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The epoch in which we live has been heralded as the
“Age of Seience" and "The Research Revolution." In America
the first industrial resesrch organized on a larger scale
and with dramatie results cccurred during the serly 1900's.
Prior to the late 1880's and the 1890's little research
{excopt for some control work) was being conducted by
Americen industry, Vhile thore were individuals in industry
- who dabbled in some sclentific experimentation on thelr own
before the 1880's, we found no traces of companies that had
developed systematlo research progrems before this time.

¥hile we often hear about the revolutionary advances
in therapeutics, %o which research efforts of the imerican
phamaceutical industry have been pivotal during the last
twenty-Iive yours, seldom, if ever, do we hear of the
developments that led to research becoming an important
function of American pharmaceutical industry, This
observation was made by Glenn Sonnedecker several years ago,
and I am grateful to Dy, Sonnedecker for pointing out to me
that one of the gaps in pharmaceutical history is the story
of how and when ressarch actually became a function of the
pharmaceutical industry in the United States, I am deeply
indebted to Dr, Sonnedecker for his valusble suggestions

: ghout my two years of research on this subject, for




his many hours of help in locating data which may have
survived from this early period, and for his keen, analytical
perception of pharmaceutical history which he offered to me
so freely and enthusiastically,

We have attempted to put together a representative and
meaningful pleture, however sketohy, of conditions and
events that produced the ploneering, self-conscious ressarch
here that we also got some understanding of the enviromment
or sosial matrix surrounding the birth of such research if
we are to appreciate fully and placse in perspective the
mawwmmmmm»mmmmmm
progrems of American pharmaceutlical companies more recently.

Since there iz little informatlion avalleble in the
literature speeifically about early ressarch in the
pharmaceuticel industry, 1t is important that an attempt
be made to reconstruct this part of the history of the
American pharmaceuticsl industry now, while a few of the
early research workers are still living and the scattered
records of a few early companies still remain,

Many of the vecords of the research work of the
fmerican pharmaceutical companies prior to 1920 have been
elther misplaced or dlscarded over the years, It should
also be noted that a few of the companies, which do have
some surviving records, 4did not find it feasible for us to
examing their records.
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In attempting to reconstruct the history of research

work in the American pharmaceutical industry prior to 1925,

an early task was to make a systematic search of the liter-
ature, We began by examining complete sets of the following

bibliographies; Index-Catalogue of the Surgeon-General's

Library, which is published in four A to Z series beginning, .

respectively, in 1880, 1896, 1918, and 1936; Current Work

in History of Medicine, which began in 195l and has been

published quarterly since that time; the "Bibliography of
the History of Medicine of the United States and Canada,"

which has been published annually since 1939 in the Bulletin

of the History of Medicine; the "Critical Bibliography"
which eppears in Isis; Judson Gilbert's A Bibliography of

Articles on the History of American Medicine compiled from
"Writings on American History" 1902-1937; George Griffen-

hagen's Bibliography of Papers Published by the American

Pharmaceutical Association that were presented before the

Association's Section on Historical Pharmacy 1904-1957

(American Institute of the History of Pharmacy, Madison,
1958, 26 pp.); General Index to Volumes One to Fifty of the

Proceedings of the American Pharmaceutical Association from

1852 to 1902 inclusive; Reader's Guide to the Periodical
Literature, continuous since 1891; and the Industrial Arts

Index, continuous since 1913. (Bibliographies and Indices
were examined systematically with topical categories or
entries in mind such as drug, medicinal, industry, manufac-

turer, company, and various forms of these.)
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Upon completing this phase of our literature search
we began to trace down the articles that seemed relevant,
We then proceeded to examine all the proceedinge of the
American Drug Memifeoturers Assoelation® and the proceeding
of the American Marmeseutical Mamuifaocturers menamz
%o obtain elues sbout the research work thet was being done
in the early perlod by pharmaceutieal companies belonging
to these sssociations,

The literature search 4id not revesl as much infore
mation as anticipated, This clrcumstance underscored the
tmportence of contacting some of the individuals who weve
either divectly or indirectly involved for a long time in
research work of the pharmsceuticsal industry to see if they
sould provide first-hend information.d

The final phase of this investigation involved
visiting several of the older pharmaceutical ecompanies to
exanine thelr remaining early ecords, Bessuse much of the
source materdal has become elusive or entirely lost, and

1. Mn umimm was known as the National Mmu
afacturers of Medioinal Products from
m i w tmtﬂ. zm? ‘ wg in 1956 1t w&ﬂx m

Whe Marwaceliiical Nenufasturers ASsoeiation,

- 2e WWMWWMWM Association
o of Fhamaceutical Chomiste from ite :amm in 1%7
until 1921, mmxmmmwmmm

Drug Mamifacturers A ﬁmw form the Wmn

3e m‘u, with m Ce Taylor,

Goorgs D. Hea,’and Eines B, vitet about thetr

i
LN i
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extended field trips to search industrial files are
forbidding in cost, we declded to limit the present study,
basically, o five eompanies, which we hope may be
representative of the early research leaders (namely Abbobi
Laboratories, Eli Lilly and Company, Parke, Davis and
Company, E. Re Squibb and Sons, and The Upjohn Comp
Several weeks were spent in the libraries of Parke, Devis
and Company, Abbott Laboratories, and E, R. Squibb and Sons,
Intensive examination of early records of these companles
gave additional insight into the type and extent of research
work prior to 1920 in some phamaceutical companies, 1 am
deeply indebted to Gertrude Losie, head of the Research
Iibrardes of Parke, Davis and Company; Walter Southern,
head of Selentific Information at Abbott Laboratories; and
J. B, Aurelius, head of the Library at the Squibb Institute
during my work at these companies., The officers of these
companies likewise have our appreciation for glving free
access to thelr early company records.

i would also like to thank Dr, Robert W, Hummel for
his guidance throughout my two years of graduate study,

The Graduste Fellowship grented to me by the Amerlesn
Poundation for Phammoceuticel Edusation has gono far towerd
making my graduate work pessible, and I shall reusin grateful
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INTRODUCTION

Approximately li,400,000 Americans of working age who
are living today would not be alive if the nation's
mortality rate had remained at the 1935 level, These lives
have been saved by advances in medlcal care and in the
standard of living in the United States, These advances
have not been brought about through any one institution,
Fhysielans, phammaoists, nurses, scientists engaged in
modical and pharmaceutical research, those engaged in the
production and distribution of phammaceutiocals, as well as
those in govermmental and voluntary health agencles have
all contributed to the strides forward in medical care.

"Since 194l;, the death rate from influenza has dropped
ninety per centj the rate from tuberculosis, elighty-three
por cent; acute rheumatic fever, eighty-three per centj
syphilis, seventy-nine per cent., Sinee 1940, the death rate
smong mothers in childbirth has declined by over ninety per
cent, During the five years ending in 1960, the mumber of
patients released from mental hospitels has increased

1 Amb Little AWMWW&IWW

i Senefits *of Mmu eal Industry in the United

x:aéx, e e This report was
mxmmam

-l -
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- fifty-~one per cent. Over 200,000 more persons were released
than would have been at the 1955 rate,"?

It is Alfficult to quantify the contributions made by
pharmaceutical research, much less detemine exactly what
part of the advances mentioned above can be attributed
specifiecally to industrial pharmeceutical research, That
industyy has been significent in advancing medical ecave,
however, is beyond doubt,

Sinee 1951, the expenditures of the pharmsceutical
industry for research and development are reported to have
inoreased about 276 per cent ~- from over 60,000,000 in
1951, o a budgeed §227,000,000 in 1961,

One expression of the yleld from industrial research
efforts of this megnitude comes from a study showing that
in the last two decades (1941-61) individual companies
originated and marketed 31 chemically distinet medicinals
that are still used in phamsceutical and medieal practice.
"More than 70 American firme" were credited with these
disooveries, representing about 60% of such drugs
introduced and still regulariy avallable for use today,’

2+ "Statement of Bugene N, Beesley, Chalrman of the Board,
Fharmocoutical Manmufacturers Asmociation, presented
before the Sub-cormittee on Antitrust and Monop 1{
MﬁM&nmmMaMmm (s 5&1,
in wﬁmﬂp ﬁg@w Pe ay

3¢« Phameoeutical Wmm Association, "Fhammsceutical
w”mm Aﬁm&aﬁ Mm&u‘& Hanufacturers
itures, 1960-196

M%m m,a“ Pe Yo ’ s
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About seventy per cent of the more than 500 million
prescriptions dispensed in 1960 could not have been filled
in 1950 because the drugs had not been discovered nt.5
Only during the last quarter century has phammsceutical
research so declsively transformed drug therapy. However,
many years earlier, during the late 1890%s and sarly 1900's,
research in American phammaceutical industry was finding its
place and pattern, in an adolescence altogether necessary
for 1ts present maturity, VWhile research is a well worn
word in the industry today, this was not always the case,
One objective here iz to show how research came to
be valued so highly, who lald the foundations, and what
olrcumstances converged to give research a new order of
importance immediately following this ploneer period,
Within the present context, we have not been concerned with
delving into Sechnical aspeots of the early research, except
to illustrate the types of research then being conduoted.
During these decades most of the research conducted
by the phammaceutical industry, and indeed by industyy in
general, could be salled "applied research.” What we mean
by such terms should be clarified perhaps, since we will be
using them repeatedly, For our purposes we define regearch
as a systematic or planned investigation looking toward new
or improved pharmaceutieal products, processes, end tests,
toward underetanding the pharmaceutical, phamacologleal,

S5« Deesloy, Statement Before Senate Commitbee, p. 3.
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and physico=-chemical sharacter of medicinal substances, and
MWWMMMWWM@ presumably related
to phamaco~-sclentiric mlwtn.
industrial research we mean research which is
alasuhiohel setiantiy thisns Sntestitod Ma{’ When we
turers who are devoted to making drugs primarily for
presoription use (in more or less large-seale production).

Ve often hear the terms "basic ressarch” and "applied
vesearch” and the controversy over their meaning. However,
for our purposes "applied research” may be considered any
rosoarch which has some definite or useful goal or end
product in sight when ths work 1s initiated; while "basio

6s Ineluded in this concept of research are some of the
Mﬁum&bymm ical Mamufacturers
sociation: "Planned search for new mwlao. whether
wmtmummm:wmmtmm lica~

involy » mwﬁmwuﬁwp@'m or Process
including work d to evaluate possible uses, ’
Applicat of ng knowledge to problems involved

in the improvenment or a present product or process.

."»Mgumm, *mmmmmtwm
bmti  § %MWW ‘the t
o ve is

m«mmmmium%mm 'Mt&m'

dovelopment. If mmawam.m
Wtw 8 1s subs mﬁdm* ,w
'g:uw is to mmpmu or to.

-’m PO m ALy % ~,,f:a:
m@atﬂmn mmﬁ mm work is no longer
M%&ﬂﬁﬁﬁ Bro mﬁ W spee Seve LoD

ol methods are ineluded,” F,. :

T This includes work done in universities or other instie~
tutions outside the Industry, but supported by industry,
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research” will be considered research eondusted with no
ultimate goal cloarly in mind other than the advencement of
knowledge. Thus, one could say that the distinsction between
"applied research" and "basie research” is mainly one of
mﬁvma
. One question sbout the definition of "basic research”
too 1little vrecopnized -- and eluding our definitions == has
- been porceptively put to us by Frank O, Taylor, when he
sald, "We do not know what may be "basie' until after it has
been done, sometimes long after, VWas Porkin's work opening
up the field of color chemistry, when he was actually trying
to synthesize quinine, 'basic rescarch'? It seome to me it
was what might be called *applied research! which suddenly
became 'hasie' when its acoidently observed
vealized,"?

Be vwawwmamwmmmwaﬂnm
mm e g;tmgngm ¥y Ao Hamor, Scienc:
fow Jonks 068 ¢ St

9 ma lor to Glenn Somnedecker 16, 1961
. ‘Wnuwa.x.w. s August 16, 1961,
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THE BIRTH OP AN INDUSTRY

To understand and evaluste any industrial activity

we should know something about its past history and performe

ance, Likewise, to place in perspective the early research
. work of American pharmaceutiocal industry, it is necessary
to have some understanding of the development of the
industry,

To a certain extent the phamsceutical industry in
Admerice wae an offspring of the pharmaceutical industry in
European ecountries, especially England, France and Germany.
George Urdang wrote!

Itmuuhmhmmudmamnm in the
gi.h, of the eighteenth mﬁwgﬁhﬂ &o
i*x £15 . ‘

lnge of a pharmsceutical replacing
the treditional small secale mrmvmm gy the
retall pharmacists beceme obvious., Thus when
about another rifty mﬂ later, in the early
nineteonth century, the general conditions in
the world at la offered an opportunity not
only to a few trialists gifted with special
sclentific or organizational talents but te an
era, the new development found in phameacy a

mﬁ prepared s0il.e..

Not that there had not been . soale
rroduction of W in the ¢ of Ureck
and Roman antiquity in the Middle Ages,

Mase produetion of mass goods, however, by

-t -
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mechanised processes and with the tendency of
%mm is a ehild not only of
mlm ic and technical progress but of a new
The industrial era is based on the
of the equal rights of all men not
m:l.x as to heavenly goods but also to
ones, sebtting as a new goal that state of
general refinement and welfare of all mankind,
not only of a few pm&vil& olasses or
individuals, which we modern civilization.es.

The large scale production of earlier
times was essentially ineidental and conservative.
Modern industrial mess production has
systematically planned and progressive.

The first pharmegceutical industrial

turing aiming at npmm the pre; tion
of compounded drugs in retail les
reported about 1600, and it is amnma that
it was the laboratory of a at pharmacy
became in this way an ances nfmtmam
today the pharmaceutical mm The smaller
{mmoun of and around the aiw nt' Schleswig

Germany) were forced to buy the 'preperation
m and composita’ needed by & from the
harmacy which was conduc the Duke

w B misu ascount, The fact ﬁhne this early
mu&mamtmm remained
Wmmwmmwz Ofle
m:mmmnmtammmmmaxum
but merel imntmortm Grerman
princes %hiupwwd therefore,
mm;‘mm@mwh-mwm
the commaniof this prince,

Iﬁ%ugtm&l;mmt&MMMa

pharmaceutical indus undertal developed

from retall pharmscy, Here, W, the motive

was not the enrichment of cne individual

mgnmmmn of the fading world of mmrmy.
the benefit of an entire professional

and of the public which it was to serve. A

Soclety of the Art and Mystery of the Apothecaries

of the City of London, incorporated on m 16,4

1, George mi *mmx. fhamay m zm MWW eat’ m
mnmmm; "ia B tgsays ip the History

-
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SALis1001s and shamisels S 6 sv-eperative pase.?

The breakdown of the feudal system, the improvement
in means of treansportation, and the concentration of ecapital
and power in commerce instead of in estates were somo
important forces bringing about the development of the
industrial era. In the development of the pharmsceutiscal
 industry, selence and the progress of soientifie techniques
were partiocularly important,

"The fact that retail pharmescy sheltered and
ecultivated the young science of chemistry in the eighteenth
and the early nineteenth centuries msde the
retall stores and their laboratories in the cow
econcerned the birthplace not only of the pharmaceutical
industry but also of & great part of applied technical
chemistry."> In Gemmany, Prance, and England, as well as
in the United States, many community pharmacies served as
the nueleus for the development of & phammaceutical industry,

One of the very first community phamsacists to make
the laboratory of his commmity pharmacy the starting point

nt mamufacturing plant on the basis of
seientifie knowledge and technical skill was the Frenchman
Antoine Baumé (17281804 ), who not only was listed among
the Parisian "Maltres d'Apothicaires” but also won a place

2. fh’.ﬁq; De m«
3. 1Ibla,, De 327.
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in the roster of famous scientists of pharmaceutical origin.
Wmmmmammmmmmaw~

commerelal manufacturing establisiments, E. Mercke
Damstadt, J. D, Riedel-Berlin, and E, Schering-Berlin
were three of the Uerman companies that developed from
commnity pharmacies between 1814 and 1851, Both Merck

- and Schering later developed suscessful operations in the
United States, which eventually became independent,

British phammeceutical concerns which developed in the
early nineteenth century from the laboratoriss of community
pharmacies are Allen and Hansburys, Ltd,, and Howard and
Sons, Ltd, (both offspring of the Flough Court Fharmmeoy in
London); Thomas Morse

i and Son, Ltd,} and J, P, Marfarlsn

In disoussing & ammbu development of pharmaceuw
tical industry in United States, we should vecall the
more general Iramework of industrial development, and some
differonces from ites counterpart in the "mother country"
and other European mations., For example, feudalism and the
guilds hampered the growth of induatry in Europe, while
America never developed more than the rudiments of a guild

LN Ibide, po» 33&#
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mms even in the enviromment of community phamacy.
The labor force in European countries had to be recrulted
from among dlspossessed peasants and unemployed artisans,
who were bound by tradition and loyslty to other aystems
of production; while in Amerioca there was no rural surplus
of poasantry, and thus we had to form a labor force through
the immigration of diverse pecples,
| The single, stark fact that Amerieca unlike Hngland
and the other Luropean countries was a land without
traditions and without deeply entrenched classes influences
rharmaceutical history as 1t does so much else in the
American development, Conditions soon generated an
tamerican spirit?, however, that fostered industrlal
develomment, "Confronted by a seemingly limitless frontier
nding resources, cut off from Burepean feudalism and
Zuropean tradition, Americans quickly ceme to value ths
individual over the state, the now over the old, and hard
work over leisurs, This spirit was expressed in and
reinforeced by the prevalling protestantism, whioche...
hed a concern with the things of this world, single~

d devotion to the tesk at hand, and a drive for success
as a measure of God's favor, Thus Americen industry wes
nourished from the beginning by a hard-driving, self-
saorificing, individualistic, »ym&aﬁia, enorgetic, and
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even ruthless w»a.o."ﬁ
Conditions in America were pobentially favorable %o
the growth of industry, but for a long time development
necessarily lagged behind that of Eurcpe, Some potentlially
"favorable" factors at first posed barriers to industrial
development. "The frontier, at the same time that it was
helping to ereate the Americen spirit, scted as a huge drain,
 absorbing surplus population, making the price of labor
doar.vee Slmilarly, the vest distence from Europe, a
favorable factor in one way, alsc meant separation Lrom
narkets and from the center of technlesl and sclentifle
knowledge. Internally, distance meant an unending strugsle
to connect scattered settlements to bulld roads, dig canals,
and find means to cross great rivers and high mountaing
Bven the tranquility of American 1ife was not an wmixzed
blessing, for industrial growth hes always been closely
connected with war, And, finally, ono must not forget that
for half 1ts history America was a colonial realm, subjeot
to the greatest industrial nation on earth, & nation which
Jonlously guarded 1ts own prerogatives and mzm«.“?
Even with handlcaps, menufacturing in America

continued %o grow slowly, and at the close of the colonial
 period we find yudimentery industries in a mmber of fields,
although 1ittle was yet organized on & truly factory basis,

6. w V. Schoneider, Indugtrisl Soololopy

1957, pp. 51e52.
T« Ibid,
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Although the growth of menufecturing was hampered by the
in esch decade wibil the Oivil war,®

