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ABSTRACT  
 

Ethidium bromide is a household name in biology, and is arguably the most popular stain in mo-
lecular research. It was discovered as a consequence of the growth spurt in chemical synthesis 
towards the very end of 19th century and in the first half of the 20th century. The precursor com-
pound phenanthridine aroused its potential as a drug, basically because of its quinoline ring, which 
is interestingly the basis of the medicinal properties of important drugs, such as quinine, known at 
the time. A medical breakthrough was made in 1938 when some derivatives of phenanthridine 
were experimented to effectively kill Trypanosoma congolense and T. vivax, the protozoan para-
sites causing trypanosomiasis (sleeping sickness) in cattle. In 1946, the most effective compound 
was identified, and with slight chemical modification, it was mass produced as a trypanocidal drug, 
dimidium bromide, or trypadine. It was the principal veterinary drug in Africa until another 
chemical modification in 1952 yielded a more potent and less toxic compound, the now-famed 
ethidium bromide. Manufactured by Boots Pure Drug Co., Ltd. as homidium (Ethidium®), it served 
as the drug of choice in cattle trypanosomiasis for three decades. Its pharmacological property lies 
on its ability to intercalate between base pairs in the nucleic acids. It was a serendipitous moment 
when Piet Borst and Cees Aaij, dismayed at their broken ultracentrifuge, began to use the com-
pound for staining DNA in gel electrophoresis. And the rest, as they say, is history.                 
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INTRODUCTION 
 
Ethidium bromide (EtBr) is chemically phe-

nanthridinium, or 3,8-diarnino-5-ethyl-6-phenyl-
bromide, or 2,7-diamino-10-ethyl-9-phenanthri-

dinium bromide, or 2,7-diamino-9-phenylphen-
anthridium ethobromide. Under the pharmaceu-
tical name homidium (sometimes bromide), it is 
marketed as an antiprotozoal drug, a drug of 
choice for veterinary trypanosomiasis for several 
decades. It is most widely used as an orange-red 
cationic fluorescent dye such as for visualising 
nucleic acid as it binds to both RNA and DNA.1 
In this respect, it has an advantage over other 
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nucleic acid stains, which are often specific for a 
specific type of nucleic acid. Under an ultravio-
let light, the EtBr-stained nucleic acids fluoresce, 
allowing convenient identification and visualisa-
tion of nucleic acid bands. As both a DNA-
dependent intercalating agent and a DNA-
independent protein inhibitor, it is being used in 
a variety of biochemical and molecular tech-
niques as a generic and specific marker, most 
importantly for analytical and preparative gel 
electrophoresis.2 As an indispensable molecular 
stain, there are many variations on the use of 
EtBr. Inaddition, different biotechniques employ 
EtBr, including capillary electrophoresis, fluoro-
metry, spectrophotometry, flow cytometry, poly-
merase chain reaction (PCR) amplification. 

Further, EtBr is good not only for staining of 
nucleic acids but also for staining of proteins. 
Similar to nucleic acid bands, proteins are 
stained with EtBr after polyacrylamide gel soak-
ing in trichloroacetic acid solution.3 EtBr also 
has a large-scale industrial application. A most 
sophisticated and standard quality test of milk is 
done by treating milk sample with EtBr. EtBr 
easily reveals cellular impurities such as patho-
gens, and by this the hygiene and safety of the 
milk as well as that of the cow itself is easily as-
sessed.4 

 

GENESIS 
 
EtBr belongs to a class of tricyclic aromatic 

heterocyclic compounds called phenanthridine 
(Fig. 1). Phenanthridine was originally obtained 
from destructive distillation coal. It was specifi-
cally produced from the pyrolytic condensation 
of benzaldehyde and aniline at bright red flame. 
The discovery was reported by Swiss chemists 
Amé Pictet and H. J. Ankersmit from the 
Chemisches Laboratorium der Universität Genf 
in Geneva, Switzerland, in 1891.5 Pictet and A. 
Hubert gave a more efficient reaction in 1896 by 
dehydrating acyl-o-xenylamines in fusion with 
zinc chloride at high temperatures.6 This is 
known as the Pictet-Hubert reaction (Fig. 2). 
Driven by chemistry such as this, and discover-
ies of the causative agents of important diseases, 
the turn of the 20th century brought an unprece-
dented gusto in drug research. After decades of 
latency, phenanthridine also began to receive 
research attention. 

