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Introduction School, he funded his college education by working at

In the fall of 1935, Albert M. Grass and Ellen H. Rob- Samson Electric Company testing and installing the ampli-

inson both came to the Department of Physiology at Harjlers and systems that provided sound for films (Marshall,

vard Medical School (HMS). This entirely fortuitous con- ;ggaéngizgl,l 19:n2d).tr|1—|ee;v gi S(;’gcfeses?rj‘l’e?eoégiggf gr?r?:]CeﬂLY
fluence of their lives led to their marriage, to a commercial. Y. ~>C. 0eg ng
endeavor—the Grass Instrument Company—that woul ing was duly awarded by MIT n 1934, Albert. remained at
provide equipment of high quality to neuroscientists and ITkto WOE{E ontszrvo]:mtechanlsrtr)s used tod5||mul<':\te tearth-
other physiologists for over half a century, and finally to thequg ei'n € study o '\; ralﬂsfcllggoon model water towers
formation of The Grass Foundation, which has benefited th&" other structures ( arsha, - )- ,
neuroscience community since 1955 In May of 1935, Frederic A. Gibbs—a resea_rch fellow in
The Department of Physiology at Harvard—the seedbed€Urology at the HMS Department of Physiology—con-

for these accomplishments—had a deep-rooted commitracted with Albert Grass to build a 3-channel electroen-
ment to providing both financial and moral support to sci-cephalograph (EEG). Albert and his brother Everett worked

entists who were at the beginning of their careers. Alberfn the basement of their father's house and fini.shed the
and Ellen clearly benefited from this commitment, for it Project early in the fall of 1935 (Marshall, 1980; Grass,

generated interactions and collaborations that led to an31984_)- ] )
facilitated the success of the Grass Instrument Company and This accomplishment, completed in only three months,
then the Eoundation. led to Albert’s being hired as a part-time Research Instru-
Thus, the origins of The Grass Foundation must bement Engineer by the HMS Department of Physiology, and
sought, not only in the conjoined histories and proclivitieshe remained in that position from 1935 until 1943. As part
of Albert M. and Ellen R. Grass, but also in scientific and of this job, he continued to improve the EEG (Grass Instru-
educational developments that took place in the HMS Dement Co., 1971; Grass, 1984) and its applications (Grass
partment of Physiology between 1906 and 1935, well befor@nd Gibbs, 1938). In addition, he worked closely with
Albert and Ellen met there. This essay is an attempt tcscientists, tailoring equipment to their needsg(, square
dissect those tangled threads; it ends with a discussion afave stimulators and amplifiers; Forbes and Grass, 1937;
The Grass Foundation’s hallmark program—the Grass FeMarshall, 1980).
lowship Program at the Marine Biological Laboratory in  Ellen Harriet Robinson (1914-2001) was born in Taun-
Woods Hole, Massachusetts—and the impact that this prdon, Massachusetts, on March 29, 1914, the daughter of

gram has had on neuroscience. Laura (Waldron) Robinson and Francis James Robinson.
She graduated from Taunton High School in 1931 and went
Albert M. Grass and Ellen H. Robinson to Radcliffe College, receiving her A.B. degree in Biology

, i ) in 1935. She continued her education at Harvard University
Albert Melvin Grass (1910-1992) was born in Quincy, with Morgan “Kelly” Upton (1898—1984) and received a

Massachusetts, on September 3, 1910, to Henry J. Grass a ; ; . ;
Y e ; ) sters degree from Radcliffe College in 1936; her thesis
Bertha (Martin) Grass. After graduating from Quincy High was entitled “Three Experiments in Audition.”

On Upton’s recommendation, Ellen decided to immerse
Received 12 January 2001; accepted 28 August 2001. herself in “a broader field of brain function” (Marshall,
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1995) and began graduate work in the Department of Phys=obb, the Gibbses approached Davis to be a collaborator,
iology of HMS in the fall of 1935 (Marshall, 1980, 1995). and Davis enthusiastically endorsed their plan (White,
A special arrangement was made with Radcliffe College sd984). With the departure of the engineer, Garceau, and the
that she could take a course in “Research” (Marshall, 1995need for EEG machines with more than one channel,
and she was supported by a Porter Fellowship in Physiolog¥rederic Gibbs sought out advice at the Massachusetts In-
(1935-1936) from the American Physiological Societystitute of Technology. There he met Albert Grass (Marshall,
(Howell and Greene, 1938; Fenn, 1963). Alfred C. Redfield1980; Grass, 1984). With funding from the Macy Founda-
(1890-1983) was her initial sponsor on a project entitlection, he contracted with Albert Grass in May of 1935 to
“Auditory Action Potentials” (Fenn, 1963; Brobeak al.,  “build three channels of EEG amplifiers to drive the West-
1987), but her work was ultimately conducted under theern Union Morse Code inkwriting undulator” (Grass, 1984;
sponsorship of Hallowell Davis (Kemet al., 1937; Fenn, Hughes and Stone, 1990).