The factory loamed larger on the /merican scene than
over beforej and with it grew the power of the manufasturer,

pugh he tended to be cutweighed in the Federsal governe
ment by the Southern planter,

The Civil Var ushered in changes favorable to the
ondous growth in American industry durlng several
following decades, Vhen the Clivwil Var broke out and the
Southern states seceded from the Union, the control of the
government came to be domineted by a coalitlion of Horthe
eastern menufacturers and independent Middle Vestern fammers,
whish quickly ensoted legislation to protect American
industry, This new political progrem provided & favorable
elimate for an explosive expension of industry between 1860
and 1090, which included the first major development of
large-soale phamaceutical industry. The products produced
by American factorles in 1860 were wvalued at over 1,800
mlllion dollars, making America the world's fourth most
lmportant industrial power. By 1070 this figure had
doubled; by 1880 1t wes three times as large; and by 1890
1t was five timos as large.’ "Sulfuric acid mamifacture,




13.

which some authorities consider as a chemical index, grew
from what has been estimated to be 100,000 short tons in
1880 to 487,377 short tons by 1900, This then increased
to nearly 2,300,000 short tons by 191k, /Hut/, still less
than a alxth of what is memifactured today, Many other
chemicals showed similay growth curves,"0

With these outlines of the Industrial development

- in mind, let us look more speoifieally at the birth and
grovth of phammaceuticsl-shemical industry,

The wly Forth imerican colonles were not eble %o
develop & pharmaceutioal or chemiecal industry, because of
deficienclos that ineluded two foundations upon which every
industry is bullt: demands for ites products and its
peculiar techniques of wm%m.u The American eclonies
ware sparsely populated and there was no need or demund fopr
large quantities of dyrugs or chemicals, Moveover, the
eolonists did not have the technieal kmowledge and resources
to develop & pharmeceutioal or anml industry that would
roduce drugs of the European quality, Moreover, industyy
of whatever kind was hampered by poor transportation and the

10, a& » ut @Mh:,

11, Williams Hay
1939, Vol,
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fact that 1t was not in the best interest of England %o
foster or even to allow iIndustrial development in the
eolonies, Decause of these conditions large-scale industriasl
produstion of pharmacseutical shemisals in the United States
did not begin until the end of the Revolutionary War,
“gthe Child of Wars.," "It was boran during the Revolutionary
Wear (1775-1783)e It took the decisive step from childhood
%o menhood after and in consequences of the Civil War (1661~
1865) and 16 became independent from EBurope and dominant on
the world market after World War I (19141918), World war II
(1941+1945) made this dominance & gemerally accepted fact,"l2
Let us now look brisfly at scome of the reasons why
industry, Pirst, there was a great incresse in the demand
for drugs during each war, MNoreover, even the nommal flow
of imported drugs was reduced, and in some instances almost
completely halted, Thus the industry had to inerease its
moduction of drugs to meet wartime demands,
Prior to the Revolutionary War the United States was
heavily dependent on ingland not only for drugs but for
many other manufactured goods, “Drugsand medicines were
two items which the Earl of Sheffield believed the emancipated
onigts would eontimie to import, and by prefevence from
Groat Britain. This was largely true until the War of 1812

12,

A %

& W g
i v St S s
i, 2

Pe

#2

Philadelphin, 1951,
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ecut off these “unﬂﬂa."w At this time some pharmacists
were making various fine chemlcals themselves, such as
axmonium and iron acetates, potassium avsenate, bismuth
subnitrate, iron and zine oxides, tartar emetiec, Rochelle
salt, and sodium phosphate.

To the drug industry World War i seemed an sven
greater challenge than did the Revolutionary Wer, because
meanwhile the United States had become dependent upon
Germany for many drugs, especielly valuable synthetie
organic compounds, World War I cut off this supply and the
United States was forced to manufacture its own, This
pressure, reinforced by German pharmaceutical knowledge
gained as war booty, eatalyzed an advance that eventually
transformed American pharmaceutical industry.

It is possible to see thls line of development of the
pharmaceutical and chemical industry in terms of three life
stages: the formative period lasted until about 1870; the
adolescence took place between 1870 and 191h; and a third
period beginning about the time of World War I that still
seems characteristic of current developments,

During most of what we term the formmative period the
United States was primerlily an agrerian nation. While very
small amounts of certain chemicals -- such as potash, sulfur,
and saltpeter -- were made for loeal use occasionally in the
early part of this period, it was not until the end of the
Revolutionary War that commercial large-scale production of

13, Williams Hayt , American Chem 1 Industry, Vel., I,
Wew York, 193 *pe 212 .
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drugs was undertaken,

One of the earliest such ventures of record came in
1786 when the Miladelphia £imm of Christopher, Jr, and
Charles Marshall, commmnity phammacists and wholesale
drugzlats, began making muriate of ammonia and Glauber's
salt, ¥ It should be noted that non-sommereisl production
of pharmaceutical chemloals on a large scale was undertaken
85111 earlier when "in 1770 the apothecary gensral, Andrew
Craigle, initisted and later on managed 'a general labor-
atory' in which medicines for the needs of the military
hoapitals and fighting army were mmm.'w

Not until around 1850 did such activities begin %o
take visible form as an industry., This embryo or core
developed, during the second period after 1870, into the
skeletal structure of the phammaceutical industry of today.

Prior to the Civil War, Fhiladelphia deminated the
fleld of pharmsceutiocal mamufscturing. John Farr established
& manufacturing plantat Philadelphis in 1818, Four years
later Rosengarten and Sons, a Fhiladelphia company that
played a role in the development of pharmaceutiocal chemistry
in this country, was founded (1822), Smith, Kline and
Pronch Laboratories got ita start in Fhiladelphia in

i, 8, P, Sadtler, "Influence of Fharmaclsts on m
Mznmﬁ mﬁ Am nz‘ Hodern Chemistry,”
] )vf.* o AR Harma o ; 93 (1931)’ Pe am*

Pe 427,
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1041, 26 1n 1862 John Vyeth decided to enlarge the laboratory
of his community phearmecy in Fhiladelphia into a pharmaceus
$ical plant for producing fluidextrects, wines, syrups end
olixirs, ‘

In 1866, Williem R, Werner, anocther Fhiladelphia
WM decided to expand his community phaymoy and
wholesale drug business to include the marufacturing of
pharmsoeutiosls, Williem R, Warner and Company (now Wernere
Lewbert Pharmaoceuticsl Cormpeny) became well lmown for its
sturing of sugar coated pilla,

Elsewhere in the country, a mumber of other successful
drug compenies developed during this formative period, and
many of them were offspring of community pharmscies. Thus
arose Willism S, Merrell Compeny, for example, founded in
Cineinnatd in 1828, Merrell utilized indigencus plants es
the basis of its menufacturing,’’ Prederick Stearns end
Compeny (now merged into Winthvop) sterted in the back rocm
of the commmity phammacy that Prederick Stemrns bad opened
et Detvolt in 1855, A, P, Sharp, who owned a mmall pharmacy
in Baltimore, tock his elerk, Louis Dohme, into partnership
in 1860 and begen memifacturing pharmsceuticals as the

successiul manuls

16, The original nume was George K. Smith and Companyj; and
then alter several ahm%:a in neme wes finally Inoope
porated in 1691 under its present neme., Ibidsy Pe 420

17 m and Urdang, History of ) 9#;‘ L29.




18,

Parke, Davis and Company also had a community phavmacy
as its birthplace, Samuel P, Duffield was & phammsclst as
well as a physicisn and held a Doctor of Philosophy Degree
in Chemistry from the University at Gilessen, Dulfleld was
determined to put his education to work and began producing
phammacoutical chemieals in the laboratory of his phammacy
in 1862, However, because of a lsck of capital, Duffield
had 4ifficulty expanding hies laboratory and purchasing
equipment, Suscess for this fimm did not come until the
early 1670%s when Hervey U, Parite and George 5. Davis took
over the Waw

Prompted by his medical frionds and his desive for
purer and better drugs, B, R, Squibb established his labore
atory in 1858, at Broocklyn, New York,

Two companies now prominent were not established until
what we have called the "adolescent perioed,” E11 Iilly and
Gompany was founded &t Indlanapolis in 1876 by ElL ILilly, a
phavmacist and Civil War colonel, Eli ILilly owned commumnity

macles st Greencastle, Indlana, and Paris, Illinois,
Twelve years after the founding of Lilly, & pbysician,
Wallace Calvin Abbott, began manufacturing "dosimetrie
granules® in Chiecage (1888), and thms began the 1ife of
The Abbott Alkaloidal Company, which later became Abbott

18, Tom Mahoneoy, The Merchents of Lif

Now York, 1959
Pre 69=T1, b T~
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, genorous evidence may be shown to illustrate the
motamorphosis that George Urdang discussed in terms of
frotail pharmacy as the mucleus of pharmaceutical industry.”
Superficially, this seems only one expression of the steame
power industries arising on the ashes of home industry and
artisanry, Yet, uhat bappened in phermacy seems more than
a transfer or concentration of fumction, more than meebting
an old need in a more efficient way., For the old cormmundty
pharmacy, in its highest development, often insluded a small
bask-room laboratory in the hands of personnel with both m
business experience and technical knowledge to guide 1t into
hmmah production and wider scope of operation, Por
the most competent in pharmecy, therefore a new industrialism
could mean not so much being supplanted as & larger and
ehallenging opportunity,

As these pharmncists prepared many of the druga they

19.

wmm :
wooden bullding S.n Ei
R » firme which are importan W
Mng% - e Gﬁ% mﬁé‘m ”Hﬁ&
ong | ErOup were suc s as
e, SoheTing, lodorle, and teott and
Although & mumber of ¢ rlmwm v
Mw@m latter part of the 19th century,
Miaw@mmuamwmmrmwﬂ
all such fims, but rather to demonstrate the
stmeturing of a slearly discernible industry,.
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dispensed in bulk in their small early laboratorles, they
naturally encountered ideas for improved products or
processes, leading to modest experiments during slack hours,
as the pages of the Amerioca al of Fharmacy testily
during the 19th century,. Mad&%nﬁ&xmym ‘
tradition -- at o lower level of Amerlcan development -- in
which the best practicing pharmacists had pursued ressarch
vielding such important results as the dlscovery of elements,
new types of compounds, analytlcal procedures and other
chiemlcal knowledge significant, beyond tho lmmediate neods
of pharmacy, to the solence of chemistry at large.

The chemist and historien, Ernst von Heyer says:
Do irenrlth eI L
BT T Ry

ws,» mim ﬂt: m amy m:i ﬁwol:r cﬁ

Sehootes Vhdle th

m}mx m cmsm ammmm & ml . of the

most valuable obgervetions, indeed of fundamental

discoveries, to chemistry phnmay was abt the same
advanced, not only by those

time materially

discoveries, but also by awm pharmaceutical

researches, The ohief gain for i y lay in

iﬁn mm« fusion mw bty amﬁw‘ on the
in apothecaries?

s proved itself mbm to mia:ma
'y chemist, for at that m
APy m were no mm &
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Some of these research successes fostered industrial
growth, both here and abroad, and at least set early
examples for the close assoclation between laboratory
research and leboratory production that beceme character-
istie of progressive phammsc

industry in the 19th eentury left it dependent upon the move
mature sclence of Hurope until, as W, 4. Noyes consluded,
"The exolusion of chemicals imported from Germeny during the
[ivet wordd/ war leed to a very repid development of the
shemical industries in America, especially in the direction
of dyes and pharmeceutical chemicals,"2:

The end of the war found American phammaceut!
industry exranded and strengthened, not only productive but
now also ereative, and beyond its sdolescence., The subse-
by thies creative or research funstion that a eloser
as en integral part of leading laboratories, should hold
more than ordinary significance for this segment of the
history of American industry and applied sclence.

2%, w a& mmu '%wt Inﬂ.mml in Chemical Progress,"
hd Markets, 9 (1921), p. 512,
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IN THE UNITED STATES

The ereative or research function, on & systematic
basis, 4id not spring up over night in the pharmaceutical
or chemieal industries. It was many years from the time
some of the early American pharmacists began thelir modest
experiments in backeroom laboratories of thelr commmnity
pharmacies until systematic reseavoh progrems became &
generally accepted function of the pharmaceutical industry,
Probebly it wae almost 1920 before systematic research
seemed indlispensable to most firms that aspired to be smong
the industry's leaders, Nevertheless, there were a numbeyr
of phamaceutical companies with earlier systematic research
Wax

It was during the "adolescent" life-stage of the
pharmageutical-chemical industry, the period 1870 to 191,
that technologle capital was bullt up for the manufactuve
of phamacouticals and chemicals and it was in this period
that organized industrial research was started, Irving
Langmuly, Phe Dy Asscclate Direstor of the Jeneral Eleotric

R

1. Unless otherwise mﬁmd ity the discussion
of research develc

American pharmacoe




23.
Company's Research Laboratory notes that, "about 1870 or
1860, the industrialists of this country began to realize

how much they could profit by applying sclentifie knowledge
wmwpmmmmmuwwm
mmuMwma"‘?

Ernst von Meyer points out that,

The immense development of large chemical
industries and, in fact wmmbmmw
shemical technolog ninet

m@
mﬁmmm and final products ar wm
processes, Since the beginning of the nineteenth
m; mthods of resesarch have gradually

mmamﬁm swhuhmmdm
m& the requirements of the technical chemist,
gﬁ which Mﬂ am:im %ﬁ am%n mﬁgﬁ
chemical m’m 3 '

in many respects the mﬂy&mﬁm chemical marulag—
turers echoed the development of some of thelr contemporaries
sbroad, especially an English bent toward wedding the |
principles of chemistry with trial-and-error
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produce bulk chemicals, American industry also utilized
this prineiple at first - a semisciontific empiriciam,

Beginning in the 1870's and 1880%s isolated segments
began to apply sclentific principles more meaningfully to
of an entrepreneur interested in sclencej there, to the |
work of one or two of the supervisory stalf who had some
tralning in selense, Initially such efforts cscasionally |

fmprovementes in apparatus, or improvements in
some of the mroducts produced. These rather lnelidental
innovations were followed by more systematic attempts to
produce standardized or uniform drug and chemieal producte,
- "Something lilke research, as we know 1%, supplanted
trial and ervor experiment, and the chemical industry,
ebroad and here, became the first to make a definite task
of delibverately sesking sclentifiec facts as a mesns to
making its products better or cheaper., New products and
new uses were uncovered, first by chance or as a side lsmue,
later with conseious intent, and so during these years
[i865-19107 this new tool was adopted and perfected....
It fo slgnificant therefore that we began to harvest them
MMﬂwWMWmWMuWWW
appropriating sclentific knowledge and using 1t %o
industrial ends long before we carried on anything like
eonsclous r&m‘k

e Williem

Haynes, Amorican Chemical Industry, New York,
1954, Vol 1, pa 391 | :



Iven after rhamaceutical menufacturers developed a
self-consoious research endeavor of theiyr ocun, this
maturally remained geaved primarlly to the prospect of

sonomie success, Hence, the practice of "appropriating
mimﬂﬂamudm" of a more basie kind to improve the
lot of mankind in an applied way, changed only in degree
over the years, This fyree exchange and cumulation that are
charscteristiec solentific knowledge internationally makes
it dirfioult to assess and express the extent to whioch
discoveries are "industrial" or "noneindustrial,” which in
any event iz not our present purpose.

it can be sald, however, that throughout most of the
American "formative period” here discussed, phamsceutiocal
progress depended heavily upon European scientific centers
with the men, faclilities, and maturity to yield basile
materials,

The evolving patterns of phammsceutical research and
alseovery tend to merse into one another, in long-time waves
of transition, Yet we need not hesitate to distinguish
times of transition and changing emphases in industrial
- vesearch efforts if in doing so we remain aware of the

5. Periodization is am@ Frank O, mz.w!a statement
t *m Mﬂwy y a8 & whole
of Parke, Davis ama U0y mrxm into four
mlw m«mmm b w mﬂs important activity of
tinGeses ilods ave as follows:
1. ?mﬁw m&m w= 1867 to 10
2. Botanlcal Research Period = : ‘
« Standardization Period - 1882 to
+ Biological Period == 1895 to mm time ST92G7"
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Much of the earliest pharmacoe-industrial reseurch here
showed the influence of a phammacognosy that had outgrown
the old herbalist tradition and reflected the strength of
its full sclentific maturity, Since the second quarter of
the 19th century phamescognosy paired with phytochemistry
had lod to the isclation of large mumbers of physiologleally
active plant constituents, Thus phammaso-botenlenl wark
found renewed respect) and through the medium of chemistyry
it prodused both the potent preparations and the methodologie
tools that led to & research emphasis upon drug essay and
standardisation, particulsrly notable during the last
gquarter of the century,.

In the elosing years of the 1890's, research interests

hifting to emeliting blologleal produe

mmﬁmmmmwmumxwwmmw
mmmmmmﬁ Urganic chemistry had put
forward, since the 1880%s, the vanguard of an avmy of new
synthetlie drug products; but American industyry was to
remain hoavily dependent upon Burope in this field until
World Ver 1.

. o

S« (Cont,) w ,' *vw-um Toavs of N _




aie

By the end of the first desade of the present century,
the whole world knew that Paul Ehrlich and his co-workers,
with a new concept and systematlo method, had made &
synthetiec m&wu agent that was an effective
gpecific against syphilis, Ehrllch's influence was to
in end out of industry, The methods of chemotherapsutis
resoarch, mmxmﬁm:m new touchstone of experie
mental pharmacology for evaluating drmug usefulness, gave
2 potential and prospect to American phammsso-industrisl
research that brought to a close 1ts "formative period,"

As we look more closely for the Americen industrial
beginnings of this development, we find a mumber of

perimenters in backeroom laboratories of comwamity
mmam and wholesale drug houses, following a tradition
established by eminent practitionsrs among BEuropean
pharmmacists by the 18th century, Under American sonditions
noteworthy attempts of this kind swaited such 19th~century
figures as Charles Marshall, Samuel P, Wetherill, Robert
Shoemaker, Williem 8, Merrell, John Urd Lloyd, Samuel P,
Duffield, John Wyeth, and Prederick Steawns,

Soms of these practitioners were smong the founders
of imerican phamaceutical industry itself, as we have noteds
memlmntmtmm rarwmtuawum drugs on
more or less a large scals,
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Much of the scattered experimentation in the period
ieal emphasis dealt with projeots such as Lmg
the pharmaseutical chammeteristies of currently available
products and developing better methods of prepering fluid
extracts by maceration or percolation, Some work was being
done on glandular specialties or digestive enzyme prepai=
ations, It is reported that John Camrick, a Hew York
ghemist and founder of Need and Carnrick, became interested
in the work of the Prench physiologist, Claude Dernard, as
parly as 1853, The first glandulay product introduced by
Reed and Carnrieck "was the result of experimentation whish
he began in 1861, MNe obtained some orude pepsin from a
Dy, Copvisart of Paris, purified 1t, added panoreatin and
other glandulsr extracts, and offered it as e prescoription
dlgestive eid under the name of Peptenzyme, The produet,
now used largely to mask the unpleasant taste of othsr
medieines, 1s still in the Reed and Carnriek line,"!

digestive enzymes ebout this time, stimlatod by the

Wmm;mm bles mmm
ey - e e
now for making mm&m lod rmm." (pe 1&3)
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after the revealing work on dlastase reported in 1033
{Payen and Persos), and the Cerman dlseovery of pepsin three
yoars later (by Theodor Schwemn), "In 1074 they introduced
& sascharated pepsin of such strength that 5 grains would
digest 60 grains of albuming, this belng of 1:12 atrength
Today /19277 that would be considered so weak as to bo
absolubely useless. In 1001 uppeared a produst dignifled
by the name 'concentvated! of 11100 strength, but in 1863
this was displaced by a 11500 pepsine... by 1093 strengths
of 113000 and 134000 were regularly supplied, while wp to
1315,000 could be made... Jond by 19277 in the research
laberatory as high as 1342,000 strength has been amwa.*a

Some of the earliest research conducted by pharmacou
tical companles sought new products, which in an luportant
way (espeelally befare the turn of the aW) was mw
of as & search for plants or herbs oc
active principles.