In the early 1930s, a number of chemical de-
rivatives of phenanthridine were synthesised, 
and some of them were tested indicating that 
they possessed some pharmacologial properties.7 
A pioneering and inspirational work was done 
by two British chemists (Sir) Gilbert Morgan 
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Figure 1. Phenanthridine structure. 

Figure 2. Pictet-Hubert reaction. 
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and Leslie P. Walls. In 1931, they published a 
paper in which a more efficient method of phe-
nanthridine synthesis was described,8 which is 
now known as Morgan-Walls reaction (Fig. 3), 
and remains the most popular method for phe-
nanthridine sysnthesis. In 1934, Walter G. 
Christiansen, Glen Ridge, and William Braker 
of the E. R. Squibb & Sons in New York filed 
for patent for inventing the methods for prepar-
ing “Phenanthridine derivatives”. The patent 
was granted in 1939 under US patent number 
US2176889 A.  

The landmark discovery was made in 1938 
by Morgan and Walls, teaming up with Carl 
Hamilton Browning and J. V. M. Robb, based at 
the Western Infirmary in the University Glas-
gow. They found that some phenanthridines 
were highly effective against the major proto-
zoan parasites of cattle, Trypanosoma congolense 

and T. vivax (Fig. 4).9 These trypanosomes are 

causative pathogens of a fatal parasitic disease 
called trypanosomiasis, or more popularly, 
sleeping sickness, or still more popularly in Af-
rica, nagana (a Zulu word for “to be de-
pressed”), which is responsible for heavy eco-
nomic losses in cattle farming. In 1946, they 
found out that one compound in particular, 9-
phenyl-phenanthridinium (or simply, 
phenidium) that contained two amino groups, 
was the most potent on T. cruzi.10 Walls filed for 

patent in 1945, on behalf of The Imperial Trust 
for the Encouragement of Scientific and Indus-
trial Research, specifically for the method of 
p r e p a r a t i o n  o f  2 : 7 - d i a m i n o - 9 -

phenylphenanthridine, and was granted in 1948 
under US patent number US2437869 A. In 
1947, he showed that substitution of the 9-
phenyl group with different amino and o- and p-

nitro groups greatly enhanced the trypanocidal 
potency.11,12 Among the various derivatives he 
synthesised, 2:7-diamino-10-methyl-9-phenyl-
phenanthridinium bromide was the most potent 
of all (eventually to be called dimidium bromide, 
and for its trypanocidal activity, trypadine; Fig. 
5). The improved method for the chemical syn-
thesis was patented (US2495051 A) by Harry 
James Barber for May & Baker Limited, Essex, 
England, in 1950. Barber’s claim was the ability 
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Figure 3. Morgan-Walls reaction. 

 

Figure 4. Blood smear of a cow infected with Trypano-

soma vivax, from Brazil. [Osório et al . (2008). Mem Inst 

Oswaldo Cruz, 103, 1-13.]  



30  

to obtain phenanthridine analogues by reacting 
with n-butyl or amyl alcohol the product obtain-
able by treating a quaternary salt of 2:7-diamino-
9-phenylphenanthridine with an excess of alkali 
in a solvent medium.  