1963). Ellen collaborated with a number of scientists, in- The Gibbses went off for the summer to attend the
cluding Arthur James “Bill” Derbyshire (Grass, 1980), Ed- International Congress of Physiologists in Leningrad and
ward H. Kemp, and Georges Cope Fellow of the C.R.B. Moscow, and to visit Berger and engineer J. Fnifies in
Educational Foundation, Institute de Physiologie,gee Germany. In August of 1935, rather late in the summer,
Her studies of the responses of the brainstem to auditorffrederic Gibbs mailed a sketch of Ammies’ neuropolygraph
stimulation led to three publications (Kemp and Robinson(designed for A. Kornriler's animal studies) to Albert
1937; Kempet al., 1936, 1937). Grass (Grass, 1984; Hughes and Stone, 1990). By that time,

Ellen Robinson and Albert Grass met in the fall of 1935the EEG machine being constructed by Albert and Everett
and were married on June 28, 1936. Ellen continued as &rass in Quincy must have been well along, for when the
Ph.D. candidate in the Department of Biology at HarvardGibbses returned in the fall, it was finished, as mentioned
University, recording from the auditory cortex of rabbit in above. This EEG was used by Lennox, Frederic and Erna
the laboratory of the noted physiological psychologist KarlGibbs, and Davis in their pioneering investigations, which
Spencer Lashley (1890-1958). Soon, however, she decidettmonstrated the power of the EEG in the diagnosis of
to devote herself “to motherhood and doing whatever lepilepsy (Gibb=t al., 1935, 1936, 1937; Brazier, 1968).
could to help Albert provide equipment to a growing num- The demand for EEG machines increased markedly dur-
ber of scientists” (Marshall, 1995). ing the 1940s. To meet this demand, Albert began to man-
ufacture commercial instruments (Marshall, 1987). Thus,
the small business that started in a basement in 1935 con-
tinued as a partnership between Albert and Ellen Grass, and
ultimately developed and grew to become, 10 years later,
the Grass Instrument Company. The success of the Com-

The report of voltage changes recorded through the crgpany was due to the balance between Albert's engineering
nium of humans by Hans Berger (electroencephalogranskills and Ellen’s scientific expertise, which was critical in
EEG; Berger, 1929) and his observations of EEG variationshe proper design of equipment to meet the needs of neu-
in patients with epilepsy (Berger, 1932; Gib#isal., 1936)  rophysiologists (Fig. 1). Instruments were designed for
were the basis for continued EEG studies of epilepsy in théconvenience, durability and serviceability” (Morison,
United States. 1979).

At the time, Stanley Cobb (1887-1968) and William G. The Grass Instrument Company was never a typical busi-
Lennox (1884-1960) were experts on epilepsy(Cobb, ness. In the early years, employees and many of the cus-
1922; Lennox and Cobb, 1928; Lennox, 1936; see Whitetomers were warm and loyal friends of Albert and Ellen
1984, for Cobb’s complete bibliography) carrying out their (Morison, 1979), and neurophysiological equipment was
investigations at Harvard Medical School (Hughes andoaned to investigators throughout the world, and especially
Stone, 1990). In 1929, Cobb offered Frederic A. Gibbsto Grass Fellows and courses at the Marine Biological
(1903-1992), who had just received his M.D. from JohnsLaboratory (MBL). To Albert and Ellen, the Company was
Hopkins, a fellowship in neuropathology to work on epi- always meant to contribute “to the development of human
lepsy. Gibbs worked in the Lennox lab where he met Ern&knowledge and the search for basic scientific truth.” (Grass
Leonhardt; the couple were married in 1930 and werdnstrument Co., 1967). They took great care to ensure that
collaborators thereafter (Hughes and Stone, 1990). equipment was being properly used for the benefit of the

The Gibbses wanted to record EEGs from epileptic papatient. Ricardo Miledi recalls, “When | was in Mexico, |
tients, and Hallowell Davis’ engineer, E. Lovett Garceauremember on more than one occasion, seeing a letter [from
(1906-1966), had built amplifiers and a portable EEG thathe Grasses] inquiring about doctors that intended to pur-
could be used for such recordings (Garceau and Davighase their most advanced EEGs and other equipment.
1934, 1935; Garceau and Forbes, 1934). Encouraged Mdbert and Ellen were very concerned that their equipment

The Development of Electroencephalography at the
HMS Department of Physiology and the Formation
of the Grass Instrument Company
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al., 1975; Barger, 1981), the effects of emotions on the

functional state of the body (Cannon, 1915; Davenport,

1981), the basis of surgical shock (Cannon, 1923), the
constancy of the internal environment or homeostasis (Can-
non, 1939), autonomic neuro-effector systems (Cannon and
Rosenblueth, 1937), and the effects of denervation on var-
ious tissues (Cannon and Rosenblueth, 1949).

Walter Cannon spent his undergraduate years at Harvard
University and continued on at Harvard Medical School,
where the faculty held that interested medical students
should be encouraged to conduct original research. Thus, in
the first semester of his medical training Cannon and fellow
student Albert Moser were encouraged by Henry P. Bow-
ditch (1840-1911) to conduct a study on deglutition (Beni-
son et al., 1987). Later, as a third-year medical student,
Walter Cannon was approached by William Norton Bullard
(1853-1931), a neurologist at Boston City Hospital, who
offered to fund further research (Taylor, 1931).

These early research experiences clearly had a profound
influence on the development of Cannon'’s scientific philos-
ophies.