As carly as 1074 Parke, Davis and Company began such
efforts to dlscover botanlical drugs. 4% first the coupany
lnvestigated plants suggested by physilecisns or by papers
appearing in journals of botany and pharmacognoay, If these
dmgs showed promise, the company mede preparations of the
drug and sent them to physiclans o tyry on patients,

o

B« Prank O, Taylow, ”m Davie and m%
* | , L t& Vols 19' Hoe y
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Several years later Pavke-Davis began to take the
initiative in the search for valuable plant drugs by sending
representatives of the company to explors the northwestern
United States, British Columbla, Hexieo, and a mumber of the
South American sountries, For example, in 1080 Count
Hansen, the explorer, was sent to the Fiji Islands to
obtain shipments of tonga, a newly discovered ﬁmﬁ

in 1885, Parke, Davis and Company sent the disting-
uished botanlst, Henry H. Rusby on an extensive trip to
South America to investigats the native drugs and o
purchase large supplies w,m.m Eventually the company
played an instrumental rols in introducing to the American
medical prolession nearly fifty different fluidextracts,
agoording %o Taylor, Mawof these drugs resulted from the
expeditions which they sponsoreds :

Today young practitionesrs {ind it hard to conceive
of physiclans adninistering potent drugs without knowing
precisely how much active ingredient the patlent receives

P m, Davis and Comm is ar
pany, Detrolt, 19, { (en amniversary booklet
W), in tfm jwh Count Hansen broke his
l;g. alter a courageous and melodramatic

sode was able to keep a tryst with natives and
bring bagk m tonga to Detrolt.

10+ On his experiemces, see his book, Jungl
* New York, 1933, -
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in each dose, Yet, this remained true of complex drugs of
natural orfgin wntil 1879, when Parks, Davis and Company il
introduced a preparation of ergot (Liquor Ergotes Purifasstus)
that was standardized by a chemical assay.
In spesking of this development, which had Euvopean
beginnings in the 1860's,'? Prank 0, Taylor,™ the Company's
chief chemist, considered it,
ﬁf

«ss the moat Iimportant advence !.n pharmacy that @»z}ww
has cecurred in modern times .y m»u«&m
of the prineiple of aﬁmmiut ion, or gg amiﬁ

in ction of pre
mgg « ¥With no mminh mt‘ 1&%1‘
tion of what la h‘nmoﬁ '

1879, there appeared a ims immm ag
Liquor Ergotae m&m&u, which was a fluid
preparation of ergot, standardized by & eimple
form of may so that each different lot was em'
%ﬁ‘ﬁ“’f&‘, mym‘mmfm e, ol
s ] cient
mt M that this was simply gcgumzna
m& of attempt to give mrmsy of
was an advance upon untraveled ground,

Agcording to the best researches of the time,
mmuna atmu t was supposed to be
chiefl selero aeld, and a erude
ostima u!' this m made by the gme&mmum
of the m-mza apld wiw hm acetate,
tw r:u m;z“ Ten g;;teii the wl d
require for comple xsm a mu
a ﬁﬁ;&tm containing 1% Mﬁ
ace .

%ﬁ ady,. 1951’ De h»QSn .

13. Prank 0, m:.w is a graduate of the Clnoinmatli College
of Fhaxmacy (1899) and wae awarded a D, Se, (hee.) at
Wayne University in 194L. 3« ined the staff of Parke-

Davis in 1902, at the nanmﬂ. and rose
8o the ition of chief mm (192l-1 Since
his re! in 1945 he has nmm as a cal
c:mmma for Parke-Davis, has m active

in both chemical and pharmaceu ml. associationa,




s truly appears &a ug with the mﬁm
ﬁ af o ve gom experience,
t laugha 19; it wes the mw thw the
m&m of the times afforded and was a step
the dreams of the future which were
& ng to teke fomm in actuality., With
3 W ?.:. & syastematic :.mniw;m of
he possi mmmg unifomn
]  drugs with the mml& that
‘ was publiely announced
a list of twer ty noymal liquids which were
mwny rmmma ts standardized by some form
uruuz. in most mmwuﬁimﬁim of the ;
W Mﬂc The man “Wﬂ)“
for the ba these |

and who establis am.mwaeummm
their control is Dr, A. B, Lyons, to wm %tm;.
as in meny other things, pharmacy cwes much,

U ‘a’:myl.w, "Porty w: Yma ar Numm mmm¢ ,"

HOUuMnS &7 b g 3
I M ,.‘:».V...A’ e

el A Ay | A XL AN
m eama mu he used to a&mdn%gua msau ﬁt
m m:mmwwwazhu ; utica

‘ m ”ﬁy‘g’ "To labm Bl LR L

nys for meny of ?oomm t 1 mn
offe ma I must acknowledge indebtedness to
ﬁam atigadle amd mmtie Amoriean worker,
Dr, Squibb, and to others whose contribution in this
field have ‘bm less mumercus, Many of the jrocesses,
ixW&w &mm have this s&’m of

ﬁﬂﬂlm # Ve gIown under

exasting M go amugm in which I have

rwmmlymm » Prom hints that have
Mmmﬂfmnﬂm sources, these methods have
developed into thelr present form, and ove s

added experience will no doubt £ina atill gmthmg
m&maaawﬂnﬁmww. They are offered for
what they are worth, in bellef that to those at
least who do not read German thﬁ will be of material

i &tm — wﬁmm in wglwn
arise ore many ma a gw
er . wh:w& ar meu hgo (4&. B, Lyons,
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The posaibilities of precise standardization, so
partioularly important in medication, had been achieved
earlisr of course in the field of inorganic drugs,
- Discussing chemical analysis, at the beginning
present century, as a source of methods for "testing and
investigating used in industrial chemistry," the historian-
chemist Eynat von Meyer sald:

Since these have for thelr aim the attainment of
a falr de of sccurasy within the tost
possible time, volumetric processes / developed
within the least seventy or so’/are the

ones most frequently employed, The upml with
which aoids and alkalies, chlorine, meny metal
in thelr compounds, and other mﬁmzmn can be
MﬁWM&&ww by volumetric methods,
has g it poasidle to exercise a ‘W&
oontro.  manufacturdng procosses, =

benef’it m&ﬂ not be sald,

ses Por technical chemlsts m m ogual
a-w for medical officers of (o 7
t of the analysis of umau of food
has huu of firet rtances the

pmmaut 00, froguently finds : t needful to
um&m&. ohmnw themselves
MMM, By their aild snalyst is
able to decide whether the M m what

SSiateetets the Shems of Suth aduibesntionss

Before preclse methods of assay were developed or
adapted to industrial needs, standardization and accuracy
of procedure was a foremost technieal concern of
sonscientious drug mamufacturers., It is in this area of
"mrocess standardization” that the remarkeble Dr, E. R.
Squibb labored so earnestly in order to have his firm's
products of uniform strength, In discussing these early

w‘, s London, 19063 Pe mt
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attempts at producing uniform products George I's Beal says,

Standardization is one of the greatest
contributions of the manufacturers whe became
mz:mmmm last half of the nineteenth

ma jority of their amﬁm
were wm«a myuviud and carried ocut
Emaum, khn vere done as far as possible

m wt ar the ap: arye

mammum mr pmm The private
journal of Hdward R. Squibb, the founder of
m&quibbmam. mgmtmmsm
8 interests were 1y in proces )
isation, (Volume 9 W in 18693
wlm wm lost in a fire.) among
CETihs Souihs s enonotas Lo videly Saes
pyenome 8 y
: mm for drug extractions and data
y or mm vegetable Mw, mm&m
and Nlhél&u the et
cascara, 3 mw um
data on mm!. ocoeaine, chlo sz&
salte, amyl mmug othyl mm 8 a%mgu&m'

A few years after the first ammu sandardize
botanical product appeared on the M&m market, Josiah
Kirby Lilly, Sre, lmuediately after mﬂmﬁm from the
Philadelphia College of Fharmacy, Joined Ell Lilly end
Compeny (1882) as plant superintendent. "He was interested
in research and began working on standards for the more
important fluldextrects and tinetures then manufactured by
E11 I&w and Company, In 1884 eiroulars were issued L;/’f'}
ds on certain fluldextracts, They were |

16, W m w.;“m mﬂm waym %
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then introduced in the Price List of 1885,"7

That development and application of drug assays had
awalted the initiative of such progressive manufacturing
aboratories may be largely explained, first, by the lack
of a national food and drug law {leaving the Pharmacopeia
eptional except for certain state laws) and, secondly, by
the olroumstance that the practieing pharmacist assumed a |
responsibllity for drug quality that, in the case of eclosely
standardized drugs, he recognized should be admired in
prineiple, but that he scarcely had the possibllity of
- fulfilling in his own prectice,

This dilemma is clearly reflected in an Eps editorial,
whose co-oditor was A, B, &mw of Detroit, himself a

17. mﬁm of ElL Li.:uar and Compeny to M. Keith Weikel,
Mareh 1, 1962, While Iilly might be considered as
following the lead of Parke-Davis in developing
mmw standardis, mmmn Jde K, 141lly, and other

manufacturers, must have faced mzwu mzw
mental work, :tmm detalls of the assays that
Parke~Davie developed were not lished, ¥hile the

MM&M%&WWM&M&@W&Wu

and standardised

m'm on iz of wﬁm utl 8 cous
ol mm W -

18, Albert B, Lyons wamm,n.mmmm
W!ﬁ&&mu mmu ecepte

: &Wﬁ, Gu

&n«mmm xnxmmm o

&Mmuam mmm

a8 responsible for dmwpﬂ.&
umm w by Farke~lavis %&Mm
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ffounder of allkaloidal assaying in Ameriea" and author of
the firat American book on the mb:mm

m tat us mm
‘%ﬁw of thoee who

sation, I:t u ob Jeoted mu we ave mt
mmaamxy qualified :g‘ gﬁma satisfactor
am morecver, a large proport
o B s 51y B R R e
W the buts method to adopbeses The great
n&:ﬂ druggists do not fesl, and cannot be
to m, any imamw in the matter, and
cannot be forced %o assay a Wm, and we
sultmit that, for this ono reason if
other, the radical innovation of s.m:
standardlzed preparations would be deeclde

SIS,
as the Fhavmacopoeia 1s offieinal
& 8 Umg « sy, is not authorized by law, and
wm’m Isa voguiations doee not naet

long will 1t be useless to
m munriwaﬁmtwmmn
sontain & certain aﬁmw percentage a:‘ a
certain ingredient,

It was perhaps nmuuy through investigation of
sueh standardization methods that, before the 1090%s
research here and there began to take a aignificant, but
modest part ln pharmsco-industrial 1ife, WNevertholess the
effect of these mmble beginnings should not be overs
emphasized,

8 cONBervat L Eamimt Maung' 2350
W&wzy nm the 1890 U.S.P. represented a
 reversal of editorial position, "from amm
consideration of the issues involved..."




Ppofessor of themistyry ab Debtrolt Medical Collegos
atalf of Farke,

1860 at the &ge of 39 be joined the
pavis and Company a8 & sonsulbing chemiste
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While there were yet fow compeni
industry at large that supported research of any type, or
for that matter even employed chemists, it may have been
fairly common practice prior to 1900 for companies to
purchase the results of s non-industrisl selentist's
rosearch if applicable to the work of the Wu‘%
While this practice undoubtedly oscurred in the phaymmaseu-
tical industry likewise, we thus far have found little
svidonce of 1%, |

Before delving into the r»ise of company vesearch

iments let us examine some factors that elither

impeded or atimlated the development of systematie
vesearch programs in American industry and especially
in the phamaceutical industry,

thmtmmmwmmw
many compenies in American industry, they have also tended
to stimulate research in industry -- gspecially in the
ehemieal and phammaceutical industries, During the Var of
1812, the pharmscists had to develop methods to produce
mmﬁmnwmmmgm trading with

20, Por information about .tms.ﬂdm}. phamacists and
ummu whose wm was utilized by industry see
mmm Bm, mm mh M

‘ n and Vi W A. m, glence in iction
w M, mm n,. Beringer, ‘harmaceutical
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England was halted,' "During the Civil Wawr, Congress
established the National Academy of Sclences primarily as
an advisory body for the federal govermment but alse fop
the advencement of solentifie research,"oe

One of the most important forces alfecting ind

research was World War I, C. L. Parsons, Chief Chemist of
the United States Bureau of Mines, sald, "I think one of
the potent basie Influenses in the development of the
chemieal industry was the sudden realizatlon in 1914 and
1915 of our dependency on foreign countries for various
kinds of chemiocals, Americen manufaeturers had only begun
to support chemieal research or even chemical control
before the war, The greatest development of all whioh has
by the American people that chemical research is necessary
for the development of the country and that no industry
ean bring greater prosperity to Ameriea than the chemical
industry and that no body of men is more necessary to our
welfare than a carefully trained corps of thoughtfully
educated mmﬂm

22, John B, Blake *mmwza Instituticns Since the
Rmum:‘ :wmu mmm W_;
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Although a few pharmaceutical companies were doing
research prior to World War I, the United States was still
much dependent on Germany for many W drugs, The
1916 edition of New end Nonofficial Remedies listed 592
mxmwmmmmmommm) into the
United States from UGermany. Among these were such important
drugs as aspirin, bensocsine, arsphena Reo
barbital and procaine.2t

Hamoy and Weldlein of the Mellon Institute point out
that,

mgmwswarmmmrmmmmmm%

in industrial research was
immediately at‘m the wwld Hw.. m
mmmw for every
twm damw,smwdamwﬁwtmm
d ever been required in a similar
of time under poace conditions. The entive MM
m%hwm‘igmm 1lad
ca mmw
bit of help that was proourable

At the beginning of the war meny manulnow
turers had never bhad cccasion %o ask for the ald
of sclentists; others had u«m what solentific

mmh %m for various industries,
m sclentists mM msﬁnﬁ

; could help se companies
W leboratory im 21vet great
- @

o fng»e:;xn’(ﬁm C39(E)II)

25. M Re Weldlein and Willlem A, Hemow, Seiens:
Aotion, Hew M 1@3&; ?y 39.

2y,




reninder that World War I demonstrated that the necessity
for coopdinated sclentific research was appliceble to
industries as well as to modern warfare, This council was
organized in 1916 primarily to stimulate and coordinate
research on war problems. However, by executive order of
the President of the United States (1918), this group was
reorganizsed as & permanent body, and the announcemen .
officially made that "its essential purpose is the promotion
of selentific research and of the application and dissemine
atlion of scientific knowledge for the benefit of the national
strength and well being,"20

in October, 1917, the Federal Trade Commission was
granted authority "Trading with the Enemy Act") o license
responsible imerican citiszens to operate patents owned by
eneny aliens. "There were both immedinte and long range
offects of this act, The immediate effect was to provide
the American people with needed drugs and chemieals, But
even more important, this act freed the American pharmacote
tical and chemical industries from foreign demination, and
fostered thelr growth. The pioneer sclentific workers
durdng this period not only liberated American chemicel
research and the American chemical industry in their own
day, but also helped to oreate the American technical genius

thmwmm wmmumm rm W oR
eounell and no Wimt m&_ yhnmmma mm
m W h‘ glvm ik bk WiTE v
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of today,"27
The extent to which World War I and its aftermath
proved %o be & turning point, not only in the pharmaceutical
industyry bus in many other industries also, 1s suggested by
one dramstic fact,
oo S0P, itet, stee Suseies " L,

mmmmm “‘Wﬁﬂ
m&wmm&h ‘ mu&’. -

The reliance upon Europosn countries - ospeclally
Germany -- had been one factor that impeded the development
of industrial research in America before World War I, This
was due to a mmber of reasons, Buropean countries were
much further advanced in selentific work than the United
States, and the educational facilities to train scientists
wore better in Burope., Many of the Buropean govermments,
espoclally Germany, extended special privileges and support
to their chemlcal industries to help them maintain thelir
dominance on the world market, "The govermments of Rurope
vie with one another in fostering chemical research,
Gormany most wisely doing this in her universities,"
Prancis Venable cbserved. "We as a nation can not long
afford to be bohind them in this matter, In the close

27. éimmwaaw, %Mdirmw
?ihg mml%y of wWiseonsin (ﬁ%&d 039(E)II).

28, m&n M MQ Selence in Action Hew York, 1931,
PPe -
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competition of the near future we must depend upon these
tollers of the laboratories for our supremacy in the world's
mavkots, "2

The chemiecal and pharmaceutical companies in the
United States were handicapped by the wages they had to pay
their employees, in eomparison to cheaper wages ebroad,
Thus the United States companies found 1t hard to compete
effectively; presumably this tended to make oxecutives
hesitate to invest in research,

This elrcumstance changed after World War I, W. H.
Engels pointe out, becsuse "thanks to the high tariffs on
goaletar products established by Congress, our chemical
industry was able to maintein research laboratories, which
were then beginning to develcp new and improved medicinal
shemicals,">?

The attitude of menasgement toward research and
researchers frequently also impeded the advance of
industrial research in the late 1800's and the early 1900%'s,
secording to R, P. Bacon, who said in 1916,

wee industrialiets are even now certain that

re will not pay. Some regard their technology

Bl e e o & Tatgs et fup ety

ducts, and are therefore disinelined to

tnmm&lﬁmimwmuMu
in & reserve of knowledge. Others have prospered

29 Fmﬁ: P ?Mh, "Mm Rtnmg i mrtm, 28
: VXTI & American nem. ogien Vol #

30, ¥, H, Engels, "Development of Mm&a x‘w ﬁho
! Mmmil mamw* the Journal of the Amerdcan
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because of high tariff, notwithstanding shorte
sighted mgmn‘k. But most of our industries
are built upon stronger foundations, It ia plain
that the use of mml laws offers a more stable
basis upon which to erect a manufacture and & more
uniform sourge of profit than any structure built
upon artificlal conditions ereated by legl
Moreover, the quality and value of a produc

based upon the application of correct ym&plu
in its conception, preparation and use, and the
correct pﬁmxpln ean only result rm selentifis
research,

Part of the problem was that mmtwmm often did
not have an eppreciation of tbhe conditions necessary for the
ultimate success of research work, Many manufecturers did
not know how to properly selsoct a research worker, Some did
not fully understand the time required and the uncertainties
in research, and expected results immediately.