It was from this moment that Walls appre-
hended, and stated:  

 
It seemed to me that the study of phe-
nanthridine series might lead to results of inter-
est in chemotherapy for the following reasons. 
Phenanthridine contains a quinoline ring sys-
tem, which is present also in quinine and the 
first satisfactory antimalarial, pamaquine, and 
also an isoquinoline ring system present in 
many physiologically active alkaloids; it is iso-
meric with and analogous to acridine, the 
mother substance of many powerful antiseptics 
of which acriflavine is the best known.12  

 
Rightly so, phenathridines became the 

mother substance of several drugs to come – 
homidium, prothidium, isometamidium, includ-
ing the latest pro-cancer drug, phenan-
thriplatin.13 

 

THE BOVINE SAVIOUR BUT A FUTILE ONE  
 
Field trials of dimidium bromide for practical 

use in veterinary medicine were conducted from 
the late 1940s. The first reports were on the ef-
fective treatments of T. simiae infection of pigs in 

Uganda,14 and T. congolense infection of cattle in 

Uganda,15 and Sudan.16 It soon earned its repu-

tation by becoming the drug of choice for cattle 
trypanosomiasis in Africa. The drug is given by 
subcutaneous or intravenous injection at 1 mg/
kg of body weight. But it was soon realised that 
the drug was highly toxic as indicated by liver 
failure and symptoms of photosensitization in 
cattle, in addition to the compound being unsta-
ble when prepared in solution.17  

In 1952, T. I. Watkins and G. Woolfe at the 
Boots Pure Drug Co., Ltd. in Nottingham, UK, 
synthesised a modified compound by replacing 
the methyl group with an ethyl group.18 Watkins 
further demonstrated that the novel compound 
was much more efficacious (10 times more po-
tent, which is attributed to higher permeability 
through cell membrane), stable and less toxic 
than the original compound in laboratory test 
and field trials.19 The new drug became ethidium 
bromide (Fig. 6), and marketed as homidium 
(Ethidium®), and it remained the principal drug 
for mass treatment of cattle trypanosomiasis for 
three decades. The Boots Pure Drug Co., Ltd. 
was the principal manufacturer of the drug for 
several decades. The drug is still used today, but 
to lesser extent as a result of drug resistance and 
development of new drugs.20 The possibility of 
EtBr resistance in T. congolense in experimental 

mice was demonstrated by F. Hawking in 
1963.21 The first report of reduced efficacy or 
resistance for the recommended dose (1 mg/kg) 
came from Nigeria,22 and West Africa in 1966.23 
By the next decade it became an unbridled phe-
nomenon throughout cattle farms in Africa.24 

Figure 5. Dimidium bromide. Figure 6. Ethidium bromide. 
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MECHANISM OF ACTION  
 
Soon after the discovery of the DNA struc-

ture and function, and development of molecu-
lar techniques, EtBr binding to and effects on 
DNA was immediately investigated. In 1957, 
B.A. Newton of the University of Cambridge 
reported that EtBr rapidly inhibits DNA synthe-
sis in a parasitic flagellate Strigomonas oncopelti.25 

The specific binding of EtBr on DNA became 
known in the early 1960s. A British microbiolo-
gist Michael John Waring at the University of 
Cambridge, UK, reported in 1964 the molecular 
complex formed by EtBr with DNA, and its in-
hibition of RNA polymerase in the bacterium 
Escherichia coli.26 At the same time, French 

chemist J.-B. Lepecq and his team at the Gus-
tave-Roussy Institute in Villejuif also reported 
similar DNA-interaction.27 In the same year, 
Waring, with Watson Fuller at the University of 
London King’s College, produced an X-ray dif-
fraction image and molecular model depicting 
the EtBr-DNA interaction. They specifically 
showed that the planar ring system of the drug is 
inserted between successive base pairs of the 
DNA.28 This was the discovery of the DNA-
intercalating property of EtBr (Fig. 7). 

Protozoans belonging to the group Kineto-
plastida possess a mass of cytoplasmic circular 
DNA, much like mitochondrial DNA, called 

kinetoplast (the DNA being called kDNA), in 
addition to their nuclear DNA. EtBr specifically 
targets cytoplasmic DNA. A French pharma-
cologist at the Gustave-Roussy Institute in Ville-
juif, Guy Riou was one of the first to show (in 
1967) that it is by interfering with DNA function 
that kDNA in trypanosomes are inhibited by 
EtBr, thereby resulting in trypanocidal activity.29 
Yet, the exact mechanism of kDNA damage 
remained a mystery until 2010 when a team of 
researchers from the Johns Hopkins Medical 
School and University of North Carolina, 
Chapel Hill, USA, revealed that EtBr is respon-
sible for helix distortion of free minicircles and 
inhibiting replication initiation, and accumu-
lated effects of these activities lead to kDNA loss 
and ultimate cell death.30 

