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Background
Edith Bulbring was born in Bonn Germany [1-3]. Her mother was the Jewish daughter of 

a Dutch banker from The Hague and her father, a Protestant, was a Professor of English at the 
University of Bonn. Edith eventually became an atheist. She was the youngest of four children and 
during World War I, Edith and her two sisters moved to The Hague to stay with an uncle. Her 
brother became a soldier who was killed in action against the British in 1918. Edith learned to play 
the piano at an early age and became so proficient that she contemplated becoming a musician, but 
chose medicine instead. Nevertheless, she continued playing the piano before an audience until her 
retirement. Medicine was a career that most women in Great Britain would have been reluctant to 
choose, since it was in 1882 that the Royal Free Hospital Medical School produced its first female 
graduates.

Following World War I when the family finances began to degenerate, sufficient funds were set 
aside by her Uncle in Holland to defray the cost of much of her future education. In 1923 Burbling 
began working in Bonn to study preclinical medicine, where her enthusiasm for histology led her 
to study with Jan Boeke in Utrecht the Netherlands. The techniques that she learned during this 
period would become the basis for her first publication and doctorate in medicine. Burbling was 
educated in medicine at the Universities of Bonn, Munich, and Freiburg. She passed her preclinical 
examination in medicine in 1925 and then went to Munich, Freiburg, and Bonn for her clinical 
training. In 1928 she passed her final medical examinations, and then moved to Berlin to spend a 
year as a house physician [4].

During this period, she published three papers of which she was sole author on different 
subjects [5,6]. She then was employed by the pharmacologist Ulrich Friedmann. She then spent 
a year in Munich in clinical medicine. The following year she worked in Freiburg with the famed 
pharmacologist/physiologist Paul Trendelenburg and then returned to Bonn for her final year of 
study. For her dissertation she utilized a technique for staining fibers innervating pheochromocytoma, 
which was published in Virchows Archiv.

Bulbring then spent the next few years in Berlin working as a house physician and doing 
research in Trendelenburg’s laboratory. Between 1929 and 931, Bulbring carried out research as an 
unpaid researcher. While working with Trendelenburg, Bulbring’s conducted research on cardiac 
glycosides in which she developed the isolated frog heart preparation. She later employed this 
preparation in her studies on drug action. After the death of Trendelenburg, Bulbring left Berlin for 
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Abstract
Edith Bulbring’s success as a scientific investigator was attributed to her willingness to investigate 
smooth muscle, which most colleagues were unwilling to undertake. As a result, she greatly 
expanded our knowledge of smooth muscle physiology. In addition to succeeding in recording 
simultaneously membrane potentials, action potentials, and contraction, Bulbring correlated 
frequency of spike discharge with smooth muscle tension. She also enhanced our knowledge about 
the action of neurotransmitters and smooth muscle function, and the uncoupling between electrical 
and mechanical events. Bulbring provided the first evidence that action potentials in smooth 
muscle were dependent upon Ca2+ entry, rather than Na+, a sin skeletal muscle and nerve. However, 
perhaps Edith Bulbring left behind an even more valuable legacy by initiating a global interest in 
smooth muscle research, which laid the foundations upon which investigations of smooth muscle 
at the cellular level are based.
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a year to work as a pediatrician in Jena and then returned to Berlin to 
work at the infectious disease unit of the Virchow Krankenhaus with 
Ulrich Friedemann.

Her temporary sojourn into clinical medicine was prompted 
by her doubts that she was capable enough to be successful as a 
pharmacologist doing research. However, at the time the Nazi party 
was becoming active in Germany, and it became illegal for people of 
Jewish heritage to hold professional posts. Although Bulbring was 
initially overlooked, because two of her grandparents were Jewish, 
she was eventually dismissed from her position in 1933[7].

After considering going to Holland to work with her uncle, who 
was Professor of Medicine in Groningen, Bulbring subsequently 
travelled to Great Britain on a holiday with her two sisters. There 
she met Friedemann, who had also been exiled, and was now 
working with Sir Henry Dale in Hampstead. Friedemann suggested 
that she meet with Dale. After conversing with Bulbring about her 
background and experience, Dale was unable to offer her a position 
but contacted Joshua Harold Burn, who had recently moved to 
Bloomsbury Square to set up biological standardization laboratories 
for the Pharmaceutical Society [7].

Burn hired Bulbring as his assistant and departmental 
demonstrator at a salary of 50 pounds per year. Aside from her 
earnings as a clinician in Jena and Berlin, this was the first salary 
she had received. It was about this time that Bulbring realized that 
she would probably spend the rest of her life as an expatriot, doing 
primarily research.