That such problems were still a live influence in the
general development of industrial research in 1915 is
suggested by the fact that W, A, Hamor took pains to explain,

A frequent d4ifficulty encountered in the
employment of researchers or in the establishment

of a research laboratory, ls &Me many manufacturers

hswbmmu%wp importance of such

work, or know how to treat the men in : 80 a8

to secure the best results, The 1 lats
not even fully understand just what is the cause

manufacturing losses or to whom to turn for ald,

I!‘h.ummuy s a researcher, he is somoe
timess llkely to re h:n«mmwurmmot
nystories d be able to ac lish

wonders, and if he can not see defini results
in the course of a fow months is cecasionally
apt to consider the investment a bad one and to
regard researchers as a class, a useless lot., it
has not been unusual for the chemist to be told
to remain in his laboratory, and not to go in
or about the works, and he must also face the
natural Wt&w of the worimen to any innovae
ﬂm, and reckon with the jealousies of foremen

31. Raymond ¥, mm, "Industrial Research in America,"
38 Sclentif Monthly, 1 (1916), p. 232,
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and of various officlals,>?

Hemoe, & maturing of menagerial attitudes, as of
porsonnel end facilities, was needed before industrial
research would clearly emerge from its "fourmative period.”
If, as seems likely, pharmaceutical menagement was, in
origin or in knowledge, cluser to sclience than the average
industrialist, 1% would help explain why we have encountered
no evidense of sueh cross-currents and pessimism during the
early efforts %o harness phamaceutical industery to
scientific research.

Indications in the literature that the American
public did not have particularly high respect for chemists
before World War I may have been part of both cause and
effect with regard to the limited mumbers of qualified
research personnel, One observer warned, "There is a
necessity for the further education of the publie., The
public, as a whole, is not aware of what & chemist
professionaly u.#?" |

The publiec work of the chemist was often obseured by
technical detalls and his industrial achievements were out
off from publie view by factory walls., "The chemist has
the Great War to thank for leading him from behind the
bowl and pestle of a drug mixer inte the full light of

32. . &. w *m Vazm of Industrial Research,"

1 (1915), pe 09.
1&@’
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public understanding snd favor,"3
There was & scarcity of gifted men to de research
work before the early 1900's. The United States' educational
progrems in the sclences were far behind those of more
advanced countries, especislly CGermany, Haynes indicates
that,

The dawning comprehension of the implicatiocns of

researeh and its purposeful application to the
etical {m:w of chemical manufecture are

&alm« ¥y related to the state of chemical

it is to the everlasting credit of the German

shemiecal industrialiste of the nineteenth century
that my systematized and research,
urning o useful tool into & highly efficient
precision instrument for sccomp material
R T T S

ebig's examp ra
chemical mm%m had been perfected nnd more
than a score of brilliant r8 were training

hundreds te

German chemical mw ws themselves
trained chemints «- recognized far in advance of
their British and American contemporaries -
among whom & chemiscally trained wan was an
oxception «- the key mm that chemicals
oocupy in our modern economy, With

a nice appreciation of the possibllities of
research aimed at definite objectives and having
a plmmm supply of capeble chemists available,

Mtﬁ:glhw e values of research very

It should be pointed out, however, that even before
1700 some aspscts of chemistry were being covered in a
course at Harverd on natursl philosophy, later the subject
commanded the dignity of a separate professoyship in medieal

3. mwmx' "Our Chemical Indep endenne,” Drug end
al Markets, Vol l‘., ﬁﬁ“ (1913” ?“ B
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facilities were avallable for research and how little was
beirg done when he returned to Americs in 1872 after five
yoars in Uermany to study chemistry, In his first academic
position Remsen received no cmuwut to pursus his
research from the school officiale; in fact they discouraged
him,>7 Tn 1876 Remsen was offeved the mrofessovship of
chemistry at the newly opened Jans Hopkins University, an
institution which was instrumental in advancing selentifie
R 1 T
orporated in 7 and opened in 18

e Lts Tirst president, Danlel Colit Gllman,
muu@mtmmwmiaatmm

beginning emphasized research.. Thus a picked
’ of graduate studentas an& i‘;uwx. working

close, informel relations in the seminars or
laboratory with men who were themselves advensing
mukm, mi;;g an g&mwm in researche
ving Hoplkins PO uum; mtt *Luﬁm\,
they spread the gospel throug the land, "
Thus it was not until the late 1870's and the 1880
that a few American colleges and universities offered
educational progrems in the seiences (meinly in chemistry)
that approsched the eeliber of Furopean institutions,

especially Germany, This ready imerican souree of new

37, 1lra Remsen, *mmz.mm of Mml ammch m

m’; nﬂhhu m mum ﬁm
dences he was actually made fun of at oV

36, Blake, "Seientific :tmumum mmq tm mumm
Mxv Ruh m Mml ﬂomwh; Proceedin
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research persomnel must have been significant -- if not even
prerequisite «- to the upsurge of industrial research that
eame soon after the turn of the century,

When we speak of industrial research, for the most
part we mean applied research (however one may define the
term) and this was especially tmue prior to 1920 in most
industries, including the phamsceutical industry,

In Burcpe the advances during the last quarter of the
eentury were both startling and more basic - especlally in
organic chemlatry, bacteriology, physiology and pharmacology.
All helped to fertilize the growth of industrial chemistry
in the pharmaceutiocal field, which Raymond Bacon, the first
Director of the Mellon Institute, well charscterised in a
wider context, shen he looked back across three decades
from 1914:

The replacemont of natural dyes by the products
of coal tar, the extension of our medical resources
by the manufecture of synthetic medicines, has
gone far to extend the appreciation of chemical
work and to produce the general conviction that
Mueﬁy is an inexhaustible fleld of economie
posaibilities, Indeed, one naturel product after
another falls into the dmain of chemical agﬁh“u,
&d M&%iw ghn ' nt fac! in
used for Industrial purposes, As soon as the
price of such Wt Wﬁh&dﬁw limit,
organic chemistry enters the fiel synthesizes
1teees The basis of this marked development in

chemical industries is the comb working
of science and technology. The suscess of this
Mmungs#n 8o obvious that I need not dwell
on the point,

39

Raymond P, Bacon, "The Value of Research to Industry,”
Science, Vols 4O (December 18, 1914), pp. B74-875.
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the relation of their chemical structure and
- physiologleal action, with the result that the

study of this mm;m since become more

ordered and systematic

Thus z&um&wm.mtmmmummu
sciences during the late 1800's and early 1900's lald a
foundation that enabled pharmaceutiecal research to reach
a new level of refinement,

Many of the phamaceutical firs employed chemists
for quality eontrol prior to 1900, and shortly thereafter
many more employed chemists to do econtrol work. There is
little doubt that these chemistes played & major role in the
development of research in a number of the pharmaceutical
gompenies, It appears that frequently when such chemists
were not busy doing analytical work they condus ted experiments
to attempt to improve some of the exlating products of the
eompany, Scmetimes this was done on the initlative of
individual ﬁumh The initlial research at The Upjohn
Company wes centered around their first control chemist,
F. W, deyl, Fh, D, Loonard Engel points out that Heyl'was
expected to develop laboratory tests to check the quality
and uniformity of Upjohn producte and assure thelyr conformity
with the food and drug law, He also hoped to do research |
on new products, But note the word alsoj control proced
wore his major responsibility. MNoreover, the new products
which he had in mind were chlefly improvements in known
W_gms
Lo. Ibide, ppe 375376,

1961, pe igﬁa’

Hew York,
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- There is little dowt that control chemists were also
salled upon from time to time to solve problems that arose
in drug pv processes, For example, Taylor points
out that at Parke~Davis there were two or three men in the
Analytical Department who were doing mainly "research work,"
and that two or tlee of the other chemists in this departe
ment were doing both routine control work and investigative
work I2

Geopge D. Beal, a formey Director of the Mellon
Institube, draws the same inference as we do in belleving
that research divisions often "germinated in the control
laboratories of the manufscturers, A good bit of the
research activity was probably expended at the beglmning in
process and product mmmmm

Apparently 1¢ was not only in the pharmmaseutical
industry that control work served as a stimulus for research
because in his dlscussion of industrial chemistry in America,
Charles B, Monroe, Dean of the Chemistry School of Geovge
Vashington Unlversity (1926), notes that "a marked feature
in the development of industrial chemistry during the last
£ifty years is the employment of educated chemists, at fivet
in inspection end conbrol work, and later in reseaveh worlk, il

2. Prenk 0, Taylor to Glenn Somnedecker, August 16, 19613
in persomnl file of M. K, We

k3. George D. Beal to U. Sonnedecker, March 1, 1961
) peroonal ‘s £ile of M, K, We ' -




- A further influence on the maturing industrial
phamoceutical research, sometimes overlooked, is enactment
of the first Pederal Food and Drug Aet in 1906,

Advoscating this view, Weldlein and Hamor state,
"Before 1906 only a few American pharmsceutical companies
had research laboratories. Followlng the passage of the
Federel Pure Food and Drug Act, however, the leading
pharmaceutical houses found 1t desireable to provide fop
scientific starfs, This law, thevefore, has not only been
of immeasuresble direct benefit to the publie, but has also
been of great indirect benefit to secience and medicine by

aging research,” 45

In evaluating the significance of the first Federal
Pure Pood and Dyug Aoty Peul N, Leech, Ph, D., Direotor of
the Chemical Laboratory of The American Medical Assoeciation,
notes:

M m km had g:&vw the govermment chemists the

to analyze the m*s.m:, preparations, and
umum firms whose products m found

m ings it was not long be the business

aimma of the W‘m&ml firms, particularly

of the smaller houses, began to realize the need
of scientific controls of their products. In

other words, many of the houses which never had

selentific starfs, sooner or later, as the case
might be, umum:i laboratories for both

Mm and biological assay of their products, |

This, in turn, has led to the amﬁm M‘ Wolle |

balanced selentific departments in every large f
wooutical house in Ameries /19 *’ see 1N l

i:.:;“ of most of the mmm‘ oal houses,
mwmamsdmmummwmmt

45, Veidlein and Hamor, Science in Action
Pe 98,
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sources of protection to public health. These

serious minded men omftﬂ in the ultimate
interests of public hea m%mrum%yw

ones who have the foresi to develop new

worthuhile addistions to Materia Medica., The Pure
Food and Drugs Act, while it has been of great

direct ty bas also been of Lumeasurable
indirect benefit for the impetus it mgxm%

the sstablishment of the research laborator “M

in our leading phammaceutical houses of todaye

In discussing what Upjohn did to meet the req

of this new law, Leonard Engel says, "The Upjohn Company
dealt with the problem in a way that was to have far
veaching results, A chemlst -~ Upjohn's first sclentist
with & Doctor of Philosophy Degree == was hived /Tn 19137 to
work out improved methods of assaying drugs and contrelling
W«m_nmmuxmm«maxmmm
ssutical houses beside Upjohm, onse the chemist snd his aldes
had the control task in hand, they moved inevitably on to the
investigation of new products, and then inte independent
research, Thus in Upjohn snd several other companies,
orgenized pharmaceutical research got its am."‘”

While this may have been true for a number of compans
1es, theve were notable exceptions, Yet, the evidence

seems to support 5. De Witt Clough, & former President of
Abbott lLeboratories, when he says, "During the fifty or more
mmwwm,mmwmmxrmvmm
Drug Law the pharmaceutical industry was in a formatlve

Tugs," in Jullus
3 S I0GAt A8 o 26*' pt »

20, Hew York, 1961,
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period without 1ts present clear conception of the real
value of individual and group research.... I believe it
“mﬁmw%ﬁm@%:ﬂ%ﬁ“@%pﬁmwm
Fedoral Pure Pood and Drug law in June, 1906, as well as
the Food, Drug and Cosmetic Law of Jume, 1938, did much to
stismlate and encourage scientifie research in the
~ pharmaceutioal MMWJM

 Was the patent system an important part of this
pleture? During the "fomative perlod” here consldered the
pharmaceutical industry did not make exbensive use of the
patent system, There are several reasons why the patent
gystam was not utillzed more., First, there was relatively
limited research being done in industry prior to 1920, And
much of that done, for example on botanical and biologleal
drugs and methods of assay, was probably not patentable,
Little research then undertaken resulted in new chemical
substances, Much early work ilnvolved developing processes,
and some were patentable, but companies offen preferred
secreay to protect their research investments, rether than
divulge the results in a public patent, With the passing
decades, beyond the fommative perlod of reseavch, the patent
gsystem came to serve more widely as a protection and stimulus,

48, 8. De Witt "The Natlional Pood, and
Coametle m Instituted hy m 1%6 m:  Basie

% Vole 1, No,
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An examination of the patents issued to E, R. Squibb
and Sons illustrates one compsny's. incressed reliance on
the patent system as ammwymmwag research
investments over the years, Prior to 1920 Squibd had been
issued only one patent, What happened subsequently has
boen swmarized by the Squibd executive, F. W. Nitamdy:s?

it had not been customary for us to apply
for patents on patentable developments in connection
with our ts or processes, Some rTequirements
in this direction developed in the early Twenties,
end as we found it both costly and not overly
satisfac w work with outside patent counsel
mm s 1t was decided in April 1927 that
%nmwﬂn this work in the
ha% t S8quibb patent, above referred to,
Ue 84 1,100 ) covered a m«i‘va of sealing u
z;*m*}"m Sy el s deeeep A 1o
asec was ass o
9%‘( Us mgm; -hn. 33.* 19@’ m‘
W wm .~ u mgﬁéarm
oare pa also stio ovelign
design patents, ﬁa number had grown to 19
domestic and 3& foreign patents, with 15 domestie
and S:ﬁm lan design patents in addition, by

While the role of the patent system in early industrial
rescarch could be easily overemphasized, there romains

9. P. W, Witardy received a Fh, D, from Northwestorn
University in 1908 and from that time until 1917 m
served as chief chemlat of Scholbz Drug Company.
3.@1?!& mmu. Re mmmmummm

pharmaceutical mamfacturing division, By 1919 he
y&m to the position of Jenersl Superintendant
mwwmbasumgmmw Chemionl Plants
and the Brooklyn Plants and lLaboretories, From 1930
until his retivement {1%3) he served as Vicow
President in Charge of Mamufascturing,

o m. " o
50, may, Long M mwwm mmrt {1916-

9&1 M
of Direct L. P wum mum
l%l; in MMm of gm Squi xwwu tmmdiul
Research Library, New Bmmdak, .
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searcely a doubt that the wmum of research results
played a significant role in encouraging scientific researeh,
The first general journal for the MMMMM of selentific
papers was the American Jourmal of Selence, founded (1818)
by the chemist ijmm mmmu of Yale MWQ.W‘ in
assessing the Importance of this Journal F, P, Venable
sald, "It stood for fifty years almost alone for the
upbullding of sclentific investigation in America and ean
boast ninety years of great usefullness, Without some
sush journal there is little encoursgazent for resesrch,

The selontific man finds a keen delight in the search after
truth but he also loves to impart his discoveries to others
and %o win the commendation of those who can understand and
appreclate his work, and there must be some arena upon which
eontroversies can be fought out and truth winnowed from the
ohase,"51

Only about seven years arter The Amerioan | 11 of
Selence wae founded the Philadelphia %mm of Fharmaoy
published the first issue (1825) of the journal subsequently
international recognition for 1ts mmum a8 well as
professional merit,

In 1079 Ira Remsen founded Tk




mmamwtunm especially in the 1880%s,
Mawmmmnmmmmmmsamm
that coineide interesting with the carliest consequen
Symptomatic of the upsurge of industrial research
after the turn of the century (broader than pharmaceutical
industry itself) was the need for & now Journal of
‘ i ' 3try, founded in 1908,

was first published in 1912 as a more mwmmm
guccessor to the Assoslation's Bulletin.

An oxamination of the early pharmaceutical and chemical
publications reveals few rveports of research conducted by
the pharmaceutical mwﬁ Beginning in the early
1900%s such reports began to increase gradually; however,
not until about 1915 did industrial articles about pharma=
soutical research appear more regularly., FPrior to this
time most of the investigative articles dealt mainly with
- gtandardisation of drugs. In discussing the development of

82, m*mmmmwmwm
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the Division of Medlelnal Chemistry of the American Chemioal
Soclety, Meurice L. Moore of Smith, Xline and Prench
Laboratories, cbserved a similar cecurrence!

The contributions to the early progprams
of the division dealt M‘k mmznly with

pharmacsutical assays v
produc %s m a&m of

pharmesceutical
drug standards which were mede nec
the passage of the Food and Drv B | Law of mge

. Awerican Fhammeceutical Assoclation played an important
role in attempts to prevent inferior or adulterated drugs
‘ nd always had as ons of
its main objectives the improvement of " phammageutical
solence by Aiffusing scientific knowledge, fostering
mmm%m uumm, developing talent, stimulating
and mamufustuve of drags snd modistnsecnSs
research out of its adolescence stermed from the Amerlcan

1 Mamufacturers Association (founded 1908)

and the American Drug Mamufacturers Mmaiam { founded




1932). The proceedings of these assoclations show that at
first they were mainly concerned with establishing standaxds
for the manufacture of drugs, but a 1ittle later (after
1915 == by now & not surprlsing date) those im annual
‘assembly began to talk move about research in the drug
industry, | |
Hany factors, as we have sesn, help sgcount for
temious, pioneering research beginnings becoming vieible
in phamsceutiscsl industry after the 1880's end for thelr
maturing by the second quarter of our century -- and at
mumﬁnlwmnammxwqum&wm
life of the industry. We have called attention to some
of these mejor influenses, whether encountered as research
stisulus or impediment, With these in mind, let us now




. loocking bock easually over the past quarter of a
gentury or so, the lmmediate past of phamaceutical industry,
- the view 12 dominated by the wider effectiveness of medicaw
~ n infustrisl rosearch after the 1920%s, by the new-made
glitter of elaborate research institutes, 1t btends to
chscure, even to industrial representatives Mnﬂwaﬁ
mmmmmommmmmmmmm
dlscontented with the role of using knowledge for production
hmmgumnrmmmwmum. was making hapd
decisicons about "unprofitable” resserch investments, was

setting a phammaceutical pattern and style mmau
rether then merely Qmm one.

e

u mwh, John 7, ammlﬁm "gannot claim the
XY ieal industry's significant eontribu




Vhile commenting on research in the pharmaceutical
industry at the dedlecation exercises of the Lilly Resoarch
Laboratories (193L) J. K., Iilly notes the insreased interest

cale producers exhibited in research over the
preceding 35 years, He points out that,

uwmﬁgwmm ‘mim their s Sontiy 1o
o
endeavors to the use of estadlished facts m

current knowledge, mtm?nmm
m@w&msnm&nmmm advance
urmxmmm

this perdod, a fine m, w

mw groups of mﬁaﬁhﬁ Kf m and
produeing sections of hw&m operatore has
m mw bel WM&M ondeavors m:@
attained %m ives and promise
continue m to the everlasting benefit of
m&mMa medicine, Among the im

ﬂu‘! wm »f‘ 1 WW

S8ince the role of the pioneer often is neither
eonfortable nor essy, we try hore to bring back into
pemembrence and understonding those NeCessary precurscrs

Certainly systematie research found more than a few

T . proponents already In these earller decadesg

MMMtuuﬂyuwMu&mﬁmwm
eompany had an organised rescarch department, In a talk to

SRR

2. Js Ko ngnﬁ@m&’#ﬁ on n«mm i.a Wm




the Abbott Research Department, Brnest H. Volwiler, Mhe Dy
points out the fallacy in & bLelief that research is a
erveation of the present genoratlions

Wo are prone to assume that research and
umm control are the Wm of km
mmf; generationy that before 1920, Abbott

mwﬁza lié: other uguuiml. iitﬁ;,
was providing physie products
dubious value or even worthless junk, Let's

t that i1dea out of ocur minds, Dr. Abbott

501l m).:'i.? wee our Company's first research
man, He wasn't called that, but it was his keen

power of observation which sarly sensed the

ust.mutua of mal: better | m c&'
were alkaloids still in use tom

some of the mroducts used by icians mn.
such a8 many vegetable concentrates end extracts,
are re a8 practically worthless today,
Bub. we must remember that we are now blessed
with more extensive knovledge and far betler
tools than were available thirty to sixty .mg-m
a.eeo it 18 wﬁmr to say that our res
attitude is based on the same qualitles
wznmom rest and eager inguiry which
existed in the early days of the original Abbott
Alkaloldal Company.