Every man active in investigation has more problems in mind
that he can work at himself. A part of his service to the world
consists in training others by giving to others these problems
to work at under his direction. These “others” are ordinarily
: his students,—young men who have been stimulated by his
Figure 1. Albert and Ellen Grass in 1955, the year that The Grass example. They are not yet established in life, they require
Foundation was formed. This picture was copied from a newspaper article remuneration until they have done enough work to warrant
entitled “Doctors Told of Findings by Quincy ‘Brain’ Machine” in the their being taken into independent positions. They should
Quincy Patriot Ledger, Saturday, October 8, 1955. receive during these years of training (which are very likely to
be productive of good results in research) sufficient compen-
sation to afford comfortable support (Benisenal., 1987).

be used wisely for the benefit of the patients and for re-

search, and not merely to extract money from the patients.” C.annqn IS 'generally con5|d.ered to have been exemplary
in his scientific conduct and his concern for human welfare

(Cannon, 1945; Forbes, 1945; Morison, 1945; Davis, 1975).
He “saw that the freedom and beneficence of science could
Albert and Ellen Grass'’s success was clearly due, in parpe guaranteed only within the framework of a just society,
to the support they received from established researchers imtional and international” (Grass, 1970), and was commit-
the Department of Physiology at Harvard Medical School.ted to providing promising young scientists, independent of
Walter B. Cannon and Alexander Forbes were especiallyationality, the opportunity to participate and contribute to

critical in this regard. the advancement of science (Morison, 1945).

“Speaking personally now,” Ellen once said, “Dr. Can- One such scientist wasrturo Rosenblueth (1900-
non made very many things possible for Albert and for me.1970) who came to Harvard from Mexico as a Guggen-
He invested in us at a time when biomedical engineerintheim Fellow from 1930 to 1932 to work with Cannon. He
was indeed in its infancy, and the role for women in scienceyuickly became Cannon’s “favorite son” and secured a
practically negligible” (Grass, 1970). position in the Department of Physiology. Their collabora-

Walter B. Cannon (1871-1945) served as the Georgéons continued for the next 14 years (e.g., Cannon and
Higginson Professor of Physiology at Harvard Medical Rosenblueth, 1937, 1949).

School for 36 years (1906—-1942). For this entire period, he Cannon and Rosenblueth mentored several scientists who
was chairman of the Department of Physiology and arwould ultimately become founding and early trustees of The
Emeritus for his last three years. He made many important

contr_lbutlons to our understanding of h(_)W the_ human boqy 1 The names of the founding and early trustees of the Grass Foundation
functions: the use of Roentgen rays to investigate gastroinge printed in bold type in this section of the paper. E-mail:
testinal motility (Cannon, 1898; Cannon, 1911; Bro@its Steven.J.Zottoli@Williams.edu.

Department of Physiology at Harvard Medical School
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Table 1 vard in 1923 as an Instructor in the Department of Physi-
Founding trustees and early trustees of The Grass Foundation ology (DaV|_3- 1991; Galambos, 1998). Some of his StU(_j'eS
at Harvard include the all-or-none nature of the nerve im-

Founding trustees pulse (Daviset al., 1926), the use of the EEG in the study

Alexander Forbes of epilepsy (Gibbt al.,1935), recordings from single units

Albert M. Grass

in the “auditory nerve” of cats (Galambos and Davis, 1943;
Ellen R. Grass . f Il bodi f th
Frederic A. Gibbs the recordings turned _out to be from cell bodies of the
William G. Lennox* cochlear nucleus, Davis, 1975), and the tolerance of the
Robert S. Morison human ear to loud sounds (Daws al., 1950). Hallowell
Arturo Rosenblueth* Davis would become the sponsor of Ellen Grass’ research
Richard R. Towle and an exponent of EEG recording at Harvard.
Robert A. Zottoli Id B. Lindsl v T E . had
Early trustees Donal - Lindsley (currently rustee _merltus) a
George H. Acheson, 1961 come to Harvard Medical School with a National Research
Donald B. Lindsley, 1958 Council Fellowship to work with Forbes and Davis in 1933.
Fiorindo A. Simeone, 1968 During this period, Lindsley recorded motor unit responses

* Although Lennox and Rosenblueth are not listed as original members(LmdSIGy’ 193_4’ 1935a) and plone_ered the use_ of the elec-
of the Corporation in the Constitution and Bylaws of The Grass Foundaifomyogram in neuromuscular disorders.g(, Lindsley,
tion, they are recognized as founding members in the minutes of The Grask935b, 1936; see Lindsley, 1995, for a review).
Foundation. Arturo Rosenblueth had encouragédorge H. Acheson

(1912-2000)a first-year medical student, afdbrindo A.

