstr.
2007, 147, 119863.

47. Nakamura, S. Water-thinned writing ink
compositions with good lightfastness, transparent
cartridges for them, and pens using them. Jpn.
Kokai Tokkyo Koho JP 2006321861, 2006; Chem.
Abstr. 2006, 146, 9427.

48. Sabnis, R.W.; Kehoe, T. D. Composition and method
for producing colored bubbles. U.S. Pat. Appl. Publ.
US 2006004110, 2006; Chem. Abstr. 2006, 144,
110164.

49. Tonogai, Y.; Ito, Y.; Iwaida, M.; Tati, M.; Ose, Y.;
Hori, M. Studies on the toxicity of coal-tar dyes III.
Reason of acute toxicity to fish caused by coal-tar
dyes and their industrial effluents. J. Toxicol. Sci.
1980, 5, 23–33.

Eosin Y 175



50. Oliveira, P. A.; Colaco, A. A.; Palmeira, C. A.; De la
Cruz, P. L. F.; Lopes, C. A. A phyllodes tumor of the
urinary bladder in a rat. Exp. Oncol. 2007, 29,
159–161.

51. Miyazato, H.; Biro, S.; Setoguchi, M.; Maeda, M.;
Tashiro, T.; Nakao, S.; Tanaka, H. Abnormal
immunostaining for dystrophin in isoproterenol-
induced acute myocardial injury in rats: evidence
for change in dystrophin in the absence of genetic
defect. J. Mol. Cell. Cardiol. 1997, 29, 1217–1223.

52. Benoit-Guyod, J. L.; Rochat, J.; Alary, J.; Andre, C.;
Taillandier, G. Correlations between physico-
chemical properties and ecotoxicity of fluorescent
xanthenic water tracers. Toxicol. Eur. Res. 1979, 2,
241–246.

53. Rastogi, S. C.; Pritzl, G. Red lipstick: a source of
barium to humans and the environment. Bull.
Environ. Contam. Toxicol. 1998, 60, 507–510.

54. Tonogai, Y.; Ogawa, S.; Ito, Y.; Iwaida, M. Actual
survey on TLm (median tolerance limit) values of
environmental pollutants, especially on amines,
nitriles, aromatic nitrogen compounds and artificial
dyes. J. Toxicol. Sci. 1982, 7, 193–203.

55. Oros, G.; Cserhati, T.; Forgacs, E. Separation of the
strength and selectivity of the microbiological effect
of synthetic dyes by spectral mapping technique.
Chemosphere 2003, 52, 185–193.

56. Serafimova, R.; Todorov, M.; Pavlov, T.; Kotov, S.;
Jacob, E.; Aptula, A.; Mekenyan, O. Identification

of the structural requirements for mutagenicity, by
incorporating molecular flexibility and metabolic
activation of chemicals. II. General Ames
mutagenicity model. Chem. Res. Toxicol. 2007, 20,
662–676.

57. Zettler, C.; Head, R. J.; Rush, R. A. Chronic nerve
growth factor treatment of normotensive rats. Brain
Res. 1991, 538, 251–262.

58. Rhee, Y.; Valentine,M. R.; Termini, J. Oxidative base
damage in RNA detected by reverse transcriptase.
Nucleic Acids Res. 1995, 23, 3275–3282.

59. Wang, H.; Lu, L.; Zhu, S.; Li, Y.; Cai, W. The
phototoxicity of xanthene derivatives against
Escherichia coli, Staphylococcus aureus, and
Saccharomyces cerevisiae. Curr. Microbiol. 2006,
52, 1–5.

60. Ferguson, J. S.; Alarie, Y. Long term pulmonary
impairment following a single exposure to methyl
isocyanate. Toxicol. Appl. Pharmacol. 1991, 107,
253–268.

61. Uzumcu, M.; Suzuki, H.; Skinner, M. K. Effect of the
anti-androgenic endocrine disruptor vinclozolin on
embryonic testis cord formation and postnatal testis
development and function. Reprod. Toxicol. 2004,
18, 765–774.

62. Smith, H. R.; Orchard, G. E.; Calonje, E.; Basketter,
D. A.; McFadden, J. P. Irritant threshold and
histological response of epidermis to irritant
application. Contact Dermatitis 2004, 51, 227–230.

176 Eosin Y



ERYTHROSIN

CAS Registry Number 16423-68-0

Chemical Structure
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CA Index Name Spiro[isobenzofuran-1(3H),90-[9H]
xanthen]-3-one, 30,60-dihydroxy-20,40,50,70-tetraiodo-, so-
dium salt (1 : 2)

Other Names Erythrosine B; Fluorescein, 20,40,50,70-
tetraiodo-, disodium salt; Spiro[isobenzofuran-1(3H),90-
[9H]xanthen]-3-one, 30,60-dihydroxy-20,40,50,70-tetraiodo-,
disodium salt; 1427 Red; 1671 Red; 20,40,50,70-Tetraiodo-
fluorescein disodium salt; 2,4,5,7-Tetraiodofluorescein
disodium salt; Acid Red 51; Aizen Erythrosine; Aizen
Food Red 3; Basovit Red 425E; C.I. 45430; C.I. Acid Red
51; C.I. Food Red 14; Calcocid Erythrosine N; Canacert
Erythrosine BS; Ceplac; Cilefa Pink B; Cogilor Red
312.10; D and C Red No. 3; D&C Red No. 3; Dolkwal
Erythrosine; E 127; Edicol Supra Erythrosin AS; Edicol
SupraErythrosineA;Erythrosin; ErythrosinB; Erythrosin
B sodium salt; Erythrosin BS; Erythrosine; Erythrosine
307046; Erythrosine 36003; Erythrosine 37003; Erythro-
sine 3B; Erythrosine B-FO; Erythrosine BS; Erythrosine
Bluish; Erythrosine Extra; Erythrosine Extra Conc. A
Export; Erythrosine Extra Pure A; Erythrosine I; Erythro-
sine K-FO; Erythrosine TB; Erythrosine TB Extra; Eryth-
rosineExtraBluish; Eurocert Erythrosine 311807; FD&C
Red No. 3-307020; FD and C Red 3; FD and C Red No. 3;
FD&C Red No. 3; FD&C Red No. 3-37003; FDC Red 3;
FDCRed 3 dye; Food Color Red 3; FoodDye Red 3; Food
Red 14; Food Red 3; Food RedNo. 3; Hexacert Red No. 3;
Hexacol Erythrosine BS; Japan Food Red No. 3; Japan
Red 3; Japan Red No. 3; Maple Erythrosine; Necol
Erythrosine; Neelicol Erythrosine; New InkBluishGeigy;
Red 1799; Red 3; Red No. 3; S 887; Simacid Pink 24107;
Spiro[isobenzofuran-1(3H),90-[9H]xanthen]-3-one, 30,60-
dihydroxy-20,40,50,70-tetraiodo-, disodium salt; Synerid;
Tetraiodofluorescein sodium salt; Usacert FD & C Red
No. 3-310116; Usacert Red No. 3; Water Pink 176575

Merck Index Number 3693

Chemical/Dye Class Xanthene

Molecular Formula C20H6I4Na2O5

Molecular Weight 879.86

Physical Form Red to brown powder

Solubility Soluble in water, ethanol

Melting Point >250 �C
pH Range 2.5–4.0

Color Change at pH Non-fluorescence (2.5) to light
green or reddish fluorescence (4.0)

pKa 4.1

Absorption (lmax) 525 nm

Emission (lmax) 555 nm

Synthesis Synthetic methods1–8

StainingApplications Blood;9 bonemarrow;9 bacterial
plaque;10 cancer cells;11 dental plaque;12,13 human serum
albumin (HSA);19 lymph node;14 microorganisms;15 neu-
rons;16 nucleic acids;17,18 prions;20 spores;11 animal
feeds;21 alcohol;22 baked food;23 beverages;24 candies;25

caramels;26 confectionery;27,28 cotton candy;29

drinks;25,27 fish;30 olives;31 orange juices;32 papaya
fruit;33 soft drinks;28 sport drink;22 sweetener;34 cap-
sules;35,36 tablets;37,38 sunscreen;39 eyelids;41 lips;40,41

skin;41–43 tattoos;44 teeth;45,46 hairs;1,47–49 keratin
fibers49,50

Biological Applications Detecting gene expression,51

phosphoproteins,52 protease,53 stress biomarkers;54 treat-
ing age-relatedmacular degeneration,55 arteriosclerosis,56

bone metabolic diseases,57 burns,1,58 cancer,1,59 diabe-
tes,1,60 human immunodeficiency virus infection,61 obe-
sity,1,60 viral diseases;1,62 medical devices;63 photody-
namic therapy1,64,65

Industrial Applications Solar cells;66 photoelectric de-
vice;67 light emitting diodes;1,68 color filters;1,69 liquid-
crystal displays;69 thin films;70 inks;1,71–74 lithographic
plate;75 photographic materials;76 recording materials;77

sol-gel materials;78 photonics;78 adhesive;79 paints;1,80

thermoplastics;81 colored bubbles;1,82 textiles,83 enter-
tainment products;84 toys85

Safety/Toxicity Acute toxicity;1,86 carcinogenici-
ty;1,87,88,95,96 cytotoxicity;1,89 developmental toxicity;90

DNA-damage;98 embryotoxicity;1,91 genotoxicity;1,92–94

lifetime toxicity;95,96 mutagenicity;1,97–100 neurotoxici-
ty;1,101,102 phototoxicity;103 psychotoxicity;90 reproduc-
tive toxicity1,104–106

Certification/Approval Certified by Biological Stain
Commission (BSC); Approved by Food & Drugs Admin-
istration (FDA)
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ETHIDIUM BROMIDE

CAS Registry Number 1239-45-8

Chemical Structure

N

H2N NH2

CH2CH3

+
_

Br

CAIndexName Phenanthridinium, 3,8-diamino-5-eth-
yl-6-phenyl-, bromide (1:1)

Other Names 3,8-Diamino-5-ethyl-6-phenylphenan-
thridinium bromide; Phenanthridinium, 3,8-diamino-5-
ethyl-6-phenyl-, bromide; 2,7-Diamino-10-ethyl-9-phe-
nylphenanthridinium bromide; 2,7-Diamino-9-phenyl-
10-ethylphenanthridinium bromide; 2,7-Diamino-9-phe-
nylphenanthridine ethobromide; Dromilac; Ethidium bro-
mide; Homidium bromide

Merck Index Number 4731

Chemical/Dye Class Phenanthridine

Molecular Formula C21H20BrN3

Molecular Weight 394.31

Physical Form Dark red crystals

Solubility Soluble in water, chloroform, dimethyl sulf-
oxide, ethanol

Melting Point 238–240�C
Absorption (lmax) 518 nm, 210 nm, 285 nm, 316 nm,
343 nm, 480 nm, 525 nm

Emission (lmax) 605 nm, 620 nm

Synthesis Synthetic methods1–11

Staining Applications Nucleic acids;12–16 cells;17

HeLa cells;18 bacteria19

Biological Applications Nucleic acid hybridization;20

detecting nucleic acids,12–16 cells,17 cancer cells,21 human
cytomegalovirus,22 hydrogenase A (hydA) of Clostrid-
ia,23 influenza A virus,24 oligonucleotides,25 viable Ple-
siomonas shigelloides;26 apoptosis assay;27 nucleic acid
amplification;28 nucleic acid quantification;29 treating
diseases associated with androgens,30 cancer,31 plasma
cell disorders,32 neurodegenerative diseases33

Industrial Applications Not reported

Safety/Toxicity Carcinogenicity;34 cytotoxicity;35

DNA damage;36 embryotoxicity;37 genotoxicity;38,39 mu-
tagenicity;40–42 neurotoxicity;43 phototoxicity44
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ETHIDIUM HOMODIMER-1
(EthD-1)

CAS Registry Number 61926-22-5

Chemical Structure

CA Index Name Phenanthridinium, 5,50-[1,2-ethane-
diylbis(imino-3,1-propanediyl)]bis[3,8-diamino-6-phe-
nyl-, chloride, hydrochloride (1:2:2)

Other Names Phenanthridinium, 5,50-[1,2-ethanediyl-
bis(imino-3,1-propanediyl)]bis[3,8-diamino-6-phenyl-,
dichloride, dihydrochloride; 5,50-(4,7-Diazadecamethy-
lene)bis(3,8-diamino-6-phenylphenanthridinium)
dichloride dihydrochloride; EB2; ETDI; EthD 1; EtDi;
Ethidium dimer; Ethidium homodimer; Ethidium homo-
dimer 1

Merck Index Number Not listed

Chemical/Dye Class Phenanthridine

Molecular Formula C46H50Cl4N8

Molecular Weight 856.77

Physical Form Red powder

Solubility Soluble in water, N,N-dimethylformamide,
dimethyl sulfoxide

Melting Point 275�C
Absorption (lmax) 528 nm

Emission (lmax) 617 nm

Synthesis Synthetic methods1–5

Staining Applications Nucleic acids;6–9,18,19

cells;10,20–22 leukocytes;11,29 nuclei;29 megakaryocytes;12

microorganisms;13 nucleated red blood cells;14

sperms;15,16 Schwann cells (SCs) in whole nerves17

Biological Applications Nucleic acid hybridization;18

detecting nucleic acids,6–9,18,19 cells,10,20–22 retinoblasto-
ma susceptibility gene protein (pRB),23 enzymes,24 PCR
products,25 viral infection;26 nucleic acid amplification;27

nucleic acid fragment sizing;28 counting embryoblasts;29

treating cancer30

Industrial Applications For authentification31

Safety/Toxicity Cytotoxicity;32 gastric toxicity;33 neu-
rotoxicity;34 retinal toxicity35,36
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ETHIDIUM HOMODIMER-2 (EthD-2)

CAS Registry Number 180389-01-9

Chemical Structure

CA Index Name Phenanthridinium, 5,50-[1,3-propane-
diylbis[(dimethyliminio)-3,1-propanediyl]]bis[3,8-dia-
mino-6-phenyl]-, iodide (1:4)

Other Names Phenanthridinium, 5,50-[1,3-propane-
diylbis[(dimethyliminio)-3,1-propanediyl]]bis[3,8-dia-
mino-6-phenyl]-, tetraiodide; EthD 2; Ethidium homodi-
mer 2

Merck Index Number Not listed

Chemical/Dye Class Phenanthridine

Molecular Formula C51H60I4N8

Molecular Weight 1292.71

Physical Form Red powder

Solubility Soluble in dimethyl sulfoxide, water

Melting Point >200�C
Absorption (lmax) 535 nm

Emission (lmax) 624 nm

Synthesis Synthetic method1

StainingApplications Nucleic acids;2–4 cells;1,5 leuko-
cytes;6,14 megakaryocyte;7 bone marrow cells;8 sperms9

Biological Applications Nucleic acid hybridiza-
tion;10,15 detecting nucleic acids,2–4,10,11 proteins,11

cells,1,5 spores,12 cancer cells,12 stress biomarkers;13

counting embryoblasts;14 hybridization assay;15 viability
assay1

Industrial Applications Not reported

Safety/Toxicity No data available
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ETHIDIUM MONOAZIDE (EMA)

CAS Registry Number 58880-05-0

Chemical Structure
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CA Index Name Phenanthridinium, 3-amino-8-azido-
5-ethyl-6-phenyl-, bromide (1:1)

Other Names Phenanthridinium, 3-amino-8-azido-5-
ethyl-6-phenyl-, bromide; Ethidiummonoazide; Ethidium
monoazide bromide

Merck Index Number Not listed

Chemical/Dye Class Phenanthridine

Molecular Formula C21H18BrN5

Molecular Weight 420.31

Physical Form Orange powder

Solubility Soluble in ethanol, N,N-dimethylformamide

Melting Point >200�C
Absorption (lmax) 462 nm

Emission (lmax) 625 nm

Synthesis Synthetic methods1,2

Staining Applications Nucleic acids;3–6 polynucleo-
tide;6 bacteria;7,8 leukocyte;9 micronuclei;10,11 chroma-
tin;10,11 nucleus12

Biological Applications Biochips;13 DNA chips;14 nu-
cleic acid hybridization;15,16 detecting nucleic
acids,3–6,17,18 cells,19 bacteria,7,8,20 spore contents21

Industrial Applications Not reported

Safety/Toxicity Mutagenicity;22 nucleic acid damage23
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ETHYL EOSIN

CAS Registry Number 6359-05-3

Chemical Structure

O
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Br Br
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CA Index Name Benzoic acid, 2-(2,4,5,7-tetrabromo-
6-hydroxy-3-oxo-3H-xanthen-9-yl)-, ethyl ester, potassi-
um salt

Other Names Ethyl eosin; Fluorescein, 20,40,50,70-tetra-
bromo-, ethyl ester, potassium derivative; Fluorescein,
20,40,50,70-tetrabromo-, ethyl ester, potassium salt; C.I.
45386; C.I. Solvent Red 45; Ethyl eosine Y; NSC 8670;
Spirit Eosine; Spirit Primrose DH

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C22H11Br4KO5

Molecular Weight 714.03

Physical Form Red-brown crystals or powder

Solubility Soluble in hot water; slightly soluble in
ethanol

Melting Point >200�C
Absorption (lmax) 532 nm

Synthesis Synthetic method1–3

Staining Applications Cells;4 gelatin;5 lysosomes;6

mammalian tissues;7 mitochondria;8 neurons;9 nucleic
acids;10,11 proteins;12 urine13

Biological Applications Drug delivery and tissue engi-
neering;14 photodynamic therapy;15 dental materials;16

treating cancer,17 diabetes;18 wound dressing materials19

Industrial Applications Liquid crystal display de-
vice;20 lithographic printing plates;21–23 inks;24 recording
materials;25 photographic materials;26 polymer
waveguides27

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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FAST GREEN FCF

CAS Registry Number 2353-45-9

Chemical Structure

N

HO N

+
_

SO3Na

H3C

SO3Na

H3C
SO3

CA Index Name Benzenemethanaminium, N-ethyl-N-
[4-[[4-[ethyl[(3-sulfophenyl)methyl]amino]phenyl](4-
hydroxy-2-sulfophenyl)methylene]-2,5-cyclohexadien-
1-ylidene]-3-sulfo-, inner salt, sodium salt (1:2)

Other Names Benzenemethanaminium, N-ethyl-N-[4-
[[4-[ethyl[(3-sulfophenyl)methyl]amino]phenyl](4-hy-
droxy-2-sulfophenyl)methylene]-2,5-cyclohexadien-1-
ylidene]-3-sulfo-, hydroxide, inner salt, disodium salt;
Benzenemethanaminium, N-ethyl-N-[4-[[4-[ethyl[(3-
sulfophenyl)methyl]amino]phenyl](4-hydroxy-2-sulfo-
phenyl)methylene]-2,5-cyclohexadien-1-ylidene]-3-

sulfo-, inner salt, disodium salt; C.I. Food Green 3; C.I.
Food Green 3, disodium salt; Fast Green FCF; C.I. 42053;
FD and CGreen No. 3; FD&CGreen No. 3; FDCGreen 3;
FoodGreen 3; FoodGreenNo. 3; GreenNo. 3; Japan Food
Green No. 3; Japan Green 3; Japan Green No. 3; NSC
379443

Merck Index Number 3941

Chemical/Dye Class Triphenylmethane

Molecular Formula C37H34N2Na2O10S3

Molecular Weight 808.85

Physical Form Dark green or red-brown powder

Solubility Soluble in water, ethanol; insoluble in xylene

Melting Point 290�C (decompose)

Absorption (lmax) 624 nm

Synthesis Synthetic method1–7

Staining Applications Brain;8 cytoplasm;9 cytoskele-
ton;9 nuclei;9 nucleoli;9 aluminum;10 cells;9,11 microor-
ganisms;12 stain for endoscopy;13 beverages;14,15 can-
dies;16 drinks;16 fish;17 sweeteners;18,19 capsules;20 ta-
blets;21 skin;22–24 lips;22,23 tattoos;25 tooth;26 hairs27–29

Biological Applications Detecting proteins;30 medical
devices31

Industrial Applications Inks;32,33 highlighters;34

paints;35 detergents;36 colored bubbles;37 entertainment
products38

Safety/Toxicity Acute toxicity;39 carcinogenicity;40,41

chronic toxicity;42 cytotoxicity;43 effects on chromo-
somes;44 genotoxicity;45,46 mutagenicity:47,48 neuro-
toxicity49

Certification/Approval Certified by Biological Stain
Commission (BSC); Approved by Food & Drugs Admin-
istration (FDA)
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FLUO 3

CAS Registry Number 123632-39-3

Chemical Structure
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CA Index Name Glycine, N-[2-[2-[2-[bis(carboxy-
methyl)amino]-5-(2,7-dichloro-6-hydroxy-3-oxo-3H-
xanthen-9-yl)phenoxy]ethoxy]-4-methylphenyl]-N-
(carboxymethyl)-

Other Names Fluo 3

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C36H30Cl2N2O13

Molecular Weight 769.53

Physical Form Dark reddish-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250�C
Boiling Point (Calcd.) 1056.0� 65.0�C, pressure:
760Torr

pKa (Calcd.) 1.66� 0.10, most acidic temperature:
25�C; 6.18� 0.50, most basic temperature: 25�C
Absorption (lmax) 506 nm

Emission (lmax) 526 nm

Synthesis Synthetic methods1–3

Staining Applications Calcium ions;2,3,8–22 zinc
ions;23 bone;4 cells;5,6 neurons;7 peptides;1 proteins;1

antibodies1

Biological Applications Calcium indicator;2,3,8–22 zinc
indicator;23 identifying taste modulators;24 measuring
membrane potential;25 treating defective skeletal muscle
function during heart failure,26 pain27

Industrial Applications Not reported

Safety/Toxicity Cardiac toxicity;28 cytotoxicity;29,30

excitotoxicity;31 genotoxicity;32 neurotoxicity33,34
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FLUO 3 AM

CAS Registry Number 121714-22-5

Chemical Structure

CA Index Name Glycine, N-[4-[6-[(acetyloxy)meth-
oxy]-2,7-dichloro-3-oxo-3H-xanthen-9-yl]-2-[2-[2-[bis
[2-[(acetyloxy)methoxy]-2-oxoethyl]amino]-5-methyl-
phenoxy]ethoxy]phenyl]-N-[2-[(acetyloxy)methoxy]-2-
oxoethyl]-, (acetyloxy)methyl ester

Other Names Fluo 3 pentaacetoxymethyl ester; Fluo
3AM

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C51H50Cl2N2O23

Molecular Weight 1129.85

Physical Form Dark red crystals

Solubility Soluble in dimethyl sulfoxide, methanol

Melting Point >250�C
Boiling Point (Calcd.) 1090.9� 65.0�C, pressure:
760Torr

pKa (Calcd.) 2.03� 0.50, most basic, temperature:
25�C

Absorption (lmax) 464 nm

Emission (lmax) Fluorescence is very weak

Synthesis Synthetic methods1,2

Staining Applications Calcium ions;1,2,7–16 cells;3,4

sperms;5 neurons6

Biological Applications Calcium indicator;1,2,7–16 de-
tecting leukocyte tumor cells;17 identifying taste modu-
lators;18 treating pain19

Industrial Applications Light emitting diodes20

Safety/Toxicity Cellular toxicity;21 phototoxicity20
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FLUO 4

CAS Registry Number 273221-59-3

Chemical Structure
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CA Index Name Glycine, N-[2-[2-[2-[bis(carboxy-
methyl)amino]-5-(2,7-difluoro-6-hydroxy-3-oxo-3H-
xanthen-9-yl)phenoxy]ethoxy]-4-methylphenyl]-N-
(carboxymethyl)-

Other Names Fluo 4

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C36H30F2N2O13

Molecular Weight 736.63

Physical Form Solid

Solubility Soluble in dimethyl sulfoxide

Melting Point >250�C
Boiling Point (Calcd.) 1026.1� 65.0�C, pressure:
760Torr

pKa (Calcd.) 1.66� 0.10, most acidic temperature:
25�C; 6.18� 0.50, most basic temperature: 25�C
Absorption (lmax) 494 nm

Emission (lmax) 516 nm

Synthesis Synthetic methods1,2

StainingApplications Calcium ions;1,2,7–14 cells;3 neu-
rons;4,5 pancreatic islets6

Biological Applications Calcium indicator;1,2,7–14

identifying taste modulators;15,16 measuring membrane
potential;17 treating pain18,19

Industrial Applications Not reported

Safety/Toxicity No data available
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FLUO 4 AM

CAS Registry Number 273221-67-3

Chemical Structure

CA Index Name Glycine, N-[4-[6-[(acetyloxy)meth-
oxy]-2,7-difluoro-3-oxo-3H-xanthen-9-yl]-2-[2-[2-[bis
[2-[(acetyloxy)methoxy]-2-oxoethyl]amino]-5-methyl-
phenoxy]ethoxy]phenyl]-N-[2-[(acetyloxy)methoxy]-
2-oxoethyl]-, (acetyloxy)methyl ester

OtherNames Fluo 4AM; Fluo 4AMester; Fluo 4 aceto-
xymethyl ester

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C51H50F2N2O23

Molecular Weight 1096.94

Physical Form Solid

Solubility Soluble in dimethyl sulfoxide, methanol

Melting Point >200�C
Boiling Point (Calcd.) 1063.2� 65.0�C, pressure:
760Torr

pKa (Calcd.) 2.02� 0.50, most basic, temperature:
25�C
Absorption (lmax) 456 nm

Emission (lmax) Fluorescence is very weak

Synthesis Synthetic methods1,2

Staining Applications Calcium ions;1,2,5–8 cells;3

neurons;4

Biological Applications Calcium indicator1,2,5–8

Industrial Applications Not reported

Safety/Toxicity Cytotoxicity;9 hepatotoxicity9
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FLUOZIN 1

CAS Registry Number 411209-53-5

Chemical Structure
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CA Index Name Glycine, N-(carboxymethyl)-N-[4-
(2,7-difluoro-6-hydroxy-3-oxo-3H-xanthen-9-yl)-2-
methoxyphenyl]-, tripotassium salt

Other Names FluoZin 1; FluoZin 1 tripotassium salt

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C24H14F2K3NO8

Molecular Weight 599.67

Physical Form Solid

Solubility Soluble in water

Melting Point >200�C
Absorption (lmax) 495 nm

Emission (lmax) 517 nm

Synthesis Synthetic method1

Staining Applications Zinc ions;1–4 copper ions5

Biological Applications Zinc indicator;1–4 copper indi-
cator;5 detecting modulators of ion channels;6 identifying
genes7

Industrial Applications Not reported

Safety/Toxicity No data available
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FLUOZIN 2

CAS Registry Number 411209-54-6

Chemical Structure
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CA Index Name Glycine, N-(carboxymethyl)-N-[4-
[[(20,70-difluoro-30,60-dihydroxy-3-oxospiro[isobenzofur-
an-1(3H),90-[9H]xanthen]-5-yl)carbonyl]amino]-2-meth-
oxyphenyl]-, tetrapotassium salt

Other Names FluoZin 2; FluoZin 2 tetrapotassium salt

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C32H18F2K4N2O11

Molecular Weight 800.89

Physical Form Solid

Solubility Soluble in water

Melting Point >200�C
Absorption (lmax) 494 nm

Emission (lmax) 522 nm

Synthesis Synthetic method1

Staining Applications Zinc ions1,2

Biological Applications Zinc indicator;1,2 detecting
modulators of ion channels3

Industrial Applications Not reported

Safety/Toxicity No data available
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FLUOZIN 3

CAS Registry Number 404335-95-1

Chemical Structure
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CA Index Name Glycine, N-(carboxymethyl)-N-[2-[2-
[2-[(carboxymethyl)amino]-5-(2,7-difluoro-6-hydroxy-

3-oxo-3H-xanthen-9-yl)phenoxy]ethoxy]-4-methoxy-
phenyl]-, potassium salt (1:4)

Other Names Glycine, N-(carboxymethyl)-N-[2-[2-[2-
[(carboxymethyl)amino]-5-(2,7-difluoro-6-hydroxy-3-
oxo-3H-xanthen-9-yl)phenoxy]ethoxy]-4-methoxyphe-
nyl]-, tetrapotassium salt; FluoZin 3

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C34H24F2K4N2O12

Molecular Weight 846.96

Physical Form Solid

Solubility Soluble in water

Melting Point >200�C
Absorption (lmax) 494 nm

Emission (lmax) 516 nm

Synthesis Synthetic method1

Staining Applications Zinc;1–15 chromium;3 manga-
nese;3 iron;3 cobalt;3 copper;3 nickel;3 cadmium ions3

Biological Applications Zinc indicator1–15

Industrial Applications Not reported

Safety/Toxicity No data available

REFERENCES

1. Gee, K. R.; Zhou, Z. L.; Qian, W. J.; Kennedy, R.
Detection and imaging of zinc secretion from
pancreatic b-cells using a new fluorescent zinc
indicator. J. Am. Chem. Soc. 2002, 124, 776–778.

2. Gee, K. R.; Zhou, Z. L.; Ton-That, D.; Sensi, S. L.;
Weiss, J. H. Measuring zinc in living cells: a new
generation of sensitive and selective fluorescent
probes. Cell Calcium 2002, 31, 245–251.

3. Zhao, J.; Bertoglio, B. A.; Devinney, M. J., Jr.;
Dineley, K. E.; Kay, A. R. The interaction of
biological and noxious transition metals with the
zinc probes FluoZin-3 and Newport Green. Anal.
Biochem. 2009, 384, 34–41.

4. Zhao, J.; Bertoglio, B. A.; Gee, K. R.; Kay, A. R. The
zinc indicator FluoZin-3 is not perturbed significantly
by physiological levels of calcium or magnesium.
Cell Calcium 2008, 44, 422–426.

5. Krezel, A.; Maret, W. Dual nanomolar and picomolar
Zn(II) binding properties of metallothionein. J. Am.
Chem. Soc. 2007, 129, 10911–10921.

6. Datki, Z. L.; Hunya, A.; Penke, B. A novel and simple
fluorescence method for the measurement of pre-
synaptic vesicular zinc release in acute hippo-

campal slices with a fluorescence plate reader.
Brain Res. Bull. 2007, 74, 183–187.

7. Dineley, K. E. On the use of fluorescent probes to
distinguish Ca2þ from Zn2þ in models of
excitotoxicity. Cell Calcium 2007, 42, 341–342.

8. Henares, T. G.; Takaishi, M.; Yoshida, N.; Terabe, S.;
Mizutani, F.; Sekizawa, R.; Hisamoto, H. Integration
of multianalyte sensing functions on a capillary-
assembled microchip: simultaneous determination
of ion concentrations and enzymatic activities by a
‘‘Drop-and-Sip’’ technique. Anal. Chem. 2007, 79,
908–915.

9. Stork, C. J.; Li, Y. V. Measuring cell viability with
membrane impermeable zinc fluorescent indicator. J.
Neurosci. Methods 2006, 155, 180–186.

10. Haase, H.; Hebel, S.; Engelhardt, G.; Rink, L. Flow
cytometric measurement of labile zinc in peripheral
blood mononuclear cells. Anal. Biochem. 2006, 352,
222–230.

11. St. Croix, C.M.; Stitt,M. S.;Watkins, S. C.; Pitt, B. R.
Fluorescence resonance energy transfer based assays
for the real-time detection of nitric oxide signaling.
Methods Enzymol. 2005, 396, 317–326.

FluoZin 3 209



12. Malaiyandi, L. M.; Vergun, O.; Dineley, K. E.;
Reynolds, I. J. Direct visualization of mito-
chondrial zinc accumulation reveals uniporter-
dependent and -independent transport mechanisms.
J. Neurochem. 2005, 93, 1242–1250.

13. Devinney, M. J.; Reynolds, I. J.; Dineley, K. E.
Simultaneous detection of intracellular free
calcium and zinc using fura-2FF and FluoZin-3.
Cell Calcium 2005, 37, 225–232.

14. Qian,W. J.; Peters, J. L.; Dahlgren, G.M.; Gee, K. R.;
Kennedy, R. T. Simultaneous monitoring of Zn2þ

secretion and intracellular Ca2þ from islets and islet
cells by fluorescence microscopy. BioTechniques
2004, 37, 922–924, 926, 928–930, 932–933.

15. Qian, W. J.; Gee, K. R.; Kennedy, R. T. Imaging of
Zn2þ release from pancreatic b-cells at the level of
single exocytotic events. Anal. Chem. 2003, 75,
3468–3475.

210 FluoZin 3



FM 4-64

CAS Registry Number 162112-35-8

Chemical Structure
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CA Index Name Pyridinium, 4-[6-[4-(diethylamino)
phenyl]-1,3,5-hexatrien-1-yl]-1-[3-(triethylammonio)
propyl]-, bromide (1:2)

Other Names Pyridinium, 4-[6-[4-(diethylamino)phe-
nyl]-1,3,5-hexatrienyl]-1-[3-(triethylammonio)propyl]-,
dibromide; FM 4-64; SynaptoRed C2; N-(3-Triethylam-
moniopropyl)-4-(6-(4-(diethylamino)phenyl)hexatrienyl)
pyridinium dibromide

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C30H45Br2N3

Molecular Weight 607.51

Physical Form Dark purple powder

Solubility Soluble in water, dimethyl sulfoxide,
methanol

Melting Point >200�C
Absorption (lmax) 505 nm

Emission (lmax) 725 nm

Synthesis Synthetic method1

Staining Applications Vacuolar membrane;2,3 plasma
membrane;8,20 bacterial membrane;4,5 lipid membrane;6,7

plasma membrane-bound flavoproteins;8,20nuclear enve-
lope (NE);9 synaptic vesicles;10 secretory vesicles;11 lac-
totroph vesicles;12 synaptic terminals;13 neurons;14,15 en-
docytosis;2,23–26 exocytosis;27smooth-muscle-associated
airway receptors (SMARs) in lungs;16 embryos17

Biological Applications Detecting FRET in cells;18

monitoring fast neuronal activity and signaling;19 quanti-
fying plasma membrane expression;20 cytotoxicity as-
say;21 membrane fusion assay;22 probe for endocyto-
sis;23–26 probe for exocytosis27

Industrial Applications Not reported

Safety/Toxicity No data available
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FURA 2

CAS Registry Number 113694-64-7

Chemical Structure

CA Index Name 5-Oxazolecarboxylic acid, 2-[6-[bis
(carboxymethyl)amino]-5-[2-[2-[bis(carboxymethyl)
amino]-5-methylphenoxy]ethoxy]-2-benzofuranyl]-, po-
tassium salt (1:5)

Other Names 5-Oxazolecarboxylic acid, 2-[6-[bis(car-
boxymethyl)amino]-5-[2-[2-[bis(carboxymethyl)amino]-
5-methylphenoxy]ethoxy]-2-benzofuranyl]-, pentapotas-
sium salt; Fura 2; Fura 2 pentapotassium salt

Merck Index Number Not listed; 4293 for Free Acid

Chemical/Dye Class Benzofuran

Molecular Formula C29H22K5N3O14

Molecular Weight 831.99

Physical Form Yellow powder

Solubility Soluble in water

Melting Point >250�C
Absorption (lmax) 363 nm; 335 nm

Emission (lmax) 512 nm; 505 nm

Synthesis Synthetic methods1,2

Staining Applications Calcium ions;4,5,8–15 zinc
ions;6,16–18 cells;3 neurons;4–6 peptides;7 proteins;7

antibodies7

Biological Applications Calcium indicator;4,5,8–15 zinc
indicator;6,16–18 identifying tastemodulators;19,20measur-
ing membrane potential;21 treating epilepsy;22 neurologi-
cal disorders23

Industrial Applications Not reported

Safety/Toxicity No data available
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FURA 2 AM

CAS Registry Number 108964-32-5

Chemical Structure

CA Index Name 5-Oxazolecarboxylic acid, 2-[6-[bis
[2-[(acetyloxy)methoxy]-2-oxoethyl]amino]-5-[2-[2-[bis
[2-[(acetyloxy)methoxy]-2-oxoethyl]amino]-5-methyl-
phenoxy]ethoxy]-2-benzofuranyl]-, (acetyloxy)methyl
ester

Other Names Fura 2 acetoxymethyl ester; Fura 2AM;
Fura 2 AM ester

Merck Index Number Not listed

Chemical/Dye Class Benzofuran

Molecular Formula C44H47N3O24

Molecular Weight 1001.85

Physical Form Yellow powder

Solubility Insoluble in water; soluble in dimethyl sulf-
oxide, ethyl acetate

Melting Point >250�C
Boiling Point (Calcd.) 975.9� 75.0�C, pressure:

760Torr

pKa (Calcd.) 1.91� 0.50, most basic, temperature:
25�C
Absorption (lmax) 370 nm

Emission (lmax) 476 nm

Synthesis Synthetic method1

Staining Applications Calcium ions;7–15 cells;2,3 leu-
kocyte tumor cells;4 neurons;5,6 sperms7

Biological Applications Calcium indicator;7–15 moni-
toring membrane potential;16 treating ischemia17

Industrial Applications Not reported

Safety/Toxicity No data available
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FURA 2FF

CAS Registry Number 192140-58-2

Chemical Structure

CA Index Name 5-Oxazolecarboxylic acid, 2-[6-[bis
(carboxymethyl)amino]-5-[2-[6-[bis(carboxymethyl)
amino]-2,3-difluorophenoxy]ethoxy]-2-benzofuranyl]-,
potassium salt (1:5)

Other Names 5-Oxazolecarboxylic acid, 2-[6-[bis(car-
boxymethyl)amino]-5-[2-[6-[bis(carboxymethyl)amino]-
2,3-difluorophenoxy]ethoxy]-2-benzofuranyl]-, pentapo-
tassium salt; Fura 2FF; Fura FF pentapotassium salt

Merck Index Number Not listed

Chemical/Dye Class Benzofuran

Molecular Formula C28H18F2K5N3O14

Molecular Weight 853.94

Physical Form Solid

Solubility Soluble in water

Melting Point >250�C
Absorption (lmax) 364 nm, 335 nm

Emission (lmax) 510 nm, 506 nm

Synthesis Synthetic methods1,2

Staining Applications Calcium ions;2,4–9 proteins1,3

Biological Applications Calcium indicator;2,4–9 treat-
ing pain9

Industrial Applications Not reported

Safety/Toxicity No data available
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GIEMSA STAIN