I have heard the statement that a er— oy
half-gentury ago it was easler to do research
to develop new products, It may seem that
but the statement hardly bears analysis, P y
m ago our combined research staff masbered

gx to ten ples m;m tools and
services were stlll In epite of that,
Abbott's amall research ath’r in those é:gu
deve dmmwm”ngumwﬁ.uwm are
still tant ”ﬂd‘&ytnti

Although Volwiler does not suggest that a systematie
research program was begun by Ir, Abbott, he does recognize
that the modest research efforts prior to 1920 or 1925 were

3. %‘w‘m He Vgl;ﬂw G;gm: t’g %m% W"
mimeograph) North o8 «33 address
delivered March 26, 19 93 Abbott Historieal Pile in
the Abbott Resears] rary, Horth Mam, Illinols,

3
<
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mWMMmuthmmm&nm
sophisticated research programs,

We sugpested that in the period between 1895 and 1920

research was first organized on a departmental basis in the
pharmaceutical industry, This falls within the boundaries
of the general industrial development as seen by C. E.
Kenneth Hees, an authority on industrial presearch, when he
states that "the first industrial research laboratories
wore orgenised, in the early wyears of thia ammy"n““
These statements about pre-1925 industrial research refer
of course meinly to a vanguard,

It should be noted here that George D, Beal, Ph. mgs

& forwer Director of the Mellon Institute, believes that

1920 is too late a terminus when dlscussing the beginnings
of organized rescarch in the pharmeseutical industry, "In
ny opinion 1920 is not a .mﬁ date %o use in a classificaw
tion," he ecomments, "for scientific vesearch in the larger

t‘ﬁ ﬁ‘ i Kmm M‘; a6 rath of Sele L AL
1946, p. 218,
5. Dy Beal (b, 1887) 1s & pharmacy greduate of Seio

College (1907) in his hometown of Selo, Ohloj later
recelving & Ph, D, in chemis from Columbia University
(1910), Beal began teaching at the University of
Illinois Sohool of FPharmecy in 1911 and remsined there
until 1926 when he was appointed Assistant Director of
the Mellon Institute, PFrom 1951 until his retirerent
(1959) he served as a Director of the Mellon Institute.
Beal has been active in both pharmsceuticel and
chemioal associations,
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phermeceutical houses was quite well organized by that time.
A better year to use would be 1900,"® uhile a mmber of the
pharmaceutical firms employed selentists prier to the turn
of the century, we believe that in most cases they were
used mainly for quality control worik, | ‘

Beal himself says, "It wuld be a falrly accurate
statement to say that a good many groups have comparatively
l1ittle ides as to when their research began becsuse there
was no clear-cut distinction between the study of present
problems and looking toward the future."’ In agreeing, we
would point out further that the results of owr investie
gation diselosed no indication of more than one or two
gompanies that were systematically searching for new drugs
prior to 1900,

Hamor, “eldlein and Leech's testimony (already cited
in Chapter 111), indicating that there were only a few
phamsaceutical compenies that had research laboratories
prior to the passage of the first Federal Fure Food and
Drug Act, tends to support the ldea that the "formative
period" of pharmaceutiocal research did not end by 1900,

By the turn of the century more emphasis was being
placed on solentific methods, we certainly agree, rather
then on the old trial and error approach to manufacturing
drugs, Joseph Helfwan, Editor of The Bulletin of Fharmscy
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eonveys the buoyant feeling of diseovery and advance that
pervaded pharmaceutical industry when he wrote to a
solentific colleague at Christmastime in 1899:

++sThe most notable maﬁ.mtim of an upward
tendency durdng the past year have been ocbserved
here and m and mm that professional

e MWWWM

w7y mn and p on its marufacturing
' 1'.; axm mx nimmia lines based on

lis-

This spirit is
Lng mﬁt m nnmi:d egpﬁ of
m mamflacturers wmo
ma' have m &mﬁmg nore ntmm

pocesses m standerdizetion, tmont
7 - potene, &m various tests ating
mli%x wr m drug derivative - fluid
extract, powdered and solid extract, and the
various substances which enter mm the
composition of pills, tablets and elixirvs.

The dispensing pharmacist shows a keener
Weuew of the velue of such tested products
and this naturally has reacted on the mﬂam,

mwm * thedr W M lmd active
prineiples, and are sonsequently recasting their
processes of manufacture, In o far as we can
spesk for ourselves I can say that we heve
in m past twelve monthe devoted more brains
o an intelligent mmam of

m 1 with which we have to deal than ever
Wu W# have &m amammu aﬁmxg to
W:E we are more thorough CME”

capa Sagrada, ﬂ our instangce Professoy

and his uaﬁx&m&u are carefully

8 twmning to the U, 8, alter vi um.n 185?)
. at Paul a.*?ﬁ;w {be mﬁ !‘% ‘ (
m Ameyloan Mlmbafm m tmzzz
at m mmay of mm he
of éé&ﬁ 3& ﬁ:mn and ud-hgaa losed w st
[ ¢
chains idal action of o peroxidess and

germie
the m&mzmm of halogen mmamma mttr aclds,
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investigat Jamalea Dogwood and Cotton Root,
Ve hm uiﬁ“m a am of Passiflore Incarnata
ﬁm'ﬂww minor importance, Ve
mw&& Immmaaﬁmerm
mméwrmiram&uanmm&w

mwmmhmaum of a compeny research
mmmbutnum,m%ﬂvqmmmas%
suggest that Parke, Davias and Company ploneered meaningfully
in developling a systematie approach to research in the
pharrscoutical industry, and indeed stood among research
ploneers in Amerlcan industry at large.
‘ Sueh investigations gained a strong initial stimulus
when Parke, Davie and Compeny had the strength and boldness
to grasp an opportunity that George Davis perceived one
morning in September of 1894, His newspaper announced that
von Behring and Roux had presented papers to the International
Congress of Hygiene in Budapest about a serum treatment for

December 20, 1099,
7 Coore
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 diphtheria,’® The announcement that an effective serum
Mmmmwmmmwraaumm
_ effestive stirred the entire sclentifie world, It
. pulminated years of bacteriologieanl research in Euvope by
such men as Loeffler, Yerson, Ehrlich, von Behring and
" foux, Mt
George Davis rushed into his office that morning
Jubilant about the prospects of an effective treatment for
diphtheria and determined to investigate the possidilities
of producing diphtheris antitoxin for the American public,
The steps that Parke, Davis and Company took in the
suceeeding months proved to be extremely importent, not
only allowing them to be one of the very first American
produsers of diphtheria antitoxin, but as one result they
Then as nowy the advancing outer edges of the known
often were linked to industry through university labopatories;

10.

11,
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and Pavke, Davis and Company of Detrolt found itself close
at hand to the University of Michigan at Amn Arbor where
. two members of the medical fasulty, F. G, Wovy, M. mﬁa
and ¥, O, Veughen, Phe Dus Mo Depl> had attended the
Iinternational Congress cf Hyglene in Budapest, Immedliately
upon returning to Amn Arbor, they ecalled a conference of
the medical school faculty and veported to them the detalls
of the studies presented by von Behring and Roux,

When the Company contaoted the medieal school to see
4f snyono there could help set up a department of bacterio-
logy to produce diphthoria entitoxin it appears that they

T

his B, 5S¢ p H* 3&*; Boe Do and My Doy
%ﬁm the %v;ma; a%b bt a5 (the iatter in ot
of M medical sehoo sehoo 3 at university as an




7.

were referred to Charles T, MeClintosk, Fh, Dy, M, D,
blologieal work with one of the men who pertieipated in the
Budapest Congress, Dr. Vaughan,

A few days arter Vaughan and Novy held thelr faoulty
sonference, MeClintook asked B, M, Houghton, M, D™ 4f
he would help him develop a bacterioclogioal department for
Pasko, Davis and aw,m In a letter Ip, Houghton

e

11 Mm Ts MoClintock came out of Bouvbon County
lentuckcy to take a !h. Ds (1092) and an M. &)
uﬁm iniversity of Michigen, meanwhile

Tt m,,',w@, o
¢ Mﬁuw ut - W&
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wrote on February L, 1925, he discusses how he first
became assoclated with the fimm: |

Some time early in November, after Dr, '
HeOlintock had uauin discussed m matter with
Parke, Davis and Company, Mmmdm that
mmammamm

From time to time, until about the first
m. Mol and I met and disoussed
m nm mmung did it seem advisable
that mmhinmw to carry on the work,
As intimated, Dr, HelUlintoeok could not comey and
the Wlm arose, would I consider coming to
mmxm %omiw the matter carefully with
Professor of !'htmwlm z‘w,
Br’ Bm# ﬁ”* ﬁm, and D”‘ "f”.?f*
amwmﬁmx mm MW&%WWW
spporbun y medieal profession,
mwumdﬂ wﬂm
mum ﬁﬁm’e - K- mmmww
ory 6o ©
mmlﬁ ETosee
About ths middle 1’ a’amary Dre MoOlintool

said mt s Wetzel 4 tary a:t‘ Farke, Davis
and © would 11 htumamw%

17+ "The Seot A, R, mwhuy (1866-1926), m:mm of
mhﬁ successively at the universities of
‘ 3 s and burgh, was & leader in his
field,; especiall moﬁ for his tMﬂ on digitalis
antagonis effects of 1 isomers, and

s miithplet et 1 m“,.,?x:, e
: 3 on L a8
filtrabion theory of wr

heory mem,,




mm&t to have a omxhﬁm with m u‘bm the

over with I the ntm. &%ﬁm
when Mr, Vetsel u% talk w

«m& me ﬁ&t there were g ortu 2

we were mgmm m WW . nm Wotzol

_%@MMM&& m over the whole m&mmwtm

George m m m W

. : ,ms.xsmmwawsmm

medtcal mm:.g of $he Teiyerel iy of Mishisn
mmuﬁ thet I would be Ww man to

talve up the work, Afﬁwmimm matter

»vim !M Wetzel, an sy m

, N@ﬁ for work 1* 1095 in

rbrod m&m

it was not until a year and a hal? later that MeOline
toelks eampleted his researeh at the university and was able
to lsave Amn Arbor permsnently, Thus he did not join
Parke, Devis and Compeny permanent employes wntil
gometime in 1896, vmmammmnaamm“a
eonsultant and visited Detroit severel times a week to
overses the work, Thus, as & result of Parke-lavis! desive
to develop methods of producing diphtheris antitoxin, they
employed thelr Piret research Alrectors,
‘ Although Houghton evidently 41d not have the title of
. Assistant Director of Reseavch when he was £irst employed,
1t was 'mderstood that he would cenduet biologleal resesrch
&8 soon as the produstion of Aiphtheria antitowxin was
my The mmﬂmmwwméwmmmh

m, %& u "mﬁ_‘ xm; u

m‘ Amn AM% Mi.ohigan,




of Research were established late in 1896 when MeClinbock
WWM&&M#MWMMWWW

generated lorgely from thelr ability to conduct, plam,
 efminister and encocurage dependent research, Doth men
. had experience as university mesearchers and they had an

& freo band in develop

! . * 2r
saslgtant head of research QWtMlmumW |
Mmtmnhmwwmfr official titles :
e, For example, MeC mmmummmum

mm MW of mwm m o8
mm:.mmmw the Fharmacologlos
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mmmmm@awwmmmmmf.mmw
d1a not employ sclentists,

mmMWummmm'mmﬁmmmm,
for by 1900 we find mention of other resecareh personnel

it took only a few months from the time they Joined

Parke-Davis starff untll Houghton and MeClintoek

eonquered the problems involved in produsing diphtheria
antitoxin, and thus Parke-Davis became one of the very fivet
to introduce this valuable drug to the American mavicet,
antitoxin were solved, Parke-Davis began biologleal research
in an effort to develop antitoxins that would be effective
by MeClintosk and an assistant, Louls Layson, Heamihile,
Houghton was busy experimenting with methods for assaying
drugs physiologleally, Thus during the fivat few years
there were at loast three scientists in the biologleal
research department; and the records show that by 1900 there
wore at least five,

There were also several men in the Analytical labope

s

20 Company m , ”"‘b laboratory
=" ¥ 5"'¢ (a‘xﬂw m W




atory who were doing chemical research in addition to Amﬁ;n. '
Hamilton, end others who were carrying out full time chemical
research in the research department, Frank O, Taylor, who
became associated with Parke-Davis in 1902, says, "The
Analytical Department had about 12 or 13 men in it at that
time. Two or three were doing largely what we would call
tpesearch work,' two or three were doing both routine wﬂ:
and investigative work, with the Director, Dr, J. M.

Francis, overseeing both types of work and doing some
himself," 2 The research department at Parke-Davis prior

to 1920 appears to have been preocecupled with blological
research, m1wt1m the eircumstances of its birth and

the research speclalties of its directors, reinforced by

the ﬂmimn& prospects for patients and for manufacturers
alike that were offered by & whole new class of drugs, the
"blologieals," Yet, Parke-Davis was conducting chemical
research even prior to 1895, but the chemists were in the
Analytical Department.>> The Analytical Department eontinued

- 22, Prank 0, Taylor to Glenn Sonnedecker, August 16, 1961,

] in personal file of M, K, W.j for information about the
number of individuals doing research prior to 1905 see
transeriptions of interviews (kindly conducted by Dr.
Alex M, Moore and Miss G, Losle) with Mr, Henry Devlin
on August 2, 1961 and with Dr, Harvey Merker on July 6,
1961, on r&i'o in the Parke-Davis Research Library,

Ann Arbor, Michigan,

23, There are conflicting reports as to whether Dr. MeClintock
was in charge of all research or only blologieal research,
However, information collected from the Historical File
in the Parke-Davis Research Library and from interviews
and ecorrespondence with Devlin, Merker and Taylor weighs
heavily in favor of a view that MeClintock was head of
blo al research only and that J, M, Francis, the
Chief Chemist, was in charge of chemical research,
However, there were some chemists in the Biologlecal
Research Department who did chemical work associated
with biologleoals,
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to conduct some chemlcal resesrch (in addition to the
", ehemical research being done in the research department) as
f~_ well az do the routine control work until Oliver Kamm, Fh, n.,a*
. was employed (1920), At this time Kamm was placed in charge
"‘_ of 81l chemical research and a separate department for
| ehemical research was established,>>

Thus, after 1920 the main function of the Analytical
Pepartment was control work and J, M, ?mmu‘% continued

Oliver Kamm received his B,Sc., M.Sc., and Ph,Ds (the

: latter in 1915) at the wkuiﬁy of Illinois, After
serving as an instructor in chemistry at the University
A of Michigan for a year, Kamm returned to his alma mater
: and served as an sssistant professor until 1920 when he
joined the staff of Parke, Davis and Company as the
Director of Chemical Hesearch, At the time he began
his long ecareer in industrial research he was 32 years
of sge. His main research filelds were organic
synthesis; correlation between lonization and strueture;
relation between structure and | iclogical actiong
and the isolation of posterior pituitary prineiples,.

25, Transeript of Merker's interview, July 6, 1961, in
personal file of M, K, W,

26, John M, Prancis (1867-192l;) earned an A, B, (1887) at
 the University of Alabamaj Master's (1889) while
tesching chemistry at the University of Alabama, then
took postgraduate course in organie chemistry at Johns
w University. He remained on the faculty at the
versity of Alebame until he accepted a position as
en assistant in the Analytical Department of Parke-Davis
in 1892, By 1897 he had advanced to become head of the
department, "supervised the fimm's experimental work
and in 1905 beceme chief chemist. He also superintended
the firm's control department, which directed all
processes employed in the manufacture of numerous
chemicnl productS..e..” He also worked in "welghing
suggeations for new products,.. new processes of
manufacturing... methods of improving the quality of
w?mhim.n and complaints from the trade and
medical profession," ational Cyvelopaedlia of imeriean
D LORY Vole 20, New York, 1929, Pe

OO TN




Mﬁ
to head the Analytlecal Department as Chief Chemist, a
position he held from 1905 to 1924, when Frank 0, Taylor
bocame Chief Chemist. AS elready pointed out, there were
8lso men in the Analybtieal Department as early as 1902 who
were devoting full time o chemical research,

Hore and more men took wp thelr work at the benches,
in both chemieal and bilological researeh botween 1595 and
1920, That can be said even though in many laboratories
| the furnsce long since consumed the exact fipgures, Dub
Parke-Davis, for example, could list nineteen biologileal
workers by 1917 (see Appendix B).

Ciroumstances that brought to Abbott Laboratories
its first director of vesearch show some interesting
similarities to the expordence at Parke-Davis,

Abbott chemists probably eondusted some selentific
rescarch before the fimm employed Ermost He Volwiler™! (1915).
F although not in a separately organized research department
- Abbott maintaimd phamacological and chemical laboratories
a8 early as 1909, but these were mainly for quality
jontrol, 2" Several published articles indicate that "the

27« Af'ter vooelv his Ph,D. from the Universi

Illinois 1913 at the ll; of Wﬂ‘k a¢¥#1%!#
4 the Abb tordes as thelr

immediate

thief Iulﬁ%hm;mmm
Mmmwmwm 1933 was promoted to Vice=
President in C : WMMMW Pran
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D ious of & chemical vessarch staff was Covmed® prior to
World war xmw

, When the way cut off our supply of foreign drugs,
‘ ‘developing methods to produse some of these drugs became

. isportant, and Abbott stepped up its activities in this
While serving as Head of the Organic Chemistwy
Derartment at the University of Illineols, Roger Adams,
1, 1., developed lavoratory methods for producing two

. dmga of German origln, barbitel and proceins, which were
vitally nooded by our amed Torees, "A prominent St, Louls
~ eompeny turned down his proposal to become their consultant
in mamufacturing these and other similar drugs, He then
 leawned that Dy, Abbobt was always keenly interested in new

29, "Mognaw lmm: ‘the matmm

o kAl *"“i‘ Shde T,

s v'uh s No. k‘ﬂwlx*

30, AfSer

m ¢ s p , " X

m mﬁ he a&ﬁm as an assistant

essor at the Mm& Illinois and he has

assoolabed with that m&m over since,
amm received many solentific mﬂu which

local mﬁmﬁiw, o 8014, and the chomlstry

of biphenyl Mmttmq
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' tasas."3t W, 0. Abbobt, M.Ds, 32 and A, 5. Burdick, MiDey "
1iked the idea, and Roger Adams was erployed as consulbant,
His fivst advice was that Abbots should employ Ermest He
Volwiler, who was about to receive his Doector of Philosophy
degres in organic chemistry (Spring of 1918) under Adams.
Thus Volwiler began, as Research Chemist, a long and

. fruitful assoclation with Abbott. He immediately set oub
%o produce the desperately needed procaine and barbital,
"starting from laboratory research done by Dr, Adams. So
urgent was the demand that only cursory laboratory and
pilot plant experiments could precede actual producstion,
The newly m chemist plunged at once into his top priord
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. project, working as & technical laborer as well as a

~ ohentat,"35

) As soon as sufficlent supplies of these drugs were

. produced, Dr, Volwller was eager to begin research to

. develop new chemical druge. Fortumately the Abbott manage-

. ment was also interested in expanding their vesearch efforts,

j "op, Yolwller came to Abbobt at & time when its leaders...