Grass Foundation (Table 1Alexander Forbes (1882— Simeone (1908-1990)a third-year medical student, to
1965)as a fourth-year medical student was encouraged bgonsider conducting original research. Both contributed to
Cannon to become involved in research. After receiving highe scientific productivity in the departmerg.g., Rosen-
M.D. degree in 1910 from Harvard Medical School, Forbesblueth and Simeone, 1934, 1938a, b; Acheson, 1938;
studied with C. S. Sherrington (1857-1952) for two yearsAchesoret al.,1936, 1942; Simeonet al., 1938) and went
and briefly with Lucas in 1912; afterwards, he returned toon to distinguished medical careers.
Harvard and the Department of Physiology (Fenn, 1969, Robert Morison (1906—1986)received an undergradu-
Davis, 1970; Eccles, 1970). Forbes added a strong engineeaite degree from Harvard in 1930 and the M.D. in 1935. He
ing background to the department and was continuously avas encouraged to pursue research by his mentor, Rosen-
the forefront of technological advances that he applied tdlueth, during his medical school years. “He [Morison] was
neurophysiological investigations. These included the usa man of great and thoughtful learning but one who, above
of the vacuum tube amplifier in conjunction with a string all, wanted to understand the meaning of life and the sig-
galvanometer to record action currents in nerve and muscleificance of science for that fundamental issue. He under-
(Forbes and Thacher, 1920, see also Gasser and Newcomstpod what it was to make a moral vocation of one’s
1921; Forbest al., 1931; Grass, 1984; Frank, 1986; Sey- intellectual work, an effort that requires not only reading,
farth, 1996), the study of reflex activity (Forbes, 1922;writing, and thinking, but also something else: the living
Davis, 1975; Seyfarth, 1996), and the use of microelecout, in daily life, of the values and virtues that animate that
trodes for extracellular recording from cortical cells (Ren-work.” (Callahan, 1987). Morison collaborated with many
shawet al., 1940; Brazier, 1968). of those present in the Department of Physiology in the

In fact, Forbes’ technical and analytical strengths, alongl930s €.g.,Rosenblueth and Morison, 1934; Rosenblueth
with those of Hallowell Davis (Forbest al., 1931), com- et al.,1936) and went on to Rockefeller University and then
plemented the more integrative approaches of Cannon ardornell (Eisneret al., 1986-1987).
Rosenblueth (Cannon, 1945). Cannon’s encouragement of
Forbes as a young medical student could not have affected
a more appreciative and capable individual. Alexander
Forbes quickly adopted the philosophy of encouraging sci- As the number of requests for financial support of neu-
entists in his own way. He “anonymously supported othergoscience endeavors grew, Albert and Ellen recognized that
in the department of physiology” (Davis, 1970; Seyfarth,a mechanism must be found to evaluate proposals and make
1996). decisions (Morison, 1979). The Grass Charity Trust was

One of the many young medical students supported byormed on December 31, 1948, and charitable disburse-
Forbes was Hallowell Davis (1896-1992). He received hisnents were made after June 27, 1951. This Trust donated
B.A. degree in 1918 and the M.D. degree in 1922 frommost of its assets to The Grass Foundation (The Grass
Harvard, worked for a year at Cambridge University in Foundation minutes, 1958), which was formed in 1955 “to
England with Edgar D. Adrian, and then returned to Har-assist in advancing knowledge principally in the field of

The Formation of The Grass Foundation
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Figure 2. Four of the original Trustees of The Grass Foundation. From left to right: Albert Grass, Frederic
Gibbs, Ellen Grass, Robert Morison, and Erna Gibbs (not a Trustee) at the Ill International Congress of
Electroencephalography and Clinical Neurophysiology held in Boston from August 17-21, 1953.

neurophysiology, and including allied fields of medicine tracted to the MBL because, as a center of neurophysiology,
and science” (Article 2 Section 1 of The Grass Foundatiorit was regularly visited in the summers by scientists who
Constitution and Bylaws). were actively involved in the development of new equip-
As we have seen, most of the founding and early trusteesient. With this common interest, Albert developed lasting
of the Foundation were, at some time in the 1930s, membefigiendships with several MBL scientists, including Harry
of the Department of Physiology at Harvard Medical SchoolGrundfest (1904-1983) and Stephen Kuffler (1913—-1980).
(Fig. 2; Table 1). This is only fitting, because their commit- Finally, Ellen was drawn to the MBL by her passion for the
ment to the support of young scientists, their own exemplarynarine environment and the animals that live there. This
performance at the bench, and their concern for humapassion was particularly evident in her Grass Instrument
welfare (Morison, 1979) reflect the basic principles thatCompany Calendars and the “live displays” presented at the
have molded The Grass Foundation. The Foundation CUlannual meetings of the Society for Neuroscience.
rently supports programs within the Society for Neuro-  Of the initiatives in support of basic science at the MBL,
science, at the MBL, and at other institutions. The Grasshe Grass Fellowship Program most closely embodies the
Fellowship Program at the MBL was one of the first andppijlosophy of the founding trustees who had “a love for the
most important projects of The Grass Foundation, and iggyenture of new ideas, a priority for assisting young in-
continues to flourish. vestigators, and a program focus to direct its resources to the
growth of neurophysiology” (Grass, 1987). Beginning with
two fellows in 1951 under the auspices of the Grass Charity
Trust, more than 400 young neuroscientists have spent
summers at the MBL conducting independent research.
Albert and Ellen Grass’s affinity for the MBL developed Established in 1959, the Forbes Lectureship is an integral
over many years and is based on several associations. Fpart of the Grass Fellowship Program. Each summer, the
example, Alexander Forbes had a natural affection for thdrustees of The Grass Foundation bring one of the world’s
Woods Hole area. He spent summers on Naushon Islan@utstanding neuroscientists to the MBL “to honor the out-
which is still owned by the Forbes family, and he was astanding achievements of Dr. Alexander Forbes as a pioneer
distinguished investigator at the MBL, publishing researchand major contributor to the field of neurophysiology, who
done there with Catharine Thacher (Forbes and Thachehas always been an inspired teacher of young students.”
1925; Forbes, 1933). Albert Grass was undoubtedly at{The Grass Foundation minutes, December 11, 1958). The