 

OTHER USES 
 
Several in vitro studies have supported the 

potential use of EtBr as an antitumorigenic che-
motherapeutic agent. One of the earliest reports 
on the antitumour activity was in 1962. T. S. 
Kandaswamy and J. Frank Henderson at the 
Department of Pharmacology, George Washing-
ton University School of Medicine, reported that 
it completely inhibited the growth of Ehrlich 
ascites tumour cells. The antitumour activity 
was specifically by the incorporation of pre-
formed purines (adenine, guanine and hypoxan-
thine) into nucleic acids. They even suggested by 
comparative test that a combination with antibi-
otic azaserine as anticancer drug.31 It is effective 
against mammary adenocarcinoma EO-771, 
sarcoma 180, and Flexner-Jobling carcinoma 
solid tumors, ascitic tumors in mice, and in the 
leukemia L-1210 ascites system.33 

EtBr has also been used as a drug or drug 
precursor, for example as a parasitotoxic, anti-
protozoal drug for the treatment of another para-
sitic disease called leishmaniasis (caused by a 
another trypanosomatid parasite Leishmania), in 

combination therapeutic regimens using DNA 
reactive agents, and in the development of ani-
onic and hydrophobic derivatives as trypano-
cides.34 

Figure 7. EtBr intercalating in DNA strand. [Tumir et al. 

(2014). Beilstein J Org Chem, 10, 2930–2954.] 
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MAKING STRAIGHT THE WAY OF BIOTECH-

NOLOGY 
 
“[The] well-being of mankind which I prom-

ised yesterday may, alas, have to wait several 
more years still. It is, however, fortunate, al-
though sometimes a little embarrassing, that 
people nowadays understand that research, espe-
cially fundamental research, will have to take its 
time before it pays its dividend,” recapitulated 
Arne Wilhelm Kaurin Tiselius,35 a Swiss chem-
ist who single-handedly discovered the principle 
of electrophoresis and invented a working device 
for it. In 1925, Tiselius joined the laboratory of a 
renowned Swiss chemist Theodor Svedberg 
(recipient of the 1926 Nobel Prize in Chemistry 
“for his work on disperse systems”) at the Uppsala 

University in Sweden. He was assigned a project 
on the application of electricity for analytical 
tools of proteins. He soon developed an equip-
ment for free electrophoresis which was about 
five meters in length, large enough to occupy a 
typical laboratory of the time. In 1930, he was 
able to report in the Swiss Royal Society journal 
Nova Acta Regiae Societatis Scientiarum Upsaliensis 

that purified proteins migrated as homogenic 

bands in his new equipment (Tiselius 30).36 A 
thesis titled The Moving Boundary Method of Study-

ing the Electrophoresis of Proteins in the same year 

eventually earned him a doctorate. Thus, mov-
ing boundary electrophoresis was invented (Fig. 
8).  But there was a major defect with this elec-
trophoresis, heat convection due to electric sup-
ply caused protein bands to blur. He made a se-
ries of modifications to achieve a desired result, 
but was successful after six years only. By re-
placing the round tubes with flat vessels (Fig. 9) 
and cooling the instrument to +4°C, he could 
effectually separate normal serum into albumin, 

and distinct α-, β-, and γ-globulin bands. The 
seminal paper was originally submitted to a 
chemical journal in 1936 but rejected on the 
ground that it was “too physical”. It was pub-
lished in the 1 February 1937 issue of Biochemical 

Journal.37 The paper was immediately followed 

by a series of follow-up publications in 1937.38,39  
Yet another improvement in 1950, with Her-

man Haglund, led him to an invention of zone 
electrophoresis using a glass capillary system 
with glass powder as the stabilizing agent (Fig. 
10).40 The apparatus was based on the device 
developed by Swedish chemists Harry Svensson 

Figure 8. Schematic diagram of moving boundary 

electrophoresis from Tiselius (1930). 