~ were foreseeing the growlng lmportanse of research,
_ development and produstion in the drug industry. ALl of
them felt that a new era in pharmaceutical chemistry was
at hand, an ora that would bring people more relief from
. suffering than had ever been possible in previous human
. experienve.

They were eager for Abbotd $o have a part in i, so
shemists were added to the amall group working in medicins,
Mology and phaymacy under Jo P, Biehn, M.De,>" and Carl

Nielsen., Among mmumwem to join in those sarly

k "

w booklet published on the oscasl
iler's retirvement &s President of Abbott
mmm“

36, J. 7, Blehn (b, 1870) received an M.D, from Northe
mbm mmgmmmmm:guntww

. 35, "Ermest mw Voluller: A Profile," Chieago, March 26,
: on °

study at the same lnstitution
M%i ology M muum at mm ;

WW
M hbmm, m: main research tum
, ‘ m«&mn water mmh;
hemolytie astlon oscl sermumsj pesteur
ization of milks and mﬁ Wmﬁ



| | Bl
efforts were Norman Enmm”, Blmer mtt,'w Ployd W,”
and Hugh Robinson,™0

R

37. Norman A, Hansen Ja&.m& the staff at Abbott Laborae
torien as a gm chemist lmmediately after receiving
a ?h Se. at mmw of I1linois, At that tinme
az , He served as a development
mm f‘m w @e 3.93@, becoming manager of the
Development Department in 1930, In 1946 he was appointed
Director of Al :mu mt Development Laboratory,

38, Elmer B, Vliiet received his B, 3o, (1918) and his M, Sc.
(1926) from the University of Illinois. During 1919 he
mwd as uuiztm% reoscarch chemist for the U, 8,

oulture, He jJjoined Abbott in 1920,

&% m y 88 & research chenmist and served in

Bim umn 1935 when he was appointed mmg-
of m Amw Gmw};:i Lam?mwﬁmgﬁ moved gten
up management ladder at Abbott presen
Chaipman of the Abbott Laboratories! Board at‘%gmm.
His main research field was prepavation and properties
of synthetie medicimals and yelated eompounds,

9. Ployd K, MM, n:h the ag at 2y joined the stafd of
Abbott La after mwtvw
M, BSo. Qt the Mnmiﬁy »1‘ 111inois in 1920,
served as 8 nmhabm&ﬂmn mzsmmmm
W of the Chemleal Sales nt. Iin 1953 he
was appointed a Vice-President Abbott Laboratories.
Hia research lolds were mixed alkyl sulfates,
mmm, and antiseptios,

4o, 1Ibid, mv. Biehn %aiw the Abbott staff in 19093

& s+ Wo do not know the extent of his workj a
mms published 3 Abbott in 1910 gives some
m&mwzme "One the later features of the Compan
iz i1ts Selentific Laboratory, which is maintained fou
the convenience of the mrofession for the examination 4
of urine, feces, blood, aputum, pathologiecal tissue
ete, !‘hf.l laboratory whieh is in charge of Dr, J, M
ﬁ%‘ the gtw :'Mut !’ogtﬁw‘ git :tw ﬁg o La&mm M
o e o y mga a prac
physiecian as well as a mma-ehm ia chenist,
also makes some bacteriological W@&s, mah as
bacterins and anto vageine s for veterin
and is eventually to put out 'amvwmﬁ, robably
maima, mﬁ QMW W“w ’x nnd its

: i"."‘ 4 A.,.A\.»‘,&ai
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In 1919 Volwiler began formal research almed at
finding new and improved medicaments, as the Chief Chemist
in charge of Abbott research (after 1930 with the title
Director of Research). The Abbott research staff, ranging
from six to ten men prior to 1925, made a mumber of valuable
~ eontributlons by discovering such drugs as butasalne
~ sulfate (Butyn), butyl aminobensoate (Butesin), Butesin
~ Plorate, ond butethal (Neonal)*
The research staff was bolstered in 1922 when Abbots
. asquired the Demmatologleal Research Laboratories of
Philadelphia, However, Lermatological Research Leboratories!
research group contimued to work in Philadelphia under the
direction of Ueorge W. Railziss, Fh, B,‘*‘a Then in 1925,
Volwller began expanding his ressarch staff, seeking out
- well trained men, By 1933 Abbott's selentific stalf
~ included twenty-nine persons in ressearch, control and
MMW%% '

E 1. Viet, "The Abbott Sto mimeographed

: - ia in gzw&«zx giafat ti tories! a;
W r Goals for Abbot Wg Marah

1959. n!m z m Historical Piles of Abbott's ’

L2, m Russian-born (1884) George W. Raisiss received a

Phe Dy in t%@ from Preiburg University. He began work

as physiolo chemist in the research department of

a Yew York i@y Hospital in 1910 and served as a

rosearch shemist for the Roockefeller Institute,

mm Lead Company, and General Eleotrie amw

g’mp Jo m::g the Dermatological Hesearch Laboratory
3913 as 2 afr gemuz mmwh,t ﬁ g?z gﬂig he

was yesrs o was a speclalis Tme gloals

and chemotherapy.

3. Ibid,
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At the ﬁmm&mma' circumstances surrounding
 enployment of the first research director differed scmewhat
~ from those at Abbott and ParkeeDavis, Upjohn employed
' Prederick Heyl, Ph. D, in 1913 to develop methods of
. assaying its products and to establish a system for quality
. sontrol in production, As soon as Heyl and his first two
| assistantsy Merrill C. Hart™® and J, Fred Staley "had the
. gontrol task in hand, they moved on to the investigation of
. new products, and then into independent vesearoh.’"’ Heylts
research staff, which did not exceed three men prior to the
| 1920's, achieved a mumber of improvements in some of Upjohn's
| products through their work, At first Heylwas "ohief
. ghemist," but his title was "soon changed to director of the

&.m W, Heyl received a Ph, D, from Yale

. University m 1 , he Joined the faculty of the

Universit: a8 & pmrum of m% in

Company M t tmu&*ﬁ gf held

8% & DO on

. 1 1926 when he ‘was Wmu Vice=-President in
cmm of Researeh, Since his retirement (1%5} hﬂ m
served as a Research Consultant to the Upjohn Compamn;

. His main research flelds were plants of they
interest, especially gzms.n pollen, and omﬁ:
lipoidss qmamn stipmasterol; and cortisone,

45, Merrill cz, Mrm&wmm Se, from the University
‘ of thi in 1915 and an Se, D, (hee,) from Kalomazoo
 Gollege in 1921, Hart Jotned Upohn Emm at the age
el atee Suliell mE o o,
nmm o e a
position he held until his vetirement in 19L9.
pain ressarch mm were phytochemistry; chemlstry of
corpus luteun and ovarian residue; and ﬁt.‘mim
metabolism,

; %ﬁm
1961’:' Pe U

el 44

Sy m m’r
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roseareh division,"+V

Shortly alter his arrival at Upjohn, Heyl began to
work on digitalis to detemmine what caused the deterioration
of digitalis tincture, and this work resulted in Upjohn
 introducing (1919) an oral tablet (Digitora) contalning
0,85 grain of powdered digitalis leaf that was physiologe
ically assayed, which remained one of Upjohn's leading
products until the mid-1940%'s when digitoxin was developed.

Prom limited information avallable to us, it appears
that E11 Lilly end Company organized a fommal Seientifie
Division shortly after the turn of the century (prior to
1910), and by 1911 or 1912 was conducting research on a
systemantic basis, Ve know that Lilly employed a chemist,
& botanist, and a pharmscologist and probebly a few other
sclentists prior to 1909, but no evidence has been avallable
that indicates any of them had research as an important
funstion in the early W‘k&
An examination of Lilly's organization chart for 1908
lends support to the idea that the main function of the
Selentific Division was quality control. The organisation
ehart "lists four groups ecomprising the Solentific Division:

47. Ibidey pe 51,

48s G. H, A, Clowes, Lilly's Director of Research, pointed
out that Rumrnhwm in the L1l Mbmtwimmba
deaﬁammm&ndm fty years sgo when
Hm J. x. Mm returning from college and
M in a small laboratory, succeeded in
m smﬁa tm' the alkaloldal contents of the
wmmh ﬂuid extracts and tinetures then manue
m;w by the company, Soon thereafter a chemist and
& botanist and somewhat um u Wulashﬁ wm M
ﬂa m mam starf,” (141l yratoriet
Dedioat! Indlanapolis, 197
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(1) Testing chemicals, oils, ete., (2) Assaying and
landardizing, (3) Physiological testing, and () Botanieal
exaninations, 9
in 1909 a decision was made to construct a bullding
o be known as the Sclentific Building, This was begun in
1910 and completed and oceupled in 1911, The research staff
was then considerably enlargeds George H. A, Clowes™®
points out that, "The growth of this department was so
sontinuous that within a decade the research work overflowed
into adjoining buildings."
"Syatematic organic chemiocal research began in 1912
and ¢ Synthetle Department was established, In 1913 the

9. Avehives of Eli mu:ma to Keith Welkel,
m&.&%& of M, K, W, Hot
receiving access to m archive nor exact
references to company mmu, wa have relied upon
information ma pondence with C

designated wmmh ves w ﬁ w M&i and
Hrs. Splly Denhart i Rt B B Rt s ol PO
m Lilly ma WW M ei.M

50, In 1919, the mnw» Ge m ewm ma the

e staff at Lill oy »
College of Science in m

Pastour Institute and the &vmﬂw at Gottingen
gw;miwdu Phe D from the University o
ingen in 1899 and came to the United States in

3.%1. He mm {1901) at the New York mum
ry and remained there until 1919, shen
mammmammmuuywsm
n 1920 he was appoeinted Research Director. His main
mm was concerned with cancer, emulsions, colloida
and mmyum. and adasorbed alkalolds,
: : ) ion, Indianapolis,
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Selentific Division was completely reorganised,"S2
0f thirty-five persons listed on the selentific and

research stalf in 1912, we infer that up to three«rifths of
them could have been engaged in research.’>
- The development of a formal wesearch program at E, R,
. Squibb and Sons began about 1922 when Paul M, Olesy, Ph, D%
' was employed as Director of Research at the Brooklyn
Research Ldboratory (chemical research), probably the

aning of Squibb's chemical research department., As ecarly

Arehives of Eli Iilly and © to Kelth velke
- March 1, 1962, &nm;ml of MKW, .

53, Ibid, These thirty-five persons were engaged as follows:

mmt&ul Development and Eeonomics g
W Supervision of Manufacturing é‘

5!;. Mmr to mﬁvﬁm a Fh, D, from Coluwbia MWH

Paul M, Glesy imu loyed as an assistant chemlat
the Ue 8. Degares ar Aerloulture (1912-1)) and the
Procter and ¢ ompany (19 1&&52 He served as a
research chemist A am Compeny from
1920 until 1922, mm became Director of the

MML&W@%&&&M%MW,
4 position he hold until 1 when he res and
went into education, At the time he Squibb he
m&rnam. His main research fields were
dyestuy and placental hormones,
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as 1911, however, the firm set up & research leboratory in

| Lyr pmﬁ even though progress appears to have

been very limited until Glesy arrived, In a special veport

. (1931), P, ¥, Nitardy cbserves:

The re ibation of the House of Squibb bullt

h the research work done by him + Re 8
on the production of maceutical, medielina

Dire % R:fggug?mtmxé t: aa “u?:t "» |

; near 13' 3&009 pages.

After Dr. Squibbis death (im 1900) mmw
received less umum for a time, until in

1911 & Res bopatory was organized under
Dy, @ mmammxperm
asslistants,.

The leboratory econtinued until 1916 but was
not as productive as it could hqm been primari
for lack of proper selection of problems and
neglect to record the mmwm e 1z no record
of what was worked r accomplished in those
Foarscece m 19 m laboratory contimied with

Mm of | the
ﬁmnm
56, The son of a Cineinnatl mmaut Virgll awxm
\ sradunted Crom Wi&um ( ’u.%&

Philadelphia C Jo 1‘
mms the tm& M for two
professor of ma ca and toxicology &
cmmu uemsa of W This inspired him

ny to continue his mum. Aftor
muivzm e n. at the University of Berlin (189’1),
he soimd m Mlty M‘ the New *zm anmaa of

y and chemlatyy,
megunmm 911 mmamtmm
and Sons, His memberships and awards
mmy o m&m&u stature.
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one man devoting his amm time to research
under conditions similar to those prevail

: mlnr Pro
B xga of silver am

but there 1s

The mwmnﬁ of Squibb's research on a truly

. departmontal end more vigorous basis began shortly after

. Glesy besame Diveotor of Research (1922), when he installed
& "system for initiating research work, keeping pretocols
of all experiments, and recording resulta, positive as well

Touse of bBo sdrvey ol
: o ae
it Stabus, a *Ji"‘“!x 'I

Setes ' 9i winmwmm
ﬂ Ve G. Vaa
Institute for uohuz ' Shour. Th G0 Aameel

for ) m mrm:. t on the
Bmw 930 'm K14 18h

he says,
” umsh .w mum mau m aoknowledge: that research
is fundement mn Mtﬁh seonms to have
been done :I.n m: rm.a 890, when I, aquh*#
personal actliv: ma in mw«h mzma
falling heal mwmummmmtmmm&
and personal | iation with people in important
ﬁ mmmama xmiw@a).l?humtmmt

light any information or any suggestions of

accomplishments arter the work of Dr, Squibb as ,
mama in his mzmsm.. Ten years ago 4»'@' 231 Lo

%4 tone re chenist!, 3
w the Plant M {1919) to have umaawam
properly recorded and reported was WM. S0 much

attontion and effort was uﬁm«! plant
eonditions generally about 8 time tm& m«ttv‘
organization for research did me wm muz m ﬁu
amW mmu uimp s.n :.9 Angnial Report

fories and New Brun 3
&SRR v, xxm; ” rost m' S Gaes”
8 ® » W :

of Manufac W%* &t 1931, pp. Mgc
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88 negative....">® In 1923 Gelsy began adding chemists, and
within five years the rescarch staff at the Brooklyn labora=
' tory included fourteen chemists, four assistants and the

| diveotor of reseavch,>’ °

P In eddition to the ehemical research, which was done
&b tho Brooklyn plant, Squibb also eonducted some research

| at thetr "Biologioal and Research Laboratories” at New

" Brunswiek., E. R. Squibb and Sons Hesearch and Biologieal
Leboratories (ineorporated September 26, 1913) began

. produsing blologleals early in 1914, and acquived John Fe

~ Anferson, ., 1., as Direetor the following year, Informe
. ation on the staff, ealiber, or extent of the research
endeavor at New Brunswick®l eould mot be recaptured =- but
1% eould not have oscupied move then one or two senior

Wk

. 58, 1Ibvid,
4 59, Ibid,

60, After rveceiving an M,D, (1895) from the University
erﬂmiula John ¥, Anderson studled in Burope and
m&ﬂm with &:: g” %ﬁ%ﬁ? m‘m

»
assisbant (1898).

surgeon ( Anderson remained with the
Publie Health Service, nmumwvwm
, Laboretory from 1909 until 1915 when he

ms.ww»wm divector of B, R, Squibb and Sons

old, He
bb from 1919 until his death
u}w research was eoncerned with the
W&m of disinfectants, sontrol of vaccine
virus, studies upon anaphylaxis and serum sickness.

61s Yow the site of the famous Squibdb Inst! -
* Medloal F v quibh Institute for
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So far we have discussed research beglmnings in

~ Several companies that were founded as business enterprises.
- An institution not founded as & profitemaking organization
~ also played an important role in early phammoceutical
vesesrch, and eventually was absorbed inte pharmeceutical

~ indwstry, "...The Demmatologieal Research Leboratorles had
. thelr inception in 1912 through the generosity of &

~ philanthmople oitizen of Philadelphis who finansed the

. gofentific work for & perdod of four yoars. Shortly after
. his demise, the estato was settled and further finansial
 grents from this source were diseontimued,"®> Inttally,
Dermatologieal Research laboratories was organized as a
 voluntary unincorporated pssociation ond, with the consent
| of the donor, Jay PresicSchamberg, M.D., " was appointed

" Director, Schamberg secured the services of two skilled

e h‘bamm was in w& (Ihid.).

"Repovh of the Devmetologlesd Ressaitlh isbesntovies

». le tg mm;: afmtht m&&sx{hﬁm Polyelinie
4] W Cmaduates Madic

z:mﬂm Pile of the Abbott Library, omﬁ Chicago,

m xm) received his M,D, from the
mﬂy of M-;m in 1092, After grad hmg
ladelphin aresa and
m&m Mﬁiﬁfmp In 1912 he was appo mm
of the Dermatologleal Research lLaboratorles, In 1919
he was appointed Profossor of Dermatology and
mh at m mmﬁ.&y of Pmygm dradunte
 Scharmberg was a ialist in
H &muu of the skinj acute contaglous
o8 and eruptive fovers.

B



Mie
selentists (1912) o help him conduct the research -- John
A, Kolmer, M.DesO5 & pathologist and George W. Raiziss,
Phe Doy an organie chemist.