The Association of Albert and Ellen Grass and The
Grass Foundation With the Marine Biological
Laboratory at Woods Hole
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Grass Fellows from 1951 to 1961
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Year Fellow

1951 Hal C. Becker
Samuel M. Peacock, Jr.

1952 Ellis C. Berkowitz

1953 Donald M. Maynard
Y. Zotterman

1954 Daniel D. Hansen
David D. Potter

1955 Ricardo Miledi
Yutaka Oomura
Joaquin Remolina
William K. Stephenson

1956 Lionel Adelson

1957 Stanley M. Crain
Clarence Hardiman
Joan Taylor*

1958 Michael V. L. Bennett
John P. Reuben
William H. Rickles, Jr.

1959 Shirley H. Bryant
Raymond J. Lipicky
Charles F. Stevens

1960 Stephen T. Kitai
Leslie B. Reynolds

1961 Bernice Grafstein

Zach W. Hall
Walter Herzog
Robert H. Wurtz

* Her fellowship was carried out at UCLA.

did not interact with one another a great deal. Steve Kuffler,
Harry Grundfest (1904-1983), and their collaborators were
perennial investigators at the MBL, and both were Forbes
Lecturers, in 1975 and 1979, respectively. They acted as
mentors for Miledi and other Grass Fellows in the early
years of the program (Zottoli, 1990). Albert and Ellen Grass
would also visit the MBL periodically to make sure that the
Grass Fellows had what they needed in the way of equip-
ment, space, and support.

While at the MBL, Miledi worked on lobster and crayfish
stretch receptors and the squid giant axon (Miledi, 1957).
Miledi has gone on to publish over 460 scientific articles,
and he is one of two neuroscientists to be chosen more than
once by the Trustees of The Grass Foundation as the Forbes
Lecturer (the other is Theodore H. Bullock, in 1963 and
1991). Miledi presented some of his and Bernard Katz's
seminal work on neuromuscular transmission at the MBL in
1964 as the sixth Forbes Lecturer. The topic of his two
lectures was “Localization of ACh receptors and cholines-
terase in muscle fibres.” He returned as the Forbes Lecturer
in 1990 (Fig. 3) and delivered two lectures on pioneering
work that utilized frog oocytes to study native receptors and
express exogenous messenger RNA (Kusainal., 1977,
1982; Barnarcet al., 1982). The subject of his two lectures
was “How to study the brain using frog oocytes.” Dr. Miledi
has served two terms as a Trustee of The Grass Foundation
(1992-1995; 1997-2000). He is currently a Distinguished
Professor in the Department of Neurobiology and Behavior
at the University of California, Irvine.

The philanthropic largess of Albert and Ellen goes well

Forbes Lecturer not only presents two lectures as part of thbeyond the MBL and has benefited the neuroscience com-
MBL'’s Lecture Series, but also shares space with the Felmunity in many other ways. For example, “individuals
lows in the Grass Laboratory. Forbes inaugurated the seridgrown to be sound investigators, working under budgetary
with a pair of lectures, on “The Growth of Neurophysiol- or foreign exchange difficulties, often found themselves the
ogy” and on “Electrophysiology of Color Vision.”
Many Grass Fellows have gone on to become leaders iment through the auspices of the Grass Instrument Com-
neuroscience (Table 2), and many have come back to thgany (Morison, 1979). Ricardo Miledi remembers, “Joaquin
MBL as investigators, course directors, instructors, Forbe®Remolina and | were once asked to make a list of Grass
Lecturers, and as directors and associate directors of thequipment to be bought for the Department of Physiology at

Grass Laboratory.

recipients of indefinite loans” of neurophysiological equip-

the Institute of Cardiology in Mexico. We made a big list

Ricardo Miledi is an example of a Grass Fellow who hasthat was sent to the Grass Instrument Company and were
had a major impact on neuroscience. He was born in Mexicéooking forward, with great excitement, to the day when the
City in 1927, received his B.Sc. from the Instituto Cientifico equipment would arrive. Then, to our great consternation,
y Literario, Chihuahua, in 1945 and his M.D. from the there was a big devaluation of the peso and we were asked
Universidad Nacional Autonoma de Mexico in 1955. Miledi to send a new order with a good number of items deleted.
and Joaquin Remolina were working with Arturo Rosen-Later, when the shipment arrived we were all extremely
blueth and Juan GdiRamos at the Instituto Nacional de pleased to see that all the items in our original list had
Cardiologia (Gara Ramos and Miledi, 1953, 1954; Rosen- arrived and a few extra ones had been included, as if to
blueth et al., 1954) when Albert Grass and Steve Kuffler compensate for our transient worries. | wonder if any other
came by to visit Rosenblueth. Informed about the Grasgompany exists that would do that?”

Fellowship Program by the visitors, Miledi and Remolina  Albert Grass died in Quincy, Massachusetts, on May 29,
came to the MBL as fellows in 1955 (Fig. 3).

There was no Grass Laboratory or formal program at thaQuincy. The Grass Foundation that embodies their ideals

time, and fellows generally worked in separate spaces andontinues to be committed to providing general support for

1992, and Ellen died 9 years later on June 14, 2001, also in
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Figure 3. Albert Grass and Ricardo Miledi in Woods Hole, Massachusetts. The picture on the left was taken
in 1955 at the Marine Biological Laboratory when Miledi was a Grass Fellow. The picture on the right was a
reenactment of the 1955 photograph taken in 1990 at the National Academy of Sciences in Woods Hole when
Miledi was a Forbes Lecturer for a second time in 1990. The 1990 photograph was taken by Steve Zottoli.