Figure 9. Schematic diagram of an improved electro-

phoresis from Tiselius (1937). 
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and Inger Brattsten at the Laboratories of LKB-
Produkter Fabriksaktiebolag in Stockholm, early 
in the same year.41 Then, in 1951, Tiselius, in 
collaboration with an American chemist Henry 
G. Kunkel at the Rockefeller Institute for Medi-
cal Research in New York, developed an electro-
phoresis using filter paper. The novel method 
was superior to existing methods as it could 
achieve complete separation of the components, 
analyse smaller sample concentrations, and iso-
lation of the components.42 Tiselius eventually 
won the Nobel Prize in Chemistry 1948 “for his 
research on electrophoresis and adsorption analysis, 
especially for his discoveries concerning the complex 

nature of the serum proteins”, and earned a lasting 

epithet as the “father of electrophoresis.”43  
The initial invention was taken to the next 

level by a British biochemist Oliver Smithies 
while working at the Connaught Medical Re-
search Laboratories in Toronto, Canada. A fresh 

graduate from the University of Oxford in 1953, 
he was planning to work at the University of 
Wisconsin–Madison in Wisconsin, US. But visa 
problem landed him to work as a research asso-
ciate to David A. Scott, “an insulin specialist”, 
as he called him, in Toronto. He was encour-
aged, he recalled, “...[To] work on anything I 
liked, as long as it had something to do with in-
sulin.”44 He chose to investigate on insulin pre-
cursor, and was instantaneously kept at bay by 
the limitations of electrophoresis available then 
for his purposes. This made him created a last-
ing fame, not in insulin, but in electrophoresis.45 
He noticed from the works of Tiselius, particu-
larly the filter-paper electrophoresis, and the 
work of Kunkel and Robert J. Slater. The latter 
researchers reported in 1951 that starch provided 
a good supporting media for protein separation 
because of its low adsorption in aqueous buff-
ers.46 Smithies thought of combining the zone, 
filter-paper and starch electrophoreses. From the 
filter-paper method, he would use the method of 
loading the sample in a narrow zone but in the 
zone electrophoresis. Then he used starch gel as 
a supporting medium, and to his utter satisfac-
tion, found that the method was useful for sepa-
ration of plant enzymes, and serum protein. His 
invention and its results were published in 1955 
in Biochemical Journal.47 This led to an improved 

two-dimensional electrophoretic system in 
1956.48 In 1959, he published a further improve-
ment in which a supporting media could be 
avoided.49 He called the new accessory device 
“removable slot former,” which was the begin-
ning of making wells by gel combs. Indeed, 
Smithies’ works paved an easy way for the de-
velopment of the now more popular agarose gel 
electrophoresis, introduced in 1956 by an Indian 
biochemist Kramadhati Venkata Giri at the In-
dian Institute of Science in Bangalore,50,51 and 
polyacrylamide gel electrophoresis, introduced 
in 1959 independently by two American teams, 
Baruch J. Davis and Leonard Ornstein at the 
Mount Sinai Hospital in New York,52 and Sam-
uel Raymond and Lewis Weintraub at the Uni-
versity of Pennsylvania in Philadelphia.53 It is 
not a profligate digression to mention that 

Figure 10. Schematic diagram of zone electrophoresis 

from Haglund and Tiselius (1950). 
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Smithies shared the Nobel Prize in Physiology 
or Medicine 2007 with Mario R. Capecchi and 
Sir Martin J. Evans “for their discoveries of princi-
ples for introducing specific gene modifications in mice 

by the use of embryonic stem cells.” 

Back then a variety of stains already existed 
for protein, such as amido black, bromophenol 
blue, Coomassie blue, to name a few. The chem-
istry and biology of nucleic acids were just start-
ing to enter the limelight of research. 