Assistant to Joshua Harold Burn
The laboratories of the Pharmaceutical Society were primarily 

concerned with the standardization of hormones and vitamins done 
by animal tests. Bulbring’s publications during this period were 
concerned with improving methods for biological assay. Bulbring also 
published papers on biological standardization and those describing 
methods of estimating biological activity of various pharmacological 
agents [8-11].

During the period between 1935 and 1950, Bulbring also worked 
on a diverse group of problems, including the effects of epinephrine 
and acetylcholine on nerve activity and sensory discharge, and vascular 
changes affecting the transmission of nervous impulses [12-14]. In 
another study, Bulbring and Burn compared the actions of tyramine 
and epinephrine on the denervated cat nictitating membrane, which 
became the forerunner of Burn’s major contribution to autonomic 
pharmacology, viz. the idea of uptake and release of catecholamines 
from sympathetic nerves [15].

Move to Oxford
In 1937 Burn was appointed Professor and Chair of Pharmacology 

at Oxford, and offered Bulbring a position as his assistant. She 
helped Burn set up his laboratory and for the next few years worked 
closely with him [16]. Her departmental responsibilities included 
teaching. Although she did not like to lecture, Bulbring also presided 
over practical classes for the medical students. The members of the 
Department were a close-knit group and lunch was taken in the 
library, at which generally involved discussions of new research 
findings and politics.

By the end of 1948, Bulbring had been a research assistant for 
about 15 years. She published some results without Burn in 1944 

on the superior cervical ganglion of the cat and demonstrated that 
epinephrine was released during ganglionic transmission [17]. In 
1946 she published one of her best-known papers on the isolated 
phrenic nerve-diaphragm preparation of the rat, which was the 
first mammalian isolated nerve skeletal muscle preparation to be 
described [18]. In 1949 Bulbring published results on the conversion 
of norepinephrine to epinephrine in minced adrenal glands and 
showed that ATP was necessary for this methylation reaction [19]. 
Interest in the actions of neurotransmitters was a common theme in 
her publications during this period, including their effects on synaptic 
transmission in the spinal cord and on ciliary movement [20].

It was about this time that Bulbring finally seemed ready to 
develop her own plan for research. Burn seems to have been quite 
reluctant to lose Bulbring as his research assistant and procrastinated 
when she requested time to study in the United States. Bulbring felt 
that Burn’s reluctance to grant her request was unfair, although she 
remained quite loyal to him. However, Bulbring eventually spent eight 
months at John Hopkins University in 1949, where her commitment 
to smooth muscle was established.

When Bulbring returned to Oxford, she was fully prepared to 
undertake her own research program. About this time, at the age of 
42, Julius Axelrod, a future Nobelist, was initiating his own research 
program on catecholamine metabolism at the National Institutes of 
Health. Like Axelrod, Edith Bulbring was to become a late bloomer in 
her mid-forties [21,22].

Smooth Muscle Studies
Bulbring had been exposed to smooth muscle by the various 

departments in which she worked, and she had always been puzzled 
by the capricious behavior of this tissue. To deal with this problem, 
she utilized a variety of novel techniques, such as microelectrodes, 
radiotracer analysis, and the double sucrose gap. She also succeeded 
in the difficult task of recording simultaneously membrane and action 
potentials and contraction.

In 1953 Bulbring published her first paper concerned with 
smooth muscle was on oxygen consumption in the guinea pig taenia 
coli using techniques she had learned while at Johns Hopkins [23]. In 
1955 Bulbring established a correlation between membrane potential, 

Figure 1: Edith Bulbring. Courtesy of the British Pharmacological Society. 
Taken from Mary Cruse. 12 Renowned Scientists Who Were Also 
Refugees. Together Science Can-Medium. (https://medium.com/together-
science-can/10-pioneering-scientists-you-never-knew-were-refugees-
62f56a282622).
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spike discharge, and tension in taenia coli [24]. Bulbring then initiated 
collaboration with Gustav Born, who previously had worked in the 
Pathology Department at Oxford. They correlated K+ flux across 
membranes with changes in tension induced by acetylcholine and 
epinephrine [25]. Additional studies with Born also provided new 
knowledge related to metabolic inhibition and the development of 
muscle tension and ATP levels [26-28]. The collaboration with Born 
gave impetus to the development of Bulbring’s internationally known 
research group.

These studies were followed by collaboration with Mollie 
Holman, Gregory Burnstock and Hans Lullmann, who investigated 
the effects of cations on the electrical activity of taenia coli. These 
studies provided the first evidence that action potentials in smooth 
muscle were not Na+-dependent; but that the entry of calcium was 
responsible for eliciting the action potential [29-31].