“excellent science.” The tireless efforts of Albert and Ellen Literature Cited

f[O_ r_nqmtor_ the pUIse and ﬂQW of neur_osmgnce have led toAcheson, G. H. 1938. The topographical anatomy of the smooth muscle
initiatives in support of the field, especially in helping those o the car's nictitating membran@nat. Rec71: 297-311.

in need or just starting out. The greatest achievements of th&cheson, G. H., A. Rosenblueth, and P. F. Partington. 1936.Some
Foundation’s initiatives, such as the Grass Fellowship Pro- afferent nerves producing reflex responses of the nictitating membrane.
gram at the MBL, have resulted from the ability of the Am.J. Physiol115: 308-316.

Trustees tdisten, hearandrespondto needs of scientists in  A°heson: G. H., E. S. Lee, and R. S. Morison. 1942A deficiency in the
. . L phrenic respiratory discharges parallel to retrograde degeneration.
a rapidly changing discipline.

J. Neurophysiol5: 269-273.

Barger, A. C. 1981. New technology for a new century: Walter B.
Acknowledgments Cannon and the invisible rayBhysiologist24: 6-14.
Barnard, E. A., R. Miledi, and K. Sumikawa. 1982. Translation of

| would like to thank Ernst-August Seyfarth for his help ~ €xogenous messenger RNA coding for nicotinic acetylcholine recep-
and support during this project. George Acheson, Ellen f_oor: dprgg‘ig?szﬁnzt;%”a' receptors Xenopusoocytes.Proc. R. Soc.
Grass_, Hank Grass, Ron Hoy’ Don LmdSIey' RIC‘rf“’doBenison, S., A. C. Barger, and E. L. Wolfe. 1987. Walter B. Cannon:
Miledi, John Reuben, and Richmond Woodward provided the Life and Times of a Young Scientite Belknap Press of Harvard
important suggestions for the improvement of an earlier Univ. Press, Cambridge, MA. 520 pp.
version of this manuscript. | also thank Helena Warburg forBerger, H. 1929. Uber das Elektroenkephalogram des Menschen. I.
her efforts in providing biographical information. Mrs. Elin _Arch. Psychiatr87: 527-570.
L. Wolfe at the Countway Library of Medicine deserves Bergz;’c;;ﬂtlrg;ﬁ- 6U§:r das Elektrenkephalogram des Mensctwoh.
special me_ntlon for the re_seamh she did on Catherm%razier, M. A. B. 1968. The Electrical Activity of the Nervous System.
Thacher. Finally, | would like to acknowledge the help,  williams and Wilkens, Baltimore. 317 pp.
enthusiasm, and patience of Mike Greenberg. Brobeck, J. R., O. E. Reynolds, and T. A. Appel, eds. 1987.History of



THE GRASS FOUNDATION 225

the American Physiological Society, The First Century 1887—-198&. galvanometer, and photographic camera designed for the study of
American Physiological Society, Bethesda, MD. action potentials in nerveRev. Sci. Instr2: 1-15.

Brooks, C. McC., K. Koizumi, and J. O. Pinkston, eds. 1975. The Life Frank, R. G., Jr. 1986. The Columbian exchange: American physiolo-
and Contributions of Walter Bradford Cannon 1871-19&8JNY gists and neuroscience techniquesd. Proc.45: 2665-2672.
Downstate Medical Center, Brooklyn. 264 pp. Galambos, R. 1998. Hallowell Davis 1896-1992Biog. Mem. Nat.

Callahan, D. 1987. Robert S. Morison, M.D. Hastings Report February, Acad. Sci.75: 3-23.

1987. Galambos, R., and H. Davis. 1943. The response of single auditory-

Cannon, W. B. 1898. The movements of the stomach as studied by  nerve fibers to acoustic stimulatioh. Neurophysiol6: 39-58.
means of the Ratgen raysAm. J. Physioll: 359-382. Garceau, E. L., and H. Davis. 1934. An amplifier, recording system and

Cannon, W. B. 1911. The Mechanical Factors of Digestiofdward stimulation devices for the study of cerebral action curreAts. J.
Arnold, London. 227 pp. Physiol. 107: 305-310.

Cannon, W. B. 1915. Bodily Changes in Pain, Hunger, Fear and Rage. Garceau, E. L., and H. Davis. 1935. An ink-writing electroencephalo-
Appleton, New York. 311 pp. graph.Arch. Neurol. Psychol34: 1292-1294.

Cannon, W. B. 1923. Traumatic ShockAppleton, New York. 201 pp. Garceau, E. L., and A. Forbes. 1934. A direct-coupled amplifier for

Cannon, W. B. 1939. The Wisdom of the Body. W. Norton, New action currentsRev. Scient. Insti5: 10-13.

York. 333 pp. Garcia Ramos, J., and R. Miledi. 1953. Estudios sobre el Flutter y la

Cannon, W. B. 1945. The Way of an Investigato¥’. W. Norton, New Fibrilacion. IX La Fibrilacion VentricularArch. Inst. Cardio. Mex22:
York. 229 pp. 805-834.