 

THE FLUKY ORANGE-MEN  
 
EtBr was the first and has been the most 

widely used nucleic acid dye in molecular biol-
ogy. Its unwarranted infamy as an ill-fated 
chemical because of its toxicity and tumour-
causing effects, compounded by the develop-
ment of novel stains in recent years have given 
rise to its diminished popularity, and what is 
more, an unprecedented criticism and denuncia-
tion of its practical use in terms of safety. 

The birth of EtBr-based gel electrophoresis 
was a pure stroke of serendipity, a tale that af-
firmed Louis Pasteur’s maxim: chance favoured 
the prepared mind. The first invention was re-
ported in 1972 by a Dutch physician Piet Borst 
and his student Cees Aaij, while working in the 
Department of Medical Enzymology at the Uni-
versity of Amsterdam. Borst research focused on 
the structure and replication of the circular 
DNAs from vertebrate mitochondria. By that 
period, the conventional technique of assessing 
the DNA quality was by ultracentrifugation. 
One day their work was thwarted by the centri-
fuge that just would not kick off to run its pur-
pose.54 While perspiring for the possible cause 
and solution, Borst realised that back in 1966, an 
American microbiologist H.V. Thorne at the 
University of Minnesota Medical School had 
used agarose gel electrophoresis to separate cel-
lular DNA from polyoma viral DNA.55 With 
that hindsight, he was convinced that it would 
just might also work for his rat mtDNA. Using 
only 0.6% agarose (instead of 1% as used by 
Thorne), he found that DNA separation a rela-
tively simple process. But the immediate prob-

lem he encountered was how to visualise the 
DNA bands. Borst realised that cesium chloride-
EtBr mixture they used in ultracentrifugation to 
produce bright orange fluorescence might do the 
trick. So he tried staining the gel only with EtBr, 
and to his anticipated amazement, the fraction-
ated DNA showed distinct orange bands. The 
colour had no particular connection with the 
Dutch national colour, but it was a beautiful 
coincidence. The novel technique proved to be 
much more efficient than any other method for 
very small DNA molecules. The finding was 
published in the 10 May 1972 issue of Biochimica 
et Biophysica Acta (BBA) - Nucleic Acids and Protein 

Synthesis.56 After certain modifications, Borst 

pronounced: 
 
In the end, ethidium-agarose electrophoresis 
worked like a charm for quantitating topoisom-
ers of mtDNAs and we never went back to our 
analytical ultracentrifuge for DNA quality con-
trol.54 

 

THE LUCKIER AMERICANS 
 
But the Dutch were not alone. Unbeknown 

to the Amsterdam researchers, American mo-
lecular biologist Philip A. Sharp and his team at 
the Cold Spring Harbor Laboratory had success-
fully tested EtBr to stain electrophoretic product. 
Sharp had previously used EtBr for staining 
whole DNA samples while working as postdoc-
toral student at the California Institute of Tech-
nology. In 1971, he joined the Cold Spring Har-
bor Laboratory to investigate on the genetics of 
tumour DNA viruses, particularly SV40. At the 
time, electrophoretic gel products were assessed 
using a laborious autoradiography. With his ex-
perience with EtBr, Sharp stained the gel and 
quickly noticed distinct DNA bands.57 Sharp 
and his team eventually discovered that EtBr-
stain gel was very efficient for isolating DNA 
fragments, specifically two restriction endonu-
cleases, in the bacterium Haemophilus parainfluen-

zae. They used a very low concentration of 0.5 

µg/ml in 1.4% agarose gel, which was sufficient 
to stain DNA as small as 0.005 µg. This tech-
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nique led them to identify two new endonucle-
ases, HpaI and HpaII. They reported their work 

in the July issue of Biochemistry in 1973.58  

These two biotechnological innovations 
raised EtBr-based gel electrophoresis as a gold 
standard in nucleic acid research. It is a bit un-
fortunate that the original publication by the 
Dutch workers is largely forgotten, while Sharp 
et al. is a more frequent, and identified “classic” 

citation. For instance, as of March 2016, the 
number of Google Scholar citation for Borst and 
Aaij is 372, while the number is 1,463 for Sharp 
et al. 
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