CAS Registry Number 51811-82-6

Chemical Structure

S

N

N NH2
+ _

Cl
H3C

CH3

CA Index Name Giemsa’s stain

Other Names Azure Mixture sicc.; 3-(Dimethylami-
no)-7-aminophenothiazin-5-ium chloride;Giemsa;Giem-
sa stain

Merck Index Number Not listed

Chemical/Dye Class Phenothiazine

Molecular Formula C14H14ClN3S

Molecular Weight 291.80

Physical Form Dark green to black crystals or powder

Solubility Soluble in water; ethanol, methanol

Melting Point 300 �C
Absorption (lmax) 521 nm, 648 nm

Synthesis Synthetic methods1–6

Staining Applications Blood smears;1–8 bone marrow
cells;9,10 adrenaline- and noradrenaline-containing
cells;11 cancer cells;12 cells;13–15 chromosomes;16–22

DNA;23–25 embryos;26 germ cells;27 lipids;28 nucleus;29

nucleous;30 oral lesions;31 oral mucosa;32 para-
sites;1–6,8,33–35 sperms;36 spinal fluid;37 tissues38

Biological Applications Diagnosis of fetal aneuploi-
dies,39 cancer cells,12 herpes simplex virus-1 keratitis,40

malaria,1–6,8,33–35 spermatogenesis disorders;27 detection
of INK4 gene and cell proliferation markers,41 lympho-
cyte subgroups,42 eperythrozoon,43 mouse bone marrow
micronucleus;44 treating gastritis,45 lupus,9 microorgan-
isms in the oral cavity,46,47 pathogens48

Industrial Applications Not reported

Safety/Toxicity Genotoxicity;49 immunotoxicity50,51

Certification/Approval Certified by Biological Stain
Commission (BSC)
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HEMATOXYLIN

CAS Registry Number 517-28-2

Chemical Structure

O

OH

OH

HO

HO

OH

H

CA Index Name Benz[b]indeno[1,2-d]pyran-3,4,6a,9,
10(6H)-pentol, 7,11b-dihydro, (6aS,11bR)-

Other Names cis-(þ )-7,11b-Dihydrobenz[b]indeno
[1,2-d]pyran-3,4,6a,9,10(6H)-pentol; Benz[b]indeno[1,
2-d]pyran-3,4,6a,9,10(6H)-pentol, 7,11b-dihydro; Benz
[b]indeno[1,2-d]pyran-3,4,6a,9,10(6H)-pentol, C.I. 75290;
C.I. Natural Black 1; 7,11b-Dihydro, (6aS-cis)-; Hema-
toxiline; (þ )-Hematoxylin; Haematoxylin; Hematoxy-
lin; Hematoxyline; Hydroxybrasilin; Hydroxybrazilin;
NSC 270085

Merck Index Number 4637

Chemical/Dye Class Flavone

Molecular Formula C16H14O6

Molecular Weight 302.28

Physical Form White to yellowish crystals turns red on
exposure to light

Solubility Soluble in water, ethanol, ethylene glycol,
methyl cellosolve

Melting Point 140�C; 200�C (decompose)

Boiling Point (Calcd.) 579.9� 50.0�C, pressure:
760Torr

pH Range 0.0–1.0; 5.0–6.0

Color Change at pH Red (0.0) to yellow (1.0); pale
yellow (5.0) to violet (6.0)

Absorption (lmax) 292 nm

Synthesis Synthetic methods1–17

Staining Applications Aluminum;34 antigen;1,18 blood
smears;19 cells;20,21 collagen;22 epithelial cells;23 eye
lens;24 fish;25 genes;32 gluten structure;26 horny cells;27

lipid;26,28 liver tissues;29 malignant melanoma;30 myocar-
dial biopsies;31 neurons;32 nucleic acids;32 nucleus;33 oil
droplets;26 proteins;26,35 starch granules;26 tissues;36

hairs;1,37,38 keratin fibers39

Biological Applications Detecting breast cancer,1,40

collagen,1,41 genes,1,42 microorganism;43 treating age-re-
lated macular degeneration,1,44 burns,1,45 cancer,1,46 dia-
betes,1,47 obesity,1,47 gastroesophageal reflux disease,48

peripheral neural and vascular ailments,1,49 prostate can-
cers,1,50 skin disorders,1,51 viral diseases1,52

Industrial Applications Plasma display panel;1,53

textiles1,54

Safety/Toxicity Carcinogenicity;1,55,56 cytotoxicity;57

genotoxicity;1,58 mutagenicity;1,59 neurotoxicity;1,60,61

pulmonary toxicity62

Certification/Approval Certified by Biological Stain
Commission (BSC)
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HEXIDIUM IODIDE

CAS Registry Number 211566-66-4

Chemical Structure
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+
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CA Index Name Phenanthridinium, 3,8-diamino-5-
hexyl-6-phenyl-, iodide (1:1)

Other Names Phenanthridinium, 3,8-diamino-5-hexyl-
6-phenyl-, iodide; Hexidium iodide

Merck Index Number Not listed

Chemical/Dye Class Phenanthridine

Molecular Formula C25H28IN3

Molecular Weight 497.42

Physical Form Solid

Solubility Soluble in dimethyl sulfoxide, water

Melting Point >250 �C
Absorption (lmax) 518 nm. 482 nm

Emission (lmax) 600 nm, 625 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–4 bacteria;5,6

fungi;7 microorganisms;8 nuclei9

Biological Applications Detecting nucleic acids;3 mi-
crobes;10 molds;11 nucleic acid binding proteins;12 polynu-
cleotides;13 pRB in single cells;14 carrying out polymerase
chain reaction (PCR);15 measuring membrane potential16

Industrial Applications Not reported

Safety/Toxicity No data available
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HOECHST 33258

CAS Registry Number 23491-45-4

Chemical Structure

CA IndexName Phenol, 4-[5-(4-methyl-1-piperazinyl)
[2,50-bi-1H-benzimidazol]-20-yl]-, hydrochloride (1:3)

Other Names Phenol, 4-[5-(4-methyl-1-piperazinyl)
[2,50-bi-1H-benzimidazol]-20-yl]-, trihydrochloride; Phe-
nol, p-[5-[5-(4-methyl-1-piperazinyl)-2-benzimidazolyl]-
2-benzimidazolyl]-, trihydrochloride; 20-(4-Hydroxyphe-
nyl)-5-(4-methyl-1-piperazinyl)-2,50-bi-1H-benzimid-
azole; 2-[2-(4-Hydroxyphenyl)-6-benzimidazolyl]-6-(1-
methyl-4-piperazinyl)benzimidazole trihydrochloride; 2-
[2-(4-Hydroxyphenyl)-6-benzimidazolyl]-6-(1-methyl-
4-piperazyl)-benzimidazole trihydrochloride; 2-[2-(4-
Hydroxyphenyl)-6-benzimidazolyl]-6-(1-methyl-4-pi-
perazyl)benzimidazole trichloride; 2-[2-(4-Hydroxyphe-
nyl)-6-benzimidazolyl]-6-(1-methyl-4-piperazyl)benzi-
midazole-3HCl; 4-[5-[5-(4-Methyl-1-piperazinyl)-2-ben-
zimidazolyl]-2-benzimidazolyl]phenol trihydrochloride;
Bisbenzimide; Bisbenzimide (quenchant); Bisbenzimide
trihydrochloride; H 33258; HOE 33258; Ho 33258;
Hoechst 33258

Merck Index Number Not listed

Chemical/Dye Class Benzimidazole

Molecular Formula C25H27Cl3N6O

Molecular Weight 533.88

Physical Form Darkyellowto tanpowderwithgreencast

Solubility Soluble in water, N,N-dimethyl formamide

Melting Point >300 �C
Absorption (lmax) 352 nm, 343 nm

Emission (lmax) 461 nm

Synthesis Synthetic methods1–16

Staining Applications Nucleic acids;17–23 cells;24 em-
bryos;25 microorganisms;26 nuclei;27 sperms28,29

Biological Applications Nucleic acid hybridization;30

detecting nucleic acids,17–23,31,32 cancer cells,33 spores,33

hepatitis C virus,34 human papilloma virus (HPV),35

single nucleotide polymorphism (SNP),36 stress biomar-
kers;37 nucleic acid amplification;38 nucleic acid quantifi-
cation;39 nucleic acid sequencing;40 treating of can-
cer,41,42 allergy,42 autoimmune disease,42 neoplasia,43

sexually transmitted diseases44

Industrial Applications Not reported

Safety/Toxicity Carcinogenicity;45 cytotoxicity;46

DNA damage;47,48 genotoxicity;49 neurotoxicity;50 oral
toxicity;51,52 radiotoxicity;53 retinal toxicity54
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HOECHST 33342

CAS Registry Number 23491-52-3

Chemical Structure

CA Index Name 2,50-Bi-1H-benzimidazole, 20-(4-
ethoxyphenyl)-5-(4-methyl-1-piperazinyl)-,hydrochloride
(1:3)

Other Names 2,50-Bibenzimidazole, 20-(p-ethoxyphe-
nyl)-5-(4-methyl-1-piperazinyl)-; 20-(4-Ethoxyphenyl)-5-
(4-methyl-1-piperazinyl)-2,50-bi-1H-benzimidazole; 2-
[2-(4-Ethoxyphenyl)-6-benzimidazolyl]-6-(1-methyl-4-
piperazinyl)benzimidazole; Bisbenzimide; HOE 33342;
Ho 342; Hoechst 33342; NSC 334072

Merck Index Number Not listed

Chemical/Dye Class Benzimidazole

Molecular Formula C27H31Cl3N6O

Molecular Weight 561.93

Physical Form Yellow to green powder

Solubility Soluble in water, N,N-dimethyl formamide

Melting Point >300 �C
Boiling Point (Calcd.) 725.9� 70.0 �C, pressure:
760Torr

pKa (Calcd.) 11.08� 0.69, most acidic, temperature:
25 �C; 7.66� 0.42, most basic, temperature: 25 �C

Absorption (lmax) 350 nm

Emission (lmax) 461 nm

Synthesis Synthetic methods1–7

Staining Applications Nucleic acids;7–10 cells;11,12

neurons;13 endothelial cells;13 inflammatory cells;13 can-
cer stem cells;11,14 animal mammary gland stem cells;15

hematopoietic stem cells;16–18 hepatocytes stem cells;19

human tumor cell;20 SV40human corneal epithelial cell;21

microorganisms;22 nuclei;23,24 parasites;25 chromo-
somes;26 sperms27

Biological Applications Detecting abnormal ga-
metes,27 apoptosis,28 human papilloma virus (HPV),29

single nucleotide polymorphism (SNP),30 mitochondrial
membrane potential change,31 polynucleotides,32 pro-
teins,33 peptides;33 nucleic acid amplification;34 nucleic
acid quantification;35 nucleic acid sequencing;36 treating
of cancer,37,38 Alzheimers disease,38 multiple sclerosis,38

epilepsy39

Industrial Applications Not reported

Safety/Toxicity Carcinogenicity;40,41 cytotoxicity;42–44

DNA damage;41,43,44 genotoxicity;45,46 metabolic toxici-
ty;47 mutagenicity;44 neurotoxicity;48–50 radiotoxicity;51

reproductive toxicity52,53
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HOECHST 34580

CAS Registry Number 23555-00-2

Chemical Structure

CA Index Name Benzenamine, N,N-dimethyl-4-[5-(4-
methyl-1-piperazinyl)[2,50-bi-1H-benzimidazol]-20-yl]-,
hydrochloride (1:3)

Other Names 2,50-Bibenzimidazole, 20-[p-(dimethyla-
mino)phenyl]-5-(4-methyl-1-piperazinyl)-; HOE 34580;
Hoechst 34580; Proamine

Merck Index Number Not listed

Chemical/Dye Class Benzimidazole

Molecular Formula C27H32Cl3N7

Molecular Weight 560.96

Physical Form Yellow to green powder

Solubility Soluble in dimethyl sulfoxide, water

Melting Point >300�C
Boiling Point (Calcd.) 733.2� 70.0�C, pressure:
760Torr

pKa (Calcd.) 12.46� 0.69, most acidic, temperature:

25 �C; 7.66� 0.42, most basic, temperature: 25 �C
Absorption (lmax) 392 nm

Emission (lmax) 440 nm

Synthesis Synthetic methods1–5

Staining Applications Nucleic acids;3,6–8 cells;9

granules8

Biological Applications Detecting malaria infected red
blood cells,10 polynucleotides;11 nucleic acid amplifica-
tion;12 nucleic acid sequencing13

Industrial Applications Not reported

Safety/Toxicity No data available
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INDIGO CARMINE

CAS Registry Number 860-22-0

Chemical Structure

N
H

H
N

O
NaO3S

SO3Na
O

CA Index Name 1H-Indole-5-sulfonic acid, 2-(1,3-di-
hydro-3-oxo-5-sulfo-2H-indol-2-ylidene)-2,3-dihydro-3-
oxo-, sodium salt

Other Names 1H-Indole-5-sulfonic acid, 2-(1,3-dihy-
dro-3-oxo-5-sulfo-2H-indol-2-ylidene)-2,3-dihydro-3-
oxo-, disodium salt; C.I. AcidBlue 74; [D2,20-Biindoline]-
5,50-disulfonic acid, 3,30-dioxo-, disodium salt; 12070
Blue; 1311Blue; 5,50-Indigodisulfonic acid disodium salt;
A.F. BlueNo. 2; Acid Blue 74; Acid BlueW;Acid Leather
Blue IC;Airedale Blue IN;AmacidBrilliant Blue; Aniline
Carmine Powder; Ariavit Indigo Carmine; Atul Indigo
Carmine; Basovit Blue 665E; Blue 2; Bucacid Indigotine
B; C.I. 73015; C.I. 75781; C.I. Food Blue 1; C.I. Natural
Blue 2; Canacert Indigo Carmine; Carmine Blue; Cilefa
Blue R; Cogilor Blue 511.11; Disodium 5,50-indigodisul-
fonate; Disodium 5,50-indigotin disulfonate; Dolkwal In-
digo Carmine; E 132; Edicol Supra Blue X; Eurocert
Indigo Carmine 311811; FD & C Blue 2; FD & C Blue
No. 2-307045; FD and C Blue 2; FD and C Blue No. 2;
FD&CBlueNo. 2; FD&CBlueNo. 2-37006; FoodBlue 1;
Food Blue 2; Food Blue No. 1; Food Blue No. 2; Grape
Blue A; HD Indigo Carmine; HD Indigo Carmine Supra;
Hexacert Blue No. 2; Hexacol Indigo Carmine Supra;
Indigo Carmine 307019; Indigo Carmine 36009; Indigo
Carmine 37006; Indigo Carmine A; Indigo Carmine AC;
Indigo Carmine BP; Indigo Carmine Conc. FQ; Indigo
Carmine Powder; Indigo Carmine X; Indigo Extract;
Indigo carmine; Indigo carmine NB; Indigotin; Indigotin
(solubilized); Indigotine; Indigotine B; Indigotine Blue
LZ; Indigotine Carmine; Indigotine Extra Pure A;
Indigotine I; Indigotine IA; Indigotine Lake; Indigotine

N; Indigotine disodium salt; Indocarmine F; Intense Blue;
Japan Blue 2; Japan Food Blue No. 2; L Blue 5010;Maple
Indigo Carmine; Mitsui Indigo Carmine; Necol Indigo
Carmine; Neelicol Indigo Carmine; San-ei Indigo Car-
mine; Sepisperse Dry 1003; Sodium 5,50-indigodisulfo-
nate; Sodium 5,50-indigotindisulfonate; Soluble indigo;
Soluble indigo blue; Sumitomo Wool Blue SBC; Usacert
Blue No. 2; Usacert FD & C Blue No. 2-310118; Usacert
FD and CBlue No. 2;WAS 35;Water Blue 177557;Water
Blue 177558

Merck Index Number 4944

Chemical/Dye Class Indole

Molecular Formula C16H8N2Na2O8S2

Molecular Weight 466.35

Physical Form Dark blue-purple powder, sensitive to
light

Solubility Soluble in water; slightly soluble in ethanol

Melting Point >250 �C
pH Range 11.5–14.0

Color Change at pH Blue (11.5) to yellow (14.0)

Absorption (lmax) 608 nm

Synthesis Synthetic methods1–23

Staining Applications Cells;24,25 beverages;26–28

chewing gum;29 candies;30 drinks;30 frozen products;31

sweetener;32 tablets;33,34 dosage form;35 sunscreen;36

skin;37 hairs1,38–40

Biological Applications Detecting microorganisms;41

treating amyloidosis,42 testicular cancer;43 medical de-
vices;44 drug delivery system45

Industrial Applications Color filters;46 display de-
vices;1,47 inks;1,48,49 toners;50 lithographic printing
plates;51,52 paints;53 photographic material;1,54 colored
bubbles;1,55 toys56

Safety/Toxicity Acute toxicity;57 carcinogenici-
ty;1,58,59,61 chromosome aberrations;60 chronic toxicity;61

cytotoxicity;1,62 genotoxicity;1,63 hypertension;1,64 hypo-
tension;1,65 mutagenicity;1,66,68 nucleic acid damage66,67

Certification/Approval Certified by Biological Stain
Commission (BSC); Approved by Food & Drugs Admin-
istration (FDA)

Handbook of Biological Dyes and Stains By R. W. Sabnis

Copyright � 2010 John Wiley & Sons, Inc.
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INDO 1

CAS Registry Number 132319-56-3

Chemical Structure
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CA Index Name 1H-Indole-6-carboxylic acid, 2-[4-
[bis(carboxymethyl)amino]-3-[2-[2-[bis(carboxymethyl)

amino]-5-methylphenoxy]ethoxy]phenyl]-, potassium
salt (1 : 5)

Other Names 1H-Indole-6-carboxylic acid, 2-[4-[bis
(carboxymethyl)amino]-3-[2-[2-[bis(carboxymethyl)
amino]-5-methylphenoxy]ethoxy]phenyl]-, pentapotas-
sium salt

Merck Index Number Not listed (Free acid: 4960)

Chemical/Dye Class Indole

Molecular Formula C32H26K5N3O12

Molecular Weight 840.05

Physical Form Light grey crystals

Solubility Soluble in water

Melting Point >250 �C
Absorption (lmax) 346 nm, 330 nm

Emission (lmax) 475 nm, 401 nm

Synthesis Synthetic methods1–3

Staining Applications Calcium ions;2–11 cadmium
ions;12 lead ions;13 zinc ions;14 peptides;1 proteins;1

antibodies1

Biological Applications Calcium indicator;2–11 cadmi-
um indicator;12 lead indicator;13 zinc indicator;14 identi-
fying taste modulators;15 measuring membrane poten-
tial;16 nucleic acid sequencing;17 preventing
arrhythmias18

Industrial Applications Not reported

Safety/Toxicity Neurotoxicity19,20
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INDO 1 AM

CAS Registry Number 112926-02-0

Chemical Structure

CA Index Name 1H-Indole-6-carboxylic acid, 2-[4-
[bis[2-[(acetyloxy)methoxy]-2-oxoethyl]amino]-3-[2-[2-
[bis[2-[(acetyloxy)methoxy]-2-oxoethyl]amino]-5-me-
thylphenoxy]ethoxy]phenyl]-, (acetyloxy)methyl ester

Other Names Indo 1 acetoxymethyl ester; Indo 1 AM;
Indo 1 AM ester

Merck Index Number Not listed

Chemical/Dye Class Indole

Molecular Formula C47H51N3O22

Molecular Weight 1009.91

Physical Form Light yellow powder

Solubility Soluble in dimethyl sulfoxide, methanol

Melting Point >250 �C
Boiling Point (Calcd.) 1009.2� 65.0 �C, pressure: 760
Torr

pKa (Calcd.) 14.85� 0.30, most acidic temperature:
25 �C; 1.92� 0.50, most basic temperature: 25 �C
Absorption (lmax) 356 nm

Emission (lmax) 478 nm

Synthesis Synthetic methods1,2

Staining Applications Calcium ions;2,4–11 leukocyte
tumor cells3

Biological Applications Calcium indicator;2,4–11 pre-
venting arrhythmias12

Industrial Applications Not reported

Safety/Toxicity Cytotoxicity13
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IODONITRO TETRAZOLIUM (INT)

CAS Registry Number 146-68-9

Chemical Structure
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CA Index Name 2H-Tetrazolium, 2-(4-iodophenyl)-3-
(4-nitrophenyl)-5-phenyl-, chloride (1 : 1)

Other Names 2H-Tetrazolium, 2-(4-iodophenyl)-3-(4-
nitrophenyl)-5-phenyl-, chloride; 2H-Tetrazolium, 2-(p-
iodophenyl)-3-(p-nitrophenyl)-5-phenyl-, chloride; [2-(p-
Iodophenyl)-3-(p-nitrophenyl)-5-phenyl-2H-tetrazolium
chloride]; 2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-phenyl-
2H-tetrazolium chloride; 2-(4-Iodophenyl)-3-(4-nitro-
phenyl)-5-phenyltetrazolium chloride; 2-(p-Iodophe-

nyl)-3-(p-nitrophenyl)-5-phenyltetrazolium chloride; 3-
(p-Nitrophenyl)-2-(p-iodophenyl)-5-phenyltetrazolium
chloride; INT; Iodonitro tetrazolium; Iodonitrotetrazo-
lium purple; Iodonitrotetrazolium violet; NSC 27620;
p-Iodonitrotetrazolium violet

Merck Index Number Not listed

Chemical/Dye Class Tetrazolium salt

Molecular Formula C19H13ClIN5O2

Molecular Weight 505.70

Physical Form Light yellow powder

Solubility Soluble in water, ethanol, dimethyl sulfoxide

Melting Point 229–231 �C (decompose)

Absorption (lmax) 248 nm

Synthesis Synthetic methods1–7

Staining Applications Cells;8 oxidized nicotinamide
adenine dinucleotide kinase;9 sperms10

Biological Applications Bacterial vaginosis diagnosis
assay;11 dehydrogenase enzyme assay;12–14 diagnostic
assay;15 food and beverage analytes assays;16 microbial
growth assay;17 detecting bacteria,18 yeast,18 fungi,18

gamma-hydroxybutyric acid (GHB),19 microbial
growth;20 measuring niacin,21 bacterial respiratory activ-
ity,22 superoxide dismutase;23 treating cancer24

Industrial Applications Steel products25

Safety/Toxicity Bacterial toxicity;22 heavy metal inhi-
bition;26 microbial toxicity27
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JANUS GREEN B

CAS Registry Number 2869-83-2

Chemical Structure

CA Index Name Phenazinium, 3-(diethylamino)-7-[2-
[4-(dimethylamino)phenyl]diazenyl]-5-phenyl-, chloride
(1 : 1)

Other Names Diazin Green S; Diazine Green S; 3-
Diethylamino-7-(4-dimethylaminophenylazo)-5-phe-
nylphenazinium chloride; 3-Diethylamino-7-(p-dimethy-
laminophenylazo)-5-phenylphenazinium chloride; Janus
Green B; Phenazinium, 3-(diethylamino)-7-[[4-(dimethy-
lamino)phenyl]azo]-5-phenyl-, chloride; Phenazinium, 3-
(diethylamino)-7-[[p-(dimethylamino)phenyl]azo]-5-
phenyl-, chloride; C.I. 11050; Janus Green V; Union
Green B

Merck Index Number 5255

Chemical/Dye Class Phenazine

Molecular Formula C30H31ClN6

Molecular Weight 511.06

Physical Form Dark green to dark brown to dark black
powder

Solubility Soluble in water; slightly soluble in ethanol

Melting Point >200 �C
Absorption (lmax) 660 nm, 395 nm

Synthesis Synthetic methods1,2

Staining Applications Biomolecules;3 brain;4,24 spinal
cord;4 chromosomes;5 DNA;6–8 embryos;9,10 fungi;11

lymph vessels;12 mitochondria;13–21 neurons;22–24 nucleic
acids;25 sperms;26 tissue culture monolayers;27 yeast
cell;28 hairs29,30

Biological Applications Antimalarial agents;31 diagno-
sis of diseases related to amyloid accumulation;32 diag-
nostic assays;33 detecting fungi;11 nucleic acids;34

sugars35

Industrial Applications Copper electroplating;36–39

electronic devices;40 semiconductor chips;41

adhesives;42,43 paints44

Safety/Toxicity Bacterial toxicity;45 cytotoxicity;46

germ morphogenesis47

Certification/Approval Certified by Biological Stain
Commission (BSC)
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CAS Registry Number 3520-43-2

Chemical Structure

CAIndexName 1H-Benzimidazolium, 5,6-dichloro-2-
[3-(5,6-dichloro-1,3-diethyl-1,3-dihydro-2H-benzimida-
zol-2-ylidene)-1-propen-1-yl]-1,3-diethyl-, iodide (1 : 1)

Other Names 1H-Benzimidazolium, 5,6-dichloro-2-
[3-(5,6-dichloro-1,3-diethyl-1,3-dihydro-2H-benzimida-
zol-2-ylidene)-1-propenyl]-1,3-diethyl-, iodide; 5,6-Di-
chloro-2-[3-(5,6-dichloro-1,3-diethyl-2-benzimidazoli-
nylidene)propenyl]-1,3-diethylbenzimidazolium iodide;
Benzimidazolium, 5,6-dichloro-2-[3-(5,6-dichloro-1,3-
diethyl-2-benzimidazolinylidene)propenyl]-1,3-diethyl-,
iodide; Benzimidazolocarbocyanine iodide, 5,50,6,60-tet-
rachloro-1,10,3,30-tetraethyl-; Imidacarbocyanine iodide,
1,10,3,30-tetraethyl-5,50,6,60-tetrachloro-; 1,10,3,30-Tetra-
ethyl-5,50,6,60-tetrachlorobenzimidazolocarbocyanine io-
dide; 1,10,3,30-Tetraethyl-5,50,6,60-tetrachloroimidacar-
bocyanine iodide; 5,50,6,60-Tetrachloro-1,10,3,30-tetra-
ethylbenzimidazolocarbocyanine iodide; Bis(5,6-di-
chloro-1,3-diethyl-2-benzimidazole)trimethinecyanine
iodide; CBIC2; JC 1; NK 1420

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C25H27Cl4IN4

Molecular Weight 652.23

Physical Form Deep red crystals

Solubility Soluble in methanol, N,N-dimethyl formam-
ide, dimethyl sulfoxide

Melting Point 275–278 �C
Absorption (lmax) 514 nm

Emission (lmax) 529 nm

Synthesis Synthetic methods1–10

Staining Applications Mitochondria;11–20 blood
cells;21 fungi;22 microbes;23 proteins;24 pulmonary neu-
roepithelial body;25 sperms;26,27 hairs28

BiologicalApplications Detectingmitochondrialmem-
brane potential,20,29–35 ABCB1, ABCC1, and ABCG2
transporters inhibitors,36 nucleic acid hybridization,37

prostate cancer;38 treating cellular death,39 Alzheimer’s
disease;40 apoptosis assay;41 cytotoxicity assay;42 hema-
totoxicity assay;21 drug screening assay;43 P-glycoprotein
(P-gp) activity acute myeloid leukemia (AML) assay;44,45

multidrug resistance assay46

Industrial Applications Nonlinear optical material;47

photographic material;1,4,7–10,48 Semiconductors49

Safety/Toxicity Hepatotoxicity50
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CAS Registry Number 522592-13-8

Chemical Structure

CA IndexName Naphth[1,2-d]oxazolium, 1-methyl-2-
[3-(1-methylnaphth[1,2-d]oxazol-2(1H)-ylidene)-1-pro-
pen-1-yl], iodide (1 : 1)

Other Names D 22421; DiNOC1(3); 3,3
0-Dimethyl-a-

naphthoxacarbocyanine iodide; JC 9; Naphth[1,2-d]oxa-
zolium, 1-methyl-2-[3-(1-methylnaphth[1,2-d]oxazol-2
(1H)-ylidene)-1-propenyl]-, iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C27H21IN2O2

Molecular Weight 532.38

Physical Form Solid

Solubility Soluble inN,N-dimethyl formamide, dimeth-
yl sulfoxide

Melting Point >200 �C
Absorption (lmax) 522 nm

Emission (lmax) 535 nm

Synthesis Synthetic method1

Staining Applications Mitochondria;2 blood cells;3

proteins4

Biological Applications Identifying genes for transport
proteins;4 treating male infertility,5 Kennedy disease,5

prostate cancer,5 breast cancer,5 liver cancer,5 bladder
cancer,5 benign prostate hyperplasia,5 acne,5 baldness,5

hirsutism,5 exposed wounds,5 unwanted pregnancy;5

apoptosis assay;6 hematotoxicity assay3

Industrial Applications Not reported

Safety/Toxicity No data available
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JOJO 1

CAS Registry Number 305801-87-0

Chemical Structure
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CA Index Name Oxazolo[4,5-b]pyridinium, 2,20-[1,3-
propanediylbis[(dimethyliminio)-3,1-propanediyl-1(4H)-
quinolinyl-4-ylidenemethylidyne]]bis[4-methyl]-, tetra-
iodide

Other Names JOJO 1; JOJO 1 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C47H56I4N8O2

Molecular Weight 1272.63

Physical Form Yellow-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 529 nm

Emission (lmax) 545 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–5 cells;6 hairs7

Biological Applications Nucleic acid hybridiza-
tion;4,8,9 detecting nucleic acids,2–5 cells;6 nucleic acid
sequencing3

Industrial Applications Not reported

Safety/Toxicity No data available
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noise ratio of nucleic acid hybridization assays
by preincubation of primer and target with
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JO-PRO 1

CAS Registry Number 305801-86-9

Chemical Structure
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CA Index Name Quinolinium, 4-[(4-methyloxazolo
[4,5-b]pyridin-2(4H)-ylidene)methyl]-1-[3-(trimethy-
lammonio)propyl]-, diiodide

Other Names JO-PRO 1, JO-PRO 1 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C23H28I2N4O

Molecular Weight 630.31

Physical Form Yellow-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 530 nm

Emission (lmax) 546 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–5 cells6

Biological Applications Nucleic acid hybridization;7,8

detecting nucleic acids,2–5 cells;6 nucleic acid sequencing4

Industrial Applications Not reported

Safety/Toxicity No data available
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LIGHT GREEN SF YELLOWISH

CAS Registry Number 5141-20-8

Chemical Structure

CA Index Name Benzenemethanaminium, N-ethyl-
N-[4-[[4-[ethyl[(3-sulfophenyl)methyl]amino]phenyl](4-
sulfophenyl)methylene]-2,5-cyclohexadien-1-ylidene]-3-
sulfo-, inner salt, sodium salt (1 : 2)

Other Names Benzenemethanaminium, N-ethyl-N-
[4-[[4-[ethyl[(3-sulfophenyl)methyl]amino]phenyl](4-
sulfophenyl)methylene]-2,5-cyclohexadien-1-ylidene]-
3-sulfo-, hydroxide, inner salt, disodium salt; Benzene-
methanaminium,N-ethyl-N-[4-[[4-[ethyl[(3-sulfophenyl)
methyl]amino]phenyl](4-sulfophenyl)methylene]-2,5-
cyclohexadien-1-ylidene]-3-sulfo-, inner salt, disodium
salt; C.I. Acid Green 5; C.I. Acid Green 5, disodium salt;
LightGreen SF;AFGreenNo. 2;AcidBrilliantGreen SF;
Acid Green 5; Acid Green A; Acidal Light Green SF;
Acilan Green SFG; Acilan Light Green SFG; Amacid
Green G; C.I. 42095; C.I. Food Green 2; D and C Green
No. 4; FD and C Green No. 2; Fenazo Green 7G; Food

Green 2; Green No. 203; Japan Green 205; Japan Green
No. 205; Leather Green SF; Light Green Lake; Light
Green SF Yellowish; Light Green SFA; Light Green SFD;
Light Green Yellowish; Light SF Yellowish; Lissamine
Green SF; Lissamine Lake Green SF; MY/68; Merantine

Green SF; NSC 9619; Pencil Green SF; Sulfo Green J;
Sumitomo Light Green SF Yellowish

Merck Index Number 5485

Chemical/Dye Class Triphenylmethane

Molecular Formula C37H34N2Na2O9S3

Molecular Weight 792.85

Physical Form Reddish-brown powder or crystals

Solubility Soluble in water; slightly soluble in ethanol;
insoluble in xylene

Melting Point 288 �C (decompose)

Absorption (lmax) 630 nm, 422 nm

Synthesis Synthetic methods1–5

Staining Applications Cell;6,7 cytoplasm;8 endo-
scope;9 microorganisms;10 eye membranes;11 retina;12–14

proteins;15 hairs16
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BiologicalApplications Cosmetics;17 oral hygiene pro-
ducts;18 sunscreen;19 detecting proteins;20 treating apoli-
poprotein E-related diseases21

Industrial Applications Color filters;22 recording ma-
terials;23 inks;24,25 highlighters;26 adhesives;27 photo-
graphic materials;28 detergents;29 textiles;30,31 leather32

Safety/Toxicity Acute toxicity;33,34 carcinogenici-
ty;35–38 chronic toxicity;39 genotoxicity;40 mutagenici-
ty;41,42 retinal toxicity12–14

Certification/Approval Certified by Biological Stain
Commission (BSC)
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LOLO 1

CAS Registry Number 305802-06-6

Chemical Structure
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CA Index Name Thiazolo[4,5-b]pyridinium, 2,20-
[1,3-propanediylbis[(dimethyliminio)-3,1-propanediyl-1
(4H)-quinolinyl-4-ylidenemethylidyne]]bis[6-bromo-4-
methyl]-, tetraiodide

Other Names LOLO 1, LOLO iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C47H54Br2I4N8S2

Molecular Weight 1462.54

Physical Form Yellow-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 565 nm

Emission (lmax) 579 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–5 cells;6 hairs7

Biological Applications Nucleic acid hybridiza-
tion;3,8,9 detecting nucleic acids,2–5 cells,6 pathogens;10

DNA sequencing5

Industrial Applications Not reported

Safety/Toxicity No data available
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LUCIFER YELLOW CH

CAS Registry Number 67769-47-5

Chemical Structure
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CA Index Name 1H-Benz[de]isoquinoline-5,8-disul-
fonic acid, 6-amino-2-[(hydrazinylcarbonyl)amino]-2,3-
dihydro-1,3-dioxo-, lithium salt (1 : 2)

Other Names 1H-Benz[de]isoquinoline-5,8-disulfonic
acid, 6-amino-2-[(hydrazinocarbonyl)amino]-2,3-dihy-
dro-1,3-dioxo-, dilithium salt; Lucifer YellowCH; Lucifer
Yellow carbohydrazide

Merck Index Number 5594

Chemical/Dye Class Naphthalimide

Molecular Formula C13H9Li2N5O9S2

Molecular Weight 457.25

Physical Form Orange powder

Solubility Soluble in water; soluble in ethanol

Melting Point >200 �C
Absorption (lmax) 280 nm, 428 nm

Emission (lmax) 540 nm

Synthesis Synthetic methods1,2

Staining Applications Avidin;4 bovine serum albu-
min;4 bacteria;5 cardiac fibers;6 cells;3,7,8 cell surface
glycoconjugates;9 cholesterol;10 phospholipids;10 exocy-
totic secretory processes;11 gangliosides;12 glycopro-
tein;13 islet cells;14 liposomes;15 mitochondria;16 neu-
rons;2,3 oxidized antibody;17 plant cell;18,19 proto-
plasts;18,19 potato tuber storage tissues;20 proteins;21 reti-
na;22–24 saccharides;25,26 skeletal muscle cells;27 skin;28

tissues;29 plant vacuoles30–34

Biological Applications Antiviral agents35,36

Industrial Applications Optical nanosensors;37 print-
ing plates38

Safety/Toxicity Carcinogenicity39
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LUCIFER YELLOW VS

CAS Registry Number 71231-14-6

Chemical Structure

N OO

NH2

SO3LiLiO3S

S C
H

O

O

CH2

CA Index Name 1H-Benz[de]isoquinoline-5,8-disul-
fonic acid, 6-amino-2-[3-(ethenylsulfonyl)phenyl]-2,3-
dihydro-1,3-dioxo-, lithium salt (1 : 2)

Other Names 1H-Benz[de]isoquinoline-5,8-disulfonic
acid, 6-amino-2-[3-(ethenylsulfonyl)phenyl]-2,3-dihy-
dro-1,3-dioxo-, dilithium salt; Lucifer Yellow VS

Merck Index Number 5594

Chemical/Dye Class Naphthalimide

Molecular Formula C20H12Li2N2O10S3

Molecular Weight 550.39

Physical Form Dark yellow powder

Solubility Soluble in water; insoluble in ethanol

Melting Point >200 �C
Absorption (lmax) 280 nm, 428 nm

Emission (lmax) 540 nm

Synthesis Synthetic methods1,2

Staining Applications Cells;3 neurons;3 albumin;4,5

cholesterol;6 phospholipids;6 collagenase;7 polynucleo-
tides;8 proteins;9,10 progesterone derivative;11 testoster-
one;12 estriol12

Biological Applications Detecting nucleic acids;8,13

lipid probes;6 measuring collagenase,7 target nucleic acid
sequence;13 fluorescent immunoassays4,5,11,12

Industrial Applications Not reported

Safety/Toxicity No data available
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LUCIGENIN

CAS Registry Number 2315-97-1

Chemical Structure

N

CH3

N

CH3

+

+

2NO3

_

CA Index Name 9,90-Biacridinium, 10,100-dimethyl-,
nitrate (1 : 2)

Other Names 10,100-Dimethyl-9,90-biacridinium dini-
trate; N,N0-Dimethyl-9,90-biacridinium dinitrate; 9,90-
Biacridinium, 10,100-dimethyl-, dinitrate; 9,90-Bis(N-
methylacridinium nitrate); Bis-N-methylacridinium ni-
trate; L 6868; Lucigenin; Lucigenin nitrate; Lucigenine;
N,N0-Dimethyl-9,90-biacridinium dinitrate; NSC 151912