Cannon, W. B., and A. Rosenblueth. 1937. Autonomic Neuro-Effector =~ Garcia Ramos, J. and R. Miledi. 1954. La Fibrilacion VentricularBol.
SystemsMacmillan, New York. 229 pp. San. Mil. Mex.7: 3-24.

Cannon, W. B., and A. Rosenblueth. 1949. The Supersensitivity of Gasser, H. S., and H. S. Newcomer. 1921 Physiological action currents
Denervated Structures: A Law of Denervatidmacmillan, New York. in the phrenic nerve. An application of the thermionic vacuum tube to
245 pp. nerve physiologyAm. J. Physiol57: 1-26.

Cobb, S. 1922. A case of epilepsy with a general discussion of the Gibbs, F. A., H. Davis, and W. G. Lennox. 1935. The electro-enceph-
pathology.Med. Clin. North Am5: 1403-1420. alogram in epilepsy and in conditions of impaired consciousfess.

Davenport, H. W. 1981. Signs of anxiety, rage, or distreszhysiologist Neurol. Psychiatry34: 1133-1148.

24:1-5. Gibbs, F. A, W. G. Lennox, and E. L. Gibbs. 1936. The electro-

Davis, H. 1970. Alexander Forbes. Pp. 64—66Dictionary of Scientific encephalogram in diagnosis and in localization of epileptic seizures.
Biography.Scribner, New York. Arch. Neurol. Psychiatng6: 1225-1250.

Davis, H. 1975. The philosophy of science and the way of investigator. Gibbs, F. A., E. L. Gibbs, and W. G. Lennox. 1937. Epilepsy: a
Pp. 186-193 irThe Life and Contributions of Walter Bradford Can- paroxysmal cerebral dysrhythmiBrain 60: 377-388.
non. C. McC. Brooks, K. Koizumi and J. O. Pinkston, eds. SUNY Grass, A. M. 1984. The Electroencephalographic Heritagérass In-
Downstate Medical Center, Brooklyn. strument Co., Quincy, MA. 41 pp.

Davis, H. 1991. The Professional Memoirs of Hallowell DaviSentral Grass, A. M., and F. A. Gibbs. 1938. A Fourier transform of the
Institute for the Deaf, St. Louis, MO. 112 pp. electroencephalogrand. Neurophysioll: 521-526.

Davis, H., A. Forbes, D. Brunswick, and A. McH. Hopkins. 1926.  Grass, E. R. 1970. Text of the Introduction to the first Cannon lecture
Studies of nerve impulse. Il. The question of decremant. J. Physiol. supported by the Grass Foundation, Cornell University Medical
76: 448-471. School, NYC, Tuesday Nov. 17, 1970.

Davis, H., C. T. Morgan, J. E. Hawkins, Jr., R. Galambos, and F. W.  Grass, J. 1980. Arthur James “Bill" Derbyshire. Taped interview with
Smith. 1950. Temporary deafness following exposure to loud tones  “Bill” Derbyshire, August, 1980, UCLA Brain Research Institute,

and noiseActa Oto-Laryngol. (Suppl.$8: 1-57. Neuroscience History Resource Project, Oral History Program, Series

Eccles, J. C. 1970. Alexander Forbes and his achievement in electro-  CON, Code DER.
physiology.Perspect. Biol. Med13: 388—404. Grass, M. 1987. Alexander Forbes. A handout distributed prior to the

Eisner, T., A. M. Srb, and F. A. Long. 1986-1987. Robert Swain annual Forbes Lectures supported by The Grass Foundation at the
Morison. Cornell University Faculty Memorial Statements. Marine Biological Laboratory.

Fenn, W. O. 1963. History of the American Physiological Society: The Grass Instrument Co. 1967. This is Grass Instrument Compargrass
Third Quarter Century, 1937-1962he American Physiological So- Instrument Company Catalogue, 1967, Quincy, MA.
ciety, Washington, DC. Pp. 44—-46. Grass Instrument Co. 1971. Perspectives in Electrophysiological In-

Fenn, W. O. 1969. Alexander Forbes. Biog. Mem. Natl. Acad. SciO: strumentation.1971 calendar of the Grass Instrument Co., Quincy,
113-141. MA.

Forbes, A. 1922. The interpretation of spinal reflexes in terms of present Henry, M. H. 1992.  In Memoriam, Albert Melvin Grass, 1910-1992.
knowledge of nerve conductiofhysiol. Rev2: 361-414. J. Clin. Neurophysiol9: 419-421.

Forbes, A. 1933. Conditions affecting the response of the avicularia of Howell, W. H., and C. W. Greene. 1938. History of the American
Bugula. Biol. Bull.65: 469—-479. Physiological Society Semicentennial, 1887-1937. American Physio-

Forbes, A. 1945. Walter Brandford Cannon (1871-1945). Pp. 349-354 logical Society, Baltimore, MD.
in Year Book of the American Philosophical Sociéthjladelphia. Hughes, J. R., and J. L. Stone. 1990. An interview with Frederic A.

Forbes, A., and A. M. Grass. 1937. A simple direct-coupled amplifier Gibbs, M.D. and Erna L. Gibb<lin. Electroencephalogr21: 175—
for action potentialsJ. Physiol.91: 31-35. 182.