At firet thelr work was devoted to investigating the
~ osuse of psorlasis and means of improving its treatment.
. Wpuping the course of this work, we felt that our labor-

~ tories were so organ!

pesearch without material increases of expenditure, Ve

Soon after, World VWar I began. Recognising that the
. United States' supply of arsphenamine (Salversan) == the
. exciting speeific dlscovered by Ehrlich for treatment of
| gyphilis - might be eut off, Demmatologisal Research
. leboratories set out to develop methods to produce this
compounde

Mwmmwwammum,m succesded
mmamwmw znmm

At the moo he American Derma .'wgim
Associa %m in Hay, 1915. mmm

0‘1 y WO detalled our work and mwﬁ '
B e o el e camprmtense |

65, m A, Kolmer received his M,D, from the Universi
nmmxggm He served as & patho!

atm mxm-m.warammmmm

tgmw )mwmmmumﬁimmm

27 In 1919 he tpmm,tw tholo
a ms.gxm 5% the Tniyeraity of mng‘m. o
xem»muawms.umm s pathology, and
bacteriology.

“i Ib‘&‘




for which the laboratories had

95
We prepared and dlstridbuted salvarsan

under the name of arsenobenzol to hospitals m
mmmu throushout ,m msm States from

: s 1915, to « At ':?: t we
ﬂuﬁnﬁ M ha had mi um

L ?Wml. WI‘&“& dmﬁw
ourselves by any agreement 8o, we fe
that the purpose which we had in minéd had been
' 2 and we lmmedlately discontinued
the preparat and distribution of this
m&wﬁ» We then resumed cur selentific work
and devoted our time excluasively to the

Biiaagn et

!.fm: time ouwr laboratories maum
dependent m ouwr ouwn efforts for thely
aintenance} we had accumulated an amount of
myuhtw mldaammm work of the
laboratories for several m Yo were most
anxious to conserve this for the support of
our research work, Our laboretories were, of
mmg m mw, kug,’mr wore they nmw

e T

n&m iy

67,

ivid, The mﬁ contains further explanation of one
of the faseinating pharmaceutical Qpilﬁﬂl# of Vorld
War I that may be of intersst to record: "In Hovember,
mm there m mimatm evidence of the exhaustion
ﬁfu of the German produet in the United
ﬁﬂm‘n, m ummu; bogan to receive mumercus
commudeations from physielans end hospitels asking
ua whether we ml.aawzxymﬂémmm had
diffionity in securing
W&w with the mxm licensee of the @M
mrmmﬁ that the su wwmmnmm
tates was MM vi exhausted, We took
m mtmm that spite the fact that salvarsen was
protected in the ﬁn&ﬁm States by emvmmiw
patents, there was a moral obllizatlon upon us to
pave 6ad supply the drug, in view of the fast that
was an 8 on was
inevitable that this condition erw would lead
to physiecal suffering and extension of disease
After a long conference with the MM u.cmu
of the Cevman compeny he agreed that he would not
interfere with owr lying the drug as long as he
sould not secure it ﬁﬁ that as soon as he again
mm:-;% asf’ salvarsan from abroad, he would
inform us r»zmwzmmmmmw
cease the marketing of our product,”
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in enother three years the Dermatologiocal Research
Laboratories became a corporation in which profits from the
distribution of their products were placed in a fund for
the "support of medical research and the development of new
antisyphilitic remedies and new chemotherapeutic Wa"w
| By 1921 the demend for products of the Dermstologleal
. hesearch Laboratories had so incrveased that they moved from

riginal laboratory in the basement of Polyeiinie
Hospital to a four-story bullding of their own, A this
time the research staff is sald to have consisted of
nineteen scientiusts,

The Dermatologleal Research Labovatories advanced
. products still in use today,

in 1922, Schamberg snd Kolmer decided that it was not
possible for them to provide the proper attention to affairs
of the corporation without jeopardizing thelr medical work,
80 they sold Demmatologieal Researeh Laboratories to Abbott
laboratories (1922), thus ending the life of a remarkable
institution, but at the seme time adding to the research

68, "History of D. a‘. Ly" (mimeograph,
Historionl File of the Abbott Library

69. As a part of the sales contract it was agreed that
George W, Raiziss was So becamo the Director of the
tological Research Laboratories and be in
_m#lfwﬁ




e

| In addition to the employment of a qualified research
staff, company management must provide them with the proper
physisal feaollities to carry out their work, Such
| fasilitles probably varied as widely as the size of the
rosearch staffs employed during this early period,
: In most eompanies, research began in a amall onee
, yoom lsboratory, which expended in the wake of a growing
| research staff and progrem, While at least one compeny
~ sonstructed a bullding specifically for researsh as early
' 88 1902, thero were other strong compsnies that as late as
1920 s%1ll confined thelr own research to & one=room

In 1901 the stoekholders of Parke, Davis and Company
~ wobed "o inorease the capital stock of the sorporation
 from §1,200,000 to 1,500,000, the main purpose being to
~ provide means with whiech to build an elaborate and separate
| laboratory for purely scientifie work, These verious
selentific departments have previously been scattered over
~ Beveral existing laboratories given up mainly to manufao-
 turing and esch has grown until the available space and
~ conveniences have become entirely inadequete., The prosent
~ plan is to bring them into coordination which is essential

for best results and to provide them with every facility

which modern selentific progress makes m&mﬂw

70. "A New Selentifie Laborstory," Bulletin of Phammsovy,
15 (1901), p. 52. .
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. It appears that MoClintoek probably played an
 important role in encouraging manmmgement to erect a research
. bullding, He proposed such a bullding in a letter he wrote
. to the Cenerel Mansger, Willlam M, Werrent

Prom the time you took charge of the work, each
thers has been talk of & special lavoratory
or the seientifie departments of the House, Each
yoar this has had te give way for bullding for
manufsoturing purposes, It seems to me that the

time has come when that bullding should be
provided for.

eaking broadly, reputation is the best
: mah barke, Davis and Co. has and, as 1%
pears Go mo at imst. the work done in its

Hgnif arance and in W&Wm

tho mm&m M on ouy mm

M‘MM wm of great value

we oan show people thw we have better twimum

for wmm work, for testing drugs, tw

ety e 1s ot o ey 8 11 rhace an tn
8 w a m o us

a unique positl mmf turing pharmacistieese

There 1s still further the fact that men of
mum wmw to be experimentors must be
ﬁ, Mn, some mw.uw tm&‘

xham“ m: wgnl be mmmg. ;;w ina
pare 11ding without causing etion or
hard feelings,

partment in partioular, mww
me, smpl] ‘t!.ﬂ.n the expenze 3&‘ handsono »
pped laboratory, xmmuwum
mm ~ m %%MM materials or of the cost,
given d&.uf thought to
Apressions are mz we should bave
mmm.mg

“&, ﬁgy Ty w&% h%&Q %

o v e R LB Piain but
handsome, My own impressions would be favorable
to a davk grey brick, but of this I know but little.




ﬂmrmt mmmmwnmmmﬂm
mm&mm&mm and suoke,

The nhw» uz m :m« or would w ww
m most eavelful consideration end f
mmtmmmm Wumﬁamm
gemant of the foremost laboratories of the
partioular those of the Chiocepo
Mvwaim It might be that it would be
advisable to have architects who have built
some of m» laboratories plan ours, I will
give the matter more m&mmwwm:w
and will be sble to suggest a m of thing
partioularly in w% to plar » the interiop

“ In perfecting the plans for its research bullding amd

 eguipment "the best laboratories of the country were

| visited and oritioally examined by experts, Their defestive

- features were eliminated from our plans, while the best

| deas weve incorporated in them,"T2 A fow yeavs eariier

(1097), MoOlintoek vistted researeh laboretories in European

sountries to determine their methods of produstion and thelr
sarch procedures,’> This probebly sbimulated his

~ eambitlons for a new ccmpany thwm, and he may well have

) brought bask some 1deas from Muropean research laborstories

| Tl 0, T, HeClintoek bo Willlam M, Warwen, Jamuary
g » in the Historical Pile of the Parke-Davis v B Moy
mm,mm, Miohigan,

« Our New Research lLaborato
A vk o

D Meolizbosk %o Vebsel, Avwll, 1897, in Nistorieal File
* of ParkeDavis Resesroh m&m}*

i.\iy‘ Ho. 2

of |
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 that were incorporated into Parke-Davis's sclontifie
~ bullding, Taylor polnts out that both Houghbon
~ 8lso made a trip o Burope "to look over various types of
~ leboratories and to get ideas on what might be the best
~ seteup for Ferke-Davis," ¥
B When Parie, Davis and Company erected its selentifle
. laboratory in 1902 at a cost of $250,000, it became one of
. $he very first companios in American industry st large o
gonstruct a building largely for research, The fmmous
~ Genmeral Eleotric Research Laboratory was started & yoar
~ earller at Scheneetady, New York, in an already existing
. bullding, (For pletures of Parke-Davis! early research
. bullding see Appendix D,)
A fow years later E1i Lilly and Company deoided "to
 eunstruct & building to be known as the Sclentific Dullding,"
~ This was started in 1910 and completed in 1911, By 193%
the Iilly research staff had outgrown this building, and
~ the new Lilly Research Laboratories were opened.

Expanding research stalfs made it necessary by the
1930%s for e mmber of other companies to erect buildings
devoted specifically to research. For example, Merck and

. Cempany opened the Merek Researeh Laboratories at Rahway,

New Jersey, in 19333 and in 1938 both the Squibb Institute
for Medical Research and the Abbott Research Laboratories

ke Ps 0o Taylor $6 M. K. Veikel, June 30, 1962, in
mp:wfmi“tuaat‘ﬁ.i.wa b T T
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B Neve dodlonted, Prime veseareh was becoming & necessity for
~any company that desired to be in the vanguard of the

. industry. Research advancez by several compenies in the

| 19208spoke sloquently of the potential, and the opening

© up of the fleld of sulfa-compounds by Domagk made the

. conguest of bacterial infeotions a visible goals

‘ Prom the first research facilities and vesearch staffs
oame improvements such as the bilologleal stendardization

. and olinical testing of drugs, aimed at providing the
 physician with more uniform and move effective drugs,

| The first Americen product standardised by physioe

' logloal assay (1097) was a fluidextract of ergots
intevestingly, this same preparaticn eighteen yoars earlier
 apparently was the fivst chemically standardised botanical
 product produced in America. Aeccording to Sir Henry Dale,
 the methods that had been lald down by Paul Ehrlich to

| measure the activity of early antitoxlc seva provided the

~ prinsiples on which rests "all sound later work on the

} blologleal assay of remedies,"!d

‘ E. Mark Houghton was responsible for introducing

i

3ir Hemwy Dale, "Chemical Ideas
m 31*”*‘”’ in Lilly Re GETE0 LADoTaT

1934y pe 224

in Medieine and
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~ physiologically standardized products to Ameriean medieine.

| Houghton began this work while still & member of the

. medical fmoulty at the University of Michigan. "I may

| inforn you," he onoe wrote, "that the work on pharmacology,
- especially physiological testing, was inaugurated by myself
| @uring the summer of 189l at the University of Mishigan,

- and I brought to Parke, Davis and Company the idea of
 detemining the aotivity of certaln unknowa drugs that eould
B e tested by shemical means threugh the use of lever

. enimals, Experiments were conduoted st this time in Ann

~ Avbor which econvinsed me that pharmacclogy as a medisal

. selence could be applied to & considerable number of

~ problems that eonfrort the manufacturing pharmaelst,"76

| Herbert C, Hamllton, & member of the Parke-Davis

. Tesearch staff, notes that a number of sclentists had

. worked on various methods of assaying ergot prior to

| Houghton's work, but that Noughton was the £iret to propose
E s physiologicel assey for a commercial preparation of ergot.
. Hamilton notes that,

ﬂimwa fed 9 of an extract he mnm
,wmﬁm:mm% -

W mewmtl'
mamwwamym vl
t the conb became cold,

Bonjean obtained an agueous extract

76. Houghton to Mason, Pebruary L, 19253 in nmmmax
%hwmnmummﬁm ’ N
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ied by mus.pxw&im with auma. to which
ulm gave the name "ergotine." This caused
m pieal blulng of comb and wattles and a
¢ condition which demonstrated to him
ms it ocontained the therapeutic sgent.

xam, in carrying out investigations of

m odles in wm;,, used all the laboratory

g iml 8y pigs, rabbits, cats
and dogs, Kmmdmah solated uterus of the
sheep and considered this the most sultable method
of testing ergot, but as a second and final test
i1t must produce abortion in pregnant aniwals with
no other untoward effeoct,

Jacobi's work in 1897 was probably ‘hm
mﬁ Wm&wm& date because he 111
hin chemical mum&mt&m mm
#ﬁ' pﬁz:i gleal tests, He noted itz motion on
on the cocks comd and on bloed
OBIUTS &m three characteristic effects of

dmﬁ,

All the work recorded to this time has
been on experimentel bodies with no reference
% umMﬂ%m of cammerclal products.

0, , in a | before
tioal/ Assooi e&m

agsay ol parations

we thod uf uMMﬁmm‘m em twuwué: beling
that of feeding the orude drug, and by means of
& catheter introducing tma mmk ona into the
roostorts orop.

About this time the woik of s Carr,
and Dale, who wrote wlm:mmlr at an ;m'xod
seomed to have cleared up much of the uncertal

regarding the identity md character or the MMW
constituents of ergot. They showed that different
constituents were responsible for the amrum
Wn&%ﬂ effects noted., Thus M{
strated tmwmmuwlu
an aleoholic ean contain an m%w
wmm an mmm, ap g to m
Mn&m o *Bha oock's comb,
: lasine or &3 is the pressory

: w alkalold mets in this way too,
mu MMm lethylamine or histamine is
the prineiple eh acts on the non-pregnant
uberus and in most ocnses lowers the blood
pressure of anesthetized dogs and rabbits,
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Bis S et
present is_gdapted to the standardization of

this amﬂ, .

3 After his succesmwith ergot, Houghton continued to
J‘gmlap physiological assays for other drug preparations,
such as digitalis, stropbanthus and cannabla. (For
Houghton's work on ergot, see Appendix C,)

Seeing physicians! seceptance of these physiologlieally
standardized fluldextracts, other companies began to assay
M of thelr preparations physiologleally. As early as

, 1908, for example, the organization chart of Ell Lilly and

: cmy listed physiologleal testing as the task of one of

i the four groups comprising the Sclentific I}leﬂ.mw

, In the mmuu preceding years, the fim is

~ recalled as mking & special endegvor to bring into 1its

 laboratories up~to-date academic knowledge that would serve
| 79

- this purpose.

77, Herbert C, Hamilton, "FPharmacological Assaying," The
Journal of the Americen hammeceuvicsl ASS0CIAUION,

. 78, Avehives of Eli Lilly and Company to M. Keith Weilkel
S " Maroh 1, 1962, ’

79 Mﬂﬂ of interview conducted with 'L’m Harvey
Merker, in the personal file of M, K. W, o
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‘ While some firms were assaying some of amw products
. by physiclogical methods prior to World War I.M apparently
~ in the early 1920's some companies stlll did not utilize
" physiologieal mmum’
] By the turn of the cenbury some segments of the
industry were providing physicians with drugs whose strength
; and action were standardized by either chemical or physio-
logleal assays, Not later than 1901 another measure was
' inttlated to provide the physiclsn and patient with move
. peliable drugs, At this time Parke, Davis and Company
| instituted a systematie method of elinisally proving all
| medloiral agents before marketing them, While clinieal
. gests were nothing mew, this may well have been the first
ompany to develop & formal system of clinleally

80, ?w ommgh an sdvertisement m' ﬂg iﬁ. Mulford in 1«399
The He x:, ‘ " Comse

mmmmwa than 1s vequiret by the MM States
The 'ﬁ.&. . DO s the chemlioal
ﬁm ax‘ The H, K Mulford ﬂmw

Squ hb and Sons "did not at that
logleal tests to Flul C;

o) S T
sty Rang ve i
9l w ed to Carloton H Palmer,
the Board of Directors, and Low aﬁ.h ,
ﬁﬁmm mm.m M’ Ees Ry Squibd m Sons
Vice-Président in Ohargs of Memufasturing 3 in
Archlives ef the Squibdb Institute m Research

Livrary, New Brunswick, New m»r
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jing their drugs prior %o plucing them on the market,
: The eliniesl testing of drugs was proposed already in
"ﬁ Hiddle Ages by the great Arabic olinielan, Avicenna
‘ms?)ﬁa who argued for use of the human body, because
esting & drug on a 1ion or & horss might not give the same
~pesults as on mﬁs
1 ByWMkWMMWMMmWW
 evaluation of new drugs had become quite common in Hurope.
i Other features of the broadening research progrems
yenged from problems involved in the produstion of & drug
' $o move fundsmental and complex problems of determining
 $ho otiology of certain diseases. The scope of the work
by at least one research stalf covered such diverse areas
88 pathology, eytology, bacteriology, mutritionsl chemistry,
blology, pharmacology, physiclogy, pharmscy and chemistyye
Muoh early research in the American industry studied
~ imwnity and development of entitoxins, stlmulated by the
: mia WW wrk then commanding attentlon. A few years

82+ xmmm:turmmmmgm a&mwumm

sdle Camon, J. P us, Avicenns
W”% * trial " MMM
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m the introduction of diphtheria antitoxin, serums were

- developed to treat sush conditions as puerperal fever,

_ evysipelas, soarlet fever, and malignant tumors.

. Some products developed or introdused during the

| fommative period” are still in use today. An old and

. potable product from this #ime 1s epinephrine. In 1895

' Parke, Davis and Company hired a Japanese ohemist, Jokishi

3 falkamine, " as & consultant and began to market & potent

. starch-splitting ensyme, whieh he had developed, called Teke-
. Diastase, Takamine worked on & mumber of problems as the

_ fim's consultant, but probably most important was research
| that led to the isolation of orystalline epinephrins, in

~ the late 1890%s e mumber of sclentists were trylng to
 dsolate pure eplnephrine, Joim J. Abel, MoDes 22 of Johns

“ﬁ—w

- 8. m apﬁmmm Mﬂlﬂ. Takamine received & Doetor of
hemical Engineering degree from Glasgow University
( B80) m t&g:u .’mﬁw received a Dootor of Fhammeoy
degree from institution. Takanine served as a
m.uw .m-m ahm government and for several
emms to the United States in 1890,
gm nml trying to interest the Americen
m a starch-splitting m
mww& as a amwmm of his Q&W In
1895 at the age of 41 he was employe MMam
& resoarch consultant, a position hc mnm
mm (mm.. His ma fields of rvesearch were
M forments a lw active vmipht az‘ the

&

| m&.&%& bulﬁ )ﬁﬁmﬁdﬁhﬁ ty of
85, M( g? Wz“ruya

Mmlm WWﬁ. lgh-
sived an K.Ex. rm the Uni
to the MM 3%&« he wmd

a puliﬂm m the mﬁw - 1%; a turer
‘n 3 he mcpm

a position as professor of mMmh at Johns
niversity. He 1s considered one of moat brd
and influential of early phammacologlsts in m&m
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. Hopkins University, Otto von Purth, Ph,D,, of Strassburg,
Gemmany, T. B Aldrich, Ph.D.,® ana J, M, Frencis (the

* latter two men being from Parke, Davis and Company). All

~ had made progress. NHevertheless, 1t was Takamine who turned
© fhe fina) trick and successfully lsolated pure, erystalline
epinephrine (maviceted by Parke~Davis in 1900 as Adrenalin),

] Although research prior to World War I was heavily

. precssupled with "biologicals,” there were also efforts to

~ develop chemical drugs., For exsmple, an examination of

| sarly laboratory motebooks at Parke-Devis indicates that in
 additlon to work on the development of blologicals and methods
1 of standardizing various products, this firm was attempting

. to develop disinfectants, gemlcldes, antiseptics, anbtie

B rretics, sedatives, anesthetiss and meveuwrials, ! A

. mmber of products resulted from this early work, end among
 these was vmm.% en entlseptle dusting powder developed

pogge B e %
Unt i In '?w m & mm«g
m wa !W’i’im | Mmlm ptmm

87. WNotebooks list: k&ﬂn of Parke-Davist m
‘ m}mﬁa, 1%3»1 m, Wm&a Research Library,

~ 88, Iodiszed condensation prod
salieylie nteining about 56% iodine,

iet of 1
 aold, containing & MN‘
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1, & Germen chemist employed by Farkee

About 1920 more emphasis was belng placed on chemical

. remearch, Abbott Laboratories initiated ressarch about this

 $ime to develop move effective local anesthetics, hypnotics,
. and sedatives, These efforts resulted in the dissovery of
' butacatne (Butyn)’® and butethsl sulfate (Neomall?