Merck Index Number Not listed

Chemical/Dye Class Acridine

Molecular Formula C28H22N4O6

Molecular Weight 510.50

Physical Form Yellow powder with orange to brown
cast

Solubility Soluble in water, ethanol, dimethyl sulfoxide

Melting Point >330 �C
Absorption (lmax) 455 nm

Emission (lmax) 505 nm

Synthesis Synthetic methods1–8

Staining Applications Chloride ions;14–18 mitochon-
dria;9–12 nuclei13

Biological Applications Chloride indicator;14–18 diag-
nosis of hemostatic disorders;19 detecting bacteria,20,21

nucleic acids,22 proteins,22 pathogens;23 identifying respi-
ratory infections;24 generating and detecting reactive ox-
ygen species;10–12,25–34 chemiluminescent indicator;35–43

chemiluminescence determination of chromium,44 co-
balt,45 arsenic,46 iron,47 vanadium,48 molybdenum49

Industrial Applications Lamp;50 optical nanosensor51

Safety/Toxicity Bacterial toxicity;52 bone marrow tox-
icity;53 carcinogenicity;54,55 cytotoxicity;56,57 hemato-
toxicity;58 hepatotoxicity;59 nephrotoxicity;60 neurotox-
icity;61 immunotoxicity;61 cardiovascular toxicity;62,63

respiratory toxicity;63,64 vascular toxicity65
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MAG-FURA 2 (FURAPTRA)

CAS Registry Number 132319-57-4

Chemical Structure

CA Index Name 5-Oxazolecarboxylic acid, 2-[6-[bis
(carboxymethyl)amino]-5-(carboxymethoxy)-2-benzo-
furanyl]-, potassium salt (1:4)

Other Names 5-Oxazolecarboxylic acid, 2-[6-[bis(car-
boxymethyl)amino]-5-(carboxymethoxy)-2-benzofura-
nyl]-, tetrapotassium salt; Mag-Fura-2 tetrapotassium salt

Merck Index Number Not listed

Chemical/Dye Class Benzofuran

Molecular Formula C18H10K4N2O11

Molecular Weight 586.68

Physical Form Light yellow powder

Solubility Soluble in water

Melting Point >200 �C
Absorption (lmax) 369 nm, 330 nm

Emission (lmax) 511 nm, 491 nm

Synthesis Synthetic method1

Staining Applications Magnesium ions;1–27 calcium
ions;11,22,28–46 zinc ions47–49

Biological Applications Magnesium indicator;1–27 cal-
cium indicator;11,22,28–46 zinc indicator47–49

Industrial Applications Not reported

Safety/Toxicity Neurotoxicity47
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MAG-FURA 2 AM

CAS Registry Number 130100-20-8

Chemical Structure

CA Index Name 5-Oxazolecarboxylic acid, 2-[5-[2-
[(acetyloxy)methoxy]-2-oxoethoxy]-6-[bis[2-[(acety-
loxy)methoxy]-2-oxoethyl]amino]-2-benzofuranyl]-,
(acetyloxy)methyl ester

Other Names Mag-Fura-2; Mag-Fura-2 AM; Mag-
Fura-2 AM ester; Mag-Fura-2 acetoxymethyl ester; Fur-
aptra AM; Furaptra AM ester; Furaptra acetoxymethyl
ester

Merck Index Number Not listed

Chemical/Dye Class Benzofuran

Molecular Formula C30H30N2O19

Molecular Weight 722.56

Physical Form Light yellow powder

Solubility Insoluble in water; soluble in dimethyl sulf-
oxide, ethyl acetate

Melting Point >200 �C

Boiling Point (Calcd.) 797.5� 70.0 �C, pressure:
760Torr

pKa (Calcd.) �2.88� 0.70, most basic, temperature:
25 �C
Absorption (lmax) 366 nm

Emission (lmax) 475 nm

Synthesis Synthetic method1

Staining Applications Magnesium ions;1–15 calcium
ions;16–30 zinc ions31–33

Biological Applications Magnesium indicator;1–15 cal-
cium indicator;16–30 zinc indicator31–33

Industrial Applications Not reported

Safety/Toxicity No data available
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MAG-INDO 1

CAS Registry Number 132299-21-9

Chemical Structure

CA Index Name 1H-Indole-6-carboxylic acid, 2-[4-
[bis(carboxymethyl)amino]-3-(carboxymethoxy)phenyl]-,
potassium salt (1:4)

Other Names 1H-Indole-6-carboxylic acid, 2-[4-[bis
(carboxymethyl)amino]-3-(carboxymethoxy)phenyl]-,
tetrapotassium salt; Mag-indo-1; Mag-indo-1 tetrapotas-
sium salt

Merck Index Number Not listed

Chemical/Dye Class Indole

Molecular Formula C21H14K4N2O9

Molecular Weight 594.74

Physical Form Solid

Solubility Soluble in water

Melting Point >200 �C
Absorption (lmax) 349 nm, 330 nm

Emission (lmax) 480 nm, 417 nm

Synthesis Synthetic method1

Staining Applications Magnesium ions;2–10 calcium
ions4,11–13

Biological Applications Magnesium indicator;2–10 cal-
cium indicator;4,11–13 identifying genes;14 probing unfold-
ing and refolding protein sequences,15 protein
subdomains16,17

Industrial Applications Not reported

Safety/Toxicity No data available
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MAG-INDO 1 AM

CAS Registry Number 130926-94-2

Chemical Structure

CA Index Name 1H-Indole-6-carboxylic acid, 2-[3-[2-
[(acetyloxy)methoxy]-2-oxoethoxy]-4-[bis[2-[(acety-
loxy)methoxy]-2-oxoethyl]amino]phenyl]-, (acetyloxy)
methyl ester

Other Names Mag-indo-1/AM; Mag-indo-1 AM ester;
Mag-indo-1 acetoxymethyl ester

Merck Index Number Not listed

Chemical/Dye Class Indole

Molecular Formula C33H34N2O17

Molecular Weight 730.63

Physical Form Pale yellow powder

Solubility Soluble in dimethyl sulfoxide, methanol

Melting Point >200 �C
Boiling Point 837.1� 65.0 �C, pressure: 760Torr
pKa 14.81� 0.30, most acidic, temperature: 25 �C;
1.37� 0.50, most basic, temperature: 25 �C

Absorption (lmax) 354 nm

Emission (lmax) 472 nm

Synthesis Synthetic method1

Staining Applications Magnesium ions;2–4 calcium
ions5,6

Biological Applications Magnesium indicator;2–4 cal-
cium indicator5,6

Industrial Applications Not reported

Safety/Toxicity No data available
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MAGNESIUM GREEN

CAS Registry Number 170516-41-3

Chemical Structure

CO NH

N

COOK COOK

COOK

O OKO

Cl Cl

O

COOK

CA Index Name Glycine, N-[2-(carboxymethoxy)-4-
[[(20,70-dichloro-30,60-dihydroxy-3-oxospiro[isobenzo-
furan-1(3H),90-[9H]xanthen]-5-yl)carbonyl]amino]phe-
nyl]-N-(carboxymethyl)-, potassium salt (1:5)

Other Names Glycine, N-[2-(carboxymethoxy)-4-
[[(20,70-dichloro-30,60-dihydroxy-3-oxospiro[isobenzo-
furan-1(3H),90-[9H]xanthen]-5-yl)carbonyl]amino]phe-
nyl]-N-(carboxymethyl)-, pentapotassium salt; Magne-
sium Green; Magnesium green pentapotassium salt

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C33H17Cl2K5N2O13

Molecular Weight 915.90

Physical Form Solid

Solubility Soluble in water

Melting Point >250 �C
Absorption (lmax) 506 nm

Emission (lmax) 531 nm

Synthesis Synthetic methods1,2

Staining Applications Magnesium ions;3–11 calcium
ions;12–23 zinc ions1

Biological Applications Magnesium indicator;3–11 cal-
cium indicator;12–23 zinc indicator;1 detecting nucleic
acids24

Industrial Applications Not reported

Safety/Toxicity No data available

REFERENCES

1. Kuhn, M. A.; Hoyland, B.; Carter, S.; Zhang, C.;
Haugland, R. P. Fluorescent ion indicators for
detecting heavy metals. Proc. SPIE-Int. Soc. Opt.
Eng. 1995, 2388, 238–244.

2. Hofmann,K.A.;Hoschele,K.Magnesiumchloride as
amineralizer. II. Uranium-cerium-blue and the nature
of constitutive coloring. Magnesium-red and
magnesium-green. Ber. Dtsch. Chem. Ges. 1915,
48, 20–28; Chem. Abstr. 1915, 9, 6696.

3. Chinopoulos, C.; Vajda, S.; Csanady, L.; Adam-Vizi,
V. Assay of adenine nucleotide translocase activity
by fluorescent detection of magnesium concen-
tration in a membrane compartment. PCT Int.
Appl. WO 2009013555, 2009; Chem. Abstr. 2009,
150, 163067.

4. Erickson, J. R.; Moerland, T. S. A competition assay
of magnesium affinity for EF-hand proteins based on

the fluorescent indicator magnesium green. Anal.
Biochem. 2005, 345, 343–345.

5. Park, E. J.; Brasuel, M.; Behrend, C.; Philbert, M. A.;
Kopelman, R. Ratiometric optical PEBBLE
nanosensors for real-time magnesium ion
concentrations inside viable cells. Anal. Chem.
2003, 75, 3784–3791.

6. Suzuki, Y.; Komatsu, H.; Ikeda, T.; Saito, N.; Araki,
S.; Citterio, D.; Hisamoto, H.; Kitamura, Y.; Kubota,
T.; Nakagawa, J.; Oka, K.; Suzuki, K. Design and
synthesis of Mg2þ -selective fluoroionophores based
on a coumarin derivative and application for Mg2þ

measurement in a living cell. Anal. Chem. 2002, 74,
1423–1428.

7. Baker, G. A.; Munson, C. A.; Bukowski, E. J.; Baker,
S. N.; Bright, F. V. Assessment of one- and two-
photon excited luminescence for directly measuring

284 Magnesium Green



O2, pH, Na
þ , Mg2þ , or Ca2þ in optically dense and

biologically relevant samples. Appl. Spectrosc. 2002,
56, 455–463.

8. Mayr, T.; Liebsch, G.; Klimant, I.; Wolfbeis, O. S.
Multi-ion imaging using fluorescent sensors in a
microtiterplate array format. Analyst 2002, 127,
201–203.

9. Murakami, T. Cytotoxicity test method using
magnesium ion fluorescent dye. Jpn. Kokai Tokkyo
Koho JP 2000189191, 2000;Chem. Abstr. 2000, 133,
100817.

10. Denda, M.; Hosoi, J.; Asida, Y. Visual imaging of ion
distribution in human epidermis. Biochem. Biophys.
Res. Commun. 2000, 272, 134–137.

11. Szmacinski, H.; Lakowicz, J. R. Fluorescence
lifetime characterization of magnesium probes:
improvement of Mg2þ dynamic range and
sensitivity using phase-modulation fluorometry. J.
Fluoresc. 1996, 6, 83–95.

12. Paredes, R. M.; Etzler, J. C.; Watts, L. T.; Zheng, W.;
Lechleiter, J. D. Chemical calcium indicators.
Methods 2008, 46, 143–151.

13. Wilms, C. D.; Eilers, J. Photophysical properties of
Ca2þ -indicator dyes suitable for two-photon
fluorescence-lifetime recordings. J. Microsc. 2007,
225, 209–213.

14. Schiess, A. R. B.; Scullin, C. S.; Partridge, L. D.
Neurosteroid-induced enhancement of short-term
facilitation involves a component downstream from
presynaptic calcium in hippocampal slices. J.
Physiol. 2006, 576, 833–847.

15. Wade, E. J.; Janocha, E.; Germann, T. Methods for
measuring the activity of Ga i-coupled or Ga o-
coupled receptors using cellular calcium ion influx,
and use in agonist and antagonist identification. PCT

Int. Appl. WO 2004051264, 2004; Chem. Abstr.
2004, 141, 33742.

16. Brustein, E.; Marandi, N.; Kovalchuk, Y.; Drapeau,
P.; Konnerth, A. In vivo monitoring of neuronal
network activity in zebrafish by two-photon Ca2þ

imaging Pfluegers Arch. 2003, 446, 766–773.

17. Kreitzer, A. C.; Gee, K. R.; Archer, E. A.; Regehr, W.
G. Monitoring presynaptic calcium dynamics in
projection fibers by in vivo loading of a novel
calcium indicator. Neuron 2000, 27, 25–32.

18. Braun, F. J.; Hegemann, P. Direct measurement of
cytosolic calcium and pH in living Chlamydomonas
reinhardtii cells.Eur. J. Cell Biol. 1999, 78, 199–208.

19. Koester, H. J.; Baur, D.; Uhl, R.; Hell, S. W. Ca2þ

fluorescence imaging with pico- and femtosecond
two-photon excitation: signal and photodamage.
Biophys. J. 1999, 77, 2226–2236.

20. Muschol, M.; Dasgupta, B. R.; Salzberg, B. M.
Caffeine interaction with fluorescent calcium
indicator dyes. Biophys. J. 1999, 77, 577–586.

21. Sabatini, B. L.; Regehr, W. G. Optical measurement
of presynaptic calcium currents.Biophys. J. 1998, 74,
1549–1563.

22. Boltz, R. C., Jr. A high capacity screen for
immunoregulants using intracellular calcium
concentration measurement. PCT Int. Appl. WO
9610090, 1996; Chem. Abstr. 1996, 125, 76326.

23. Zhao, M.; Hollingworth, S.; Baylor, S. M. Properties
of tri- and tetracarboxylate Ca2þ indicators in frog
skeletal muscle fibers.Biophys. J. 1996, 70, 896–916.

24. Miller, B. L.; Krauss, T. D.; Du, H.; Crnkovich, N.;
Strohsahl, C. M. Use of sensor arrays containing
hairpin probes for detecting nucleic acids of
pathogens. PCT Int. Appl. WO 2004061127, 2004;
Chem. Abstr. 2004, 141, 118285.

Magnesium Green 285



MALACHITE GREEN

CAS Registry Number 569-64-2

Chemical Structure

N N

H3C

CH3 CH3

CH3+

_
Cl

CA Index Name Methanaminium, N-[4-[[4-(dimethy-
lamino)phenyl]phenylmethylene]-2,5-cyclohexadien-1-
ylidene]-N-methyl-, chloride (1:1)

Other Names C.I. Basic Green 4; Methanaminium, N-
[4-[[4-(dimethylamino)phenyl]phenylmethylene]-2,5-cy-
clohexadien-1-ylidene]-N-methyl-, chloride; Victoria
Green WB; ADC Malachite Green Crystals; Acryl Bril-
liant Green B; Aizen Malachite Green; Aizen Malachite
Green Crystals; Aizen Malachite Green Liquid; Aniline
Green; Astra Malachite Green; Astra Malachite Green B;
Astra Malachite Green BXX; Atlantic Malachite Green;
Basacryl GreenX-BF; Basic Green 4; Basonyl Green 830;
Basonyl Green NB 832; Benzal Green; Benzaldehyde
Green; Bronze Green Toner A 8002; Burma Green B;
C.I. 42000; Calcozine Green V; China Green; Diabasic
Malachite Green; Diamond Green B; Diamond Green B
Extra; Diamond Green BX; Diamond Green P Extra;
Green MX; Green Malaquite; Grenoble Green; Hidaco
Malachite Green Base; Hidaco Malachite Green LC;
Hidaco Malachite Green SC; LC 6220; Light Green N;
Lincoln Green Toner B 15-2900; Malachite Green 4;
Malachite Green A; Malachite Green AN; Malachite
Green B; Malachite Green CP; Malachite Green Crystals;
Malachite Green Crystals BPC; Malachite Green J 3E;
Malachite Green Powder; Malachite Green WS; Mala-

chite Green XLS; Malachite Lake Green A; Malachite
Green; Malachite Green Chloride; Mitsui Malachite
Green; New Victoria Green Extra I; New Victoria Green
Extra II; New Victoria Green Extra O; Oji Malachite
Green; Solid Green Crystals O; Solid Green O; Super Ick
Cure; Tertrophene Green M; Tokyo Aniline Malachite
Green; Verona Basic Green M; Victoria Green; Victoria
Green (basic dye); Victoria Green B; Victoria Green S;
Victoria Green WPB

Merck Index Number 5699

Chemical/Dye Class Triphenylmethane

Molecular Formula C23H25ClN2

Molecular Weight 364.91

Physical Form Green crystals with metallic luster

Solubility Very soluble in water; soluble in ethanol,
methanol, amyl alcohol

Melting Point 112–114 �C
pH Range 0.0–2.0; 11.6–14.0

Color Change at pH Yellow (0.0) to green (2.0); green
(11.6) to colorless (14.0)

pKa 6.90

Absorption (lmax) 614 nm, 425 nm

Synthesis Synthetic methods1–17

Staining Applications Antigens;18 antibodies;18 bacte-
ria;19 bone cement;20 collagen;21 oxidized regenerated
cellulose;21 alginates;21 chitosans;21 galactomannans;21

glycosaminoglycans;21 erythroblast;22 nucleic acids;23,24

peptides;25 proteins;25 skin26,27

Biological Applications Antiseptic formulation;28 de-
tecting nucleic acids;1,29 early diagnosis of tuberculosis;30

identifying mammal genes;1,31 treating cancers,32 fungal
diseases,33 pulmonary tuberculosis;1,34 medical device35

Industrial Applications Color filters;1,36 light-emitting
devices;37 liquid crystal displays;1,38 optical recording
materials;39 photoresists;1,40,41 inks;1,42 highlighters;1,43

toners;44 printed circuit board;1,45 photographic materi-
als;46 adhesives;47 textiles48,49

Safety/Toxicity Acute toxicity;1,50–52 chronic toxici-
ty;52 carcinogenicity;1,53,54 cytotoxicity;1,55,56 genotoxi-
city;1,57 mitochondrial toxicity;58 mutagenicity;1,59 nu-
cleic acid damage60
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MALACHITE GREEN OXALATE
SALT

CAS Registry Number 2437-29-8

Chemical Structure

CA Index Name Methanaminium, N-[4-[[4-(dimethy-
lamino)phenyl]phenylmethylene]-2,5-cyclohexadien-1-
ylidene]-N-methyl-, ethanedioate, ethanedioate (2:2:1)

Other Names Ammonium, [4-[p-(dimethylamino)-a-
phenylbenzylidene]-2,5-cyclohexadien-1-ylidene]di-
methyl, oxalate (1:1), oxalate (1:1); Malachite green
oxalate; Ethanedioic acid, ion(1-), N-[4-[[4-(dimethyla-
mino)phenyl]phenylmethylene]-2,5-cyclohexadien-1-
ylidene]-N-methylmethanaminium, ethanedioate (2:1);
Malachite green oxalate salt

Merck Index Number 5699

Chemical/Dye Class Triphenylmethane

Molecular Formula C52H54N4O12

Molecular Weight 927.00

Physical Form Green crystals or powder

Solubility Soluble in water, ethanol; insoluble in xylene

Melting Point 164 �C (decompose)

pH Range 0.0–2.0; 11.6–14.0

Color Change at pH Yellow (0.0) to green (2.0); green
(11.6) to colorless (14.0)

pKa 6.90

Absorption (lmax) 614 nm, 425 nm

Synthesis Synthetic methods1–7

Staining Applications Brain;8 spinal cord;8 phospho-
hydrolase9

Biological Applications Detecting bacterial growth;10

treating fish diseases,11 malignant neoplasm12

Industrial Applications Inks;13 toners;14 photore-
sists;15,16 printing plates;16 photosensitive resins;17 re-
cording materials;18 printed circuit boards;19 solar cells;20

photoelectrographic materials;21 laser dyes;22 NLO
dyes;22 textiles23

Safety/Toxicity Cytotoxicity;24,25 developmental ab-
normalities;26 estrogenicity27

Certification/Approval Certified by Biological Stain
Commission (BSC)
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MEQ

CAS Registry Number 34373-76-7

Chemical Structure

N

H3CO

C2H5

+ I
_

CA Index Name Quinolinium, 1-ethyl-6-methoxy-, io-
dide (1:1)

Other Names Quinolinium, 1-ethyl-6-methoxy-, io-
dide; MEQ; 6-Methoxy-N-ethylquinolinium iodide; 6-
Methoxyquinoline ethiodide

Merck Index Number Not listed

Chemical/Dye Class Quinoline

Molecular Formula C12H14INO

Molecular Weight 315.15

Physical Form Solid

Solubility Soluble in water, dimethyl sulfoxide

Melting Point 182–183 �C
Absorption (lmax) 344 nm

Emission (lmax) 442 nm

Synthesis Synthetic methods1–3

Staining Applications Chloride ions4–11

Biological Applications Chloride indicator4–11

Industrial Applications Not reported

Safety/Toxicity No data available
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METHYLENE BLUE

CAS Registry Number 61-73-4

Chemical Structure
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CA Index Name Phenothiazin-5-ium, 3,7-bis(dimethy-
lamino)-, chloride (1:1)

Other Names C.I. Basic Blue 9; Phenothiazin-5-ium,
3,7-bis(dimethylamino)-, chloride;AizenMethyleneBlue
BH; Aizen Methylene Blue FZ; Basic Blue 9; Basic Lake
Blue; C.I. 52015; C.I. Solvent Blue 8; Calcozine Blue ZF;
Chromosmon; Duasyn Basic Blue IAD; Ext D and C Blue
No. 1; External Blue 1; Hidaco Methylene Blue Salt Free;
Izit CrystalDye; Leather PureBlueHB;MaxilonBlueSG;
Methylene Blue 2B; Methylene Blue 2BF; Methylene
Blue 2BN; Methylene Blue 2BP; Methylene Blue A;
Methylene Blue B; Methylene Blue BB; Methylene Blue
BBA; Methylene Blue BD; Methylene Blue BP; Methy-
lene Blue BPC;Methylene Blue BX;Methylene Blue BZ;
Methylene Blue D; Methylene Blue FZ; Methylene Blue
G;MethyleneBlueGZ;MethyleneBlueHGG;Methylene
Blue IAD; Methylene Blue JFA; Methylene Blue MB;
Methylene Blue N; Methylene Blue NF; Methylene Blue
NZ; Methylene Blue SG; Methylene Blue SP; Methylene
Blue ZF; Methylene Blue ZX; Methylene Blue Zinc Free;

Methylene Blue chloride; Methylene Blue; Methylene
Blue polychrome; Methylenium ceruleum; Methylthio-
nine chloride; Methylthioninium chloride; Mitsui Methy-
lene Blue; NSC 617593; Sandocryl Blue BRL; Schultz
1038; Solvent Blue 8; Swiss blue; Tetramethylthionine;
Tetramethylthionine chloride; Urolene Blue; Yamamoto
Methylene Blue B; Yamamoto Methylene Blue ZF

Merck Index Number 6060

Chemical/Dye Class Phenothiazine

Molecular Formula C16H18ClN3S

Molecular Weight 319.85

Physical Form Green powder

Solubility Soluble in water, ethanol, ethylene glycol,
methyl cellosolve

Melting Point 100–110 �C (decompose)

pKa 2.6, 11.2

Absorption (lmax) 661 nm

Synthesis Synthetic methods1–8

Staining Applications Blood;9 bone marrow;9 eye
lens;10 sentinel lymph nodes;11 mammary tissues;12 nu-
cleic acids13

Biological Applications Detecting microorganisms;14

treating diabetic retinopathy,15 macular degeneration,15

malignant uveal melanomas,15 erysipelas,16 hidradenitis
suppurativa,17 inflammation,18 skin diseases19

Industrial Applications Thin films;20 inks;21,22 pack-
aging material23

Safety/Toxicity Effluent toxicity;24 genotoxicity;25,26

hematotoxicity;27 microbial toxicity;28 mutagenicity;29

neurotoxicity;30 nucleic acid damage;31,32 photodynamic
toxicity;33 reproductive toxicity;34 teratogenicity35
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METHYLENE BLUE TRIHYDRATE

CAS Registry Number 7220-79-3

Chemical Structure
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CA Index Name Phenothiazin-5-ium, 3,7-bis(dimethy-
lamino)-, chloride, hydrate (1:1:3)

Other Names C.I. Basic Blue 9, trihydrate; C.I. 52015;
Phenothiazin-5-ium, 3,7-bis(dimethylamino)-, chloride,
trihydrate; 3,7-Bis(dimethylamino)phenazathionium
chloride trihydrate; Methylene blue trihydrate

Merck Index Number 6060

Chemical/Dye Class Phenothiazine

Molecular Formula C16H18ClN3S�3H2O

Molecular Weight 373.90

Physical Form Dark green needles or crystals or
powder

Solubility Soluble in water, chloroform; sparingly sol-
uble in ethanol

Melting Point 190 �C
pKa 2.6, 11.2

Absorption (lmax) 668 nm, 609 nm

Synthesis Synthetic methods1–3

Staining Applications Bacteria4

Biological Applications Diagnosis of tauopathy,2 Alz-
heimer’s disease (AD),2 Pick’s disease;2 treating prophy-
laxis;2 dental materials5

Industrial Applications Thin films;6 data storage me-
dia;7,8 photothermographic materials;9 crayons10

Safety/Toxicity Acute toxicity;11 cytotoxicity12

Certification/Approval Certified by Biological Stain
Commission (BSC)
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METHYLENE VIOLET
(METHYLENE VIOLET
BERNTHSEN)

CAS Registry Number 2516-05-4

Chemical Structure

S

N

N

CH3

O

H3C

CA Index Name 3H-Phenothiazin-3-one, 7-
(dimethylamino)-

Other Names C.I. 52041; Dimethylthionoline; Methy-
lene Violet; Methylene Violet (biological stain); Methy-
lene Violet Bernthsen; NSC 187694

Merck Index Number Not listed

Chemical/Dye Class Phenothiazine

Molecular Formula C14H12N2OS

Molecular Weight 256.32

Physical Form Dark green powder

Solubility Insoluble in water, soluble in ethanol

Melting Point 216 �C (decompose)

Boiling Point (Calcd.) 429.6� 45.0 �C, pressure:
760Torr

pKa (Calcd.) 5.08� 0.20, most basic, temperature: 25
�C
Absorption (lmax) 580 nm

Synthesis Synthetic method1–7

Staining Applications Bacteria;8 chromosomes;9 neu-
rons;10,11 nuclei;12 nucleic acids;13,14 skin;15 yeast16,17

Biological Applications Detecting microorganisms;18

medical devices19

Industrial Applications Adhesives;20,21 liquid crystal
displays;22,23 recordingmaterials;24 toners;25 photograph-
ic films26

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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METHYL GREEN

CAS Registry Number 7114-03-6

Chemical Structure

CA Index Name Benzenaminium, 4-[[4-(dimethylami-
no)phenyl][4-(dimethyliminio)-2,5-cyclohexadien-1-yli-
dene]methyl]-N-ethyl-N,N-dimethyl-, bromide chloride,
compd. with zinc chloride (ZnCl2) (1:1:1:?)

OtherNames Ammonium, [a-[p-(dimethylamino)phe-
nyl]-a-[p-(dimethyliminio)-2,5-cyclohexadien-1-yli-
dene]-p-tolyl]ethyldimethyl-, bromide chloride, compd.
with zinc chloride; Benzenaminium, 4-[[4-(dimethylami-
no)phenyl][4-(dimethyliminio)-2,5-clohexadien-1-yli-
dene]methyl]-N-ethyl-N,N-dimethyl-, bromide chloride,
compd. with zinc chloride; Benzenaminium, 4-[[4-(di-
methylamino)phenyl][4-(dimethyliminio)-2,5-cyclohex-
adien-1-ylidene]methyl]-N-ethyl-N,N-dimethyl-, bro-
mide chloride, compd. with zinc chloride (ZnCl2); Zinc
chloride (ZnCl2), compd.with 4-[[4-(dimethylamino)phe-
nyl][4-(dimethyliminio)-2,5-cyclohexadien-1-ylidene]
methyl]-N-ethyl-N,N-dimethylbenzenaminium bromide
chloride; Ethyl green; Methyl green; Sigma Ethyl green;
Sigma Methyl green; C. I. 42590

Merck Index Number Not listed

Chemical/Dye Class Triphenylmethane

Molecular Formula C27H35BrClN3�xZnCl2
Molecular Weight 653.24

Physical Form Red-brown powder

Solubility Soluble in water, ethanol; insoluble in xylene

Melting Point >300 �C
pH Range 0.1–2.3

ColorChange at pH Yellow (0.1) to greenish-blue (2.3)

Absorption (lmax) 629 nm, 423 nm

Synthesis Synthetic method1

Staining Applications Brain;2 spinal cord;2 bacteria;3

chromosomes;4 nicotinic acetylcholine receptor;5 nucleic
acids;6–8 phosphates;9 polyphosphates;9 tocopherol;10 to-
copherol acetate10

Biological Applications Detecting phosphates,9 poly-
phosphates,9 tocopherol,10 tocopherol acetate10

Industrial Applications Spatial light modulators;11 se-
curity applications12

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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METHYL ORANGE (ORANGE III)

CAS Registry Number 547-58-0

Chemical Structure

CA Index Name Benzenesulfonic acid, 4-[2-[4-(di-
methylamino)phenyl]diazenyl]-, sodium salt (1:1)

Other Names Benzenesulfonic acid, 4-[[4-(dimethyla-
mino)phenyl]azo]-, sodium salt; Benzenesulfonic acid, p-
[[p-(dimethylamino)phenyl]azo]-, sodium salt; Orange
III; 4-Dimethylaminoazobenzene-40-sulfonic acid sodium
salt; Acid Orange 52; Albion Methyl Orange; C.I. 13025;
C.I. AcidOrange 52; Diazoben; Eniamethyl Orange; Gold
Orange; Helianthine; Helianthine B; KCA Methyl Or-
ange; Methyl Orange B; Methyl Orange; Orange 3;
Sodium 40-(dimethylamino)azobenzene-4-sulfonate;
Sodium 4-(dimethylamino)azobenzene-40-sulfonate;
Sodium 4-[4-(dimethylamino)phenylazo]benzenesulfo-
nate; Sodium p-[[p-(dimethylamino)phenyl]azo]benzene-
sulfonate; Sodium p-dimethylaminoazobenzenesulfo-
nate; Tropaeolin D

Merck Index Number 6105

Chemical/Dye Class Azo

Molecular Formula C14H14N3NaO3S

Molecular Weight 327.33

Physical Form Orange-yellow powder or crystals

Solubility Slightly soluble in water, more soluble in hot
water; practically insoluble in ethanol

Melting Point >300 �C

pH Range 3.0–4.4

Color Change at pH Red (3.0) to yellow (4.4)

pKa 3.76, 3.40

Absorption (lmax) 507 nm

Synthesis Synthetic methods1–11

Staining Applications Albumin;12 leukocytes;13 nu-
cleic acids;1,14,15 protein;16 nails;17 skin;18 hairs19

Biological Applications Detecting microorganisms;20

treating dermatological diseases,21 vaginal affections;22

dental materials;1,23 wound dressing materials1,24,25

Industrial Applications Thin films;1,26,27 nanoparti-
cles;28 liquid crystals;1,29–31 sol–gel matrix;1,32 wave-
guides;1,33 paints;1,34 glass1,35

Safety/Toxicity Carcinogenicity;1,36,37 genotoxi-
city;1,31,38,39 mutagenicity1,40–42

Certification/Approval Certified by Biological Stain
Commission (BSC)
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METHYLTHIAZOLETETRAZOLIUM
(MTT)

CAS Registry Number 298-93-1

Chemical Structure
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CA Index Name 2H-Tetrazolium, 2-(4,5-dimethyl-2-
thiazolyl)-3,5-diphenyl-, bromide (1:1)

Other Names 2H-Tetrazolium, 2-(4,5-dimethyl-2-thia-
zolyl)-3,5-diphenyl, bromide; 3-(4,5-Dimethyl-2-thiazo-
lyl)-2,5-diphenyl-2H-tetrazolium bromide; 2,5-Diphenyl-
3-(4,5-dimethylthiazol-2-yl)-2H-tetrazolium bromide;
2,5-Diphenyl-3-(4,5-dimethylthiazol-2-yl)tetrazolium
bromide; 2-(4,5-Dimethylthiazol-2-yl)-3,5-diphenyl-2H-
tetrazolium bromide; 3-(40,50-Dimethyl-2-thiazolyl)-2,5-
diphenyltetrazolium bromide; 3-(4,5-Dimethyl-2-thiazo-
lyl)-2,5-diphenyltetrazolium bromide; 3-(4,5-Di-
methylthiazolyl)-2,5-diphenyl-2H-tetrazolium bromide;
3-(4,5-Dimethylthiazolyl)-2,5-diphenyltetrazolium bro-
mide; MMT Tetrazolium; MTT; MTT Tetrazolium;

Methylthiazoletetrazolium;NSC60102;Methylthiazolyl-
diphenyl Tetrazolium; Thiazolyl Blue Monotetrazolium;
Thiazolyl blue; Thiazolyl blue (Sigma); Thiazolyl blue
tetrazolium bromide

Merck Index Number Not listed

Chemical/Dye Class Tetrazolium salt

Molecular Formula C18H16BrN5S

Molecular Weight 414.32

Physical Form Yellow to orange powder

Solubility Soluble in water, ethanol, methanol, dimeth-
yl sulfoxide

Melting Point 195 �C (decompose)

Absorption (lmax) 378 nm, 242 nm

Synthesis Synthetic methods1–6

Staining Applications Apoptotic and necrotic cells;7

cells;8–10 endospores;11 glutathione peroxidase;12

lyases;13,14 neurons;15 nucleic acids;16 oospores;17 serum
cholinesterase;18 skin;19 sperms;20,21 tissues22

Biological Applications Cell viability assay;8–10 mi-
crobial growth assays;23,24 DNA quantification assays;25

tissue viability assays;22 detecting enzymes;26 measuring
membrane potential;27 treating Alzheimer’s disease,28

asthma,29 cancer30

Industrial Applications Display devices;31 photo-
graphic materials32

Safety/Toxicity Aquatic toxicity;33 bacterial toxicity;34

carcinogenicity;35 cytotoxicity;36–39 dental toxicity;40,41

DNA damage;42 embryotoxicity;43,44 genotoxicity;45 im-
munotoxicity;46 mitochondrial toxicity;47 nephrotoxici-
ty;48 neurotoxicity;49–52 phototoxicity;53 skin toxicity54
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METHYL VIOLET 2B (METHYL
VIOLET)

CAS Registry Number 8004-87-3

Chemical Structure
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CH3

CA Index Name C.I. Basic Violet 1

Other Names Methyl Violet; Aizen Methyl Violet BB;
Aizen Methyl Violet Pure Special; Basic Violet 1; Basic
Violet 5BN; Basic Violet K; Basonyl Violet 600; C Ext.
Violet 5; C.I. 42535; Gentian Violet B; Methyl Violet 2B;
Methyl Violet 6B; Methyl Violet B; Methyl Violet BB;
Methyl Violet FN; Methyl Violet N; Methyl Violet Pure
Special; Methyl Violet Pure SP; Paris Violet R; Pyoktanin
Blue; Pyoktaninum coeruleum; Violet Powder H 2503

Merck Index Number Not listed

Chemical/Dye Class Triphenylmethane

Molecular Formula Mixture (tetra, penta and hexa) of
the hydrochloride salts of N-methylated forms of para-

rosanilines, predominantly the penta (chemical structure
given above)

Molecular Weight Mixture (tetra, penta and hexa) of
the hydrochloride salts of N-methylated forms of para-
rosanilines, predominantly the penta (chemical structure
given above)

Physical Form Green to dark green crystalline powder

Solubility Soluble in water, ethanol; insoluble in xylene

Melting Point 137 �C (decompose)

pH Range 0.15–3.2

Color Change at pH Yellow (0.15) to violet (3.2)

Absorption (lmax) 584 nm

Emission (lmax) 590 nm

Synthesis Synthetic method1–21

Staining Applications Bacteria;22 cells;23 fish;24 hepa-
rin;25 nematicide granules;26 nucleic acids;1,27 polypep-
tides;38 proteins;28,29 skin;30,31 carious tissue;32 viscous
tissue;33 keratin fibers;34 hairs1,35,36

Biological Applications Antimalarial agent;37 detect-
ing enzyme activity,38 protein–protein interactions;38

treating diabetes,39 ringworm;40 agrochemicals;41 pesti-
cides;41 cosmetics;1,42 wound dressing materials1,43

Industrial Applications Solar cells;1,44 solar energy;45

display devices;1,46 photoresists;1,47 inks;1,48 toners;49

highlighters;1,50 adhesives;51,52 detergent;53 packaging
materials;1,54 lithium battery;1,55 rubber;1,56 cement;57

stainless steel;58 petroleum products;1,59 leather;60 pa-
per;61,62 textiles63

Safety/Toxicity Acute toxicity;1,64 aquatic toxicity;1,65

carcinogenicity;1,66 microbial toxicity;1,67,68 muta-
genicity1,69,70

Certification/Approval Certified by Biological Stain
Commission (BSC)
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MONOBROMOBIMANE (mBBr)

CAS Registry Number 71418-44-5

Chemical Structure

N

N

CH2Br

CH3H3C

H3C

OO

CA Index Name 1H,7H-Pyrazolo[1,2-a]pyrazole-1,7-
dione, 3-(bromomethyl)-2,5,6-trimethyl-

Other Names Bromobimane; Monobromobimane;
NSC 608544; Thiolyte MB

Merck Index Number Not listed

Chemical/Dye Class Pyrazole

Molecular Formula C10H11BrN2O2

Molecular Weight 271.11

Physical Form Yellow powder

Solubility Soluble in acetonitrile, dichloromethane,
methanol, N,N-dimethyl formamide, dimethyl sulfoxide

Melting Point 160–161 �C, 152–154 �C
Boiling Point (Calcd.) 327.8� 44.0 �C, pressure:
760Torr

pKa (Calcd.) �3.57� 0.70, most basic, temperature: 25
�C
Absorption (lmax) 398 nm

Emission (lmax) 490 nm

Synthesis Synthetic method1–11

Staining Applications Cystine;12,13 cysteine;14–16 cys-
teine-17;17 cysteine-111;17 captopril;18 erythrocytes;19

mutants;20 neurons;21 nucleic acids;22 proteins;23–28 pep-
tides;28 sulfhydryls29,30