One of Bulbring’s primary interests related to how 
neurotransmitters such as epinephrine and acetylcholine acted to 
elicit both stimulatory and inhibitory actions on smooth muscle, 
systematic investigations of this problem were made in collaboration 
with Hirosi Kuriyama [32,33]. They showed that epinephrine 
decreased spike discharge whereas acetylcholine increased the 
frequency. In addition, a number of articles on peristalsis and its 
neuronal regulation by serotonin reflected Bulbring’s long-term 
interest in the subject [34,35].

However perhaps her most valuable contribution was to instill 
excitement among many colleagues around the world to expand her 
work. The publication of Bulbring’s early papers attracted many fellow 
scientists to Oxford, including Heinz Lullmann, Hirosi Kuriyama, 
Tadao Tomita, and Gregory Burnstock. Her research group pursued 
many interests, including studies on metabolism, the uncoupling 
between electrical and mechanical events, and basic membrane 
properties. The large and productive research group published over 
200 papers. From 1953 to 1970, approximately 40 scientists also 
worked with her, 26 of which were or to become chairpersons of their 
respective departments [36].

Bulbring’s research program continued to flourish after Burn 
retired and was replaced by William Paton in 1959. Paton was also 
interested in smooth muscle and its innervation, and he provided her 
with adequate space to maintain her research program [37]. Bulbring 
maintained an important role in the teaching of medical students and 
encouraged her research group to participate in the practical class 
run by the Department of Pharmacology. Despite her success, it was 
not until 1960 that Bulbring received an ad hominem readership at 
Oxford and promoted to an ad hominem professorship in 1967 [38]. 
Bulbring’s last paper was a review on catecholamines published in 
1987[39].

Personal Aspects of Edith Bulbring’s Career
Edith Bulbring was said to pursue excellence with single-minded 

determination. She was meticulous, organized, and uncompromising 
[40]. Although Bulbring was characterized by some as formidable and 
unapproachable, she was remembered by those who knew her best as a 
person who expressed warmth and generosity. She also demonstrated 
great loyalty to members of her research group. Bulbring treated her 
colleagues as independent scientists, and expected them to publish 
independently. She never considered adding her name to a paper 
unless she had contributed significantly to the project.

Despite losing her leg in her late 70’s because of circulatory 
problems, Bulbring never lost her passion for laboratory work, and 
her cheerfulness never left her. Her research group often met at her 
home where results of experiments were discussed. She also hosted 
parties for her adopted “family”, which included spouses and children. 
Bulbring continued to display her talents as a pianist, sometimes 
with an accompanist, although after retirement she discontinued 
performing before an audience [40].

Awards and Honors
Edith Bulbring received a number of prestigious awards including: 

The Wellcome Gold Medal in Pharmacology, the Schmiedeberg-
Plakette of the Deutsche Pharmakologische Gesellschaft, and 
honorary degrees from Leuven, Homburg, and Groningen [41-
43]. She was also elected an honorary member of The Physiological 
Society, served on the Committee from 1971-1975, and elected an 
Honorary Member in 1981. She was also awarded the Wellcome 
Gold Medal in Pharmacology in 1985. She was given a personal 
Professorship at Oxford in 1967, nine years after she was elected 
Fellow of the Royal Society. Bulbring was the second woman to be 
accepted into the prestigious Royal Society, following Mary Pickford 
in 1935 and in 1936 was only the second woman to be inducted into 
the British Pharmacological Society.

Epilogue
Although early in her career, Bulbring had doubts that she had 

the ability to become a first-rate research scientist, she was considered 
by her colleagues as the most influential smooth muscle physiologist 
in the world. Probably the most interesting aspect of Bulbring’s 
personality was her willingness to commit to a preparation that most 
of her colleagues were unwilling to study experimentally. Because she 
was willing to venture into unknown territory, Bulbring produced 
papers that were milestones in the study of smooth muscle and left 
the Department of Pharmacology at Oxford as a major center of 
smooth muscle physiology.

After retiring in 1971, Bulbring was given a laboratory in the 
Department of Physiology at Oxford and continued productive work 
for a number of years. However, after suffering from atherosclerosis 
and enduring several operations, she passed away on 5 July 1990 [44]. 
Bulbring’s contributions to smooth muscle physiology/pharmacology 
paved the way for studies on single cell and laid the foundations upon 
which present cellular investigations of smooth muscle are based. 
However, her greatest legacy may have been to inspire colleagues who 
carried on her work and caused the study of smooth muscle physiology 
to become a recognized area of scientific inquiry. Moreover, Bulbring 
was a remarkable woman in that despite being belatedly appointed 
to a Professorship, she felt no disadvantage in being a woman and 
denied ever having experienced any discrimination [44].
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