Forbes, A., and C. Thacher. 1920. Amplification of action currents with ~ Kemp, E. H., and E. H. Robinson. 1937. Electric responses of the brain
the electron tube in recording with the string galvanomefen. J. stem to bilateral auditory stimulatioAm. J. Physiol120: 316-322.
Physiol.52: 409-471. Kemp, E. H., G. Coppee, and R. Robinson. 1936. Les voies auditives

Forbes, A., and C. Thacher. 1925. Changes in the protoplasm Nereis au niveau de la moelle allohgéChat). Mise erivddence des synapses
eggs induced by-radiation.Am. J. Physiol74: 567-578. nerveusesC. R. Soc. Biol122: 1294-1297.

Forbes, A., H. Davis, and J. H. Emerson. 1931. An amplifier, string Kemp, E. H.,, G. E. Coppe, and E. H. Robinson. 1937. Electric



226

responses of the brain stem to unilateral auditory stimulaton. J.
Physiol.120: 304-315.

Kusano, K., R. Miledi, and J. Stinnakre. 1977. Acetylcholine receptors
in the oocyte membran®&ature270(5639):739-741.

Kusano, K., R. Miledi, and J. Stinnakre. 1982. Cholinergic and cat-
echolaminergic receptors in théenopusocyte membranel. Physiol.
328:143-170.

Lennox, W. G. 1936. The physiological pathogenesis of epilepByain
59:113-121.

Lennox, W. G., and S. Cobb. 1928. Epilepsy, from the standpoint of
physiology and treatmenkledicine7: 105-290.

Lindsley, D. B. 1934. Inhibition as an accompaniment of the knee jerk.
Am. J. Physiol109: 181-191.

Lindsley, D. B. 1935a. Electrical activity of human motor units during
voluntary contractionAm. J. Physiol114: 90-99.

Lindsley, D. B. 1935b. Myographic and electromyographics studies of
myasthenia gravisBrain 58: 470—-482.

Lindsley, D. B. 1936. Electromyographic studies of neuromuscular dis-
orders.Arch. Neurol. Psychiatry6: 128—-157.

Lindsley, D. B. 1995. Life and reflections of a psychologist-psycho-
physiologist from a personal and historical perspectine.J. Psycho-
physiol.20: 83-141.

Marshall, L. H. 1980. Taped interview with Albert Melvin Grass, Nov.

11, 1980, UCLA Brain Research Institute, Neuroscience History Re-

source Project, Oral History Program, Series CON, Code GRA.
Marshall, L. H. 1987. Instruments, techniques, and social units in Amer-

ican neurophysiology, 1870-1950. Physiology in the American Con-

text, 1850-1940. American Physiological Society, Washington, DC.
Marshall, L. H. 1995. Taped interview with Ellen R. Grass, Sept. 15,

1995, UCLA Brain Research Institute, Neuroscience History Resource

Project, Oral History Program, Series CON, Code GRA.

Miledi, R. 1957. The strength latency relation of axonscta Physiol.
Latinoamer.7: 155-186.

Morison, R. S. 1945. Walter Bradford Cannon in International Affairs.

S. J. ZOTTOLI

Walter Bradford Cannon 1871-1945: A Memorial Exercise. Held at
Harvard Medical School, Monday, Nov. 5, 1945.

Morison, R. S. 1979. Albert and Ellen Grass—An Appreciation. Neu-
roscience Newsletter, Sept. 1979, written 8/1/79.

Renshaw, B., A. Forbes, and B. R. Morison. 1940. Activity of isocor-
tex and hippocampus, electrical studies with microelectrodleNeu-
rophysiol.3: 74-105.

Rosenblueth, A., and R. S. Morison. 1934. A quantitative study of the
production of sympathinAm. J. Physiol109: 209-220.

Rosenblueth, A., and F. A. Simeone. 1934.The interrelations of vagal
and accelerator effects on the cardiac rat@. J. Physiol110: 42-55.

Rosenblueth, A., and F. A. Simeone. 1938a.The responses of the
superior cervical ganglion to single and repetitive activatiam. J.
Physiol.122: 688-707.

Rosenblueth, A., and F. A. Simeone. 1938b.The action of eserine or
prostigmin on the superior cervical ganglioAm. J. Physiol.122:
708-721.

Rosenblueth, A., D. B. Lindsley, and R. S. Morison. 1936. A study of
some decurarizing substancésn. J. Physiol115: 53—-68.

Rosenblueth, A., J. Garéa Ramos, and R. Miledi. 1954. The propa-
gation of impulses of myelinated axonk. Cell. Comp. Physiol43:
347-364.

Seyfarth, E.-A. 1996. Ernst Theodor von Breke (1800-1941) and Al-
exander Forbes (1882-1965): Chronicle of a transatlantic friendship in
difficult times. Perspect. Biol. Med40: 45-54.

Simeone, F. A., W. B. Cannon, and A. Rosenblueth. 1938.The sen-
sitization of the superior cervical ganglion to nerve impulses by partial
denervationAm. J. Physiol122: 94-100.

Taylor, E. W. 1931. William Norton Bullard, M.D. 1853-1931Arch.

Neurol. Psychiatry26: 179-183.

White, B. V. 1984. Stanley Cobb: A Builder of the Modern Neuro-
sciencesFrancis A. Countway Library of Medicine, Boston. 445 pp.

Zottoli, S. J. 1990. Taped interview with Ricardo Miledi, July, 1990.
Marine Biological Laboratory, Woods Hole, MA.