Biological Applications Glutathione S-transferase sub-
strates;31 detecting glutathione S-transferase,32–38

thiols,39–42 sulfite,43 homocysteine,44 mycothiol,45 sulfur
compounds;45 thiol-reactive probes11,39–42

Industrial Applications Photographic materials46

Safety/Toxicity Hepatotoxicity;47 mutagenicity;48 re-
productive toxicity49
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MQAE

CAS Registry Number 162558-52-3

Chemical Structure

N

H3CO

OC2H5

O

+

Br
_

CA Index Name Quinolinium, 1-(2-ethoxy-2-ox-
oethyl)-6-methoxy-, bromide (1:1)

Other Names 1-(Ethoxycarbonylmethyl)-6-methoxy-
quinolinium bromide; (6-Methoxyquinolinio)acetic acid

ethyl ester bromide;MQAE;Quinolinium, 1-(2-ethoxy-2-
oxoethyl)-6-methoxy-, bromide

Merck Index Number Not listed

Chemical/Dye Class Quinoline

Molecular Formula C14H16BrNO3

Molecular Weight 326.19

Physical Form White powder

Solubility Soluble in water, methanol, dimethyl
sulfoxide

Melting Point 177–179 �C
Absorption (lmax) 350 nm

Emission (lmax) 460 nm

Synthesis Synthetic method1

Staining Applications Chloride ions1–6

Biological Applications Chloride indicator;1–6 diagno-
sis of diseases caused by elemental imbalances;7 detecting
cancer cells,8 spores,8 stress biomarkers9

Industrial Applications Pulp fiber products10

Safety/Toxicity Reproductive toxicity11
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NBD C6-CERAMIDE

CAS Registry Number 86701-10-2

Chemical Structure

CA IndexName Hexanamide,N-[2-hydroxy-1-(hydro-
xymethyl)-3-heptadecen-1-yl]-6-[(7-nitro-2,1,3-benzox-
adiazol-4-yl)amino]-

Other Names Hexanamide, N-[2-hydroxy-1-(hydroxy-
methyl)-3-heptadecenyl]-6-[(7-nitro-2,1,3-benzoxadia-
zol-4-yl)amino]-; Hexanamide, N-[2-hydroxy-1-(hydro-
xymethyl)-3-heptadecenyl]-6-[(7-nitro-4-benzofurazanyl)
amino]-; 2,1,3-Benzoxadiazole, hexanamide derivative;N-
(NBD-aminohexanoyl)sphingosine; NBD C6-ceramide

Merck Index Number Not listed

Chemical/Dye Class Benzoxadiazole

Molecular Formula C30H49N5O6

Molecular Weight 575.74

Physical Form Orange powder

Solubility Soluble in chloroform, methanol, dimethyl
sulfoxide

Melting Point >200 �C
pKa (Calcd.) 13.54� 0.20, most acidic, temperature:
25 �C; �0.78� 0.70, most basic, temperature: 25 �C

Absorption (lmax) 466 nm

Emission (lmax) 536 nm

Synthesis Synthetic methods1–12

Staining Applications Golgi apparatus;9–11,13–27 li-
pids;8,28–32 lipopolysaccharides;33 lipoproteins;34–36

sphingolipids;37–39 vacuoles40

Biological Applications Analyzing lipoproteins;34–36

lipid metabolism;8,28–32 sphingolipid metabolism;37

sphingolipid transport;38 drug screening assay;41 inositol
phosphatidyl ceramide (IPC) synthase assay;42 sphingo-
myelinase activity assay;43 treating fungal infections44

Industrial Applications Semiconductors45

Safety/Toxicity Fungal toxicity;44 tumor necrosis5
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NBD METHYLHYDRAZINE

CAS Registry Number 214147-22-5

Chemical Structure
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CH3H2N

CA Index Name 2,1,3-Benzoxadiazole, 4-(1-methyl-
hydrazinyl)-7-nitro-

Other Names 2,1,3-Benzoxadiazole, 4-(1-methylhy-
drazino)-7-nitro-; MNBDH; NBD methylhydrazine; 4-
(1-Methylhydrazino)-7-nitrobenzofurazan; N-Methyl-4-
hydrazino-7-nitrobenzofurazan; 4-(1-Methylhydrazino)-
7-nitro-benzooxadiazole; 4-(N-Methylhydrazino)-7-ni-
tro-1,2,3-benzooxadiazole

Merck Index Number Not listed

Chemical/Dye Class Benzoxadiazole

Molecular Formula C7H7N5O3

Molecular Weight 209.16

Physical Form Dark brown powder

Solubility Soluble in acetonitrile, methanol

Melting Point 160 �C
Boiling Point (Calcd.) 425.7� 55.0 �C, pressure:
760Torr

pKa (Calcd.) 2.07� 0.30, most basic, temperature:
25 �C
Absorption (lmax) 487 nm

Synthesis Synthetic methods1,2

Staining Applications Nitrite ions3

Biological Applications Nitrite indicator;3 detecting
aldehydes and/or ketones (carbonyl compounds),1,2,4–9

nitroaromatic compounds,10 creatinine in body fluids,11

telmisartan,12 hydrogen peroxide,13 peroxides,13 as a per-
oxidase substrate14

Industrial Applications Not reported

Safety/Toxicity No data available
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NEOTETRAZOLIUM (NT)

CAS Registry Number 298-95-3

Chemical Structure

CA Index Name 2H-Tetrazolium, 3,30-[1,10-biphenyl]-
4,40-diylbis[2,5-diphenyl]-,chloride (1:2)
Other Names 2H-Tetrazolium, 3,30-(4,40-biphenyly-
lene)bis[2,5-diphenyl]-, dichloride; 2H-Tetrazolium,
3,30-[1,10-biphenyl]-4,40-diylbis[2,5-diphenyl]-, dichlor-
ide; 3,30-(4,40-Biphenylylene)bis[2,5-diphenyl-2H-tetra-
zolium chloride]; 2,20-(p-Diphenylene)bis(3,5-diphenyl)
ditetrazolium chloride; 3,30-(4,40-Biphenylene)bis[2,5-di-
phenyltetrazolium chloride]; NSC 27621; NTC; Neo-T;
Neotetrazolium; Neotetrazolium blue; Neotetrazolium
chloride; TP

Merck Index Number 6466

Chemical/Dye Class Tetrazolium salt

Molecular Formula C38H28Cl2N8

Molecular Weight 667.59

Physical Form Light yellow or tan powder

Solubility Soluble in water, ethanol, N,N-dimethyl
formamide; insoluble in ether

Melting Point 297 �C (decompose)

Absorption (lmax) 248 nm

Synthesis Synthetic methods1–7

Staining Applications Lipoproteins;8 skin9

BiologicalApplications Antifungal agent;10 glucose-6-
phosphate dehydrogenase activity assays;11 microbial
growth assays;12 detecting bacteria,13 cancer cells,14gam-
ma-hydroxybutyric acid (GHB),15 microorganisms;16

treating cancer17

Industrial Applications Recording materials;18,19

toner20,21

Safety/Toxicity No data available
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NEUTRAL RED

CAS Registry Number 553-24-2

Chemical Structure
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CA Index Name 2,8-Phenazinediamine, N8,N8,3-tri-
methyl-, hydrochloride

Other Names 3-Amino-7-dimethylamino-2-methyl-
phenazine hydrochloride; Aminodimethylaminotoluami-
nozine hydrochloride; Cerven neutralni; Cerven toluyle-
nova; C.I. 50040; C.I. Basic Red 5; C.I. Basic Red 5,
monohydrochloride; Kernechrot; Michrome No. 226;
Neutral Red; Neutral Red W; Nuclear Fast Red (basic
dye); 2,8-Phenazinediamine, N8,N8,3-trimethyl-, mono-
hydrochloride; Toluylene red

Merck Index Number 6488

Chemical/Dye Class Phenazine

Molecular Formula C15H17ClN4

Molecular Weight 288.78

Physical Form Dark green or brownish-black powder

Solubility Soluble in water, ethanol, ethylene glycol;
practically insoluble in xylene

Melting Point 290 �C (decompose)

pH Range 6.8–8.0

Color Change at pH Red (6.8) to yellow (8.0)

pKa 6.7, 7.4

Absorption (lmax) 540 nm, 533 nm

Emission (lmax) 640 nm

Synthesis Synthetic methods1–3

Staining Applications Cells;4 lysosomes;5,6 nuclei;7

nucleic acids;8,9 retina10

Biological Applications Detecting pathogens,11 bacte-
rial infections;1,12 treating age-related macular degenera-
tion,1,13 burns,1,14 cancer,1,15 diabetes,1,16 obesity,1,16 fun-
gal infections,17,18 viral diseases1,19

Industrial Applications Liquid crystal displays;1,20 fu-
el cells;1,21 photovoltaic cells;22 solar cells;1,22 photochro-
micmaterials;23 sensors;1,24 thermochromicmaterials;1,25

detergents;1,26 wood1,27

Safety/Toxicity Combustion toxicity;1,28 cytotoxici-
ty;1,29–31 DNA damage;32,33 lysosomal stability;32,33 gen-
otoxicity;1,34–36 microbial toxicity;37 mutagenicity;1,38,39

nephrotoxicity;1,40 neurotoxicity;32 phototoxocity;1,41–43

soil toxicity1,44

Certification/Approval Certified by Biological Stain
Commission (BSC)
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NEWPORT GREEN DCF

CAS Registry Number 288374-37-8

Chemical Structure
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CA Index Name Spiro[isobenzofuran-1(3H),90-[9H]
xanthene]-5-carboxamide, N-[4-[bis(2-pyridinylmethyl)
amino]phenyl]-20,70-dichloro-30,60-dihydroxy-3-oxo-, po-
tassium salt (1:2)

Other Names Spiro[isobenzofuran-1(3H),90-[9H]xan-
thene]-5-carboxamide, N-[4-[bis(2-pyridinylmethyl)ami-
no]phenyl]-20,70-dichloro-30,60-dihydroxy-3-oxo-, dipo-
tassium salt; Newport Green; Newport Green DCF dipo-
tassium salt

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C39H24Cl2K2N4O6

Molecular Weight 793.74

Physical Form Solid

Solubility Soluble in water

Melting Point >200 �C
Absorption (lmax) 506 nm

Emission (lmax) 535 nm

Synthesis Synthetic method1

Staining Applications Zinc ions;1–12,16 chromium;2

manganese;2 iron;2 cobalt;2,16 copper;2,15 nickel;2

cadmium12–16

Biological Applications Zinc indicator;1–12,16 early di-
agnosis of prostate cancer;3 treating herpes virus
infection10

Industrial Applications Not reported

Safety/Toxicity No data available
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NEWPORT GREEN PDX

CAS Registry Number 612502-05-3

Chemical Structure
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CA Index Name 3H-Xanthen-3-one, 9-[4-[bis(2-pyri-
dinylmethyl)amino]phenyl]-2,7-difluoro-6-hydroxy-

Other Names Newport Green PDX

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C31H21F2N3O3

Molecular Weight 521.51

Physical Form Solid

Solubility Soluble in water

Melting Point >200 �C
Boiling Point (Calcd.) 750.1� 60.0 �C, pressure:
760Torr

pKa (Calcd.) 7.93� 0.60, most acidic, temperature: 25
�C; 4.28� 0.12, most basic, temperature: 25 �C
Absorption (lmax) 490 nm

Emission (lmax) 518 nm

Synthesis Synthetic method1

Staining Applications Zinc ions;1 mitochondria2

Biological Applications Zinc indicator1

Industrial Applications Not reported

Safety/Toxicity No data available
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NIGROSIN

CAS Registry Number 8005-03-6

Chemical Structure No structure diagram available as
it is a mixture

CA Index Name C.I. Acid Black 2

OtherNames Nigrosine;ADCNigrosineBlackB;Acid
Black 2; Acid Black WR; Acid Nigrosine; C.I. 50420;
Calco Nigrosine O 2P; Conacid Black B; Cramity 81;
Dinacid Nigrosine WS; Dyacid Nigrosine NBS Xtals;
Dycosacid Nigrosine NBL (Bluish); Dycosacid Nigrosine
NBL (Reddish); Lurazol Deep Blue EB; Nigrosin; Nigro-
sine (Crystals)NBL(Blush); Nigrosine (Crystals)NBL
(Reddish); Nigrosine B; Nigrosine CBRS; Nigrosine
Crystals; Nigrosine MS; Nigrosine NB; Nigrosine NB
conc; Nigrosine NBSS Water Soluble; Nigrosine NN
Water Soluble; Nigrosine WL Water Soluble; Nigrosine
WLAH; Nigrosine WLF; Nigrosine WLF Uncut; Nigro-
sine WLL; Nigrosine WSB; Nigrosine Water Soluble;
Nigrosine black; Nigtrosine WS; Nubian Black PA
9801; Nubian Black PA9803; Oil Black FS Special; Oil
Black S; Orient Nigrosine BR; Orient Nigrosine OZ;
Orient Nubian Black PA 9801; Orient Nubian Black PA
9803; Orient Water Black R 455; Orient Water Black R
456; OrientWater Black R 500; OrientWater Black R 510;
Pacid Black 2; Pacid Leather Black; Sandopel Basic Black
BHLN; Triacid Nigrosine WS; Vicoacid Nigrosine Black;
Victacid Nigrosine Black Crystals; Water Black 179128;
Water BlackR 455;Water BlackR 500;Water BlackR 510

Merck Index Number Not listed

Chemical/Dye Class Azine

Molecular Formula Mixture, unspecified

Molecular Weight Mixture

Physical Form Black crystals or powder

Solubility Soluble in water; slightly soluble in ethanol

Melting Point Mixture

Absorption (lmax) 570 nm

Synthesis Synthetic method1–11

Staining Applications Cells;12 gel;13 olives;14 pro-
teins;15,16 soy sauce;17 sperms;18,19 lips;20 eyelids;20 eye-
brows;20 keratin fibers;21 hairs22

Biological Applications Diagnostic assay;23

rodenticide24

Industrial Applications Semiconductor devices;25 fuel
cells;26 color filters;27 liquid crystal displays;27 electro-
phoretic display;28 photoresists;29,30 inks;31–33 toners;34,35

photography;36 thermoplastic materials;37,38 furniture and
building materials;39 paints;40 leather;41,42 plastics;43

waxes;43 cleaners;43 steel;44 wood45

Safety/Toxicity Genotoxicity;46mutagenicity;47 percu-
taneous toxicity48

Certification/Approval Certified by Biological Stain
Commission (BSC)
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NILE BLUE A

CAS Registry Number 3625-57-8

Chemical Structure

CA IndexName Benzo[a]phenoxazin-7-ium, 5-amino-
9-(diethylamino)-, sulfate (2:1)

Other Names Bis[5-amino-9-(diethylamino)benzo[a]
phenazoxonium] sulfate; C.I. 51180; C.I. Basic Blue
12; Nile blue sulfate; 5-Amino-9-(diethylamino)benzo
[a]phenoxazinium sulfate; Nile Blue A; Nile Blue A
sulfate

Merck Index Number Not listed

Chemical/Dye Class Phenoxazine

Molecular Formula C40H40N6O6S

Molecular Weight 732.85

Physical Form Dark green powder

Solubility Soluble in water, ethanol

Melting Point >300 �C (decompose)

Absorption (lmax) 633 nm

Synthesis Synthetic method1–5

Staining Applications Bacteria;6 erythrocytes;7 leuko-
cytes;8 erythroblasts;8 fungi;9 granulated cells;10 intima;11

lesions;11 neurons;12 nucleic acids;13–16 phospholipids;17

proteins;18,19 lipids;19–21 tumor cells22

Biological Applications Detecting microorganisms;23

treating virus infectious diseases;24 photodynamic
therapy25

Industrial Applications Dye laser;3 electrochromic
display device;26 light-emitting diode;27 semiconduc-
tors;28 thin film materials;29 laundry detergent;30 paper;31

textiles32

Safety/Toxicity Acute toxicity;33 cytotoxicity;34 mi-
crobial toxicity35

Certification/Approval Certified by Biological Stain
Commission (BSC)
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NITRO BLUE TETRAZOLIUM (NBT)

CAS Registry Number 298-83-9

Chemical Structure

CA Index Name 2H-Tetrazolium, 2,20-(3,30-dimethoxy
[1,10-biphenyl]-4,40-diyl)bis[3-(4-nitrophenyl)-5-phe-
nyl]-, chloride (1:2)

Other Names 2H-Tetrazolium, 2,20-(3,30-dimethoxy
[1,10-biphenyl]-4,40-diyl)bis[3-(4-nitrophenyl)-5-phe-
nyl]-, dichloride; 2H-Tetrazolium, 3,30-(3,30-dimethoxy-
4,40-biphenylylene)bis[2-(p-nitrophenyl)-5-phenyl]-,
dichloride; Tetrazolium, 3,30-(3,30-dimethoxy-4,40-biphe-
nylylene)bis[2-(p-nitrophenyl)-5-phenyl-2H-chloride]; 2,
20-Bis(p-nitrophenyl)-5,50-diphenyl-3,30-(3,30-dimethoxy-
4,40-biphenylylene)ditetrazolium chloride; 2,20-Bis(p-ni-
trophenyl)-5,50-diphenyl-3,30-(3,30-dimethoxy-4,40-di-
phenylene)ditetrazolium chloride; 2,20-Di-p-nitrophenyl-
5,50-diphenyl-3,30-bis(3,30-dimethoxy-4,40-biphenylene)
ditetrazolium chloride; 2,20-Dinitrophenyl-5,50-diphenyl-
3,30-dimethoxy-4,40-diphenylene)ditetrazolium chloride;
3,30-(3,30-Dimethoxy-4,40-biphenylylene)bis[2-(p-nitro-
phenyl)-5-phenyl-2H-tetrazolium chloride]; 3,30-(3,30-
Dimethoxy-4,40-diphenylene)bis[2-(p-nitrophenyl)-5-
phenyltetrazolium chloride]; NBT; NBT (dye); NSC
27622; NTB; Nitro BT; Nitro Blue Tetrazolium; Nitro
Blue Tetrazolium chloride; Nitro Tetrazolium BT; Nitro-
tetrazolium Chloride Blue; Nitrotetrazolium blue; Tetra-
zolium Nitro BT; Tetrazolium nitro blue; p-NBT; p-Nitro
blue tetrazolium; p-Nitro blue tetrazolium chloride; p-
Nitrotetrazolium blue

Merck Index Number Not listed

Chemical/Dye Class Tetrazolium salt

Molecular Formula C40H30Cl2N10O6

Molecular Weight 817.64

Physical Form Yellow powder

Solubility Soluble in water, ethanol, methanol, dimeth-
yl sulfoxide

Melting Point 189 �C
Absorption (lmax) 256 nm

Synthesis Synthetic methods1–6

Staining Applications Antibody;7 antigen;8 cells;9 di-
hydrolipoamide dehydrogenase (DLDH) diaphorase;10

enzymes;11,12 gene expression13

Biological Applications Diagnosis of Alzheimer’s dis-
ease,14 bacterial vaginosis,15 behavioral disturbances in
children,16 Hirschsprung disease;11 phosphatase assay;17

phytase assay;18 detecting bacteria,19 microorganisms,20

phosphoinositides,21 yeast;22 generating and detecting
reactive oxygen species;23–25 treating cancer,26 neuro-
pathic pain27

Industrial Applications Microchip28

Safety/Toxicity Carcinogenicity;29 chronic toxicity;30

cytotoxicity;31–33 hepatotoxicity;34 mitochondrial dam-
age;35 mutagenicity;36 nephrotoxicity;37 neurotoxici-
ty;38–40 ototoxicity;41 phototoxicity;42,43 pulmonary
toxicity44
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NONYL-ACRIDINE ORANGE (NAO)

CAS Registry Number 75168-11-5

Chemical Structure

NN N

(CH2)8CH3 CH3

CH3H3C

CH3

_
Br

+

CA Index Name Acridinium, 3,6-bis(dimethylamino)-
10-nonyl-, bromide (1:1)

Other Names Acridinium, 3,6-bis(dimethylamino)-10-
nonyl-, bromide; 10-nonyl acridine orange; A 1372; Ac-
ridine Orange 10-nonyl bromide; Nonylacridine orange;
NAO

Merck Index Number Not listed

Chemical/Dye Class Acridine

Molecular Formula C26H38BrN3

Molecular Weight 472.50

Physical Form Orange-red powder

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Melting Point >250 �C
Absorption (lmax) 495 nm

Emission (lmax) 519 nm

Synthesis Synthetic method1

Staining Applications Mitochondria;1–11,21,23,25,28 li-
posomes;12 nerve terminals;13 cardiolipin;14–18 blood
cells27

BiologicalApplications Detecting cardiolipin,14–18mi-
tochondrial membrane potential,19,20 risk of type 2 diabe-
tes,21 cardiotoxicity,22 prostate cancer;23 apoptosis as-
say;24,25 drug screening assay;26 hematotoxicity assay;27

treating arthritic disorders;28 in photodynamic therapy;29

ophthalmic applications30

Industrial Applications Not reported

Safety/Toxicity No data available
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NUCLEAR YELLOW

CAS Registry Number 74681-68-8

Chemical Structure

CA IndexName Benzenesulfonamide, 4-[5-(4-methyl-
1-piperazinyl)[2,50-bi-1H-benzimidazol]-20-yl]-, hydro-
chloride (1:3)

Other Names Benzenesulfonamide, 4-[5-(4-methyl-1-
piperazinyl)[2,50-bi-1H-benzimidazol]-20-yl]-, trihy-
drochloride; 4-[5-(4-Methyl-1-piperazinyl)[2,50-bi-1H-
benzimidazol]-20-yl]-benzenesulfonamide; Hoechst
S769121; Hoechst S769121 trihydrochloride; Nuclear
yellow

Merck Index Number Not listed

Chemical/Dye Class Benzimidazole

Molecular Formula C25H28Cl3N7O2S

Molecular Weight 596.96

Physical Form Yellow to green powder

Solubility Soluble in dimethyl sulfoxide, water

Melting Point >300 �C

Absorption (lmax) 355 nm

Emission (lmax) 495 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–5 cells;6 chro-
mosomes;7 lysosomes;8 mitochondria;9 neurons;1,10–13

spinal cord14

Biological Applications Detecting nucleic acid,2–5,15

proteins,15 carbohydrates,15 lipids;15 carrying out poly-
merase chain reaction (PCR);16 drug-targeting agent;17

nerve mapping18

Industrial Applications Not reported

Safety/Toxicity No data available
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OIL RED O

CAS Registry Number 1320-06-5

Chemical Structure

CA Index Name 2-Naphthalenol, 1-[2-[4-[2-(di-
methylphenyl)diazenyl]dimethylphenyl]diazenyl]-

OtherNames 2-Naphthalenol, 1-[[4-[(dimethylphenyl)
azo]dimethylphenyl]azo]-; C.I. Solvent Red 27; Oil Red
O; Aizen SOTRed 2; C.I. 26125; D and C Red No. 18; Fat
Red 5B; Fat Red 5B02; Oil Red 5303; Oil Red 5B; Oil Red
6B; Oil Red OS; Orient Oil Red 5B; Red OS; SOT Red 2;
Solvent Red 27; 1-([4-(Xylylazo)xylyl]azo)-2-naphthol

Merck Index Number Not listed

Chemical/Dye Class Azo

Molecular Formula C26H24N4O

Molecular Weight 408.49

Physical Form Red to dark greenish-brown powder

Solubility Slightly soluble in water, ethanol; soluble in
acetone, benzene, ethyl acetate, toluene, xylene, ethylene
glycol

Melting Point 120 �C (decompose)

Absorption (lmax) 518 nm, 359 nm

Synthesis Synthetic method1–4

Staining Applications Aortic valves;5 cornea verticil-
lata;6 human adipose-derived stem cells;7 intramyocellu-
lar lipid;8 lipids;9,10 lipid droplets;11–13 mitochondria;13

liposomes;14 lipoproteins;15 apolipoproteins;15 neutral
lipids;16 nematodes;17 natural fibers;18 plant cuticle;18

pancreatic fibroblastoid/stellate cells;19 plant;20 siroli-
mus;21 spinal fluid;22 wheat flour;23 fats/oils;23 hairs24

Biological Applications Detecting early stages of ath-
erosclerotic lesion formation;25 treating obesity,26 hyper-
lipidemia,26 fatty liver,26 leptin production disorders;27

dental impression material;28 measuring phagocytosis29

Industrial Applications Color filters;30 liquid crys-
tals;31,32 photoresists;33 liquid crystal displays;34,35

inks;36,37 toners;38 adhesive paper;39 electrophotogra-
phy;40 optical devices;41 air freshners;42 furniture pol-
ish;43 pesticide;44 plastic lenses;45 steel materials;46 tex-
tiles;47 petroleum products;48,49 perfumes;50 wood
products51

Safety/Toxicity Cytotoxicity;52,53 deformation of lipid
droplets;12 cardiovascular toxicity;54 nephrotoxicity55

Certification/Approval Certified by Biological Stain
Commission (BSC)
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ORANGE II (TROPAEOLIN OOO)

CAS Registry Number 633-96-5

Chemical Structure

N N

HO

NaO3S

CA Index Name Benzenesulfonic acid, 4-[2-(2-hy-
droxy-1-naphthalenyl)diazenyl]-, sodium salt (1:1)

Other Names Acid Orange; Acid Orange A; Benzene-
sulfonic acid, 4-[(2-hydroxy-1-naphthalenyl)azo]-,mono-
sodium salt; C.I. Acid Orange 7, monosodium salt; Ben-
zenesulfonic acid, p-(2-hydroxy-1-naphthylazo)-, sodium
salt; b-Naphthol Orange; b-Naphthyl orange; 11550 Or-
ange; 2-Naphthol Orange II; AO 7; Acid Leather Orange
PRW; Acid Leather Orange extra; Acid Orange 7; Acid
Orange II; Acilan Orange II; Airedale Orange II; Amacid
Orange Y; Amacid Orange Y Conc; Apollo Acid Orange
II; Atul Acid Orange II; BTK Orange II; Basacid Orange
280; Basacid Orange 282; Benzenesulfonic acid, 4-[2-(2-
hydroxy-1-naphthalenyl)diazenyl]-, monosodium salt;
Betanaphthol orange; Borunil Orange A 2R; Brasilan
Orange A; Bucacid Orange A; C Ext. Orange 8; C.I.
15510; C.I. Acid Orange 7; Calcocid Orange Y; Certiqual
Orange II; Colacid Orange; Colocid Orange II; Color-
osacidOrange;ConacidOrangeL; ConcordeAcidOrange
II; Concorde Leather Orange MT; Covalene Orange II;
Curol Orange; D and C Orange 4 Aluminum Lake; D and
C Orange No. 4; D&C Orange #4; D&C Orange No. 4;
D&C Orange No. 4-307005; D&C Orange No. 4-90121;
Daedo Acid Orange 2G; Derma Fur Orange R 125;
Dermacid Orange 2R; Diacid Orange II; Dinacid Orange
II; Duasyn Acid Orange P; Dyacid Orange II; Dycosacid
Orange Yellow II; Dynacid Orange Y; Egacid Orange II;
Eniacid Orange II; Erio Orange II; Everacid Orange II;
Fenazo Orange; Hidacid Orange II; Hispacid Orange AF;
Ichoacid Orange II; Indacid Orange II; Japan Orange 205;
Japan Orange No. 205; Java Orange II; Kemacid Orange
II; Keyacid Orange II; Kiton Orange II; Kromon Lake
Orange Toner; Lake Orange A; Lake Orange II YS;
Leather Orange Extra; Libacid Orange LII; Lurazol Or-
ange E; Lurazol Orange EBR; Lutetia Orange 3JR; Man-
darin G; Multacid Orange II; Multicuer Orange II; Naph-

thalene Lake Orange G; Naphthalene Orange G; Naphthol
Orange; Naphthol Red J; Naphtocard Orange II; Neelicol
Orange II; Neklacid Orange II; No. 177 Orange Lake;
Nubilon Orange R; Orange 2; Orange 2 sodium salt;
Orange Extra N; Orange Extra P; Orange II; Orange II
307004; Orange II 90121; Orange II Special For Lacquer;
Orange II for Lakes; Orange IIC; Orange IIP; Orange IIS;
Orange IISM; Orange No. 205; Orange Toner GRT;
Orange Y; Orange YA; Orange YZ; Pacid Orange II;
PeeracidOrange II; PersianOrange; PersianOrange Lake;
PersianOrangeX; PureOrange II S; RifaAcidOrange 2G;
Rifa Acid Orange II; Rifa Leather Orange BR; Ritacid
Orange II; Romexal Orange; Rybacel Orange A; Sandal
Acid Orange II; Sanyo Gum Orange A; Sodium 4-(2-
hydroxy-1-naphthylazo)benzenesulfonate; Solar Orange;
Special Orange GR; Special Orange H; Sulfacide Orange
JR; Symuler Orange Lake 43; Symulon Acid Orange II;
Takaoka Acid Orange II; Tangarine Lake X 917; Tertracid
Orange II; Triacid Orange II; Tropaeolin OOO; Tropaeo-
lin OOO 2; Tropeolin OOO; Vibra Color Orange AOR 7;
Vicoacid Orange II; Vondacid Orange II; Vopsider Orange
A;Water Orange 060506;Wool Orange A; p-(2-Hydroxy-
1-naphthylazo)benzenesulfonic acid sodium salt

Merck Index Number 6858

Chemical/Dye Class Azo

Molecular Formula C16H11N2NaO4S

Molecular Weight 350.32

Physical Form Orange-brown powder

Solubility Very soluble in water; very slightly soluble in
ethanol

Melting Point 164 �C
pH Range 7.4–8.6; 10.2–11.8

Color Change at pH Amber (7.4) to orange (8.6);
orange (10.2) to red (11.8)

pKa 8.26, 11.4

Absorption (lmax) 483 nm

Synthesis Synthetic methods1–9

Staining Applications Drinks;10 candies;10 Heinz bod-
ies in erythrocytes;11 Horny cells;12 eye shadow;13

lips;14,15 skin;14–17 tooth;18 hairs;1,19–22 keratin fibers23,24

Biological Applications Cosmetics;1,15,25 wound
dressing materials1,26

Industrial Applications Organic light emitting de-
vices;1,27 inks;1,28 cleansing products;29 textiles1,30

Safety/Toxicity Acute toxicity;1,31 carcinogenicity;1,32

environmental toxicity;33 fish toxicity;1,34 genotoxi-
city;1,35 mutagenicity1,36,37
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ORANGE G

CAS Registry Number 1936-15-8

Chemical Structure

SO3Na

SO3Na

HO

N

N

CA Index Name 1,3-Naphthalenedisulfonic acid, 7-
hydroxy-8-(2-phenyldiazenyl)-, sodium salt (1:2)

Other Names 1,3-Naphthalenedisulfonic acid, 7-hy-
droxy-8-(phenylazo)-, disodium salt; 2-Naphthol-6,8-dis-
ulfonic acid, 1-phenylazo-, disodium salt; C.I. Acid Or-
ange 10;C.I. AcidOrange 10, disodium salt; 1370Orange;
Acid Crystal Orange; Acid Fast Orange EGG; Acid Fast
Orange G; Acid Fast Orange GG; Acid Leather Orange G;
Acid Leather Orange KG; Acid Leather Orange PGW;
Acid Lightfast Orange; Acid Orange 10; Acid Orange 2G;
Acid Orange 2GL; Acid Orange EGG; Acid Orange G;
Acid Orange G Crystal; Acid Orange GG; Acid Orange
Lightfast; Acidal Fast Orange; Acilan Orange GX; Ama-
cid Crystal Orange; Amacid Light Orange G; Anadurm
Orange A-G; Apocid Orange 2G; Atul Acid Crystal
Orange G; Brasilan Orange 2G; Bucacid Fast Orange
G; C.I. 16230; C.I. Food Orange 4; Calcocid Fast Light
Orange 2G; Certicol Orange GS; Cetil Light Orange GG;
Colacid Orange G; Colocid Orange 2G; Colorosacid
Orange 10; Concorde Acid Orange L-GX; Crystal Orange
2G; Crystal Orange G; D and C Orange No. 3; Dinacid
Crystal Orange G; Dolkwal Orange G; Duasyn Acid
Orange GG; Dyacid Orange G; Dynacid Orange 2G;
Egacid Orange GG; Eniacid Light Orange G; Erio Fast
Orange AS; Fabracid Orange FL; Fast Acid Orange G;
Fast Light Orange G; Fast Light Orange GA-CF; Fenazo
Light Orange 2G; Food Orange 4; Food Orange GG;
HexacolOrangeG;HexacolOrangeGGCrystals; Hidacid
Fast Orange G; Hispacid Fast Orange 2G; Indacid Crystal

Orange; Kemacid Crystal Orange G; Keyacid Orange 2G;
Kiton Fast Orange G; Light Orange G; Multacid Orange
2G; Naphthalene Fast Orange 2G; Naphthalene Fast Or-
ange 2GS; Naphthazine Orange 2G; Neelicol Orange G;
Neklacid Fast Orange GG; Orange 2G; Orange BPC;
Orange G; Orange G dye; Orange GBPC; Orange GG;
Pacid Orange G 10; Sandolan Fast Orange E-GL; Sando-
lan Orange E-GL; Solar Light Orange GX; Straight Or-
ange G; Tetracid Light Orange G; Triacid Light Orange
2G; Vicoacid Orange IJ; Victacid Orange IJ; Vondacid
Light Orange 2G; Water Orange 145924; Wool Orange
2G; Wool Orange G; Xylene Fast Orange G

Merck Index Number Not listed

Chemical/Dye Class Azo

Molecular Formula C16H10N2Na2O7S2

Molecular Weight 452.37

Physical Form Orange to red powder

Solubility Soluble in water, methyl cellosolve; slightly
soluble in ethanol; insoluble in xylene

Melting Point 141 �C
pH Range 11.5–14.0

Color Change at pH Yellow (11.5) to pink (14.0)

pKa 12.8

Absorption (lmax) 475 nm

Synthesis Synthetic method1–6

Staining Applications Adenohypophyseal cells;7 cla-
vanins;8 cells;9 eosinophil leukocyte granules;10 fungi;11

food;12 drinks;13 candies;13 lymph nodes;14 pap smears;15

proteins;16,17 keratin fibers;18 hairs;19 skin;20,21 sputum;22

glial tumors;23 zein membranes;24 urinary sediments25

Biological Applications Detecting lung cancer metas-
tasis;14 measuring glycated proteins;26 ophthalmic
devices27

Industrial Applications Inks;28,29 highlighters;30 pho-
tography;31 plastics;32 paper;33 textiles;34–36 wood37

Safety/Toxicity Acute oral toxicity;38 bacterial toxici-
ty;40 carcinogenicity;39,41–46 chromosomal aberra-
tion;46–48 freshwater shrimp toxicity;49 genotoxicity;50,51

hematotoxicity;52 mutagenicity;41,42,53–57 serological
toxicity;52 short-term toxicity58,59

Certification/Approval Certified by Biological Stain
Commission (BSC)
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ORCEIN

CAS Registry Number 1400-62-0

Chemical Structure Note: Orcein is a mixture of 14
dyes. The major components of orcein are given below:

O

N

X

R1

CH3CH3

R2

HO CH3

OH
Orcinol

Orcein R1 R2 X

a-Aminoorcein H NH2 O

a-Hydroxyorcein H OH O

b- and g-Aminoorcein Orcinol NH2 O

b- and g-Hydroxyorcein Orcinol OH O

b- and g-Aminoorceimine Orcinol NH2 NH

CA Index Name Orcein

Other Names C.I. 1242; C.I. Natural Red 28

Merck Index Number 6863

Chemical/Dye Class Phenoxazine

Molecular Formula Unspecified (it is a mixture)

Molecular Weight Unspecified (it is a mixture)

Physical Form Brownish-red or brownish-black pow-
der or crystals

Solubility Insoluble in water, benzene, chloroform,
ether; soluble in ethanol, acetone, acetic acid; soluble in
aqueous alkali

Melting Point Unspecified (it is a mixture)

Boiling Point Unspecified (it is a mixture)

pKa 4.0, 6.9, 13.4

Absorption (lmax) 575 nm

Emission (lmax) 585–590 nm

Synthesis Synthetic methods1–17

Staining Applications Bronchial elastic fibers;18 chro-
mosomes;19 eosinophil granules;20 elastic fibers;21,22 em-
bryos;23 fibronectin;24 vitronectin;24 hepatocytes;25 hepa-
titis B virus;26 hepatitis;27 hepatocellular carcinoma;27–31

hepatitis B surface antigen (HBsAg);32–34 histamine;35

Kupffer cells;36 leukocytes;37 lipids;38 mucins;39 lipopro-
teins;40 plasma proteins;40 nucleic acids;41 oocytes;42

hairs43,44

Biological Applications Diagnosis of liver biopsy;45

detecting Candida,46 hepatitis B surface antigen in fixed
tissues,30 histamines,35 HBsAg in liver cell,32

microorganisms47

Industrial Applications Textiles48

Safety/Toxicity Carcinogenicity49

Certification/Approval Certified by Biological Stain
Commission (BSC)
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OXONOL V

CAS Registry Number 61389-30-8

Chemical Structure

CA Index Name 5(4H)-Isoxazolone, 4-[5-(5-hydroxy-
3-phenyl-4-isoxazolyl)-2,4-pentadien-1-ylidene]-3-
phenyl-

Other Names Bis[3-phenyl-5-oxoisoxazol-4-yl]penta-
methineoxonol; 4-[5-(5-Hydroxy-3-phenyl-4-isoxazo-
lyl)-2,4-pentadienylidene]-3-phenyl-5(4H)-isoxazolone;
5(4H)-Isoxazolone, 4-[5-(5-hydroxy-3-phenyl-4-isoxa-
zolyl)-2,4-pentadienylidene]-3-phenyl-; 1,5-Penta-1,3-
dien-1-yl-5-ylidene-bis(5-oxo-3-phenyl-4-isoxazole);
OX-V; Oxonol V

Merck Index Number Not listed

Chemical/Dye Class Oxonol; Isoxazole

Molecular Formula C23H16N2O4

Molecular Weight 384.38

Physical Form Dark green powder

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Melting Point 200.5–201.5 �C (decompose)

Boiling Point (Calcd.) 634.1� 65.0 �C, pressure:
760Torr

pKa (Calcd.) 5.06� 0.50, most acidic, temperature:
25 �C; �3.45� 0.50, most basic, temperature: 25 �C
Absorption (lmax) 610 nm

Emission (lmax) 639 nm

Synthesis Synthetic methods1,2

Staining Applications Cerebral cortex;3 chromaffin
granule;4 lipid vesicles;5 liposomes;6 proteoliposomes;7

submitochondrial particles8

Biological Applications Measuring membrane poten-
tial;4,7,9–14 potassium channel openers;15 BK channel
activator;16 pyrophosphate assay17

Industrial Applications Photographic materials18

Safety/Toxicity No data available
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OXONOL VI

CAS Registry Number 64724-75-0

Chemical Structure

CA Index Name 5(4H)-Isoxazolone, 4-[5-(5-hydroxy-
3-propyl-4-isoxazolyl)-2,4-pentadien-1-ylidene]-3-
propyl-

Other Names 1,5-Bis(5-oxo-3-propylisoxazol-4-yl)
pentamethine oxonol; Bis[3-porpyl-5-oxoisoxazol-4-yl]
pentamethineoxonol; 5(4H)-Isoxazolone, 4-[5-(5-hy-
droxy-3-propyl-4-isoxazolyl)-2,4-pentadienylidene]-3-
propyl-; OX-VI; Oxonol VI

Merck Index Number Not listed

Chemical/Dye Class Oxonol; Isoxazole

Molecular Formula C17H20N2O4

Molecular Weight 316.35

Physical Form Dark brown powder

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Boiling Point (Calcd.) 499.4� 55.0 �C, pressure:
760Torr

pKa (Calcd.) 5.40� 0.50, most acidic, temperature: 25
�C; �2.35� 0.50, most basic, temperature: 25 �C
Absorption (lmax) 599 nm

Emission (lmax) 634 nm

Synthesis Synthetic methods1,2

Staining Applications Bacteria;3 liposomes;4 proteoli-
posomes;5,6 lipid particles;7 lipid vesicles;8,9 proteins;10

sarcoplasmic reticulum;11 submitochondrial particles12

Biological Applications Measuring membrane poten-
tial;3,4,6,9,11,13–20 treating Alzheimer’s disease;21 potassi-
um channel openers22

Industrial Applications Not reported

Safety/Toxicity No data available
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PARAROSANILINE
HYDROCHLORIDE

CAS Registry Number 569-61-9

Chemical Structure

NH2

H2N NH2

+ _
Cl

CA Index Name Benzenamine, 4,40-[(4-imino-2,5-cy-
clohexadien-1-ylidene)methylene]bis-, hydrochloride
(1:1)

Other Names Benzenamine, 4,40-[(4-imino-2,5-cyclo-
hexadien-1-ylidene)methylene]bis-, monohydrochloride;
Benzenamine, 4-[(4-aminophenyl)(4-imino-2,5-cyclo-
hexadien-1-ylidene)methyl]-, monohydrochloride; C.I.
Basic Red 9, monohydrochloride; Para Magenta; Basic
Parafuchsine; Basic Red 9; C.I. 42500; C.I. Basic Red 9;

Calcozine Magenta N; Fuchsine DR 001; Fuchsine SP;
Fuchsine SPC; Orient Para Magenta Base; Parafuchsin;
Parafuchsine; Pararosaniline; Pararosaniline chloride;
Pararosaniline hydrochloride; p-Fuchsin; p-Fuchsine; p-
Rosaniline hydrochloride

Merck Index Number Not listed

Chemical/Dye Class Triphenylmethane

Molecular Formula C19H18ClN3

Molecular Weight 323.82

Physical Form Dark green crystals

Solubility Soluble in water, ethanol; insoluble in ether

Melting Point 268–270 �C (decompose)

Absorption (lmax) 545 nm

Synthesis Synthetic methods1–11

Staining Applications Cytokines;12 antigen-specific
antibody;12 leukocytes;13 nuclei;14 nucleic acids;15,16

parasites;17 precancerous cells;18 prions;19 hairs;20 kera-
tine fibers21

Biological Applications Detecting breast cancer;22

treating pathogens23

Industrial Applications Optical waveguides;24 semi-
conductor materials;25 nanoparticles;26 inks;27–29 high-
lighters;30 toner;31 textiles;32 wood33

Safety/Toxicity Carcinogenicity;34–41 chemical toxici-
ty;42 chromosomal aberration;39,43,44 genotoxicity;45

mutagenicity37,42,46–48

Certification/Approval Certified by Biological Stain
Commission (BSC)
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PBFI

CAS Registry Number 124549-11-7

Chemical Structure
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CA Index Name 1,3-Benzenedicarboxylic acid, 4,40-
[1,4,10,13-tetraoxa-7,16-diazacyclooctadecane-7,16-
diylbis(5-methoxy-6,2-benzofurandiyl)]bis-

Other Names 1,4,10,13-Tetraoxa-7,16-diazacyclooc-
tadecane, 1,3-benzenedicarboxylic acid derivative; PBFI

Merck Index Number Not listed

Chemical/Dye Class Benzofuran

Molecular Formula C46H46N2O16

Molecular Weight 882.86

Physical Form Brownish-yellow powder

Solubility Soluble in methanol, dimethyl sulfoxide

Melting Point >200 �C
Boiling Point (Calcd.) 1058.8� 65.0 �C, pressure:
760Torr

pKa (Calcd.) 2.96� 0.36, most acidic, temperature: 25
�C; 4.06� 0.40, most basic, temperature: 25 �C
Absorption (lmax) 336 nm

Emission (lmax) 557 nm

Synthesis Synthetic methods1–3

Staining Applications Potassium ions;1–15 cells;16

liposomes4

Biological Applications Potassium indicator;1–15 mon-
itoring cellular processes16

Industrial Applications Not reported

Safety/Toxicity Carcinogenicity17
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PBFI AM

CAS Registry Number 124549-23-1

Chemical Structure
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CA Index Name 1,3-Benzenedicarboxylic acid, 4,40-
[1,4,10,13-tetraoxa-7,16-diazacyclooctadecane-7,16-
diylbis(5-methoxy-6,2-benzofurandiyl)]bis-, tetrakis
[(acetyloxy)methyl] ester

Other Names 1,4,10,13-Tetraoxa-7,16-diazacyclooc-
tadecane, 1,3-benzenedicarboxylic acid derivative; PBFI
AM

Merck Index Number Not listed

Chemical/Dye Class Benzofuran

Molecular Formula C58H62N2O24

Molecular Weight 1171.11

Physical Form Yellowish-brown powder

Solubility Soluble in methanol, dimethyl sulfoxide

Melting Point >200 �C
Boiling Point (Calcd.) 1136.6� 65.0 �C, pressure:
760Torr

pKa (Calcd.) 3.79� 0.40, most basic, temperature:
25 �C
Absorption (lmax) 369 nm

Emission (lmax) Fluorescence is very weak

Synthesis Synthetic methods1,2

Staining Applications Potassium ions1,2

Biological Applications Potassium indicator1,2

Industrial Applications Not reported

Safety/Toxicity No data available
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PHEN GREEN SK

CAS Registry Number 234075-34-4

Chemical Structure
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CA Index Name Spiro[isobenzofuran-1(3H),90-[9H]
xanthene]-5-carboxamide, 20,70-dichloro-30,60-dihy-
droxy-3-oxo-N-1,10-phenanthrolin-5-yl-, potassium
salt (1:2)

Other Names Spiro[isobenzofuran-1(3H),90-[9H]xan-
thene]-5-carboxamide, 20,70-dichloro-30,60-dihydroxy-3-
oxo-N-1,10-phenanthrolin-5-yl-, dipotassium salt; Phen
Green SK; Phen Green dipotassium salt

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C33H15Cl2K2N3O6

Molecular Weight 698.60

Physical Form Solid

Solubility Soluble in water

Melting Point >200 �C
Absorption (lmax) 507 nm

Emission (lmax) 532 nm

Synthesis Synthetic methods1,2

Staining Applications Copper ions;1,2,5 iron ions;6–8

cells;3 neurons4

Biological Applications Copper indicators;1,2,5 iron
ions6–8

Industrial Applications Not reported

Safety/Toxicity No data available
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PHLOXINE B

CAS Registry Number 18472-87-2

Chemical Structure
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CA Index Name Spiro[isobenzofuran-1(3H),90-[9H]
xanthen]-3-one, 20,40,50,70-tetrabromo-4,5,6,7-tetra-
chloro-30,60-dihydroxy-, sodium salt (1:2)

Other Names Fluorescein, 20,40,50,70-tetrabromo-4,5,6,
7-tetrachloro-, disodium salt; Phloxin B; Spiro[isobenzo-
furan-1(3H),90-[9H]xanthen]-3-one, 20,40,50,70-tetrabro-
mo-4,5,6,7-tetrachloro-30,60-dihydroxy-, disodium salt;
11969 Red; 3427 Veri Pur Pink; Acid Red 92; Aizen Acid
Phloxine PB; C.I. 45410; C.I. Acid Red 92; Cyanosin;
Cyanosin (acid dye); Cyanosin B; Cyanosine; D and C
Red No. 28; D&C Red 28; D&C Red 28-308267; D&C
Red No. 28; D&C Red No. 28-15347; D&C Red No. 28-
38015; Daiwa Red 104WB; Daiwa Red 45; Disodium 9-
(30,40,50,60-tetrachloro-o-carboxyphenyl)-6-hydroxy-6-
hydroxy-2,4,5,7-tetrabromo-3-isoxanthone; Eosin blue;
Eosin bluish; Eosine blue; Eosine bluish; Food Red
104; Food Red No. 104; Japan Red 104; Japan Red
104-1; Japan Red No. 104-1; Orient Water Pink 2; Phlox-
ine B; Phloxine B 38015; Phloxine P; Phyloxine B; Red
104; Red No. 104; Red No. 104-1; Triacid Floxine 2G;
Water Pink 2

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C20H2Br4Cl4Na2O5

Molecular Weight 829.66

Physical Form Red to brown crystals

Solubility Soluble in water, ethylene glycol; slightly
soluble in ethanol, methanol

Melting Point >250 �C
pH Range 1.1–3.3; 3.4–5.0

Color Change at pH Colorless (1.1) to purple (3.3);
colorless (3.4) to yellow (5.0)

Absorption (lmax) 548 nm, 510 nm

Synthesis Synthetic methods1–7

Staining Applications Albumin;8,9 aluminum;10 bacte-
ria;11 candies;12 drinks;12 dental plaque;1,13,14 lymph
node;15 proteins;16,17 peptides;17 carious tissue;18 teeth;19

sunscreen;20,21 eyebrows;29 eyelashes;29 eye shadow;22

fingerprint powders;23 lipsticks;24 lips;1,25–27,29,30 nails;30

skin;1,25–34 hairs;1,28,29,35–39 keratin fibers40

Biological Applications Detecting proteins;41 treating
microbial infection,42 parasitic infection,42 skin,43,44

mouth,43,44 digestive tract,43,44 urinary tract,43,44 repro-
ductive tract,43,44 respiratory tract,43,44 circulatory sys-
tem,43,44 head,43,44 neck,43,44 endocrine system,43,44 lym-
phoreticular system,43,44 cystic fibrosis,45 disseminated
bronchectasis,45 pulmonary infections,45 chronic pancre-
atitis,45 male infertility,45 long QT syndrome,45 protozoan
infections,46 yeast infection,47 fungal infections;47 anti-
microbial agent;48 insecticides;49 herbicides50

Industrial Applications Color filter;1,51 liquid-crystal
displays;51 solar cells;52 optical waveguides;1,53 electro-
chromic displays;1,54 photoresists;55 recording materi-
als;56 photographic materials;57 inks;1,58–61 toner;62 high-
lighters;1,63 paints;64 adhesives;65 petroleum markers;66

cleansing products67,68

Safety/Toxicity Acute toxicity;1,69 chronic toxicity;1,69

cytotoxicity;1,70–74 genotoxicity;75 insect toxicity;1,76 mi-
crobial toxicity;77 mutagenicity;1,78–80 oral toxicity;1,81

photodynamic toxicity;82 phototoxicity;1,83,84 teratoge-
nicity;1,85 yeast toxicity86

Certification/Approval Certified by Biological Stain
Commission (BSC)
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PONCEAU SX

CAS Registry Number 4548-53-2

Chemical Structure

SO3Na

OH

N N

H3C CH3

SO3Na

CA Index Name 1-Naphthalenesulfonic acid, 3-[2-
(2,4-dimethyl-5-sulfophenyl)diazenyl]-4-hydroxy-, sodi-
um salt (1:2)

Other Names 1-Naphthalenesulfonic acid, 3-[(2,4-di-
methyl-5-sulfophenyl)azo]-4-hydroxy-, disodium salt; C.
I. Food Red 1; C.I. Food Red 1, disodium salt; Ponceau
SX; 12101 Red; 1306 Red; C.I. 14700; Certicol Ponceau
SXS; D and C Red No. 4; Edicol Supra Ponceau SX; FD
and CRedNo. 4; FD&CRedNo. 4; FDCRed 4; Food Red
1; Food Red 4; Hexacol Ponceau SX; Japan Red 4; Japan

Red 504; Japan RedNo. 4; Japan RedNo. 504; Red 4; Red
No. 1; Red No. 504; Usacert Red No. 4

Merck Index Number 7591

Chemical/Dye Class Azo

Molecular Formula C18H14N2Na2O7S2

Molecular Weight 480.42

Physical Form Red crystals

Solubility Soluble in water, ethanol

Melting Point >300 �C
Absorption (lmax) 500 nm

Synthesis Synthetic methods1–4

StainingApplications Animal feed;5 drinks;6 candies;6

frozen food;7 meat;8 microorganisms;9 sausage casings;10

lotion;11 eye shadows;12 lips;13,14 skin;14–17 hairs;18–21

keratin fibers22,23

Biological Applications Detecting proteins;24 treating
acquired resistance toGABAergic (ARG) agents;25 Sham-
poos;26 soaps27

Industrial Applications Inks;28,29 cleansing pro-
ducts;30 fabric softener;31,32 herbicides;33 perfumes34

Safety/Toxicity Acute toxicity;35 carcinogenicity;36,37

chronic toxicity;38 Genotoxicity;39,40 mutagenicity41–44
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POPO 1

CAS Registry Number 169454-15-3

Chemical Structure
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CA Index Name Benzoxazolium, 2,20-[1,3-propane-
diylbis[(dimethyliminio)-3,1-propanediyl-1(4H)-pyri-
dinyl-4-ylidenemethylidyne]]bis[3-methyl-, iodide (1:4)

Other Names Benzoxazolium, 2,20-[1,3-propanediyl-
bis[(dimethyliminio)-3,1-propanediyl-1(4H)-pyridinyl-
4-ylidenemethylidyne]]bis[3-methyl-, tetraiodide; POPO
1; POPO 1 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C41H54I4N6O2

Molecular Weight 1170.53

Physical Form Yellow-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 434 nm

Emission (lmax) 456 nm

Synthesis Synthetic method1

StainingApplications Nucleic acids;1–5 cells;6,7 leuko-
cytes;16 nuclei;16 megakaryocytes;8 microorganisms;9

sperms;10 hairs11

Biological Applications Nucleic acid hybridiza-
tion;12,13 detecting nucleic acids,1–5,14 cells,6,7 patho-
gens;15 counting embryoblasts16

Industrial Applications Not reported

Safety/Toxicity No data available
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POPO 3

CAS Registry Number 154757-99-0

Chemical Structure

CA Index Name Benzoxazolium, 2,20-[1,3-propane-
diylbis[(dimethyliminio)-3,1-propanediyl-1(4H)-pyridi-
nyl-4-ylidene-1-propen-1-yl-3-ylidene]]bis[3-methyl,
tetraiodide

Other Names POPO 3; POPO 3 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C45H58I4N6O2

Molecular Weight 1222.61

Physical Form Yellow-brown powder

Solubility Soluble in N,N-dimethylformamide

Melting Point >250 �C
Absorption (lmax) 534 nm

Emission (lmax) 570 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–7 cells;8 leuko-
cytes;16 nuclei;16 megakaryocyte;9 microorganisms;10

sperms11

Biological Applications Nucleic acid hybridiza-
tion;12,13 detecting nucleic acids,2–7 cells,8 hepatitis B
virus,14 pathogens;15 counting embryoblasts;16 bio-
chips;17 nucleic acid fragment sizing6

Industrial Applications Not reported

Safety/Toxicity No data available
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PO-PRO 1

CAS Registry Number 157199-56-9

Chemical Structure
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CA Index Name Benzoxazolium, 3-methyl-2-[[1-[3-
(trimethylammonio)propyl]-4(1H)-pyridinylidene]meth-
yl]-, iodide (1:2)

Other Names Benzoxazolium, 3-methyl-2-[[1-[3-(tri-
methylammonio)propyl]-4(1H)-pyridinylidene]methyl]-,
diiodide; PO-PRO 1; PO-PRO 1 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C20H27I2N3O

Molecular Weight 579.26

Physical Form Yellow-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 435 nm

Emission (lmax) 455 nm

Synthesis Synthetic methods1,2

Staining Applications Nucleic acids;3–7 cells;1,8,9

microorganisms10

Biological Applications Nucleic acid hybridiza-
tion;11,12 detecting nucleic acids;3–7 cells;1,8,9 nucleic acid
sequencing7

Industrial Applications Not reported

Safety/Toxicity No data available
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PO-PRO 3

CAS Registry Number 161016-55-3

Chemical Structure
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CA Index Name Benzoxazolium, 3-methyl-2-[3-[1-[3-
(trimethylammonio)propyl]-4(1H)-pyridinylidene]-1-
propenyl]-, diiodide

Other Names PO-PRO 3; PO-PRO 3 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C22H29I2N3O

Molecular Weight 605.30

Physical Form Yellow-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 539 nm

Emission (lmax) 567 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–8 cells1,9

Biological Applications Nucleic acid hybridiza-
tion;10,11 detecting nucleic acids,2–8 cells;1,9 nucleic acid
fingerprinting;4 nucleic acid fragment sizing;6 nucleic
acid amplification7

Industrial Applications Not reported

Safety/Toxicity No data available
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PROPIDIUM IODIDE

CAS Registry Number 25535-16-4

Chemical Structure
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CA Index Name Phenanthridinium, 3,8-diamino-5-[3-
(diethylmethylammonio)propyl]-6-phenyl-, iodide (1:2)

Other Names 3,8-Diamino-5-(3-diethylaminopropyl)-
6-phenylphenanthridinium iodide methiodide; Phenan-
thridinium, 3,8-diamino-5-[3-(diethylmethylammonio)
propyl]-6-phenyl-, diiodide; Ammonium, [3-(3,8-diami-
no-6-phenyl-5-phenanthridinio)propyl]diethylmethyl-,
diiodide; 3,8-Diamino-5-(diethylmethylaminopropyl)-
6-phenylphenanthridinium diiodide; PI; Propidium; Pro-
pidium diiodide; Propidium iodide

Merck Index Number Not listed

Chemical/Dye Class Phenanthridine

Molecular Formula C27H34I2N4

Molecular Weight 668.39

Physical Form Red powder

Solubility Soluble in water, N,N-dimethylformamide,
dimethyl sulfoxide

Melting Point 220–225 �C (decompose)

Absorption (lmax) 493 nm, 535 nm

Emission (lmax) 636 nm, 617 nm

Synthesis Synthetic methods1–5

Staining Applications Nucleic acids;5–7 cells;8,9 HeLa
cells;10 metastatic cancer cells;11 stem cells;12 yeast
cells;13 leukocytes;14 lymph nodes;15 lymphoma cell
lines;26 megakaryocyte;16 microorganisms;17–19 para-
sites;20 proteins;5 sperms21

Biological Applications Detecting nucleic acids,5–7,22

cancer cells,23 spores,23 activity of hydrolase,24 micro-
organisms;17–19 apoptosis assay;25,26 measuring beta-am-
yloid in Alzheimer’s disease (AD);32 treating diseases
associated with androgens,27 cancer28

Industrial Applications Not reported

Safety/Toxicity Cytotoxicity;29 embryotoxicity;30 mu-
tagenicity;31 neurotoxicity32

REFERENCES

1. Hahn, K.M.; Toutchkine, A.; Muthyala, R.; Kraynov,
V.; Bark, S. J.; Burton, D. R.; Chamberlain, C.
Labeled peptides, proteins and antibodies and
processes and intermediates useful for their
preparation. U.S. Pat. Appl. Publ. US 2002055133,
2002; Chem. Abstr. 2002, 136, 366139.

2. Hahn, K.M.; Toutchkine, A.; Muthyala, R.; Kraynov,
V.; Bark, S. J.; Burton, D. R.; Chamberlain, C.
Labeled peptides, proteins and antibodies and
processes and intermediates useful for their
preparation. PCT Int. Appl. WO 2002008245,
2002; Chem. Abstr. 2002, 136, 163716.

3. Church, J. G.; Stapleton, E. A.; Reilly, B. D. Isolation
of high quality mRNA from a discrete cell cycle
population identified using a nonvital dye and
fluorescence activated sorting. Cytometry 1993, 14,
271–275.

4. Patel, D. J.; Canuel, L. L. Biphasic helix–coil
transition of the ethidium bromide.poly(dA-dT) and
the propidium diiodide.poly(dA-dT) complexes:

stabilization of base-pair regions centered about the
intercalation site. Biopolymers 1977, 16, 857–873.

5. Crissman, H. A.; Oka, M. S.; Steinkamp, J. A. Rapid
staining methods for analysis of deoxyribonucleic
acid and protein in mammalian cells. J. Histochem.
Cytochem. 1976, 24, 64–71.

6. Maniotis, A. J.; Folberg, R.; Valyi-Nagy, K.; Valyi-
Nagy, T. Methods for determining the pathogenicity
of viral strains based on exposure of nuclease sites on
host cell’s nuclear DNA. PCT Int. Appl. WO
2007030815, 2007; Chem. Abstr. 2007, 146, 312258.

7. Swerts, K.; Van Roy, N.; Benoit, Y.; Laureys, G.;
Philippe, J. DRAQ5: improved flow cytometric DNA
content analysis and minimal residual disease
detection in childhood malignancies. Clin. Chim.
Acta 2007, 379, 154–157.

8. Lacombe, F.; Belloc, F.; Veriac, S.; Lefevre,
D. Method of discrimination of at least two
cellular populations by immunofluorescence flow
cytometry and application to oncopathology. Fr.

386 Propidium Iodide



Demande FR 2895087, 2007; Chem. Abstr. 2007,
147, 93934.

9. Buchegger, F.; Dupertuis, Y.M.; Perillo-Adamer, F. A
pitfall of propidium iodide staining in fluorescence-
activated cell sorting cell cycle analysis? Cancer Res.
2007, 67, 5576–5577.

10. He, H.; Chang, D. C.; Lee, Y. K. Using a micro
electroporation chip to determine the optimal
physical parameters in the uptake of biomolecules
in HeLa cells. Bioelectrochemistry 2007, 70,
363–368.

11. Su, J.; Sun, A.; Tian, J. Immunohistochemical
reagent and method for rapidly detecting
lymphatic metastasis in breast cancer. Faming
Zhuanli Shenqing Gongkai Shuomingshu CN
1945333, 2007; Chem. Abstr. 2007, 146, 417863.

12. Sidhu, K. S.; Tuch, B. E. Human embryonic stem cell
clones. U.S. Pat. Appl. Publ. US 2007160974, 2007;
Chem. Abstr. 2007, 147, 137096.

13. Thomas, R. A. Flow transducers and flow cytometers
for making simultaneous electronic and optical
measurements on particles for identifying viable
cells and budding yeast. PCT Int. Appl. WO
2007044617, 2007; Chem. Abstr. 2007, 146,
397768.

14. Baskic, D.; Popovic, S.; Ristic, P.; Arsenijevic, N. N.
Analysis of cycloheximide-induced apoptosis in
human leukocytes: fluorescence microscopy using
annexin V/propidium iodide versus acridine
orange/ethidium bromide. Cell Biol. Int. 2006, 30,
924–932.

15. Mangat, G.; Brzozowski, L. Intra-operative head and
neck nerve mapping. PCT Int. Appl. WO
2007016790, 2007;Chem. Abstr. 2007, 146, 223533.

16. Minakami, T.; Mori, Y.; Tsuji, T.; Ikeuchi, Y.
Megakaryocyte classification/counting method by
double fluorescent staining and flow cytometry.
Jpn. Kokai Tokkyo Koho JP 2006275985, 2006;
Chem. Abstr. 2006, 145, 413679.

17. Kinbara, K.; Shimomura, Y. Microorganism
bioactivity evaluation method, and kit. Jpn. Kokai
Tokkyo Koho JP 2007097532, 2007; Chem. Abstr.
2007, 146, 397795.

18. Novak, J. S.; Yuan, J. T. C. High throughput screening
method for antimicrobial formulations. U.S. Pat.
Appl. Publ. US 2007042453, 2007; Chem. Abstr.
2007, 146, 247365.

19. Noda, N.; Mizutani, T. Microorganism-measuring
method using multiple staining. Jpn. Kokai Tokkyo
Koho JP 2006340684, 2006;Chem. Abstr. 2006, 146,
77563.

20. Escaron, C. J.; Lees, D. M.; Tewari, R.; Smith, D. F.;
Caron, E. A simple, robust and versatile method to
characterize intracellular parasitism. Mol. Biochem.
Parasitol. 2007, 153, 72–76.

21. Siemieniuch, M.; Dubiel, A. Preservation of tomcat
(Felis catus) semen in variable temperatures. Anim.
Reprod. Sci. 2007, 99, 135–144.

22. Lin, Y.; Zheng, F. Flow cytometer-microcarrier gene
chip for high-throughput analysis of nucleic acid.
Faming Zhuanli Shenqing Gongkai Shuomingshu
CN 1970789, 2007; Chem. Abstr. 2007, 147, 65555.

23. Levy, M.; Ellington, A. D.; Pai, S. Proximity ligation
assays with peptide conjugate �burrs� and aptamers
for the sensitive detection of spores and cancer cells.
PCT Int. Appl.WO 2007027796, 2007;Chem. Abstr.
2007, 146, 312239.

24. Karuso, P. H.; Choi, H. Y. Determination of the
activity of a hydrolase or other hydrolytic agent
and real-time monitoring of biomolecule digestion
using a fluorescent reporter dye. PCT Int. Appl. WO
2007051257, 2007;Chem. Abstr. 2007, 146, 477766.

25. Buenz, E. J.; Limburg, P. J.; Howe, C. L. A high-
throughput 3-parameter flow cytometry-based cell
death assay. Cytometry 2007, 71A, 170–173.

26. Mattes, M. J. Apoptosis assays with lymphoma cell
lines: problems and pitfalls. Br. J. Cancer 2007, 96,
928–936.

27. Singh, M.; Gatson, J. W. Membrane androgen
receptor as a therapeutic target for the prevention/
promotion of cell death. U.S. Pat. Appl. Publ. US
2007141581, 2007; Chem. Abstr. 2007, 147, 88350.

28. D’Andrea, A. D.; Taniguchi, T. Compositions and
methods for the treatment of cancer. U.S. Pat. Appl.
Publ. US 2007105130, 2007; Chem. Abstr. 2007,
146, 475663.

29. Merrick, P.; Nieminen, A. L.; Harper, R. A.; Herman,
B.; Lemasters, J. J. Cytotoxicity screening of
surfactant-based shampoos using a multiwell
fluorescence scanner: correlation with Draize eye
scores. Toxicol. In Vitro 1996, 10, 101.

30. Kohler, M.; Kundig, A.; Reist, H. W.; Michel, C.
Modification of in vitromouse embryogenesis by X-
rays and fluorochromes. Radiat. Environ. Biophys.
1994, 33, 341–351.

31. Fukunaga, M.; Yielding, L. W. Structure–function
characterization of phenanthridinium compounds as
mutagens in Salmonella. Mutat. Res. 1983, 121,
89–94.

32. Patel, D.; Good, T. A rapid method to measure beta-
amyloid induced neurotoxicity in vitro. J. Neurosci.
Methods 2007, 161, 1–10.

Propidium Iodide 387



PYRONIN B

CAS Registry Number 2150-48-3

Chemical Structure

CA Index Name Xanthylium, 3,6-bis(diethylamino)-,
chloride (1:1), ferric chloride complex

Other Names Ammonium, [6-(diethylamino)-3H-
xanthen-3-ylidene]diethyl-, chloride; Ethanaminium, N-
[6-(diethylamino)-3H-xanthen-3-ylidene]-N-ethyl-, chlo-
ride; Pyronine B; Xanthylium, 3,6-bis(diethylamino)-,
chloride; 6-(Diethylamino)-3H-xanthen-3-ylidene]dieth-
ylammonium chloride; C.I. 45010; Pyronin B; Pyronine B
(By)

Merck Index Number 8006

Chemical/Dye Class Xanthene

Molecular Formula C42H54Cl8Fe2N4O2

Molecular Weight 1042.28

Physical Form Green needles or crystals

Solubility Soluble in water, ethyl acetate, methyl ace-
tate, ethylene glycol; slightly soluble in ethanol,methanol,
methyl cellosolve

Melting Point 176–178 �C
Absorption (lmax) 553 nm

Synthesis Synthetic methods1–3

Staining Applications Cytoplasm;4 nucleic acid-
s;5–7plant cells;8 urine sediments9–11

Biological Applications Detecting apoptosis in live
cells;12 determination of DNA,13 hydrogen peroxide,14

glucose;14 diagnosis of diseases related to amyloid accu-
mulation;15 urinary tract infection;16 treating protozoan
infections in fish17

Industrial Applications Organic light emitting
diodes;18 photovoltaic devices;19 transistors;20 lithograph-
ic printing plates;21 organic thin films;22 semiconductor
materials;23 recording materials;24 electrophotography;25

determination of gold,26 ruthenium,27 thallium;28

herbicides29

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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PYRONIN Y

CAS Registry Number 92-32-0

Chemical Structure
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CA Index Name Xanthylium, 3,6-bis(dimethylamino)-,
chloride (1:1)

Other Names Ammonium, [6-(dimethylamino)-3H-
xanthen-3-ylidene]dimethyl-, chloride; Methanaminium,
N-[6-(dimethylamino)-3H-xanthen-3-ylidene]-N-meth-
yl-, chloride; Pyronine G; Xanthylium, 3,6-bis(dimethy-
lamino), chloride; 3,6-Bis(dimethylamino)xanthylium
chloride; C.I. 45005; Pyronin G; Pyronin GS; Pyronin
J; Pyronin Y; Pyronin Yellow; Pyronine; Pyronine GS;
Pyronine GY; Pyronine Y; Schultz no. 853

Merck Index Number 8007

Chemical/Dye Class Xanthene

Molecular Formula C17H19ClN2O

Molecular Weight 302.80

Physical Form Green powder or crystals

Solubility Soluble in water; sparingly soluble in etha-
nol, ethylene glycol, methyl cellosolve

Melting Point 250–260 �C
Absorption (lmax) 548 nm

Emission (lmax) 570 nm

Synthesis Synthetic method1–3

Staining Applications Cells;4,5 erythrocytes;6 hemo-
poietic stem cells;7 nucleic acids;2,8–12 paraffin tissues;13

precancerous and cancerous cells;14 proteins;12,15 human
skin explant cultures;16 spinal fluid;17 tattoos;18 urinary
sediments;19 hairs;20,21 keratin fibers22,23

Biological Applications Antimalarial agent;24 antiviral
agent;25 nucleic acid sequencing;26 treating protozoan
infections;27 herbicides28

Industrial Applications Photovoltaic cells;29 solar
cells;29 thin films;30 lithographic printing plates31

Safety/Toxicity Bacterial toxicity;32 chromosomal
aberrations;33 mutagenicity;34 phototoxicity;35,36 skin
toxicity16

Certification/Approval Certified by Biological Stain
Commission (BSC)
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QSY 7 CARBOXYLIC ACID,
SUCCINIMIDYL ESTER

CAS Registry Number 304014-12-8

Chemical Structure

CA Index Name Xanthylium, 9-[2-[[4-[[(2,5-dioxo-1-
pyrrolidinyl)oxy]carbonyl]-1-piperidinyl]sulfonyl]phe-
nyl]-3,6-bis(methylphenylamino)-, chloride (1:1)

Other Names Xanthylium, 9-[2-[[4-[[(2,5-dioxo-1-
pyrrolidinyl)oxy]carbonyl]-1-piperidinyl]sulfonyl]phe-
nyl]-3,6-bis(methylphenylamino)-, chloride; QSY 7 car-
boxylic acid succinimidyl ester; QSY 7SE; QSY-7 succi-
nimidyl ester

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C43H39ClN4O7S

Molecular Weight 791.32

Physical Form Solid

Solubility Soluble in dimethyl sulfoxide, methanol

Melting Point >200 �C
Absorption (lmax) 560 nm

Synthesis Synthetic methods1,2

StainingApplications Nucleic acids;13–15 oligonucleo-
tides;1 bacteria;3 peptides;4 tumors5

Biological Applications Amplification assays;1 hybrid-
ization assays;1,6,7 litigation assays;1 FRET assays;3,4,8

hepatitis C virus (HCV) NS3 protease;9 FRET
probes;10–12 nucleic acid hybridization;13,14 detecting nu-
cleic acids,13–15 human immunodeficiency virus type 1
DNA,16 polymorphisms,17,18 RNase enzyme,19 protease
enzyme;20 nucleic acid quantitation;21 oligonucleotide
probes;22,23 quenchers5,24,25

Industrial Applications Light-emitting device26

Safety/Toxicity No data available
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QSY 9 CARBOXYLIC ACID,
SUCCINIMIDYL ESTER

CAS Registry Number 700834-40-8

Chemical Structure

CA Index Name Xanthylium, 9-[2-[[4-[[(2,5-dioxo-1-
pyrrolidinyl)oxy]carbonyl]-1-piperidinyl]sulfonyl]phe-
nyl]-3,6-bis[methyl(4-sulfophenyl)amino]-, chloride
(1:1)

Other Names Xanthylium, 9-[2-[[4-[[(2,5-dioxo-1-
pyrrolidinyl)oxy]carbonyl]-1-piperidinyl]sulfonyl]phe-
nyl]-3,6-bis[methyl(4-sulfophenyl)amino]-, chloride;
QSY 9; QSY 9 carboxylic acid succinimidyl ester

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C43H39ClN4O13S3

Molecular Weight 951.43

Physical Form Solid

Solubility Soluble in water, dimethyl sulfoxide,
methanol

Melting Point >200 �C

Absorption (lmax) 562 nm

Synthesis Synthetic methods1,2

Staining Applications Nucleic acids;3 oligonucleo-
tides;1 antibody;4 G-protein5

Biological Applications Amplification assays;1 hybrid-
ization assays;1 litigation assays;1 ligand assays;5,7 FRET
assays;6 detecting analyte,8 antigen,4 phosphoinositide
kinase and phosphatase activity9

Industrial Applications Not reported

Safety/Toxicity No data available
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QSY 21 CARBOXYLIC ACID,
SUCCINIMIDYL ESTER

CAS Registry Number 304014-13-9

Chemical Structure

CA Index Name Xanthylium, 3,6-bis(2,3-dihydro-1H-
indol-1-yl)-9-[2-[[4-[[(2,5-dioxo-1-pyrrolidinyl)oxy]car-
bonyl]-1-piperidinyl]sulfonyl]phenyl]-, chloride (1:1)

Other Names Xanthylium, 3,6-bis(2,3-dihydro-1H-in-
dol-1-yl)-9-[2-[[4-[[(2,5-dioxo-1-pyrrolidinyl)oxy]car-
bonyl]-1-piperidinyl]sulfonyl]phenyl]-, chloride; QSY
21; QSY 21 carboxylic acid succinimidyl ester; QSY
21NHS

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C45H39ClN4O7S

Molecular Weight 815.34

Physical Form Solid

Solubility Soluble in dimethyl sulfoxide, methanol

Melting Point >200 �C
Absorption (lmax) 661 nm

Synthesis Synthetic methods1,2

Staining Applications Nucleic acids;3 cells;4 oligonu-
cleotides;1 G-proteins;5 cysteine protease;6 tumors7

Biological Applications Amplification assays;1 hybrid-
ization assays;1 litigation assays;1 ligand assays;5 detect-
ing analytes,8 enzymes,9 optical microcavities,10 pro-
tein–DNA interactions;11 imaging apoptosis,12 b-lacta-
mase activity;13 FRET probes14

Industrial Applications Not reported

Safety/Toxicity No data available
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QUIN 2

CAS Registry Number 73630-23-6

Chemical Structure
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CA Index Name Glycine, N-[2-[[8-[bis(carboxy-
methyl)amino]-6-methoxy-2-quinolinyl]methoxy]-4-
methylphenyl]-N-(carboxymethyl)-, potassium salt (1:4)

Other Names 2-[(2-Amino-5-methylphenoxy)meth-
yl]-6-methoxy-8-aminoquinoline-N,N,N0,N0-tetraacetic

acid tetrapotassium salt; 2-{[2-Bis-(carboxymethyl)ami-
no-5-methylphenoxy]-methyl}-6-methoxy-8-bis-(car-
boxymethyl)aminoquinoline tetrapotassium salt; Glycine,
N-[2-[[8-[bis(carboxymethyl)amino]-6-methoxy-2-qui-
nolinyl]methoxy]-4-methylphenyl]-N-(carboxymethyl)-,
tetrapotassium salt; Quin 2; Quin 2 tetrapotassium salt

Merck Index Number 8042

Chemical/Dye Class Quinoline

Molecular Formula C26H23K4N3O10

Molecular Weight 693.87

Physical Form Light yellow powder

Solubility Soluble in water

Melting Point >250 �C
Absorption (lmax) 353 nm, 333 nm

Emission (lmax) 495 nm

Synthesis Synthetic method1

Staining Applications Calcium ions;3–18 cadmium
ions;19 iron ions;20,21 lanthanum ions;22 zinc ions;23 cells2

Biological Applications Calcium indicator;3–18 cadmi-
um indicator;19 iron indicator;20,21 lanthanum indicator;22

zinc indicator;23 identifying taste modulators24

Industrial Applications Not reported

Safety/Toxicity DNA damage;25 hepatotoxicity26,27
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QUIN 2 AM

CAS Registry Number 83104-85-2

Chemical Structure

CA Index Name Glycine, N-[2-[(acetyloxy)methoxy]-
2-oxoethyl]-N-[2-[[8-[bis[2-[(acetyloxy)methoxy]-2-ox-
oethyl]amino]-6-methoxy-2-quinolinyl]methoxy]-4-
methylphenyl]-, (acetyloxy)methyl ester

Other Names 2-[(2-Amino-5-methylphenoxy)meth-
yl]-6-methoxy-8-aminoquinoline-N,N,N0,N0-tetraacetic
acid tetrakis(acetoxymethyl ester); 2-{[2-Bis(carboxy-
methyl)amino-5-methylphenoxy]-methyl}-6-methoxy-8-
bis(carboxymethyl)aminoquinoline tetrakis(acetoxy-
methyl) ester; Quin 2 acetoxymethyl ester; Quin 2 AM;
Quin 2 AM ester

Merck Index Number 8042

Chemical/Dye Class Quinoline

Molecular Formula C38H43N3O18

Molecular Weight 829.76

Physical Form Yellow powder

Solubility Insoluble in water; soluble in dimethyl sulf-
oxide, methanol

Melting Point 113 �C

Boiling Point (Calcd.) 865.6� 65.0 �C, pressure:
760Torr

pKa (Calcd.) 2.33� 0.50, most basic, temperature: 25
�C
Absorption (lmax) 348 nm

Emission (lmax) 446 nm

Synthesis Synthetic method1

Staining Applications Calcium ions;1,3–21 leukocyte
tumor cells2

Biological Applications Calcium indicator1,3–21

Industrial Applications Not reported

Safety/Toxicity Carcinogenicity;22 cytotoxicity;23,24

DNA damage;25 hepatotoxicity26–28
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REDOXSENSOR RED CC-1

CAS Registry Number 296277-09-3

Chemical Structure
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CAIndexName 9H-Xanthene-3,6-diamine,N,N,N0,N0-
tetramethyl-9-(pentafluorophenyl)-

Other Names R 14060; RedoxSensor; RedoxSensor
CC 1; RedoxSensor Red; RedoxSensor Red CC 1

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C23H19F5N2O

Molecular Weight 434.40

Physical Form Off-white powder

Solubility Soluble in methanol, dimethyl sulfoxide

Melting Point >200 �C
Boiling Point (Calcd.) 445.1� 45.0 �C, pressure:
760Torr

pKa (Calcd.) 4.83� 0.40, most basic, temperature:
25 �C
Absorption (lmax) 239 nm

Synthesis Synthetic method1

Staining Applications Mitochondria;1,2,4 lysosomes;1

cells3

Biological Applications Detecting prostate cancer4

Industrial Applications Assaying reactive oxidants on
smoke5

Safety/Toxicity No data available
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RESAZURIN SODIUM SALT

CAS Registry Number 62758-13-8

Chemical Structure

O

N

NaO O

O

CA Index Name 3H-Phenoxazin-3-one, 7-hydroxy-,
10-oxide, sodium salt (1:1)

Other Names 3H-Phenoxazin-3-one, 7-hydroxy-, 10-
oxide, sodium salt; Resazurin sodium salt; Sodium
resazurin

Merck Index Number Not listed

Chemical/Dye Class Phenoxazine

Molecular Formula C12H6NNaO4

Molecular Weight 251.17

Physical Form Dark green to black powder

Solubility Soluble in water; slightly soluble in ethanol,
acetic acid; insoluble in ether

Melting Point >250 �C
pH Range 3.8–6.5

Color Change at pH Orange (3.8) to dark violet (6.5)

pKa 6.71

Absorption (lmax) 598 nm, 380 nm

Synthesis Synthetic methods1–3

Staining Applications D-Arabinitol;4 bacteria;5 hypox-
ic cells;6 microorganisms;7–9 hairs10

Biological Applications Detecting bile acids,11 glyco-
sidase activity;12 as hydrolase substrate;13 in beer produc-
tion;14 treating diabetic complications;15 enzymatic
microplate assay;16 b-glucosidase assay;17 glutathione
transferase assay18

Industrial Applications Electrochemichromic de-
vices;19 oxygen-barrier packaging materials20

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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RH 237

CAS Registry Number 83668-91-1

Chemical Structure
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CA Index Name Pyridinium, 4-[6-[4-(dibutylamino)
phenyl]-1,3,5-hexatrienyl]-1-(4-sulfobutyl)-, inner salt

Other Names 4-(N,N-Dibutylanilino)hexatrienyl-40-
pyridinium butanesulfonate; RH 237

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C29H40N2O3S

Molecular Weight 496.71

Physical Form Solid

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Melting Point >200 �C
Absorption (lmax) 528 nm

Emission (lmax) 782 nm

Synthesis Synthetic method1

Staining Applications Atria;2 cardiac tissues;3–5 cardi-
ac myocytes;6–8 neurons;9,10 proteins;11 Naþ /Kþ -
ATPase12

Biological Applications Measuring membrane poten-
tial;7,8,13–16 detecting Naþ /Kþ-ATPase;12 examining ac-
tivity of ion channels17

Industrial Applications Monitoring of polymeri-
zation18

Safety/Toxicity Cardiac toxicity2
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RH 414

CAS Registry Number 161433-30-3

Chemical Structure

CA Index Name Pyridinium, 4-[4-[4-(diethylamino)
phenyl]-1,3-butadien-1-yl]-1-[3-(triethylammonio)pro-
pyl]-, bromide (1:2)

Other Names Pyridinium, 4-[4-[4-(diethylamino)phe-
nyl]-1,3-butadienyl]-1-[3-(triethylammonio)propyl]-, di-
bromide; RH 414

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C28H43Br2N3

Molecular Weight 581.48

Physical Form Solid

Solubility Soluble in water, ethanol, methanol, dimeth-
yl sulfoxide

Melting Point >200 �C
Absorption (lmax) 532 nm

Emission (lmax) 716 nm

Synthesis Synthetic method1

Staining Applications Clostridial toxin substrate;2

membranes;3 flavoproteins;4 neurons5,6

Biological Applications Measuring membrane poten-
tial;7,8 detecting Clostridia toxin activity;2 probes for Na,
K-ATPase reactionmechanism;9 examining activity of ion
channels10

Industrial Applications Not reported

Safety/Toxicity No data available
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RH 421

CAS Registry Number 107610-19-5

Chemical Structure

CA Index Name Pyridinium, 4-[4-[4-(dipentylamino)
phenyl]-1,3-butadienyl]-1-(4-sulfobutyl)-, inner salt

Other Names 4-{4-[4-(Dipentylamino)phenyl]-1,3-
butadienyl}-1-(4-sulfobutyl)pyridinium hydroxide; RH
421

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C29H42N2O3S

Molecular Weight 498.72

Physical Form Red powder

Solubility Soluble in ethanol, methanol, dimethyl sulf-
oxide, N,N-dimethylformamide

Melting Point >200 �C
Absorption (lmax) 515 nm

Emission (lmax) 704 nm

Synthesis Synthetic method1

Staining Applications Cardiac tissues;2,3 lipid mem-
branes;4–6,8 proteins;7,8 neurons9

Biological Applications Measuring membrane
potential10–12

Industrial Applications Photoresists13

Safety/Toxicity No data available
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RH 795

CAS Registry Number 172807-13-5

Chemical Structure

CA Index Name Pyridinium, 4-[4-[4-(diethylamino)
phenyl]-1,3-butadienyl]-1-[2-hydroxy-3-[(2-hydro-
xyethyl)dimethylammonio]propyl]-, dibromide

Other Names RH 795

Merck Index Number Not listed

Chemical/Dye Class Styryl

Molecular Formula C26H39Br2N3O2

Molecular Weight 585.42

Physical Form Solid

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Melting Point >200 �C
Absorption (lmax) 530 nm

Emission (lmax) 712 nm

Synthesis Synthetic method1

Staining Applications Brainstem;2 cortex;3 neurons4

Biological Applications Measuring membrane poten-
tial;4,5 probes for Na, K-ATPase reaction mechanism;6

examining activity of ion channels7

Industrial Applications Not reported

Safety/Toxicity No data available
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RHODAMINE 6G

CAS Registry Number 989-38-8

Chemical Structure

O NHC2H5C2H5HN

COOC2H5

+ _
Cl

H3C CH3

CA Index Name Xanthylium, 9-[2-(ethoxycarbonyl)
phenyl]-3,6-bis(ethylamino)-2,7-dimethyl-, chloride
(1:1)

OtherNames Benzoic acid, o-[6-(ethylamino)-3-(ethy-
limino)-2,7-dimethyl-3H-xanthen-9-yl]-, ethyl ester,
monohydrochloride; Rhodamine 6GCP; Xanthylium, 9-
[2-(ethoxycarbonyl)phenyl]-3,6-bis(ethylamino)-2,7-di-
methyl, chloride; Aizen Rhodamine 6GCP; Basic Red 1;
Basonyl Red 482; Basonyl Red 483; C.I. 45160; C.I. Basic
Red 1; Calcozine Red 6G; Calcozine Rhodamine 6GX;
Eljon Pink Toner; Exciton 590; Fanal Pink B; Fanal Pink
GFK; Fanal Red 25532; Flexo Red 482; Heliostable
Brilliant Pink B extra; Mitsui Rhodamine 6GCP; NSC
36345; Nyco Liquid Red GF; R 634; R 6G; Rh 6G;
Rhodamin 6G; Rhodamine 4GD; Rhodamine 4GH; Rho-
damine 590 Chloride; Rhodamine 5GDN; Rhodamine
5GDN Extra; Rhodamine 5GL; Rhodamine 6G; Rhoda-
mine 6G Extra; Rhodamine 6G Extra Base; Rhodamine

6G chloride; Rhodamine 6GB; Rhodamine 6GBN; Rho-
damine 6GD; Rhodamine 6GDN; Rhodamine 6GDN
Extra; Rhodamine 6GEx ethyl ester; Rhodamine 6GH;
Rhodamine 6GO; Rhodamine 6GX; Rhodamine 6JH;
Rhodamine 6JH-SA; Rhodamine 6JH-SA Extra 1150;
Rhodamine 6Zh-DN; Rhodamine F 5G; Rhodamine F
5GL; Rhodamine GDN; Rhodamine GDN Extra; Rhoda-
mine Y 20-7425; Rhodamine Zh; Silosuper Pink B; Vali
Fast Red 1308

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C28H31ClN2O3

Molecular Weight 479.02

Physical Form Red-brown or maroon powder or
crystals

Solubility Soluble in water, ethanol, methanol

Melting Point 290 �C
Absorption (lmax) 528 nm

Emission (lmax) 551 nm

Synthesis Synthetic methods1–11

Staining Applications Mitochondria;12–14,23 internal
limiting membrane;15 vitreous;15 lens capsule of eye;15

serum albumin;16 hairs17

Biological Applications Detecting nucleic acids,18

prostate cancer,19 stress biomarkers,20 protease activity,21

urogenital infection;22 measuring membrane potential;23

photodynamic therapy;24 apoptosis assays;25 stents26

Industrial Applications Paints;27 inks;28 color filters;29

dye lasers;30,31 electroluminescent displays;32 laser de-
vices;33 light-emitting devices;34 liquid crystals;35 photo-
voltaic device;36 thin films;37 waveguides38

Safety/Toxicity Carcinogenicity;39,40 DNA damage;41

ecotoxicity;42 genotoxicity;43 mutagenicity44,45
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RHODAMINE 123

CAS Registry Number 62669-70-9

Chemical Structure

O NH2H2N

COOCH3

+ _
Cl

CA Index Name Xanthylium, 3,6-diamino-9-[2-(meth-
oxycarbonyl)phenyl]-, chloride (1:1)

Other Names 2-(6-Amino-3-imino-3H-xanthen-9-yl)
benzoic acid methyl ester; Benzoic acid, 2-(6-amino-3-
imino-3H-xanthen-9-yl), methyl ester, monohydrochlor-
ide; 3,6-Diamino-9-[2-(methoxycarbonyl)phenyl]xanthy-
lium chloride; Xanthylium, 3,6-diamino-9-[2-(methoxy-
carbonyl)phenyl]-, chloride; R 22420; R 302; RH 123;
Rhodamine 123

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C21H17ClN2O3

Molecular Weight 380.83

Physical Form Brownish-red crystals or powder

Solubility Slightly soluble in water; soluble in metha-
nol, ethanol, ether, N,N-dimethylformamide

Melting Point 235 �C
Absorption (lmax) 501 nm, 507 nm

Emission (lmax) 529 nm

Synthesis Synthetic methods1–6

Staining Applications Mitochondria;7–9 cells;10,11 P-
glycoprotein;12–14 sperms15

Biological Applications Measuring membrane poten-
tial;16 detecting cancer cells,17 spores,17 prostate cancer,18

stress biomarkers;19 treating disc degenerative disease,20

epilepsy,21 erectile dysfunction;22 apoptosis assays;23 tu-
mor cell multidrug resistance assay;24 implantable medi-
cal devices25

Industrial Applications Colored bubbles;26 paints27

Safety/Toxicity Acute toxicity;28 carcinogenicity;29,30

cytotoxocity;31,32 metabolic toxicity;33 mutagenicity;34

neurotoxicity;35 ocular toxicity36
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RHODZIN 3

CAS Registry Number 677716-65-3

Chemical Structure

CA Index Name Xanthylium, 9-[3-[2-[2-[bis(carboxy-
methyl)amino]-5-methoxyphenoxy]ethoxy]-4-[(carboxy-
methyl)amino]phenyl]-3,6-bis(dimethylamino)-, inner
salt, potassium salt (1:2)

Other Names Xanthylium, 9-[3-[2-[2-[bis(carboxy-
methyl)amino]-5-methoxyphenoxy]ethoxy]-4-[(carboxy-
methyl)amino]phenyl]-3,6-bis(dimethylamino)-, inner
salt, dipotassium salt; RhodZin 3; RhodZin 3 dipotassium
salt

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C38H38K2N4O10

Molecular Weight 788.94

Physical Form Solid

Solubility Soluble in water

Melting Point >250 �C
Absorption (lmax) 549 nm

Emission (lmax) 576 nm

Synthesis Synthetic methods1,2

Staining Applications Zinc ions1–3

Biological Applications Zinc indicator1–3

Industrial Applications Not reported

Safety/Toxicity No data available
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ROSE BENGAL

CAS Registry Number 632-69-9

Chemical Structure

O

COONa

ONaO

I

Cl

I

I

Cl

Cl

Cl

I

CA Index Name Spiro[isobenzofuran-1(3H),90-[9H]
xanthen]-3-one, 4,5,6,7-tetrachloro-30,60-dihydroxy-
20,40,50,70-tetraiodo-, sodium salt (1:2)

Other Names C.I. 45440; C.I. Acid Red 94; Bengal
Rose B sodium salt; Fluorescein, 4,5,6,7-tetrachloro-
20,40,50,70-tetraiodo-, disodium salt; Spiro[isobenzofur-
an-1(3H),90-[9H]xanthen]-3-one, 4,5,6,7-tetrachloro-
30,60-dihydroxy-20,40,50,70-tetraiodo-, disodium salt;
20,40,50,70-Tetraiodo-3,4,5,6-tetrachlorofluorescein diso-
dium salt; 30,40,50,60-Tetrachloro-2,4,5,7-tetraiodofluores-
cein disodium salt; Japan Red 105-1; Rose Bengal Extra;
Rose Bengal disodium salt; Rose Bengal extra; Rose
Bengal sodium; Rose Bengal sodium salt; Sodium
tetraiodotetrachlorofluorescein

Merck Index Number 8262

Chemical/Dye Class Xanthene

Molecular Formula C20H2Cl4I4Na2O5

Molecular Weight 1017.64

Physical Form Red-brown powder

Solubility Soluble in water, ethanol

Melting Point >200 �C
pKa 3.9, 4.7

Absorption (lmax) 548 nm

Emission (lmax) 567 nm

Synthesis Synthetic methods1–4

Staining Applications Bacteria;5 apoptotic cells;9 bac-
terial spores;17 proteins;6 hairs7,8

Biological Applications Apoptosis assay;9,10 diagnosis
of diseases related to amyloid accumulation;11 controlling
plant diseases;12 identifying fungi;12,13 treating skin,14

mouth,14 digestive tract,14 urinary tract,14 reproductive
tract,14 respiratory tract,14 circulatory system,14 head and
neck,14 endocrine system,14 lymphoreticular system,14

rhinitis,15 asthma,15 urticaria,15 atopic dermatitis,15 ana-
phylactic shock;15 photodynamic therapy;16,17 pesti-
cides;18 insecticides;19 fungicides20

Industrial Applications Organic photodetectors;21

memory devices;22 solar cells;23 semiconductor film;24

imaging method;25 optical filters;26 antireflection films;26

as polymerization photoinitiators;27 recording materi-
als;28 thermoplastics;29 cements;30 photographic
materials31

Safety/Toxicity Genotoxicity;32 microbial toxicity33

Certification/Approval Certified by Biological Stain
Commission (BSC)
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SAFRANIN O

CAS Registry Number 477-73-6

Chemical Structure

N

N

H2N NH2+

_
Cl

H3C CH3

CA Index Name Phenazinium, 3,7-diamino-2,8-di-
methyl-5-phenyl-, chloride (1 : 1)

Other Names C.I. Basic Red 2; Phenazinium, 3,7-dia-
mino-2,8-dimethyl-5-phenyl-, chloride; Safranine O; 2,8-
Dimethylphenosafranine; 3,7-Diamino-2,8-dimethyl-5-
phenylphenazinium chloride; Basic Pink; Basic Red 2;
Brilliant Safranine BR; Brilliant Safranine G; Brilliant
Safranine GR; C.I. 50240; Calcozine Red Y; Cotton Red;
Duasyn Basic Red TH; Gossypimine; Hidaco Safranine;
Leather Red HT; Lowacryl Red 2; Lowacryl Red 2 Conc;
Mitsui Safranine T; Nippon Kagaku Safranine GK; Nip-
ponKagakuSafranine T; Safranin; SafraninO; SafraninT;
Safranine; Safranine A; Safranine B; Safranine G; Safra-
nine GF; Safranine J; Safranine OK; Safranine OK
70:100; Safranine Superfine G; Safranine T; Safranine
TH; Safranine TN; Safranine TS; Safranine Y; Safranine
YN; Safranine Zh; Tolusafranine

Merck Index Number Not listed

Chemical/Dye Class Phenazine

Molecular Formula C20H19ClN4

Molecular Weight 350.84

Physical Form Dark red to dark green powder

Solubility Soluble in water, ethanol, ethylene glycol,
methyl cellosolve, pyridine

Melting Point >240 �C (decompose)

pKa 6.4

Absorption (lmax) 530 nm

Synthesis Synthetic methods1–16

Staining Applications Antigen;17 bacteria;18 brain;19

cellulose;20 lignin;20 mitochondria;21,22 nucleated and
non-nucleated blood cells;28 nucleic acids;23,24 proteins;25

spinal cord;19 hairs26,27

Biological Applications Hematotoxicity assays;28

measuring membrane potential;21,22,29 detecting micro-
organisms;30 treating diabetes-associated pain,31 mechan-
ical allodynia,32 oncological diseases;33 food packaging
materials34

Industrial Applications Photogalvanic cells;35 poly-
meric electro-mechanic devices;36 recording material;37

inks;38,39 textiles40

Safety/Toxicity Bacterial toxicity;41 carcinogenici-
ty;42–44 environmental toxicity;45 microbial toxicity;46

mitochondrial toxicity;47 mutagenicity;48 nucleic acid
damage49,50

Certification/Approval Certified by Biological Stain
Commission (BSC)
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SBFI

CAS Registry Number 124549-08-2

Chemical Structure

O N

O

N

O

O

O

COOHHOOC

COOHHOOC

OCH3

OCH3

CA Index Name 1,3-Benzenedicarboxylic acid, 4,40-
[1,4,10-trioxa-7,13-diazacyclopentadecane-7,13-diylbis
(5-methoxy-6,2-benzofurandiyl)]bis-

Other Names 1,4,10-Trioxa-7,13-diazacyclopentade-
cane, 1,3-benzenedicarboxylic acid derivative; SBFI

Merck Index Number Not listed

Chemical/Dye Class Benzofuran

Molecular Formula C44H42N2O15

Molecular Weight 838.81

Physical Form Solid

Solubility Soluble in methanol, dimethyl sulfoxide

Melting Point >200 �C
Boiling Point (Calcd.) 1034.1� 65.0 �C, pressure: 760
Torr

pKa (Calcd.) 2.96� 0.36, most acidic, temperature: 25
�C; 4.09� 0.40, most basic, temperature: 25 �C
Absorption (lmax) 339 nm

Emission (lmax) 565 nm

Synthesis Synthetic methods1,2

Staining Applications Sodium ions;1–32 cells34

Biological Applications Sodium indicator;1–32 identi-
fying genes;33 monitoring cellular processes;34 Kþ -chan-
nel openers35

Industrial Applications Not reported

Safety/Toxicity Cardiotoxicity;36 copper toxicity37
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SBFI AM

CAS Registry Number 129423-53-6

Chemical Structure

CA Index Name 1,3-Benzenedicarboxylic acid, 4,40-
[1,4,10-trioxa-7,13-diazacyclopentadecane-7,13-diylbis
(5-methoxy-6,2-benzofurandiyl)]bis-, 1,10,3,30-tetrakis
[(acetyloxy)methyl]ester

Other Names 1,3-Benzenedicarboxylic acid, 4,40-
[1,4,10-trioxa-7,13-diazacyclopentadecane-7,13-diylbis
(5-methoxy-6,2-benzofurandiyl)]bis-,tetrakis[(acety-
loxy)methyl]ester; 1,4,10-Trioxa-7,13-diazacyclopenta-
decane, 1,3-benzenedicarboxylic acid derivative; SBFI-
AM, Sodium-binding benzofuran isophthalate-AM

Merck Index Number Not listed

Chemical/Dye Class Benzofuran

Molecular Formula C56H58N2O23

Molecular Weight 1127.06

Physical Form Orange powder

Solubility Soluble in methanol, dimethyl sulfoxide

Melting Point >200 �C
Boiling Point (Calcd.) 1110.3� 65.0 �C, pressure: 760
Torr

pKa (Calcd.) 3.82� 0.40, most basic, temperature:
25 �C
Absorption (lmax) 379 nm

Emission (lmax) Fluorescence is very weak
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Synthesis Synthetic methods1,2

Staining Applications Sodium ions1–15

Biological Applications Sodium indicator;1–15 assays
for identifying taste-specific genes;16,17 treating depression6

Industrial Applications Not reported

Safety/Toxicity No data available
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SPQ

CAS Registry Number 83907-40-8

Chemical Structure

N

H3CO

+

_
SO3

CA Index Name Quinolinium, 6-methoxy-1-(3-sulfo-
propyl)-, inner salt

Other Names 6-Methoxy-N-(3-sulfopropyl)quinoli-
nium, inner salt; SPQ

Merck Index Number Not listed

Chemical/Dye Class Quinoline

Molecular Formula C13H15NO4S

Molecular Weight 281.33

Physical Form White powder

Solubility Soluble in water, dimethyl sulfoxide

Melting Point >299 �C (decompose)

Absorption (lmax) 344 nm

Emission (lmax) 443 nm

Synthesis Synthetic methods1,2

Staining Applications Chloride ions;3–31 nitrite ions32

Biological Applications Chloride indicator;3–31 nitrite
indicator;32 diagnosis of diseases caused by elemental
imbalances;35 detecting cancer cells,36 spores,36 stress
biomarkers;37 identifying genes;38 studying chloride–bi-
carbonate exchange33,34

Industrial Applications Not reported

Safety/Toxicity No data available
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STAINS-ALL

CAS Registry Number 7423-31-6

Chemical Structure

CA Index Name Naphtho[1,2-d]thiazolium, 1-ethyl-2-
[3-(1-ethylnaphtho[1,2-d]thiazol-2(1H)-ylidene)-2-
methyl-1-propen-1-yl]-, bromide (1 : 1)

Other Names 1-Ethyl-2-[3-(1-ethylnaphtho[1,2-d]
thiazolin-2-ylidene)-2-methylpropenyl]naphtho[1,2-d]
thiazolium bromide; Naphtho[1,2-d]thiazolium, 1-ethyl-
2-[3-(1-ethylnaphtho[1,2-d]thiazol-2(1H)-ylidene)-2-
methyl-1-propenyl]-, bromide; Naphtho[1,2-d]thiazo-
lium, 1-ethyl-2-[3-(1-ethylnaphtho[1,2-d]thiazolin-2-
ylidene)-2-methylpropenyl]-, bromide; 4,5,40,50-Di-
benzothiacarbocyanine bromide, 3,30-diethyl-9-meth-
yl-; 3,30-Diethyl-9-methyl-4,5,40,50-dibenzothiacarbo-
cyanine bromide; 3,30-Diethyl-9-methyl-4,5,40,50-
naphthothiacarbocyanine bromide; 4,5,40,50-Dibenzo-
3,30-diethyl-9-methylthiacarbocyanine bromide; Car-
bocyanin DBTC; DBTC; Stains-all

Merck Index Number Not listed

Chemical/Dye Class Naphthothiazole

Molecular Formula C30H27BrN2S2

Molecular Weight 559.58

Physical Form Dark green to dark grey powder

Solubility Soluble in water, ethanol, chloroform

Melting Point >200 �C
Absorption (lmax) 575 nm

Synthesis Synthetic methods1–5

Staining Applications Axonemal tubulins;6 biomole-
cules;7 elastin fibers;8 eye lens proteins crystallins;9 fun-
gi;10 protozoa;10 glycosaminoglycans;11 neurofila-
ments;12 nucleic acids;13–15,18,19 proteins;16–19 conjugated
proteins;18 polar lipids;18 phosphorpoteins20

Biological Applications Detecting nucleic acid hybrid-
ization;21 identifying microorganisms22

IndustrialApplications Lithographic printing plates;23

optical discs;24 optical recordingmaterials;25 photograph-
ic materials26–28

Safety/Toxicity Endotoxicity29
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STILBENE ISOTHIOCYANATE
SULFONIC ACID (SITS)

CAS Registry Number 51023-76-8

Chemical Structure

CA Index Name Benzenesulfonic acid, 5-(acetylami-
no)-2-[2-(4-isothiocyanato-2-sulfophenyl)ethenyl]-, so-
dium salt (1 : 2)

Other Names 4-Acetamido-40-isothiocyanato-2,20-stil-
benedisulfonic acid disodium salt; Benzenesulfonic acid,
5-(acetylamino)-2-[2-(4-isothiocyanato-2-sulfophenyl)
ethenyl]-, disodium salt; Disodium 4-acetamido-40-iso-
thiocyanatostilbene-2,20-disulfonate; SITS
Merck Index Number Not listed

Chemical/Dye Class Stilbene

Molecular Formula C17H12N2Na2O7S3

Molecular Weight 498.46

Physical Form Yellow or tan-yellow powder

Solubility Soluble in water, methanol, dimethyl
sulfoxide

Melting Point >200 �C
Absorption (lmax) 336 nm

Emission (lmax) 436 nm

Synthesis Synthetic methods1–4

Staining Applications Neuronal axons;3 proteins;3,4

photochromes5

Biological Applications Chloride channel block-
ers;6–17 anion transport inhibitors;18–20,25 treating can-
cer,21 glaucoma,22 heart diseases,23 viral diseases24

Industrial Applications Not reported

Safety/Toxicity Effect on hemolysis;25 lysosomal sul-
fate transport26
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SUDAN BLACK B

CAS Registry Number 4197-25-5

Chemical Structure

CA Index Name 1H-Perimidine, 2,3-dihydro-2,2-di-
methyl-6-[2-[4-(2-phenyldiazenyl)-1-naphthalenyl]
diazenyl]-

Other Names 1H-Perimidine, 2,3-dihydro-2,2-dimeth-
yl-6-[[4-(phenylazo)-1-naphthalenyl]azo]-; C.I. Solvent
Black 3; Sudan Black B; 2,3-Dihydro-2,2-dimethyl-6-
[(4-phenylazo-1-naphthalenyl)-azo]-1H-perimidine; 2,3-
Dihydro-2,2-dimethyl-6-[[4-(phenylazo)-1-naphthyl]
azo]perimidine; 6-(1-Phenylazo-4-naphthylazo)-2,3-dihy-
dro-2,2-dimethylperimidine; Acetylated Sudan Black B;
Aizen SOT Black 6; C.I. 26150; Ceres Black BN; Chuo
Sudan Black 141; Fast Black HBN; Fat Black HB; Fat
Black HB 01; Hexatype Black B; Lacquer Black S;
Lacquer Black VB; NSC 11239; Neptune Black X 60;
Nubian Black BT; Oil Black 860; Oil Black BT; Oil Black
HBB; Oil Black HZ; Orient Oil Black 860; Orient Oil
Black HBB; SOT-Black 6; Solvent Black 3; Sudan Black
141; Sudan Black X 60; Sudan Deep Black BB; Sudan
Deep Black BN; Typogen Black

Merck Index Number 8885

Chemical/Dye Class Azo

Molecular Formula C29H24N6

Molecular Weight 456.54

Physical Form Dark brown powder

Solubility Insoluble in water; soluble in ethanol, ace-
tone, benzene, toluene, xylene, ethylene glycol

Melting Point 180–186 �C (decompose)

Boiling Point (Calcd.) 726.0� 60.0 �C, pressure: 760
Torr

pKa (Calcd.) 3.57� 0.40, most basic, temperature:
25 �C
Absorption (lmax) 598 nm, 415 nm

Synthesis Synthetic methods1–5

Staining Applications Glycol methacrylate embedded
tissue sections;6 blast cells;7–9 lipids;10–12 lipid antigens;13

lipoproteins;14,15 apolipoproteins;15 neuron-specific nu-
clear protein NeuN;16 liposomes;17 myelin;18 mutants;19

skin;20 tissues;21 keratin fibers;22 hair23

Biological Applications Diagnosis of acute myeloid
leukemia (AML);7–9 detecting neuron-specific nuclear
protein NeuN;16 drug screening24

Industrial Applications Plasma display panels;25

inks;26–29 toners;30 photographicmaterials;31 adhesives;32

pesticides;33 leather;34 textiles34–36

Safety/Toxicity Acute oral toxicity,37 carcino-
genicity7,38

Certification/Approval Certified by Biological Stain
Commission (BSC)
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SUDAN III

CAS Registry Number 85-86-9

Chemical Structure

CA Index Name 2-Naphthalenol, 1-[2-[4-(2-phenyl-
diazenyl)phenyl]diazenyl]-

Other Names 2-Naphthalenol, 1-[[4-(phenylazo)phe-
nyl]azo]-; 2-Naphthol, 1-(p-phenylazophenylazo)-; C.I.
Solvent Red 23; 1-(p-Phenylazophenylazo)-2-naphthol;
111440Red;BrasilazinaOil Scarlet; C.I. 26100;Certiqual
Oil Red; D and CRed No. 17; D&CRedNo. 17; FD and C
Red No. 17; Fast Oil Scarlet III; Fat Red Bluish; Fat Red
HRR; Fat Red R; Fat Red RS; Fat Scarlet LB; Fat Soluble
Red Zh; Grasal Brilliant Red G; Grasan Brilliant Red G;
Japan Red 225; Japan Red No. 225; NSC 65825; NSC
8995; Oil Red 3G; Oil Red AS; Oil Red DR 126; Oil Red
Extra; Oil Scarlet G; Organol Red BS; Organol Scarlet;
RedNo. 225; RedZh; Silotras Scarlet TB; Solvent Red 23;
Somalia Red III; Stearix Scarlet; Sudan 3; Sudan III;
Sudan P III; Sudan Red III; Sudan Red BK; Tetrazoben-
zene-b-naphthol; Toney Red; Tony Red

Merck Index Number 8884

Chemical/Dye Class Azo

Molecular Formula C22H16N4O

Molecular Weight 352.39

Physical Form Brown-red powder

Solubility Insoluble in water; soluble in benzene, chlo-
roform; moderately soluble in acetone, ether, petroleum
ether; slightly soluble in ethanol, xylene

Melting Point 195 �C

Boiling Point (Calcd.) 584.6� 35.0 �C, pressure: 760
Torr

pKa (Calcd.) 13.44� 0.50, most acidic, temperature:
25 �C
Absorption (lmax) 507 nm, 354 nm

Synthesis Synthetic methods1–6

Staining Applications Lipids;7–11 fats;12 skin;13–20

lips;20 lipsticks;21 contact lens;22 eye shadow;23 keratin
fibers;24 hairs;25 latex particles;26,27 nail enamel;28 sun-
screen;29,30 spinal fluid31

Biological Applications Antiseptic;32 preventing pros-
tate cancer;33 medical devices;34 dental impression
materials35

Industrial Applications Plasma display panels;36 liq-
uid crystal displays;37 dielectric materials;38 photore-
sists;39,40 inks;41 toners;42 pesticides;43 cleansing pro-
ducts;44 textiles;45 fabric softener;46 oils;47 fuel cells;48

petroleum products49

Safety/Toxicity Acute cytogenetic effect;50 carcinoge-
nicity;33,51,52 chromosomal aberration;53 genotoxi-
city;54,55 mutagenicity;56 neurotoxicity;57 skin toxicity58

Certification/Approval Certified by Biological Stain
Commission (BSC)
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SUDAN IV

CAS Registry Number 85-83-6

Chemical Structure

CA Index Name 2-Naphthalenol, 1-[2-[2-methyl-4-[2-
(2-methylphenyl)diazenyl]phenyl]diazenyl]-

Other Names 2-Naphthalenol, 1-[[2-methyl-4-[(2-
methylphenyl)azo]phenyl]azo]-; 2-Naphthol, 1-(4-o-toly-
lazo-o-tolylazo)-; C.I. Solvent Red 24; 1-(20-Methyl-40-
(200-methylphenylazo)phenylazo)-2-naphthol; 1-[4-(o-
Tolylazo)-o-tolylazo]-2-naphthol; 20,3-Dimethyl-4-(2-
hydroxynaphthylazo)azobenzene; Aizen SOT Red 1; At-
lasol Red 4B; Biebrich Scarlet BPC;Biebrich Scarlet Red;
Brasilazina Oil Red B; C.I. 26105; Candle Scarlet 2B;
Candle Scarlet B; Candle Scarlet G; Ceres Red BB;
Dispersol Red PP; Enial Red IV; Fast Oil Red B; Fast
Red BB; Fat Ponceau R; Fat Red 2B; Fat Red B; Fat Red
BB; FatRedBS; FatRedTS; Fat SolubleDarkRed;Grasal
Brilliant Red B; Grasan Brilliant Red B; Hidaco Oil Red;
Japan Red 501; Lacquer Red V; Lacquer Red VS; NSC
10472; Oil Red; Oil Red 282; Oil Red 2B; Oil Red 3; Oil
Red 3B; Oil Red 47; Oil Red 7; Oil Red A; Oil Red APT;
Oil Red B; Oil Red BB; Oil Red BS; Oil Red D; Oil Red
ED; Oil Red F; Oil Red GO; Oil Red RC; Oil Red RR; Oil
Red S; Oil Red SST Extra; Oil Red TAX; Oil Red ZD; Oil
Scarlet; Oil Scarlet 48; Oleal Red BB; Oleosol Red BB;
OrganolRedB;OrientOilRedRR; PlastoresinRedF;Red
3RSoluble inGrease; Resinol Red 2B; SOTRed 1; Scarlet
R; Scarlet R (solvent dye); Scarlet oil; Scarlet red; Silotras
Red T 3B; Solvent Red 24; Somalia Red IV; Stearix Red
4B; Stearix Red 4S; Sudan (IV) dye; Sudan 4; Sudan IV;
Sudan P; SudanRed 380; SudanRed 4BA; SudanRedBB;
Sudan Red BBA; Sudan Red IV; TU 6-14-8780; Tertro-
gras RedN; ToyoOil Red BB;Waxoline RedO;Waxoline
Red OM; Waxoline Red OS; o-Tolueneazo-o-toluene-b-

naphthol; o-Tolylazo-o-tolylazo-b-naphthol; o-Tolylazo-
o-tolylazo-2-naphthol

Merck Index Number 8393

Chemical/Dye Class Azo

Molecular Formula C24H20N4O

Molecular Weight 380.44

Physical Form Dark red-brown powder

Solubility Insoluble in water; soluble in benzene, meth-
anol, acetone, isopropanol; slightly soluble in ethanol

Melting Point 184–186 �C (decompose)

Boiling Point (Calcd.) 618.8� 55.0 �C, pressure: 760
Torr

pKa (Calcd.) 13.52� 0.50, most acidic, temperature:
25 �C
Absorption (lmax) 520 nm, 357 nm

Synthesis Synthetic methods1–4

Staining Applications Fat globules;5 fats;6 lipids;6–9,13

fish oil;10 lipoproteins;11 CYP1A1 proteins;12 proteins;13

starch;13 nucleic acids;12,14,15 tissues;16,17 waxes18

Biological Applications Detecting atherosclerosis;10,11

diapers;19 skin care products;20 shampoos;21 hair colors;22

stents;23 dental impression materials24

Industrial Applications Plasma display panels;25 liq-
uid crystal display device;26 color filters;27 semiconductor
devices;28 photoresists;29,30 recording materials;31

inks;32,33 toners;34 lenses;35 pesticides;36 laundry deter-
gents;37 textiles;38,39 clay;40 gasoline;41,42 diesel fuels;42

petroleum products43

Safety/Toxicity Mutagenicity44–46

Certification/Approval Certified by Biological Stain
Commission (BSC)

NNNN

HOCH3 CH3
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SUNSET YELLOW FCF

CAS Registry Number 2783-94-0

Chemical Structure

SO3Na

N

HO

N

SO3Na

CA Index Name 2-Naphthalenesulfonic acid, 6-hy-
droxy-5-[2-(4-sulfophenyl)diazenyl]-, sodium salt (1 : 2)

Other Names 2-Naphthalenesulfonic acid, 6-hydroxy-
5-[(4-sulfophenyl)azo]-, disodium salt; C.I. Food Yellow
3; C.I. Food Yellow 3, disodium salt; Sunset Yellow FCF;
1-p-Sulfophenylazo-2-hydroxynaphthalene-6-sulfonate
disodium salt; 1351 Yellow; 1899 Yellow; Acid Food
Yellow 3; Acid Yellow TRA; Aizen Food Yellow 5;
Alabaster No. 3; Atul Sunset Yellow FCF; C Orange
10; C.I. 15985; Canacert Sunset Yellow FCF; Certicol
Sunset Yellow CFS; Cilefa Orange S; Cogilor Orange
213.11; D and C Yellow No. 6; Dolkwal Sunset Yellow; E
110; E 110 (dye); Edicol SupraYellow FC; Eniacid Sunset
Yellow; Eurocert Orange FCF; FD & C Yellow 6; FD and
CYellow 6; FD and CYellowNo. 6; FD&CYellow No. 6;
Food Yellow 3; Food Yellow 5; Food Yellow No. 5; HD
Sunset Yellow FCF; HD Sunset Yellow FCF Supra; Hex-
acol Sunset Yellow FCF; Hexacol Sunset Yellow FCF
Supra; INS110; JapanFoodYellowNo. 5; JapanYellow5;
Japan Yellow No. 5; KCA Foodcol Sunset Yellow FCF; L

Orange Z 2010; Maple Sunset Yellow FCF; Orange G;
Orange II R; Orange PAL; Orange Yellow 85; Orange
Yellow S; Orange Yellow SFQ; Orient Water Yellow 2;
Para Orange; Sun Orange A Geigy; Sun Yellow; Sun
Yellow Extra Conc. A Export; Sun Yellow Extra Pure
A; SunYellow FCF; Sunlight Yellow FCF; Sunset Yellow;
Sunset Yellow 6; Twilight yellow; Usacert Yellow No. 6;
Vitasyn Orange RGL 90; Water Yellow 2; Yellow 6;
Yellow No. 5; Yellow No. 6; Yellow Orange S; Yellow
S; Yellow SY; Yellow Sun

Merck Index Number 9001

Chemical/Dye Class Azo

Molecular Formula C16H10N2Na2O7S2

Molecular Weight 452.37

Physical Form Orange-red crystals

Solubility Soluble in water, ethanol

Melting Point 390 �C (decompose)

Absorption (lmax) 480 nm

Synthesis Synthetic methods1–13

Staining Applications Cells;14 animal feed;15 bakery
products;16 candies;20 beverages;17–19 bread;21 cereal;21

confectionery products;22 cough syrup;23 dairy pro-
ducts;24 dietary supplement;25,29 drinks;20,26,27 frozen
food product;28 grape extract;29 meat products;30 soft
drinks;31 soup;32 sweeteners;33,34 syrup;19 capsule;35 ta-
blets;22,36–38 dental bleaching gel;39 eyebrows;40 eye sha-
dows;41 lips;42 skin;42,43 tattoos;44 tooth;45 hairs;46–48

keratin fibers49

Biological Applications Medical devices;50 treating
bone metabolic diseases,51 dermatological disorders,52

mitochondrial diseases,53 respiratory illness54

Industrial Applications Inks;55–59 paints;60 thermo-
plastics;61 batteries;62 cleansing products;63 colored bub-
bles;64 textiles;65 toys66

Safety/Toxicity Acute toxicity;67 carcinogenicity;68–73

childhood behavior effects;74 chromosomal aberra-
tion;70,75,76 cytotoxicity;77 genotoxicity;78–81 mutagenic-
ity;82–86 neurotoxicity;87 reproductive toxicity87

Certification/Approval Approved by Food & Drugs
Administration (FDA)
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TARTRAZINE

CAS Registry Number 1934-21-0

Chemical Structure
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SO3Na

NNaO3S

CA Index Name 1H-Pyrazole-3-carboxylic acid, 4,5-
dihydro-5-oxo-1-(4-sulfophenyl)-4-[2-(4-sulfophenyl)
diazenyl]-, sodium salt (1 : 3)

Other Names 1H-Pyrazole-3-carboxylic acid, 4,5-di-
hydro-5-oxo-1-(4-sulfophenyl)-4-[(4-sulfophenyl)azo]-,
trisodium salt; C.I. Acid Yellow 23; C.I. Acid Yellow 23,
trisodium salt; Tartrazine; 1310 Yellow; 1409 Yellow; 3-
Carboxy-5-hydroxy-1-p-sulfophenyl-4-p-sulfophenyla-
zopyrazole trisodium salt; A.F. YellowNo. 4; AY 23; Acid
Leather Yellow T; Acid Yellow 23; Acid Yellow N; Acid
Yellow T; Acid Yellow XX-SF; Acilan Yellow GG; Aire-
dale Yellow T; Aizen Tartrazine; Amacid Yellow T;
Amacid Yellow T-EX; Apollo Acid Tartrazine; Atul Tar-
trazine; B 3014; Basovit Yellow 133E; Bosovit Yellow
133E; Bucacid Tartrazine; C.I. 19140; C.I. FoodYellow 4;
C.I. Solvent Yellow 57; Calcocid Yellow MCG; Calcocid
Yellow XX; Canacert Tartrazine; Certicol Tartrazol Yel-
low S; Cilefa Yellow T; Cogilor Yellow 113.11; Cogilor
Yellow 113.11-90003; Concorde Acid Tartrazine; Con-
corde Leather Yellow TTZ; Curon Fast Yellow 5G; D and
CYellowNo. 5; Dinacid Tartrazine Yellow PFD; Dolkwal
Tartrazine; DuasynAcidYellowXX;DuasynAcidYellow
XX-SF; Duasyn Acid Yellow XX-SF-LP 413; Durkee
Yellow Food Color; Dyacid Yellow N; Dye Yellow Lake;
Dynacid Yellow K; E 102; E 102 (dye); Edicol Supra
Tartrazine N; Egacid Yellow T; Egg Yellow A; Eniacid
Tartrazine J; Erio Tartrazine; Erio Yellow T Supra; Euro-
cert Tartrazine; Eurocert Tartrazine 311840; FD & C

Yellow No. 5-307008; FD and C Yellow No. 5; FD&C
Yellow 5; FD&C Yellow No. 5; FD&C Yellow No. 5-
37000; FD&CYellow No. 5-37009; FD&CYellow No. 5-
90123; Fenazo Yellow T; Food Dye Yellow 4; Food
Yellow 4; Food Yellow No. 4; Food dye yellow number
4; HD Tartrazine; HD Tartrazine Supra; Hexacert Yellow
No. 5; Hexacol Tartrazine; Hidazid Tartrazine; Hispacid
Fast Yellow T; Hydrazine yellow; Hydroxine Yellow L;
INS 102; Japan Food YellowNo. 4; Japan Yellow 4; Japan
Yellow No. 4; KCA Foodcol Tartrazine PF; KCATartra-
zine PF; Kako Tartrazine; Kayaku Food Colour Yellow
No. 4; Kayaku Tartrazine; Kemacid Tartrazine NS; Kiton
Yellow T; LYellow Z 1020; Lake Yellow; Lemon Yellow;
Lemon Yellow (Chinese food dye); Lemon Yellow A;
Lemon Yellow A Geigy; Maple Tartrazol Yellow; Mitsui
Tartrazine; Multacid Yellow T; NSC 4760; Naphtocard
YellowO;Necol Tartrazine;Neelicol Tartrazine;Neklacid
Yellow T; Orient Water Yellow 1; Oxanal Yellow T; Pacid
Tartrazin; Pro-Jet Yellow OAM; PuriColor Yellow AYE
23; Ritacid Yellow NS; Romexal Yellow T; San-ei Tar-
trazine; Sandolan Yellow E-TZ; Sicovit Tartrazin Lake E
102; Sicovit Tartrazine Lake E 102; Solvent Yellow 57;
Sugai Tartrazine; Tartar Yellow FS; Tartar Yellow N;
Tartar Yellow PF; Tartar Yellow S; Tartran Yellow; Tar-
traphenine; Tartrazin; Tartrazine 307043; Tartrazine
36008; Tartrazine 37000; Tartrazine 37009; Tartrazine
90123; Tartrazine A; Tartrazine A Export; Tartrazine B;
Tartrazine B.P.C.; Tartrazine C; Tartrazine E 102; Tartra-
zine Extra Pure A; Tartrazine FQ; Tartrazine G; Tartrazine
GR; Tartrazine Lake; Tartrazine Lake Yellow N; Tartra-
zine M; Tartrazine MCGL; Tartrazine N; Tartrazine NS;
Tartrazine O; Tartrazine O Specially Pure; Tartrazine T;
Tartrazine XX; Tartrazine XX Specially Pure; Tartrazine
XXX; Tartrazine Yellow; Tartrazine Yellow 5; Tartrazine
Yellow BF; Tartrazol BPC; Tartrazol Yellow; Tartrine
Yellow O; Triacid Tartrazine Yellow O; Triacid Yellow
T; Trisodium 3-carboxy-5-hydroxy-1-p-sulfophenyl-4-p-
sulfophenylazopyrazole; Unitertracid Yellow TE; Usacert
FD&C Yellow No. 5-310122; Usacert Yellow No. 5;
Vitasyn Tartrazine X 90; Vitasyn Tartrazine XX 90;
Vondacid Tartrazine; Water Yellow 1; Water Yellow
176552; Water Yellow 176571; Water Yellow 178758;
Water Yellow 178819; Wool Yellow; Xylene Fast Yellow
GT; Yellow 5; Yellow HO 203; Yellow Lake 69; Yellow
No. 5

Merck Index Number 9072

Chemical/Dye Class Pyrazolone; Azo

Molecular Formula C16H9N4Na3O9S2

Molecular Weight 534.36
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Physical Form Bright orange-yellow powder

Solubility Freely soluble in water; soluble in ethanol,
cellosolve; insoluble in xylene

Melting Point 300 �C
Absorption (lmax) 425 nm

Synthesis Synthetic methods1–25

Staining Applications Enzymes;26 lymph nodes;27 al-
cohol;28 bakery products;29 beverages;30–33 candy;34,36

cucumber pickle products;35 drinks;36,37 egg noodle;38

fast food products;38 fish;39 ice cream;40 meat products;41

potato products;42 seafood;43 sweeteners;44 syrup;33 yo-
ghurts;45 capsules;46 tablets;47 mouthwash;48 tooth-
pastes;49 sunscreen;50 eyebrows;51 eyelashes;52 lips;53–56

skin;55–57 tattoos;58 tooth;59 hairs60

Biological Applications Treating hepatitis,44,47 peri-
odontal disease,61 psoriasis62

Industrial Applications Color filters;63,64 liquid crystal
displays;63,64 organic thin films;65 inks;66–68 highligh-
ters;69 paints;70,71 adhesives;72 photographic materials;73

thermoplastics;74 cleansing products;75 detergents;76 col-
ored bubbles;77 papers,78 fabrics,79 wood80,81

Safety/Toxicity Acute oral toxicity;82 allergic contact
dermatitis;83 carcinogenicity;84–88 chromosomal aberra-
tion;89 chronic toxicity;86,87 cytotoxicity;90,91 dermal tox-
icity;92 genotoxicity;93–96 hyperactive behavior in chil-
dren;97 mutagenicity;98–106 neurotoxicity;107 pseudoaller-
gic reactions;108 reproductive toxicity107

Certification/Approval Approved by Food & Drugs
Administration (FDA)
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TETRANITRO BLUE
TETRAZOLIUM (TNBT)

CAS Registry Number 1184-43-6

Chemical Structure

CA Index Name 2H-Tetrazolium, 2,20-(3,30-dimethoxy
[1,10-biphenyl]-4,40-diyl)bis[3,5-bis(4-nitrophenyl)-,
chloride (1 : 2)

Other Names 2H-Tetrazolium, 2,20-(3,30-dimethoxy
[1,10-biphenyl]-4,40-diyl)bis[3,5-bis(4-nitrophenyl)-,
dichloride; 2H-Tetrazolium, 3,30-(3,30-dimethoxy-4,40-bi-
phenylylene)bis[2,5-bis(p-nitrophenyl)-, dichloride;
[3,30-(3,30-Dimethoxy-4,40-biphenylylene)bis[2,5-bis(p-
nitrophenyl)-2H-tetrazolium chloride]]; 2,20,5,50-Tetra-p-
nitrophenyl-3,30-(3,30-dimethoxy-4,40-biphenylene)dite-
trazolium chloride; 2,20,5,50-Tetrakis(p-nitrophenyl)-3,30-
(3,30-dimethoxy-4,40-diphenylene)ditetrazolium chlo-
ride; 2,20,5,50-Tetrakis-p-(nitrophenyl)-3,30-bis(3,30-di-
methoxy-4,40-diphenylene)ditetrazolium chloride; Blue
p-nitrotetrazolium chloride; NSC 121208; Nitroblue
monotetrazolium chloride; TNBT; Tetranitro Blue Tetra-
zolium; Tetranitro-BT; Tetranitroblue tetrazolium chlo-
ride; Tetranitrotetrazolium blue

Merck Index Number Not listed

Chemical/Dye Class Tetrazolium salt

Molecular Formula C40H28Cl2N12O10

Molecular Weight 907.63

Physical Form Yellow crystals or powder

Solubility Soluble in water, ethanol, methanol, N,N-
dimethylformamide

Melting Point 170 �C (decompose)

Absorption (lmax) 279 nm

Synthesis Synthetic methods1–4

Staining Applications Cancer tissues;5 enzymes;6 b-
galactosidase;7 glucose-6-phosphate dehydrogenase;8,9

motor nerve terminals10

Biological Applications Diagnosis of bacterial vagino-
sis;11 detecting alkaline phosphatase,12 gamma-hydroxy-
butyric acid (GHB),13 succinate dehydrogenase activity;14

generating and detecting reactive oxygen species;15,16

treating cancer17

Industrial Applications Recording materials;18 steel
products;19 toner20

Safety/Toxicity Bacterial toxicity21
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TETRAZOLIUM VIOLET (TV)

CAS Registry Number 1719-71-7

Chemical Structure
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CA Index Name 2H-Tetrazolium, 3-(1-naphthalenyl)-
2,5-diphenyl-, chloride (1 : 1)

OtherNames 2H-Tetrazolium, 3-(1-naphthalenyl)-2,5-
diphenyl-, chloride; 2H-Tetrazolium, 3-(1-naphthyl)-2,5-
diphenyl-, chloride; 3-(1-Naphthyl)-2,5-diphenyl-2H-tet-
razolium chloride; 2,5-Diphenyl-3-(1-naphthyl)-2H-tet-

razolium chloride; 2,5-Diphenyl-3-(1-naphthyl)tetrazoli-
um chloride; 2,5-Diphenyl-3-a-naphthyltetrazolium
chloride; TV; Tetrazolium purple; Tetrazolium violet;
Tetrazolium violet chloride; VT; Violet Tetrazolium

Merck Index Number Not listed

Chemical/Dye Class Tetrazolium salt

Molecular Formula C23H17ClN4

Molecular Weight 384.86

Physical Form Yellow brown or tan powder

Solubility Soluble in water, ethanol, methanol

Melting Point 245–250 �C (decompose)

Absorption (lmax) 244 nm

Synthesis Synthetic methods1–3

Staining Applications Bacteria;4 fungi5

Biological Applications Analysis of microorganisms;6

detecting anti-bacterial agent,7 g-hydroxybutyric acid
(GHB);8 treating cancer,9 pain10

Industrial Applications Semiconductor powders;11

photographic materials;12 recording materials;13 steel
products14

Safety/Toxicity No data available
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THIONIN

Note: The literature is exclusively devoted to Thionin
chloride; however, Thionin acetate is certified by Biologi-
cal Stain Commission (BSC).

CAS Registry Number 78338-22-4

Chemical Structure

S

N

H2N NH2

+

_
CH3COO

CA Index Name Phenothiazin-5-ium, 3,7-diamino-,
acetate (1 : 1)

Other Names C.I. 52000; Lauth’s violet; Phenothiazin-
5-ium, 3,7-diamino-, acetate; 3,7-Diaminophenothiazin-
5-ium acetate; Thionin; Thionin acetate; Thionin acetate
salt; Thionine acetate

Merck Index Number Not listed (Chloride listed:
9346)

Chemical/Dye Class Phenothiazine

Molecular Formula C14H13N3O2S

Molecular Weight 287.34

Physical Form Dark green powder

Solubility Soluble in water, ethanol

Melting Point >200 �C
pKa 2.5, 11.3

Absorption (lmax) 598 nm

Emission (lmax) 625 nm

Synthesis Synthetic methods1,2

Staining Applications Bacteria;3 viruses;4 nucleic
acids;4 glomerular deposits5

Biological Applications Biosensors;6 diagnosis of dia-
betes;7 detecting ascorbic acid,8 uric acid,8 glucose,9

glomerular deposits5

Industrial Applications Batteries;10 carbon nano-
tubes;11,12 glass–polyester composite fibers;13 magnetic
composites;14 electrochromic devices15

Safety/Toxicity No data available

Certification/Approval Certified by Biological Stain
Commission (BSC)
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TMRE

CAS Registry Number 115532-52-0

Chemical Structure

CA Index Name Xanthylium, 3,6-bis(dimethylamino)-
9-[2-(ethoxycarbonyl)phenyl]-, perchlorate

Other Names T 669; TMRE; Tetramethylrhodamine
ethyl ester perchlorate

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C26H27ClN2O7

Molecular Weight 514.95

Physical Form Dark green crystals

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Melting Point 264–266 �C
Absorption (lmax) 549 nm

Emission (lmax) 574 nm

Synthesis Synthetic method1

Staining Applications Mitochondria;2–10 cells3

Biological Applications Detecting mitochondrial
membrane potential;1,11,12 apoptosis assays;13–15 multi-
drug resistance assays16

Industrial Applications Semi-conducting polymer
nanoparticles17

Safety/Toxicity No data available

REFERENCES

1. Ehrenberg, B.; Montana, V.; Wei, M. D.; Wuskell, J.
P.; Loew, L. M. Membrane potential can be
determined in individual cells from the Nernstian
distribution of cationic dyes. Biophys. J. 1988, 53,
785–794.

2. Hattori, F.; Fukuda, K. Method for selecting
myocardial cells using intracellular mitochondria
labeled with fluorescent indicator. PCT Int. Appl.
WO 2006022377, 2006; Chem. Abstr. 2006, 144,
270175.

3. Farkas, D. L.; Wei, M. D.; Febbroriello, P.; Carson, J.
H.; Loew, L. M. Simultaneous imaging of cell and
mitochondrial membrane potentials. Biophys. J.
1989, 56, 1053–1069.

4. Bernas, T.; Dobrucki, J. Mitochondrial and
nonmitochondrial reduction of MTT: interaction of
MTT with TMRE, JC-1, and NAO mitochondrial
fluorescent probes. Cytometry 2002, 47, 236–242.

5. Yu, W. R.; Liu, T.; Fehlings, T. K.; Fehlings, M. G.
Involvement of mitochondrial signaling pathways in
themechanism of Fas-mediated apoptosis after spinal
cord injury. Eur. J. Neurosci. 2009, 29, 114–131.

6. Yin, Z.; Aschner, J. L.; dos Santos, A. P.; Aschner, M.
Mitochondrial-dependent manganese neurotoxicity
in rat primary astrocyte cultures. Brain Res. 2008,
1203, 1–11.

7. Mironov, S. L. ADP regulates movements of
mitochondria in neurons. Biophys. J. 2007, 92,
2944–2952.

8. Spees, J. L.; Olson, S. D.;Whitney,M. J.; Prockop, D.
J. Mitochondrial transfer between cells can rescue
aerobic respiration. Proc. Natl. Acad. Sci. U.S.A.
2006, 103, 1283–1288.

9. Collins, T. J.; Bootman, M. D. Mitochondria are
morphologically heterogeneous within cells. J.
Exp. Biol. 2003, 206, 1993–2000.

O NN

COOC2H5

+

_
ClO4

H3C

CH3 CH3

CH3

TMRE 467



10. Collins, T. J.; Berridge, M. J.; Lipp, P.; Bootman, M.
D. Mitochondria are morphologically and
functionally heterogeneous within cells. EMBO J.
2002, 21, 1616–1627.

11. Chalmers, S.; McCarron, J. G. The mitochondrial
membrane potential and Ca2þ oscillations in smooth
muscle. J. Cell Sci. 2008, 121, 75–85.

12. Nicholls, D. G.; Ward, M. W. Mitochondrial
membrane potential and neuronal glutamate
excitotoxicity: mortality and millivolts. Trends
Neurosci. 2000, 23, 166–174.

13. Galluzzi, L.; Zamzami, N.; de La Motte Rouge, T.;
Lemaire,C.;Brenner,C.;Kroemer,G.Methods for the
assessment of mitochondrial membrane permeabi-
lization in apoptosis. Apoptosis 2007, 12, 803–813.
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TMRM

CAS Registry Number 115532-50-8

Chemical Structure

CA Index Name Xanthylium, 3,6-bis(dimethylamino)-
9-[2-(methoxycarbonyl)phenyl]-, perchlorate

Other Names T 668; TMRM; Tetramethylrhodamine
methyl ester perchlorate

Merck Index Number Not listed

Chemical/Dye Class Xanthene

Molecular Formula C25H25ClN2O7

Molecular Weight 500.93

Physical Form Dark green crystals

Solubility Soluble in ethanol, methanol, dimethyl
sulfoxide

Melting Point 274–276 �C
Absorption (lmax) 549 nm

Emission (lmax) 573 nm

Synthesis Synthetic method1

Staining Applications Mitochondria;2–4 cells3

Biological Applications Detecting mitochondrial
membrane potential;1,3,5,6 apoptosis assays;7,8 multidrug
resistance assays9

Industrial Applications Not reported

Safety/Toxicity No data available
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TOLUIDINE BLUE O

CAS Registry Number 92-31-9

Chemical Structure
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CA Index Name Phenothiazin-5-ium, 3-amino-7-(di-
methylamino)-2-methyl, chloride (1:1)

Other Names Phenothiazin-5-ium, 3-amino-7-(di-
methylamino)-2-methyl, chloride; 3-Amino-7-(dimethy-
lamino)-2-methylphenazathionium chloride; 3-Amino-7-
(dimethylamino)-2-methylphenothiazin-5-ium chloride;
Basic Blue 17; Blutene; Blutene chloride; C.I. 52040;
C.I. Basic Blue 17; Dimethyltoluthionine chloride; FKlot;
Gabilin; Klot; Menodin; NSC 36758; Schultz 1041; To-
lazul; Tolonium chloride; Toluidine Blue O; Toluidine
Blue OO; Toluidine blue; Toluidine blue (phenothiazine
dye); o-Toluidine blue

Merck Index Number 9520

Chemical/Dye Class Phenothiazine

Molecular Formula C15H16ClN3S

Molecular Weight 305.83

Physical Form Dark green powder

Solubility Soluble in water, ethanol

Melting Point >200 �C
pKa 2.4, 11.6

Absorption (lmax) 626 nm, 630 nm

Synthesis Synthetic methods1–10

Staining Applications Amyloid deposits;11 cells;12,13

gene expression;14 glycosaminoglycans;15 leaf cuticle;16

Mohs’ micrographic surgery;17 neurons;18,19 nucleic
acids;20 nuclei;21 ocular structure;22 oral lesions;23–26

paraffin;27 phenolic deposits;28 prion protein deposits;29

proteoglycans;30 renal cells;31 RNA;32 skin lesions;33

sperm DNA;34 sperm chromatin;34,35 sputum36

Biological Applications Bound hyaluronan assay;37

DNA assay;38 bioelectronic applications;39 biofuel
cells;40,41 microbial fuel cells;42 detecting bacteria,43 body
fluid,44 nucleic acids,45,46 proteins,46 viruses;46 identifying
Gram-negative bacteria,47 b-amyloid reducing agents;48

photodynamic therapy;49–56 treating eye diseases,53 fungal
infections,54 oral lesions,55 skin diseases,56 nail infec-
tions,57 neurodegenerative diseases;58 medical devices59

Industrial Applications Photovoltaic cells;60 solar
cells;60 inks;61 toners;62 electrorheological materials;63

recording materials;64 paints;65 detergents;66 rubber;67

textiles;68 analytical applications;69 security
applications70

Safety/Toxicity Carcinogenicity;71,72 cytotoxicity;73

hepatotoxicity;74 microbial toxicity;75 mutagenicity;76,77

neurotoxicity;78–80 ototoxicity;81 photodynamic
toxicity82,83

Certification/Approval Certified by Biological Stain
Commission (BSC)
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CAS Registry Number 157199-59-2
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CA Index Name Quinolinium, 4-[(3-methyl-2(3H)-
benzothiazolylidene)methyl]-1-[3-(trimethylammonio)
propyl]-, iodide (1:2)

Other Names Quinolinium, 4-[(3-methyl-2(3H)-ben-
zothiazolylidene)methyl]-1-[3-(trimethylammonio)pro-
pyl]-, diiodide; TO-PRO 1; TO-PRO 1 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C24H29I2N3S

Molecular Weight 645.38

Physical Form Red-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 515 nm

Emission (lmax) 531 nm

Synthesis Synthetic methods1–6

Staining Applications Nucleic acids;7–13 cells;4,14,15

antibodies;1,2 bacteria;16 leukocytes;17,18,27 nuclei;27

megakaryocyte;19 microorganisms;20 peptides;1,2 pro-
teins;1,2 reticulocytes;21 sperms22

Biological Applications Nucleic acid hybridiza-
tion;23,24 nucleic acid assay;12 nucleic acid fragment
sizing;13 nucleic acid sequencing;11 detecting nucleic
acids,7–10 cells,4,14,15Human papilloma virus (HPV),25

microstructures;26 counting embryoblasts,27 leuko-
cytes;27 monitoring cell cycle kinetics28

Industrial Applications Not reported

Safety/Toxicity No data available
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CAS Registry Number 157199-63-8
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CA Index Name Quinolinium, 4-[3-(3-methyl-2(3H)-
benzothiazolylidene)-1-propen-1-yl]-1-[3-(trimethylam-
monio)propyl]-, iodide (1:2)

Other Names Quinolinium, 4-[3-(3-methyl-2(3H)-
benzothiazolylidene)-1-propenyl]-1-[3-(trimethylammo-
nio)propyl]-, diiodide; TO-PRO 3; TO-PRO 3 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C26H31I2N3S

Molecular Weight 671.42

Physical Form Red-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 642 nm

Emission (lmax) 661 nm

Synthesis Synthetic methods1–5

Staining Applications Nucleic acids;5–13 cells;4,16 bac-
teria;14,15 chromatin;17 genes;18 leukocytes;19 nuclei;20

peptides;1 proteins;1 antibodies1

Biological Applications Nucleic acid hybridiza-
tion;21,22 nucleic acid assay;9 detecting nucleic acids,5–13

cells,4,16 bacteria,14,15 bromodeoxyuridine incorpo-
ration,23 Human papilloma virus (HPV),24 pathogens;25

counting leukocytes19

Industrial Applications Microchip system and poly-
mer waveguides26

Safety/Toxicity No data available
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TO-PRO 5

CAS Registry Number 177027-61-1

Chemical Structure
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CA Index Name Quinolinium, 4-[5-(3-methyl-2(3H)-
benzothiazolylidene)-1,3-pentadienyl]-1-[3-(trimethy-
lammonio)propyl]-, diiodide

Other Names 3-methyl-2-[5-[1-[3-(trimethylammo-
nio)propyl]-4(1H)-quinolinylidene]-1,3-pentadienyl]
benzothiazolium diiodide; TO-PRO 5; TO-PRO 5 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C28H33I2N3S

Molecular Weight 697.46

Physical Form Red-brown powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 747 nm

Emission (lmax) 770 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–4 cells5

Biological Applications Nucleic acid hybridization;6,7

detecting nucleic acids,2–4 Cells;5 monitoring cell cycle
kinetics8

Industrial Applications Not reported

Safety/Toxicity No data available
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TOTO 1

CAS Registry Number 143413-84-7

Chemical Structure
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CA Index Name Quinolinium, 1,10-[1,3-propanediyl-
bis[(dimethyliminio)-3,1-propanediyl]]bis[4-[(3-methyl-
2(3H)-benzothiazolylidene)methyl]-, iodide (1:4)

Other Names Quinolinium, 1,10-[1,3-propanediylbis
[(dimethyliminio)-3,1-propanediyl]]bis[4-[(3-methyl-2
(3H)-benzothiazolylidene)methyl]-, tetraiodide; TOTO 1;
TOTO 1 iodide; Thiazole Orange dimer

Merck Index Number 9308

Chemical/Dye Class Cyanine

Molecular Formula C49H58I4N6S2

Molecular Weight 1302.77

Physical Form Red powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 514 nm

Emission (lmax) 533 nm

Synthesis Synthetic methods1–6

Staining Applications Nucleic acids;3,5–16 cells;17,18

bacteria;1,20 chromatin;24 genes;21,22 leukocytes;23,35 nu-
clei;35 micronuclei;24 megakaryocyte;25 microorgan-
isms;26 peptides;19 proteins;19 antibodies;19 sperms27

Biological Applications Nucleic acid hybridization;28

nucleic acid amplification assay;15 DNA fragment siz-
ing;16 detecting nucleic acids,3,5–16 cells,17,18 cystic fibro-
sis mutations,29 genes,21,22human papilloma virus
(HPV),30 intact recombinant viruses,31 oncoprotein plate-
let-derived growth factor,32 PCR products,33 stress bio-
markers;34 counting embryoblasts;35 determining nucle-
ase activity36

Industrial Applications Analyzing polymers;37 high
resolution electron-beam lithography38

Safety/Toxicity No data available
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TOTO 3

CAS Registry Number 166196-17-4

Chemical Structure

CA Index Name Quinolinium, 1,10-[1,3-propanediyl-
bis[(dimethyliminio)-3,1-propanediyl]]bis[4-[3-(3-meth-
yl-2(3H)-benzothiazolylidene)-1-propen-1-yl]-, iodide
(1:4)

Other Names Quinolinium, 1,10-[1,3-propanediylbis
[(dimethyliminio)-3,1-propanediyl]]bis[4-[3-(3-methyl-2
(3H)-benzothiazolylidene)-1-propenyl]-, tetraiodide;
TOTO 3; TOTO 3 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C53H62I4N6S2

Molecular Weight 1354.85

Physical Form Red powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 642 nm

Emission (lmax) 660 nm

Synthesis Synthetic methods1–4

Staining Applications Nucleic acids;5–11 cells;12 anti-
bodies;1,2 bacteria;13 leukocytes;14,21 nuclei;21 megakar-
yocyte;15 peptides;1,2 proteins;1,2 sperms;16 hairs17

Biological Applications Nucleic acid hybridization;18

detecting nucleic acids,5–11 cells,12 human papilloma
virus (HPV),19 pathogens;20 counting embryoblasts;21

determining nuclease activity;22 retinal toxicity screening
methods;23 studying cellular uptake of gene transfer
complexes24

Industrial Applications Semiconductor devices25

Safety/Toxicity No data available

REFERENCES

1. Hahn, K.M.; Toutchkine, A.; Muthyala, R.; Kraynov,
V.; Bark, S. J.; Burton, D. R.; Chamberlain, C.
Labeled peptides, proteins and antibodies and
processes and intermediates useful for their
preparation. U.S. Pat. Appl. Publ. US 2002055133,
2002; Chem. Abstr. 2002, 136, 366139.

2. Hahn, K.M.; Toutchkine, A.; Muthyala, R.; Kraynov,
V.; Bark, Steven J.; Burton, D. R.; Chamberlain, C.
Labeled peptides, proteins and antibodies and
processes and intermediates useful for their
preparation. PCT Int. Appl. WO 2002008245,
2002; Chem. Abstr. 2002, 136, 163716.

++

++

4 I
_

N

(H2C)3

N (CH2)3 N

(CH2)3

N

CH

H3C

CH3

CH3

H3C

CHC
H

C
H

HC CH

S
N NS

H3C CH3

TOTO 3 483



3. Lakowicz, J. R. Novel long lifetime luminophores
with long wavelengths. PCT Int. Appl. WO
2002007779, 2002; Chem. Abstr. 2002, 136, 131225.

4. Yue, S. T.; Haugland, R. P. Dimers of unsymmetrical
cyanine dyes containing pyridinium moieties. U.S.
Patent 5410030, 1995; Chem. Abstr. 1995, 123,
259753.

5. Exner,M.;Rogers,A.Methods for identifying nucleic
acids and determining melting temperature using
multiple fluorophores and FRET. U.S. Pat. Appl.
Publ. US 2007172836, 2007; Chem. Abstr. 2007,
147, 182489.

6. Martin, R. M.; Leonhardt, H.; Cardoso, M. C. DNA
labeling in living cells. Cytometry 2005, 67A, 45–52.

7. Wittwer, C. T.; Dujols, V. E.; Reed, G.; Zhou, L.
Genotyping by thermal denaturation analysis using
loss of fluorescence of double-stranded DNA-specific
dyes as a reporter to monitor denaturation. PCT Int.
Appl. WO 2004038038, 2004; Chem. Abstr. 2004,
140, 386988.

8. Deka, C.; Gordon, K. M.; Gupta, R.; Horton, A.
Methods and compositions for rapid staining of
nucleic acids in whole cells. U.S. Patent 6271035,
2001; Chem. Abstr. 2001, 135, 149591.

9. Suzuki, T.; Fujikura, K.; Higashiyama, T.; Takata, K.
DNA staining for fluorescence and laser confocal
microscopy. J. Histochem. Cytochem. 1997, 45,
49–53.

10. Kim, K. H.; Min, J. H.; Lee, I. H.; Kim, A. G.Method
for highly sensitive nucleic acid detection using
nanopore and non-specific nucleic acid-binding
agent. U.S. Pat. Appl. Publ. US 2006292605, 2006;
Chem. Abstr. 2006, 146, 56513.

11. Miller, B. L.; Krauss, T. D.; Du, H.; Crnkovich, N.;
Strohsahl, C. M. Use of sensor arrays containing
hairpin probes for detecting nucleic acids of
pathogens. PCT Int. Appl. WO 2004061127, 2004;
Chem. Abstr. 2004, 141, 118285.

12. Anderson, A. L.; Knutson, C. R.; Mueth, D.; Plewa,
J.; Tanner, E. Methods for staining cells for
identification and sorting. U.S. Pat. Appl. Publ.
US 2006172315, 2006; Chem. Abstr. 2006, 145,
183714.

13. Inoue, J.; Ikeuchi, Y.; Kawashima, Y. Method for
staining and detecting bacteria. Jpn. Kokai Tokkyo
Koho JP 2001258590, 2001;Chem. Abstr. 2001, 135,
254110.

14. Sakata, T.; Mizukami, T.; Hatanaka, K. Method for
classifying and counting immature leukocytes using

cell hemolysis, staining and flow cytometry. Eur. Pat.
Appl. EP 844481, 1998; Chem. Abstr. 1998, 129,
38386.

15. Minakami, T.; Mori, Y.; Tsuji, T.; Ikeuchi, Y.
Megakaryocyte classification/counting method by
double fluorescent staining and flow cytometry.
Jpn. Kokai Tokkyo Koho JP 2006275985, 2006;
Chem. Abstr. 2006, 145, 413679.

16. Matsumoto, T.; Okada, H.; Hamaguchi, Y. Method
and reagent for counting sperm by flow cytometry.
Jpn. Kokai Tokkyo Koho JP 2001242168, 2001;
Chem. Abstr. 2001, 135, 207869.

17. Lagrange, A. Hair dye compositions containing a
polycationic direct dye. Fr. Demande FR 2848840,
2004; Chem. Abstr. 2004, 141, 76344.

18. Erikson, G. H.; Daksis, J. I. Improving the signal/
noise ratio of nucleic acid hybridization assays by
preincubation of primer and target with nucleic acid
binding agents. U.S. Pat. Appl. Publ. US
2004180345, 2004;Chem. Abstr. 2004, 141, 255469.

19. Poetter, K.; Gould, T. Human papilloma virus (HPV)
detection using nucleic acid probes, microbeads, and
fluorescence-activated cell sorter (FACS). PCT Int.
Appl. WO 2006060872, 2006; Chem. Abstr. 2006,
145, 41223.

20. Vannier, E. Methods for detection of pathogens in red
blood cells. PCT Int. Appl. WO 2006031544, 2006;
Chem. Abstr. 2006, 144, 307966.

21. Heuven, B.; Wong, F. S.; Tsuji, T.; Sakata, T.;
Hamaguchi, I. Method for classifying and counting
erythroblasts by flow cytometry. Jpn. Kokai Tokkyo
Koho JP 11326323, 1999; Chem. Abstr. 1999, 132,
1804.

22. Mitsuhashi, M.; Ogura, M. Determining nuclease
activity with fluorescent nucleic acid dyes. U.S.
Patent 5554502, 1996; Chem. Abstr. 1996, 125,
241776.

23. Verdugo-Gazdik, M. E. Retinal toxicity screening
methods using a fluorescently detectable integrin-
specific agent. U.S. Pat. Appl. Publ. US
2005142068, 2005; Chem. Abstr. 2005, 143, 90973.

24. Ogris, M.; Wagner, E.; Steinlein, P. A versatile assay
to study cellular uptake of gene transfer complexes by
flow cytometry. Biochim. Biophys. Acta 2000, 74,
237–243.

25. Porta, P. A.; Summers, H. D. Vertical-cavity
semiconductor devices for generation and detection
of fluorescence emission on a single chip. Appl. Phys.
Lett. 2004, 85, 1889–1891.

484 TOTO 3



TRIPHENYL TETRAZOLIUM
CHLORIDE (TTC)

CAS Registry Number 298-96-4

Chemical Structure
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CA Index Name 2H-Tetrazolium, 2,3,5-triphenyl-,
chloride (1:1)

Other Names 2,3,5-Triphenyl-2H-tetrazolium chlo-
ride; 2H-Tetrazolium, 2,3,5-triphenyl-, chloride; 1,3,5-
Triphenyl-2H-tetrazolium chloride; 1,3,5-Triphenyltetra-
zolium chloride; 2,3,5-Triphenyltetrazolium chloride;
PTB; RT; Red tetrazolium; TPTZ; TT; TTC; TTC (dye);

Tetrazolium chloride; Tetrazolium red; Triphenyltetrazo-
lium chloride; Urocheck; Uroscreen; Vitastain

Merck Index Number 9744

Chemical/Dye Class Tetrazolium salt

Molecular Formula C19H15ClN4

Molecular Weight 334.80

Physical Form Colorless needles, turns yellow on ex-
posure to light

Solubility Soluble in water, ethanol, acetone; insoluble
in ether

Melting Point 243–253 �C (decompose)

Absorption (lmax) 247 nm

Synthesis Synthetic methods1–20

Staining Applications Bacteria;21 brain sections;22

brain slices;23 cells;24 cerebral infarcts;25 cortex;26 infarct-
ed hearts tissues;27,28 neurons;29 plant roots30,31

Biological Applications Algaeviability assay;32micro-
bial growth assays;33 transketolase activity screening
assays;34 detecting bacteria,35 g-hydroxybutyric acid
(GHB),36 microorganisms,37 myocardial infarction;28

measuring dehydrogenase activity;38 treating cancer39

Industrial Applications Photographic materials40

Safety/Toxicity Bacterial toxicity;41 mutagenicity42
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TSQ

CAS Registry Number 109628-27-5

Chemical Structure

N

H3CO

NH

S OO

CH3

CA Index Name Benzenesulfonamide, N-(6-methoxy-
8-quinolinyl)-4-methyl-

OtherNames p-Toluenesulfonamide,N-(6-methoxy-8-
quinolyl)-; NSC 120213; TSQ

Merck Index Number 9799

Chemical/Dye Class Quinoline

Molecular Formula C17H16N2O3S

Molecular Weight 328.39

Physical Form White crystals

Solubility Soluble in ethanol, methanol

Melting Point 133–134 �C
Boiling Point (Calcd.) 518.8� 60.0 �C, pressure:
760Torr

pKa (calcd.) 7.40� 0.30, most acidic, temperature:
25 �C; 3.09� 0.20, most basic, temperature: 25 �C
Absorption (lmax) 334 nm

Emission (lmax) 385 nm

Synthesis Synthetic methods1–6

Staining Applications Amyloid plaques;7 pancreatic
islets;8–10,34 neurons;7,11–16 sperms;17 zinc
ions1,2,7–9,11–28,33

Biological Applications Zinc indicator;1,2,7–9,11–28,33

early diagnosis of prostate cancer;28 treating age-related
macular degeneration (AMD),29 amyloidosis disorders,30

autoimmune diseases,31 herpes virus infection32

Industrial Applications Not reported

Safety/Toxicity Neurotoxicity;33 pancreatic toxicity34

REFERENCES

1. Pearce, D. A.; Jotterand, N.; Carrico, I. S.;
Imperiali, B. Derivatives of 8-hydroxy-2-
methylquinoline are powerful prototypes for zinc
sensors in biological systems. J. Am. Chem. Soc.
2001, 123, 5160–5161.

2. Fahrni, C. J.; O’Halloran, T. V. Aqueous coordination
chemistry of quinoline-based fluorescence probes for
the biological chemistry of zinc. J. Am. Chem. Soc.
1999, 121, 11448–11458.

3. Simonov, A. M. Dipolar ions formed after cleavage
of a proton from the NH group. VI. Zh. Obshch.
Khim. 1952, 22, 1865–1868; Chem. Abstr. 1953, 47,
41284.

4. Bachman, G. B.; Bennett, G. E.; Barker, R. S.
Synthesis of substituted quinolylamines.
Derivatives of 4-amino-7-chloroquinoline. J. Org.
Chem. 1950, 15, 1278–1284.

5. Cerkovnikov, E.; Tomasic, P. The N-substituted
derivatives of p-toluenesulfonamide. Arhiv. Kem.
1947, 19, 38–42; Chem. Abstr. 1948, 42, 36467.

6. Elderfield, R. C.; Kreysa, F. J.; Dunn, J. H.;
Humphreys, D. D. Study of the synthesis of
plasmochin by the reductive amination method
with Raney nickel. J. Am. Chem. Soc. 1948, 70,
40–44.

7. Suh, S. W.; Jensen, K. B.; Jensen, M. S.; Silva, D. S.;
Kesslak, P. J.; Danscher, G.; Frederickson, C. J.
Histochemically-reactive zinc in amyloid plaques,
angiopathy, and degenerating neurons of
Alzheimer’s diseased brains. Brain Res. 2000, 852,
274–278.

8. Maghasi, A. T.; Schlueter, K. T.; Halsall, H. B.;
Heineman, W. R.; Rodriguez Rilo, H. L.
Development and characterization of simulant
pancreatic islets. Anal. Biochem. 2003, 314,
38–45.

9. Okabe, M.; Yoshida, T.; Yoshii, R.; Sawataisi, M.;
Takaya, K. Zinc detection in the islet of Langerhans
by SIMS. Appl. Surf. Sci. 2003, 203–204,
714–717.

488 TSQ



10. Jindal, R. M.; Gray, D. W.; Morris, P. J. The use of
TSQ as an islet-specific stain for purification of islets
by fluorescence-activated sorting. Transplantation
1993, 56, 1282–1284.

11. Varea, E.; Ponsoda, X.; Molowny, A.; Danscher, G.;
Lopez-Garcia, C. Imaging synaptic zinc release in
living nervous tissue. J. Neurosci. Methods 2001,
110, 57–63.

12. Suh, S.W.; Listiack, K.; Bell, B.; Chen, J.;Motamedi,
M.; Silva,D.;Danscher,G.;Whetsell,W.; Thompson,
R.; Frederickson, C. Detection of pathological zinc
accumulation in neurons: methods for autopsy,
biopsy, and cultured tissue. J. Histochem.
Cytochem. 1999, 47, 969–972.

13. Lee, J.M.; Zipfel, G. J.; Park, K.H.; He, Y.Y.; Hsu, C.
Y.; Choi, D. W. Zinc translocation accelerates
infarction after mild transient focal ischemia.
Neuroscience 2002, 115, 871–878.

14. Suh, S. W.; Chen, J. W.; Motamedi, M.; Bell, B.;
Listiak, K.; Pons, N. F.; Danscher, G.;
Frederickson, C. J. Evidence that synaptically-
released zinc contributes to neuronal injury after
traumatic brain injury. Brain Res. 2000, 852,
268–273.

15. Koh, J. Y.; Suh, S. W.; Gwag, B. J.; He, Y. Y.; Hsu, C.
Y.; Choi, D. W. The role of zinc in selective neuronal
death after transient global cerebral ischemia. Science
1996, 272, 1013–1016.

16. Tonder, N.; Johansen, F. F.; Frederickson, C. J.;
Zimmer, J.; Diemer, N. H. Possible role of zinc in
the selective degeneration of dentate hilar neurons
after cerebral ischemia in the adult rat.Neurosci. Lett.
1990, 109, 247–252.

17. Andrews, J. C.; Nolan, J. P.; Hammerstedt, R. H.;
Bavister, B. D. Characterization of N-(6-methoxy-8-
quinolyl)-p-toluenesulfonamide for the detection of
zinc in living sperm cells. Cytometry 1995, 21,
153–159.

18. Quinta-Ferreira, M. E.; Matias, C. M. Tetanically
released zinc inhibits hippocampal mossy fiber
calcium, zinc and synaptic responses. Brain Res.
2005, 1047, 1–9.

19. Verstraeten, S. V.; Zago, M. P.; MacKenzie, G. G.;
Keen, C. L.; Oteiza, P. I. Influence of zinc deficiency
on cell-membrane fluidity in Jurkat, 3T3 and IMR-32
cells. Biochem. J. 2004, 378, 579–587.

20. Quinta-Ferreira, M. E.; Matias, C. M.; Arif, M.;
Dionisio, J. C. Measurement of presynaptic zinc
changes in hippocampal mossy fibers. Brain Res.
2004, 1026, 1–10.

21. Paski, S. C.; Covery, L.; Kummer, A.; Xu, Z. Role of
metallothionein in regulating the abundance of
histochemically reactive zinc in rat tissues. Can. J.
Physiol. Pharmacol. 2003, 81, 815–824.

22. Suh, S.W.; Thompson, R.B.; Frederickson, C. J. Loss
of vesicular zinc and appearance of perikaryal zinc
after seizures induced by pilocarpine. Neuroreport
2001, 12, 1523–1525.

23. Larson, A. A.; Giovengo, S. L.; Shi, Q.; Velazquez, R.
A.; Kovacs, K. J. Zinc in the extracellular area of the
central nervous system is necessary for the
development of kainic acid-induced persistent
hyperalgesia in mice. Pain 2000, 86, 177–184.

24. Reyes, J. G.; Santander, M.; Martinez, P. L.; Arce, R.;
Benos, D. J. A fluorescence method to determine
picomole amounts of Zn(II) in biological systems.
Biol. Res. 1994, 27, 49–56.

25. Jindal, R. M.; Taylor, R. P.; Gray, D. W. R.;
Esmeraldo, R.; Morris, P. J. A new method for
quantification of islets by measurement of zinc
content. Diabetes 1992, 41, 1056–1062.

26. Savage, D. D.; Montano, C. Y.; Kasarskis, E. J.
Quantitative histofluorescence of hippocampal
mossy fiber zinc. Brain Res. 1989, 496, 257–267.

27. Frederickson, C. J.; Kasarskis, E. J.; Ringo, D.;
Frederickson, R. E. A quinoline fluorescence
method for visualizing and assaying the
histochemically reactive zinc (bouton zinc) in the
brain. J. Neurosci. Methods 1987, 20, 91–103.

28. Frederickson, C. J.; Costello, L. C.; Franklin, R. B.
Zinc-based screening test and kit for early diagnosis
of prostate cancer. U.S. Pat. Appl. Publ. US
2007207509, 2007;Chem. Abstr. 2007, 147, 317778.

29. Bush, A.; Masters, C. L. Method using PB-1033 and
related compounds for the treatment of age-related
macular degeneration (AMD). PCT Int. Appl. WO
2007118276, 2007;Chem. Abstr. 2007, 147, 480413.

30. Morgan, T. M.; Wilkins, N. F. Method and
composition for treatment or prophylaxis of
amyloidosis disorders. PCT Int. Appl. WO
2005049026, 2005; Chem. Abstr. 2005, 143, 20034.

31. Horrigan, S. K.; Zong, Q.; Soppet, D.; Castaneda, J.;
Chen, B.; Cibotti, R.; Audoly, L. P.; Coyle, A.;
Kiener, P. Compounds and methods for treating or
preventing autoimmune diseases. PCT Int. Appl.WO
2008144011, 2008; Chem. Abstr. 2008, 150, 734.

32. Clements, J. B.; MacLean, A. R. Zinc finger motif
sequences from herpes simplex virus protein IE63
and uses thereof in drug screening for treating herpes

TSQ 489



virus infection. PCT Int. Appl. WO 2002004492,
2002; Chem. Abstr. 2002, 136, 112623.

33. Marin, P.; Israel, M.; Glowinski, J.; Premont, J.
Routes of zinc entry in mouse cortical neurons:
role in zinc-induced neurotoxicity. Eur. J.
Neurosci. 2000, 12, 8–18.

34. Jindal, R. M.; Gray, D. W.; McShane, P.; Morris, P. J.
Zinc-specific N-(6-methoxy-8-quinolyl)-para-
toluenesulfonamide as a selective nontoxic
fluorescence stain for pancreatic islets. Biotech.
Histochem. 1993, 68, 196–205.

490 TSQ



XTT

CAS Registry Number 111072-31-2

Chemical Structure
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CA Index Name 2H-Tetrazolium, 2,3-bis(2-methoxy-
4-nitro-5-sulfophenyl)-5-[(phenylamino)carbonyl]-, in-
ner salt, sodium salt (1:1)

Other Names 2H-Tetrazolium, 2,3-bis(2-methoxy-4-
nitro-5-sulfophenyl)-5-[(phenylamino)carbonyl]-, inner
salt, monosodium salt; 2,3-Bis(2-methoxy-4-nitro-5-sul-
fophenyl)-2H-tetrazolium-5-carboxanilide inner salt; So-
dium 30-[1-(phenylaminocarbonyl)-3,4-tetrazolium]bis

(4-methoxy-6-nitro)benzenesulfonic acid; XTT; XTT
(tetrazolium derivative)

Merck Index Number Not listed

Chemical/Dye Class Tetrazolium salt

Molecular Formula C22H16N7NaO13S2

Molecular Weight 673.52

Physical Form Yellow powder

Solubility Soluble in water, methanol, dimethyl
sulfoxide

Melting Point 285 �C (decompose)

Absorption (lmax) 286 nm

Synthesis Synthetic methods1,2

Staining Applications Cells3

Biological Applications Cell proliferation assays;3,4

cytotoxicity assays;5,6 ecotoxicity assays;7 neurotoxicity
assays;8 antimicrobial susceptibility testing assays;9,10

antifungal susceptibility testing assays;11–15 cardiac valve
viability assays;16 cell viability assays;17,18 bacterial via-
bility assays;19 fungal viability assays;20 parasite viability
assays;21 BCG vaccines viability assays;22 detectingDNA
single strand breaks,23 proteins;24 generating and detect-
ing reactive oxygen species;25–28 treating cancer29

Industrial Applications Not reported

Safety/Toxicity Bacterial toxicity30
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CAS Registry Number 152068-09-2
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CA Index Name Quinolinium, 4-[(3-methyl-2(3H)-
benzoxazolylidene)methyl]-1-[3-(trimethylammonio)
propyl]-, iodide (1:2)

Other Names Quinolinium, 4-[(3-methyl-2(3H)-ben-
zoxazolylidene)methyl]-1-[3-(trimethylammonio)pro-
pyl]-, diiodide; Oxazole yellow; YO-PRO 1; YO-PRO 1
iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C24H29I2N3O

Molecular Weight 629.32

Physical Form Orange-red powder

Solubility Soluble in dimethyl sulfoxide, water

Melting Point >250 �C
Absorption (lmax) 491 nm

Emission (lmax) 509 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–7 cells;8,9 bacte-
ria;18 genes;10 islets;11 chromatin;13 leukocytes;22 marine
prokaryotes;12 nuclei;22 micronuclei;13 megakaryocyte;14

microorganisms;20,21 sperms;15 viruses23

Biological Applications Nucleic acid hybridiza-
tion;16,17 nucleic acid sequencing;2–7 detecting nucleic
acids,2–7 cells,8,9 bacteria,18 immunodeficiency virus,19

microorganisms;20,21 counting embryoblasts,22 viruses;23

apoptosis assay;24 white blood cell functional assay25

Industrial Applications Not reported

Safety/Toxicity Cytotoxicity;26 neurotoxicity;27 vaso-
toxicity28
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CAS Registry Number 157199-62-7
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CA Index Name Quinolinium, 4-[3-(3-methyl-2(3H)-
benzoxazolylidene)-1-propenyl]-1-[3-(trimethylammo-
nio)propyl]-, diiodide

Other Names YO-PRO 3; YO-PRO 3 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C26H31I2N3O

Molecular Weight 655.36

Physical Form Orange-red powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C
Absorption (lmax) 612 nm

Emission (lmax) 631 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–4 cells5,6

Biological Applications Nucleic acid hybridization;7,8

detecting nucleic acids,2–4 cells;5,6 monitoring cell cycle
kinetics9

Industrial Applications Not reported

Safety/Toxicity No data available
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YOYO 1

CAS Registry Number 143413-85-8

Chemical Structure
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CA Index Name Quinolinium, 1,10-[1,3-propanediyl-
bis[(dimethyliminio)-3,1-propanediyl]]bis[4-[(3-methyl-
2(3H)-benzoxazolylidene)methyl]-, iodide (1:4)

Other Names Quinolinium, 1,10-[1,3-propanediylbis
[(dimethyliminio)-3,1-propanediyl]]bis[4-[(3-methyl-2
(3H)-benzoxazolylidene)methyl]-, tetraiodide; YOYO 1;
YOYO 1 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C49H58I4N6O2

Molecular Weight 1270.65

Physical Form Orange-red powder

Solubility Soluble in dimethyl sulfoxide, water

Melting Point >250 �C
Absorption (lmax) 491 nm

Emission (lmax) 509 nm

Synthesis Synthetic methods1,2

Staining Applications Nucleic acids;3–8 cells;9,10 anti-
bodies;15 genes;11 chromatin;12 micronuclei;12 megakar-
yocyte;13 microorganisms;14 peptides;15 proteins;15

sperms16

Biological Applications Nucleic acid hybridiza-
tion;17,18 nucleic acid sequencing;7 detecting nucleic
acids,3–8 cells,9,10,23 human papilloma virus (HPV),19

pathogens,20 spores,21 cancer cells,21 stress biomarkers,22

viruses23,24

Industrial Applications Not reported

Safety/Toxicity Double-strand breaks in reconstituted
chromatin25
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YOYO 3

CAS Registry Number 156312-20-8

Chemical Structure

CA Index Name Quinolinium, 1,10-[1,3-propanediyl-
bis[(dimethyliminio)-3,1-propanediyl]]bis[4-[3-(3-meth-
yl-2(3H)-benzoxazolylidene)-1-propen-1-yl]-, iodide
(1:4)

Other Names Quinolinium, 1,10-[1,3-propanediylbis
[(dimethyliminio)-3,1-propanediyl]]bis[4-[3-(3-methyl-2
(3H)-benzoxazolylidene)-1-propenyl]-, tetraiodide; YO-
YO 3; YOYO 3 iodide

Merck Index Number Not listed

Chemical/Dye Class Cyanine

Molecular Formula C53H62I4N6O2

Molecular Weight 1322.73

Physical Form Orange-red powder

Solubility Soluble in dimethyl sulfoxide

Melting Point >250 �C

Absorption (lmax) 612 nm

Emission (lmax) 631 nm

Synthesis Synthetic method1

Staining Applications Nucleic acids;2–9 cells;10 leuko-
cytes;15 nuclei;15 proteins;9 sperms11

Biological Applications Nucleic acid hybridiza-
tion;12,13 detecting nucleic acids,2–9 cells,10 pathogens;14

counting embryoblasts;15 monitoring cell cycle kinetics16

Industrial Applications Analyzing polymers17

Safety/Toxicity No data available
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monitor cell cycle kinetics. Cytometry 1999, 37,
221–229.

17. Gilmanshin, R.; Chan, E. Y. Methods of analyzing
polymers using a spatial network of fluorophores and
fluorescence resonance energy transfer. U.S. Patent
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ZINQUIN

CAS Registry Number 151606-29-0

Chemical Structure

N

O

NH

S OO

CH3

CH3

HO

O

CA Index Name Acetic acid, 2-[[2-methyl-8-[[(4-
methylphenyl)sulfonyl]amino]-6-quinolinyl]oxy]-

Other Names Acetic acid, [[2-methyl-8-[[(4-methyl-
phenyl)sulfonyl]amino]-6-quinolinyl]oxy]-; Zinquin;
Zinquin A; Zinquin acid

Merck Index Number 10169

Chemical/Dye Class Quinoline

Molecular Formula C19H18N2O5S

Molecular Weight 386.42

Physical Form Off-white crystals

Solubility Soluble in ethanol, methanol, dimethyl sulf-
oxide; slightly soluble in water

Melting Point 198–200 �C
Boiling Point (Calcd.) 608.0� 65.0 �C, pressure:
760Torr

pKa (Calcd.) 2.75� 0.40, most acidic, temperature: 25
�C; 3.88� 0.50, most basic, temperature: 25 �C
Absorption (lmax) 368 nm

Emission (lmax) 490 nm

Synthesis Synthetic methods1–3

Staining Applications Zinc ions1–35

Biological Applications Zinc indicator;1–35 detecting
apoptosis12,13,17,21,25,32,33

Industrial Applications Not reported

Safety/Toxicity Zinc toxicity34
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ZINQUIN ESTER

CAS Registry Number 181530-09-6

Chemical Structure

N

O

NH

S OO

CH3

CH3

C2H5O

O

CA Index Name Acetic acid, 2-[[2-methyl-8-[[(4-
methylphenyl)sulfonyl]amino]-6-quinolinyl]oxy]-, ethyl
ester

Other Names Acetic acid, [[2-methyl-8-[[(4-methyl-
phenyl)sulfonyl]amino]-6-quinolinyl]oxy]-, ethyl ester;
2-Methyl-8-[(4-methylphenyl)sulfonylamino]-6-(ethy-
loxycarbonylmethyloxy)quinoline; Zinquin E; Zinquin
ester; Zinquin ethyl ester

Merck Index Number 10169

Chemical/Dye Class Quinoline

Molecular Formula C21H22N2O5S

Molecular Weight 414.47

Physical Form Colorless crystals

Solubility Soluble in ethanol, methanol, dimethyl sulf-
oxide; slightly soluble in water

Melting Point 111–113 �C
Boiling Point (Calcd.) 578.0� 60.0 �C, pressure:
760Torr

pKa (Calcd.) 7.38� 0.30, most acidic, temperature: 25
�C; 3.66� 0.50, most basic, temperature: 25 �C
Absorption (lmax) 364 nm

Emission (lmax) 385 nm

Synthesis Synthetic methods1–3

Staining Applications Zinc ions1–4

Biological Applications Zinc indicator;1–4 detecting
apoptosis4

Industrial Applications Not reported

Safety/Toxicity Zinc toxicity5
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APPENDIX A
INDEX OF CAS REGISTRY NUMBERS

CAS Registry

Number Dye

Page

Number

61-73-4 Methylene Blue 293

65-61-2 Acridine Orange 5

72-48-0 Alizarin 10

85-83-6 Sudan IV 447

85-86-9 Sudan III 443

92-31-9 Toluidine Blue O 470

92-32-0 Pyronin Y 390

130-22-3 Alizarin Red S 13

146-68-9 Iodonitro

Tetrazolium (INT)

247

298-83-9 Nitro Blue

Tetrazolium (NBT)

336

298-93-1 Methylthiazoletetrazolium

(MTT)

305

298-95-3 Neotetrazolium (NT) 322

298-96-4 Triphenyl Tetrazolium

Chloride (TTC)

485

477-73-6 Safranin O 425

517-28-2 Hematoxylin 223

531-53-3 Azure A 30

531-55-5 Azure B 33

547-58-0 Methyl Orange

(Orange III)

302

548-24-3 Eosin B 171

548-62-9 Crystal Violet 116

553-24-2 Neutral Red 324

569-61-9 Pararosaniline

Hydrochloride

363

569-64-2 Malachite Green 286

573-58-0 Congo Red 106

632-69-9 Rose Bengal 422

632-99-5 Basic Fuchsin 43

633-03-4 Brilliant Green 61

633-96-5 Orange II

(Tropaeolin OOO)

349

CAS Registry

Number Dye

Page

Number

860-22-0 Indigo Carmine 239

905-96-4 DiOC2(3) 158

915-67-3 Amaranth 19

959-81-9 DASPMI 132

989-38-8 Rhodamine 6G 415

1184-43-6 Tetranitro Blue

Tetrazolium (TNBT)

461

1239-45-8 Ethidium Bromide 183

1320-06-5 Oil Red O 345

1390-65-4 Carmine 88

1400-62-0 Orcein 356

1461-15-0 Calcein 71

1719-71-7 Tetrazolium Violet (TV) 463

1871-22-3 Blue Tetrazolium (BT) 48

1934-21-0 Tartrazine 455

1936-15-8 Orange G 352

2150-48-3 Pyronin B 388

2315-97-1 Lucigenin 271

2353-45-9 Fast Green FCF 195

2437-29-8 Malachite Green

Oxalate Salt

290

2465-27-2 Auramine O 27

2516-05-4 Methylene Violet

(Methylene

Violet Bernthsen)

298

2783-94-0 Sunset Yellow FCF 450

2869-83-2 Janus Green B 249

3244-88-0 Acid Fuchsin 1

3520-43-2 JC 1 252

3548-09-2 9-Amino-6-chloro-

2-methoxyacridine

(ACMA)

22

3625-57-8 Nile Blue A 333

3785-01-1 DASPEI 130

3844-45-9 Brilliant Blue FCF 57
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CAS Registry

Number Dye

Page

Number

4197-25-5 Sudan Black B 440

4548-53-2 Ponceau SX 375

5141-20-8 Light Green SF Yellowish 261

6359-05-3 Ethyl Eosin 193

7114-03-6 Methyl Green 300

7220-79-3 Methylene Blue Trihydrate 296

7423-31-6 Stains-All 436

8004-87-3 Methyl Violet 2B

(Methyl Violet)

309

8005-03-6 Nigrosin 330

10114-58-6 Bismark Brown Y 46

10121-91-2 Dansyl Cadaverine 125

10510-54-0 Cresyl Violet Acetate 114

15391-59-0 Darrow Red 129

16423-68-0 Erythrosin 177

17372-87-1 Eosin Y 173

18472-87-2 Phloxine B 370

23491-45-4 Hoechst 33258 229

23491-52-3 Hoechst 33342 233

23555-00-2 Hoechst 34580 237

25535-16-4 Propidium Iodide 386

25956-17-6 Allura Red 16

28718-90-3 DAPI 127

28983-56-4 Aniline Blue (Methyl Blue) 24

33864-99-2 Alcian Blue 8GX 8

34373-76-7 MEQ 292

36536-22-8 DiIC1(5) 156

38116-89-1 BSPT 64

41085-99-8 DiI 153

47623-98-3 DiSBAC2(3) 167

50909-86-9 Coelenterazine h 100

51023-76-8 Stilbene Isothiocyanate

Sulfonic Acid (SITS)

438

51811-82-6 Giemsa Stain 219

53213-81-3 DiOC5(3) 160

53213-82-4 DiOC6(3) 162

53213-83-5 DiOC7(3) 166

53213-94-8 DiSC3(5) 169

54375-47-2 Calcein Blue 78

55779-48-1 Coelenterazine 92

57576-49-5 Acridine Homodimer 3

58880-05-0 Ethidium Monoazide

(EMA)

191

61389-30-8 Oxonol V 359

CAS Registry

Number Dye

Page

Number

61926-22-5 Ethidium

Homodimer-1 (EthD-1)

186

62669-70-9 Rhodamine 123 418

62758-13-8 Resazurin sodium salt 406

63560-89-4 DiBAC4(5) 142

64724-75-0 Oxonol VI 361

67769-47-5 Lucifer Yellow CH 266

70363-83-6 DiBAC4(3) 139

71231-14-6 Lucifer Yellow VS 269

71418-44-5 Monobromobimane (mBBr) 313

73630-23-6 Quin 2 400

74681-68-8 Nuclear Yellow 342

75168-11-5 Nonyl-Acridine

Orange (NAO)

339

78338-22-4 Thionin 465

81029-05-2 Brilliant Cresyl Blue 60

83104-85-2 Quin 2 AM 402

83668-91-1 RH 237 408

83907-40-8 SPQ 433

85233-19-8 BAPTA 37

86701-10-2 NBD C6-Ceramide 317

90134-00-2 Di-4-ANEPPS 135

90217-02-0 Cyanotolyl Tetrazolium

Chloride (CTC)

120

104821-25-2 Dihydroethidium 146

107610-19-5 RH 421 412

108964-32-5 Fura 2 AM 215

109244-58-8 Dihydrorhodamine 123 151

109628-27-5 TSQ 488

111072-31-2 XTT 491

112926-02-0 Indo 1 AM 245

113694-64-7 Fura 2 213

115532-50-8 TMRM 469

115532-52-0 TMRE 467

121714-22-5 Fluo 3 AM 201

123437-16-1 Coelenterazine f 98

123437-22-9 Coelenterazine n 104

123437-25-2 Coelenterazine cp 96

123437-32-1 Coelenterazine hcp 102

123632-39-3 Fluo 3 198

124549-08-2 SBFI 428

124549-11-7 PBFI 366

124549-23-1 PBFI AM 368

126150-97-8 BAPTA AM 40
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CAS Registry

Number Dye

Page

Number

127274-91-3 DiD 144

129423-53-6 SBFI AM 431

130100-20-8 Mag-Fura 2 AM 278

130926-94-2 Mag-Indo 1 AM 283

132299-21-9 Mag-Indo 1 281

132319-56-3 Indo 1 243

132319-57-4 Mag-Fura 2

(Furaptra)

275

133867-53-5 BODIPY

FL C5-Ceramide

55

143413-84-7 TOTO 1 480

143413-85-8 YOYO 1 498

148504-34-1 Calcein AM 74

151606-29-0 Zinquin 503

152068-09-2 YO-PRO 1 495

153130-66-6 Calcium Green 5N 86

154324-80-8 BTC 66

154719-40-1 Calcium Green 1 81

154757-99-0 POPO 3 380

156312-20-8 YOYO 3 500

157134-53-7 Di-8-ANEPPS 137

157199-56-9 PO-PRO 1 382

157199-59-2 TO-PRO 1 475

157199-62-7 YO-PRO 3 497

157199-63-8 TO-PRO 3 477

160605-94-7 Di-2-ANEPEQ 134

161016-55-3 PO-PRO 3 384

161433-30-3 RH 414 410

162112-35-8 FM 4-64 211

162558-52-3 MQAE 316

166196-17-4 TOTO 3 483

168482-84-6 Calcein Blue AM 80

169454-13-1 BOBO 1 51

169454-15-3 POPO 1 378

169454-17-5 BOBO 3 53

170516-40-2 Calcium Green 2 84

CAS Registry

Number Dye

Page

Number

170516-41-3 Magnesium Green 284

172807-13-5 RH 795 414

176767-94-5 BTC AM 68

177027-61-1 TO-PRO 5 479

180389-01-9 Ethidium

Homodimer-2 (EthD-2)

189

181530-09-6 Zinquin Ester 506

192140-58-2 Fura 2FF 217

211566-66-4 Hexidium Iodide 227

214147-22-5 NBD methylhydrazine 320

217176-83-5 Dihydrorhodamine 6G 149

234075-34-4 Phen Green SK 369

254109-20-1 DAF FM 123

273221-59-3 Fluo 4 203

273221-67-3 Fluo 4 AM 205

288374-37-8 Newport Green DCF 327

296277-09-3 RedoxSensor Red CC-1 405

304014-12-8 QSY 7 Carboxylic Acid,

Succinimidyl Ester

393

304014-13-9 QSY 21 Carboxylic Acid,

Succinimidyl Ester

398

305801-86-9 JO-PRO 1 259

305801-87-0 JOJO 1 257

305802-06-6 LOLO 1 264

404335-95-1 FluoZin 3 209

411209-53-5 FluoZin 1 207

411209-54-6 FluoZin 2 208

522592-13-8 JC 9 256

481667-01-0 CoroNa Red 112

612502-05-3 Newport Green PDX 329

677716-65-3 RhodZin 3 421

690993-66-9 CoroNa Green 110

690993-67-0 CoroNa Green AM 111

700834-40-8 QSY 9 Carboxylic Acid,

Succinimidyl Ester

396
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APPENDIX B
INDEX OF BIOLOGICAL DYES/STAINS
(CERTIFIED BY BIOLOGICAL STAIN COMMISSION)

Dye/Stain Page Number

Acid Fuchsin 1

Alcian Blue 8GX 8

Alizarin Red S 13

Aniline Blue (Methyl Blue) 24

Auramine O 27

Azure A 30

Azure B 33

Basic Fuchsin 43

Bismark Brown Y 46

Brilliant Cresyl Blue 60

Brilliant Green 61

Carmine 88

Congo Red 106

Cresyl Violet Acetate 114

Crystal Violet 116

Eosin B 171

Eosin Y 173

Erythrosin 177

Ethyl Eosin 193

Fast Green FCF 195

Giemsa Stain 219

Hematoxylin 223

Indigo Carmine 239

Janus Green B 249

Light Green SF Yellowish 261

Dye/Stain Page Number

Malachite Green Oxalate Salt 290

Methylene Blue Trihydrate 296

Methylene Violet (Methylene

Violet Bernthsen)

298

Methyl Green 300

Methyl Orange (Orange III) 302

Methyl Violet 2B (Methyl Violet) 309

Neutral Red 324

Nigrosin 330

Nile Blue A 333

Oil Red O 345

Orange G 352

Orcein 356

Pararosaniline Hydrochloride 363

Phloxine B 370

Pyronin B 388

Pyronin Y 390

Resazurin Sodium Salt 406

Rose Bengal 422

Safranin O 425

Sudan Black B 440

Sudan III 443

Sudan IV 447

Thionin 465

Toluidine Blue O 470
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APPENDIX C
INDEX OF FD&C DYES
(APPROVED BY FOOD & DRUG ADMINISTRATION)

Dye Page Number

Allura Red 16

Brilliant Blue FCF 57

Erythrosine 177

Fast Green FCF 195

Indigo Carmine 239

Sunset Yellow FCF 450

Tartrazine 455
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APPENDIX D
INDEX OF METAL INDICATORS

Dye Metal Page Number

BAPTA Calcium; Zinc 37

BAPTA AM Calcium 40

BTC Calcium 66

BTC AM Calcium 68

Calcein Calcium; Fluoride;

Mercury; Magnesium;

Cobalt; Nickel;

Copper; Iron(III);

Manganese

71

Calcein AM Calcium; Zinc 74

Calcein Blue Calcium; Cadmium;

Copper; Iron(II);

Iron(III); Fluoride;

Lanthanide;

Magnesium;

Silver; Sulfate;

Zinc

78

Calcium

Green 1

Calcium 81

Calcium

Green 2

Calcium 84

Calcium

Green 5N

Calcium 86

Coelenterazine Calcium 92

Coelenterazine

cp

Calcium 96

Coelenterazine

f

Calcium 98

Coelenterazine

h

Calcium 100

Coelenterazine

hcp

Calcium 102

Coelenterazine

n

Calcium 104

CoroNa Green Sodium 110

CoroNa Green

AM

Sodium 111

CoroNa Red Sodium 112

DAF FM Nitric oxide 123

Fluo 3 Calcium; Zinc 198

Fluo 3 AM Calcium 201

Dye Metal Page Number

Fluo 4 Calcium 203

Fluo 4 AM Calcium 205

FluoZin 1 Zinc; Copper 207

FluoZin 2 Zinc 208

FluoZin 3 Zinc; Chromium;

Manganese; Iron;

Cobalt; Copper;

Nickel;

Cadmium

209

Fura 2 Calcium; Zinc 213

Fura 2 AM Calcium 215

Fura 2FF Calcium 217

Indo 1 Calcium; Cadmium;

Lead; Zinc

243

Indo 1 AM Calcium 245

Lucigenin Chloride 271

Mag-Fura 2

(Furaptra)

Magnesium;

Calcium; Zinc

275

Mag-Fura 2 AM Magnesium;

Calcium; Zinc

278

Mag-Indo 1 Magnesium; Calcium 281

Mag-Indo 1 AM Magnesium; Calcium 283

Magnesium Green Magnesium;

Calcium; Zinc

284

MEQ Chloride 292

Monobromobimane Thiol; Sulfide;

Sulfite; Sulfur

compounds

313

MQAE Chloride 316

NBD

methylhydrazine

Nitrite; Nitric oxide 320

Newport Green

DCF

Zinc; Chromium;

Manganese;

Iron; Cobalt;

Copper;

Nickel;

Cadmium

327

Newport Green

PDX

Zinc 329

PBFI Potassium 366
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Dye Metal Page Number

PBFI AM Potassium 368

Phen Green SK Copper; Iron 369

Quin 2 Calcium; Cadmium;

Iron; Lanthanum;

Zinc

400

Quin 2 AM Calcium 402

RhodZin 3 Zinc 421

Dye Metal Page Number

SBFI Sodium 428

SBFI AM Sodium 431

SPQ Chloride; Nitrite 433

TSQ Zinc 488

Zinquin Zinc 503

Zinquin Ester Zinc 506
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APPENDIX E:
INDEX OF NUCLEIC ACID STAINS

Dye Page Number

Acridine Homodimer 3

Acridine Orange 5

9-Amino-6-chloro-2-methoxyacridine 22

BOBO 1 51

BOBO 3 53

DAPI 127

Dihydroethidium 146

Ethidium Bromide 183

Ethidium Homodimer-1

(EthD-1)

186

Ethidium Homodimer-2

(EthD-2)

189

Ethidium Monoazide

(EMA)

191

Hexidium Iodide 227

Hoechst 33258 229

Hoechst 33342 233

Hoechst 34580 237

JOJO 1 257

JO-PRO 1 259

LOLO 1 264

Dye Page Number

Nuclear Yellow 342

POPO 1 378

POPO 3 380

PO-PRO 1 382

PO-PRO 3 384

Propidium Iodide 386

QSY 7 Carboxylic Acid,

Succinimidyl Ester

393

QSY 9 Carboxylic Acid,

Succinimidyl Ester

396

QSY 21 Carboxylic Acid,

Succinimidyl Ester

398

TO-PRO 1 475

TO-PRO 3 477

TO-PRO 5 479

TOTO 1 480

TOTO 3 483

YO-PRO 1 495

YO-PRO 3 497

YOYO 1 498

YOYO 3 500
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APPENDIX F:
INDEX OF ORGANELLE PROBES

Dye Page Number

Acridine Orange 5

BODIPY FL C5-Ceramide 55

Dansyl Cadaverine 125

DASPEI 130

DASPMI 132

Dihydrorhodamine 6G 149

Dihydrorhodamine 123 151

DiI 153

DiOC5(3) 160

DiOC6(3) 162

DiOC7(3) 166

Dye Page Number

FM 4-64 211

JC 1 252

JC 9 256

NBD C6-Ceramide 317

Nonyl-Acridine Orange (NAO) 339

RedoxSensor Red CC-1 405

Rhodamine 6G 415

Rhodamine 123 418

TMRE 467

TMRM 469
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APPENDIX G:
INDEX OF pH INDICATORS

Dye Page Number

Acid Fuchsin1 1

Alizarin1 10

Alizarin Red S1 13

Brilliant Green1 61

Calcein1 71

Congo Red1 106

Crystal Violet1 116

Eosin Y1 173

Erythrosin1 177

Hematoxylin1 223

Indigo Carmine1 239

Malachite Green1 286

Malachite Green Oxalate Salt 290

Dye Page Number

Methyl Green 300

Methyl Orange (Orange III)1 302

Methyl Violet 2B (Methyl Violet)1 309

Neutral Red1 324

Orange II (Tropaeolin 000)1 349

Orange G 352

Phloxine B1 370

Resazurin Sodium Salt 406

REFERENCE
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