,,. Most of the research during the early 1900's in

. pharmeceutical fims dealt with luman diseases; however,
theve was some vesesrch to determine the sauses of certain
. animal diseases. Newell S, Ferry,” who joined Parke-Davis
. in 1908 and headed research in basteriology, dlssovered the
 pause of canine distemper, a feat that bactericlogists in

:\_ Burope and America had been ﬂmm for many m%

p or to Sonnedecker, August 16, 19613 in persomal
P File ot He Ko Vo ’ |

90, Procsine derivative, with butyl group in place of
~ eothyl, and mml‘m place of ethancl,

91, Nebutyl ethyl barbituric acid,

physiology at the mm
mmmwmmu«m ﬂi&m“m
research bacteriologist vis, His main
fields of research were ml dlseases, especially
oanine distenmper and equine influensgs ﬁm

pollan and proteln extracts, baeterio and lrmsunolo
of infectious diseases} and bacterial toxins,

93, W, B, to Mra Alleo, Maro 19153 in the
R P2 File of the Parkee % e it

Amn Arbor, Miehigan, ‘

terial mwm:
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W, B, King, M.D,,”% Assistant Divector of Research, points

Por over fifteen years the research laboratory
of Parke, Pavis and Co, has ecnducted wt&My
& continuous line of experiments and investigations
un Hog Cholera, This work has been gealous

: without tmm return,

m&m ‘
Middle West m n&tﬁm‘k&h
did not ym.a m& ndd
warrent

mm mux mmaw wrma ' i1fie
cause of m and elueidatl ai‘ the
ercble viruses and ultranmiore ie

. eancer and tuberculosis,’®

~ \nlle most research during the "formative period” is
what we would consider "applied research,"” some could be

J sonsidered "basis reseaveh.” For example,

e

,A !h.. m«y o Eing recelved an M.D, from Detrolt Medicel
: mm in 1914, Prior to reseiving his medic
' § 2 ressarch bapgteriologist m m-
1905 - '*w;* Prom 1908 to 1910 he served as a

9

m ologist at Kansas State mmwm m 1?1@,
gﬁ' of 33, he returned to
mm of Research, His ma mm of

‘sgeareh were the oral administration of antitoxing
m& am hog cholera, filterable vimm, and the
viabillsy @r busteris.

Ivid,
Information shout mmmhmmhg@eh is in the

Historical Pile of the Parke~Davi m m:-y,
Ann Arbor, Michigan,
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Drte Go He Ao Clowes, who jolned muy in 1919,
devoted his time to & comprehensive study
m fundamental mm in the borderline
mxa m m and amm on the one
g gn &m the other,
In ttm &n wéw foollitate study ﬁt iiﬂw
protoplasy and to throw light on the physies
chenletry of certain vital proceasses,
mmﬁngﬁﬁwmﬁhm‘kwaMMﬂm
gimple marine orgenisme in the Marine Plologleal
Research Laborstorlies et M Eﬂh ¥ogsac tts.
Dr. Clowes wrote at that time m selentific
Sessareh both here end in Vesds Nole 38 iemensoly
volushle rm en edusationsl and developue
stendpoint gay nothing of the fyesh 1m
mawt AR - R epen up ag & vesult of the

8ir Henry Dale, pointed ocut ILilly's support of basle
* peseavch when he seld, "I recently visited the Marins

| laboratory at Weods Hole, and there saw Dr, Clowes and scme
jy.r his atacff, who had been working through the swumer on

. problems of fundamentel blology, in happy assoclation with
| @atinguishod academic workers in the same fields and I
brought away with mo the convietlon that there was no need
| heve to urge on an enlightened directorate the ¢laims of

~ Pesearch having no immediste or visidble relatlon to 1ts

. business, but of irmense velue in keeping alive the

| selentific initilative and mental enterprise of those who

~ also serve its interests more directly, end In helping them

to establish and to retain thelr proper rank in selentifie
followship,*?®

97. mma of E11 I4lly and Ce to ¥, Kelth Welkel
e Maroh 1, 1962, pwwmx £1le of §¢ g

K. Wy
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‘eonducted can be obtained by examining the titles of
artieles published by the research departments of several

s during the "fommative period" (Appendix A} see also
Appendix B and C),

The investipgations by early resesrch staffs were quite




v

RARSEARCH ADMINISTRATION AND PERSONEEL

one factor impeding the development of industrial
poseareh in America, we have noted, was that some mana gjenents
ﬁmm‘u grasp the Wmﬂm;mwwmu% the
sonditions necessary for gelentists to carry out thelyp work

properly.

That the managerial attitude in the 1920's often fell
ghort of venturing upon & systematic research program
implied by Earl P, Stevenson, Research Uirector of Arthur
P, Littie, Inc., when he sald, "Instead of a guerilla
attack, involving casual work here, duplication there, and
goneral chaos, the great opporw ity of organised research,
ably directed, sufficlently finenced and sustained in
prosecution, is evident, Such an enterprise requires
imagination, eourage and falith in 1ts thﬁ‘. it is &
most attractive aspeculation,

"opganized industrinl research is & speculation which

‘yision to comprehend its possibilities and the means to
Mﬁ*‘&
Executives of several pharmaceutiocal companies had the

1.

Barl P, Stevenson, " ?mi.w of Inﬂm

w 113 -




~ developing

1.
. goresight, early in the 1900's to vecognize the advantages

' of an organized research prog This 1o evident in

. gompany literature and pollicies. For example, #il Lilly and
1 Company first established research as a matter of poliey in
1899, "To contribute to the progress of mediclne by
new and superior agents through research,
In voleing this poliey Lilly management recognized the
Wm of research, and in the ensuing years they took
vigorous steps to give this polliey reality.

| in the first issue (169)) of Therapeutic

" Pavis and Company stated its conviction of the importance
- of advancing both medlcel and pharmaceutical science,

We hold that the manufacturing chemist
should lend his superior resources %o the ,
advancement of both medicsl and , tical
soience; that he ought mﬁ w ac j altogethe:

from a selfish pe m&w{
in view the ﬁxmmm’mwymﬂ,
as tending to em end, the continued progress
of medioine and pharmacy.

- Wa of thie belief, we have expended
m in therapeutic, phguam~ul and
shemical researchj employed able bot
ing the hadbitats and studying the charactere
istics of new drugs; pramoted exhuastive physio=
%ﬁxm experiments to determine thelir therapeutic

lue; made expeonsive teats in ouy MMhew{ to
determine the most available form of preparationg
mgaruﬁmm M"‘*‘ Sie

pro

the same for clinical expe a:im, mtu
the medicinal velue was umumé; Where no
therapeutic worth was found &sus has b&m
relogated to deserved s

ne

mpany to M, Keith Welikel,

3, Therapeutic Notes, Vol. 1, No., 1 (Pebruary, 1894), pe 1l¢




| Although this initiasl declaration may smeck of &
fostimonial 1t does 1llustrate that management appreclated
the potential of systematic research, and this appreciation
was furthor attested by an article that eppeared in another
ParkeeDavis publication, Fharmseal Notes, seven years later
(19013 |

Ever since the establishment of our
fmi laboratories in 1094 we have sought
lize them for something more than mere

mﬁ&m production and ummm
mm»m and vaccines, of rapid
progress of mm&m of its brillisnt
promise for the future, m«fam labor
men MWM the world are now
go of blologleal
MM KWWMM sease, we have not
hesitated to employ & large staff of veseavch
workers, who conduct origimal investipgationsj
to gxw them every noeded appliance, and to
wmm;nmmm duties, Por the
gm art this work has justified itself, and
for the first year of the amwx is
to mmﬁc, more energeticall
m&w of experimente. nmma into

the Q&Ia pum of various infeotious
Mmux - directly on our
mfwm&w :

E Thus by the turn of the century the management of
- Parke-Davis had emough research already on record to make
| an effoctive promotional use of the achievement, which had
~ reached out for new products, for improvements of the old
. and, more fundamentally, for understanding the etlology of
certain diseases, This research support applied not only
to the blologleal department but also to the analytiocal
department where seversl men were conducting chemical
research aimed at Mm}.ﬁm new producta,

Le "ﬁ Wh Amaum w w %wr of Solentific Workers,"
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_ Thus Lilly end Parke-Davis are two examples of
‘gompanies that not only recognized the value of systematie
gclentific research, but were willing to demonstrete their
gonviction by turning some of their resources into sctive
.' progrems, Management in a muwber of other
 companies recognized the importance of systematic research
f.may in the present century but for some reason (possibly
| finencial) 1imited their selentific work to development of
. quality controls for their products or to the development
 of methods for producing already known drugs - efforts that
 were important, despite a more limited scope. Por example,
| that V. C. Abbott, the founder of Abbott Leboratories, end
 the early Abbott management recognized the value of
solentific research in the early 1900%s is evidenced by

] loouments, However, not until about the beglnning
 of the third decads of the prosent century did Abbott support
 sefentific wark aimed at the development of new synthetic
druga., Prior to this any seientific work conducted by
Abbott was mainly eoncerned with quallity control and

. development of methods to produse already known drugs.

, Ascording to Elmer Vllet, one of the firat research
 chemists employed by Volwiler, the man largely responsible
 for promoting systematic research at Abbott was Alfred 8,

. Burdick, M.D,, who became president of Abbott Laboratories
following ¥, C. Abbott's death (1921), Burdick had "a keen
appreciation of the importance of research, He was
responaible in large measure for the rapldly widening scope
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setivity snd the emphasis on research that characterized
$his concern," In an earlier publication Viiet attributes
grouth of research at Abbott to Burdick's "enthusiastie
speciation and thorough understanding of scientifie

ch, and his faculty of fostering cooperative contasts
with investigators in universities, clinics and

Bospitals, ...

It is our impression that probably the majority of

]f ¢ pharmaceuticel houses followed a pattern much like that
Abbotts recognizing the value of sclentific research early
in the 1900's but not conducting substantial, systematic
pesearch aimed at developing nmew products until sometime
during the second or third decade of the century,

‘  The importance of management recognizing an employee's
wm for research work was stressed by ¥, R, Whitney,

' Divestor of the Generel Electric hesearch Department, when

; he sald, "Probably almost every manufacturing plant develops
 among 1ts workmen, from time to time, men who are practically
~ endowed with aptitude for research in their line, They are
'muy the inventors of the company, They are often

= 5 ﬁm:ﬁ *mw, "Historical Sketch of the Abbott lLaboraw-
- mm mrepared for the Historical Section of the

rican Fharmaceutical Assoelation (August, 1&33);
m in Historical Pile of the Abbott Library,
Horth M, Illinodis,

6 E, B, vum *m amu mema we Horth Chi
' Plant," T letin, Vols M, Noe L t&ng
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2 re in spite of opposition. They ave always trying |
few things, They are almost of necessity somewhat 1inefw
flolent in the routine production, In many plants they ave
rely endured, in & fow they arve encouraged, To my mind
jheir proper utiliszation is a safe investment, A mesearch
Mmmw sssists in such o scheme,"’

of recognizing the aptitude to do research posseased by same
m employed in routine production, the same oan be sald for
pecognizing the aptitude possessed by some men engaged in
m or less routine sclentifie work to do research.
 Intevestingly, in dlsoussing the personmel of the blologieal
 dopartment and the analytical department of Parke-bavis,

| Taylor attributes the early progress of this fim to gebting
' auployses to do developmental work. Taylor cbserves, "at

| the time I began work in the Analytical laboretory 1t

| ineluded both routine anelytical work and various types of

. pesearch as did alsc the Blologloal Department, If a man
 ghowed interest in any new problems he wes quiekly glven

. some in addition to routine work. I know because I got a

' few, This was to my mind one of the secrets of the progress
~ of Parke, Pavis and Company, getting enyone who wes &t all

} interested in developmental ww‘m”a

E s m B. mmy, ”m as g muma:k me.* Ihe

8s P O lor to O, Sonnedecker, August 16, 1961, in
’ ﬂ:“ﬁf‘hwitxt w& ' ! 1
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| okgrounds of men engaged in research in the
phamaceutical industry during the "formative periocd" were
l’. rather diverse. Among the different scientific disciplines
~ represented in the early sclentific staffs were physicians,
shemtets, pharmacists, bacterlologists, botanists, chemieal

physiologists, and eytologista,

 The degrees possessed by early industrial research
 selentists inoluded some Doctor of Philosophy and Dostor
 of Modlcine degreesj others had Master of Sclence or Bachelor
. of Selence degrees, Some of the men obtained all thelr
 degrees in American institutions, while others had degrees
m both American and Buropean universities,

While most of the men were Americans, there were scme
Buropean sclentists conducting research in the American
 pharmsceutical industry during the "fomsative period," Ome
. similitude in the backgrounds of these men would be their

© lask of experfence in industrial resesrch - almost & lack
by force of eircumstance until late in the period heve

. disoussed, A muber of the sarly research men in the

; pharmaceutical industry had previous research experience,

~ however, as members of university mmuiﬂm

it would be of intersst to examine some of the
 administrative procedures, such as the keeping of research
records, that were followed in some early research, Unfor
tunately, ilttle of such infomsation appsrently hes survived
the passing decades, We do know that early in the 1900's
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 some companies kept very detailed records of their vesearch
. work, while other firms did not observe & fommal system for
_ pecording results until the early 1920's. Looking at the
uﬂwﬂ of recording resesrch results used {(as early as 190L)
by the Department of Hxporimental Hedicine at Farke~Davis

'," we can discern some resemblances to procedures employed in
| According to C. T. MoClintock the Depertment of

' Experimental Medioine was doing both the routine work of

~ quality control and blologleal research wmkﬁ Some insight

. 9. U4 Te MoClintock to E, G, Swift mgma:s 190L, in the
4 ﬁim&ﬂa&l File of m: P;rkwm;i pum& Idb (‘- Ann
Meim was mﬁe so6xt: .axw um ﬁm m@ ogleal research

area at least it encompassed various kinds of biolo
mmamwmmm esearct th
sompany W’u and the mﬂuaﬂm# of Prank O
Taylor suggest the idea that the sole functlon of the

mwm, mau»mwa Mwwny mm & broader
soope is glven further credence w a " emmu
Mﬂsm.m of the work uf um ; of B 1 men
Medicine in a companyesponsored
Home of &m;‘ Bulle e,a of Fhermaoy, 1’3‘ twwwg

1903)

fﬁpfs ny lmmu&m (H.Kﬁ.) after reviewin
company documents and laboratory nctebooks that he title
cleal and mﬁmh mmma was broader than the
sm:m Department of Experimental Mediecine, which scems to
have concerned mopre miﬁm the m&m for quality
eontrol and mm work on b&ahalm, as distinge
ulshed from the xwﬁw amumd wainly with the
production of h&n

However, 910 w um» ,
Hedlieline m _ wm‘- specifically
t that was sole mm&‘u m e:mx#;mm

testing all drug tions prior to um&mﬁu
the market, At this time (1910) the W
Experimental Medioine wes & separate depar mt part
of either blologleal or chemical research, !‘w wm
“mmm‘m Cs ?ganmw&*ﬂpmma
1910, in an&aﬁ. File of the Parkeelavis Library, ﬁm
Arvbor, Michigen,
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into procedure as well as research records of this depart-

. ment 1s provided by the following rules:

1.

3e

Lo

Se

b

Te

8.

9

Whenever it is desired to take up a new subject
for investigntion a card designed for the
purpose should be obbained from the 11
chmdemMmi
the subject of experimentation, the name of
the wo w,mnwwwmm&tm The
card is then to be rebturned to the attendant
who will issue & numbered book,

attendant will properly f£ill out
mrﬁa for 1 ‘alphabetlioal smi mﬁml sard

aenolng on a m jeat for investe
us.m a us,u lography s be complled

: g very bi batracts of the work
1ready dons ma m mjwt, citations,
eto., and placed in the record book,.

The records should be written in ink by the
person doing the work, writing only on one
pide of the paper,

The record should be in sufficient detall so
as to show exactly how the experiments were
made and the results obtained, It is desiradle
m&m madt a8 68 40 64 peseidie
are ma as far as poss
the original mma;m, not copied I'rom notes.

411 kimogrephle tracings should be
folded and f1led in the Look in WW
place.

mmwﬁmwmmwmmm«m
m«mﬁnwﬂymmmmm
pages ol cover,

All records and wamm&; as m as pomsible
should be tmm by n and the
record books w over to ‘

attendant, who umﬂwmm
Monday.

any specifications are given to the

W&ﬁ:’smx or other Departments for
WM# w m

m mmm of a fiew m@oﬁ
specilications must be fi Eho mm,
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1.

12,

13.

L.

15,

16,

122,

and bvefore the specifications are sent out
they must be countersigned by the director
in charge.

When an m&mta%m u&m for
pharmac ulm or Mmﬁ study

& record be mm&dm complete
wmﬁm of its of manufacture,
ote., as far as possible,
¥hen an experimental t 1z turnmed over
for laboratory of t should bve mewmud

2 brief statement of its physical and
:gmm 1 propertiesn,

mgmmammauﬁmdw

MMM muwzsmmm
W,mwwzm o ots
rec on the s or example,
label Experimen mm R/ 99. 1n case
e mmd lot of mpwlmm pmﬂnmﬁ is made

to the original or modifile

.t should be labeled mm
mmn/ma;amamm would be
WWB;‘M

mt is turned ww
m#&r ﬁmhﬁuﬁmuwwm
use of the product.

amrimm pmmm are mm for

‘ mnwmmmumﬁwmmm

mﬁmwmﬂywdﬁmmmmawm

The records of the results of pharmacological

and basteriological work shall be kept in

&%wm;xwammamwmw'ﬁ
m&wm mma

under .um

complet mmmm:. uwhmdw

the library attendsant who will compile them

with the chemical records and refer them to

the director in charge for further consideration,

if a review of the results of the labora
work shows that an experimental producst will
probab! m of oliniecal value, sulfisient
quantii ai‘a the product uui be um&” an
in charge and sent out to eliniclans as
it is deemod advisable.

g
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18,

19.

20,

21,

One month after the samples for clinieal trial

are sent out a follow up letter is to be

mmwmamwmmm,mawm
to those clinieians who have not reported.

Two months after the samples are sent ocut a
consideration of all the MMM r and
eliniecal results should be mmde & decision
mmﬁmd as to the advisability cxr prlacing
product on the market, If the Mm&m

wﬁ? “mogabive ono (% shoula bo 1y
mm for much sion,
Where 1t is deemed advisable to add the product

to our list, proper recommendation should M
made to the General Manager and to sush other
intereated parties as 1s thought propers

Sueh recommendations should be agcompanled
with material for ciroulars, labels, eto.

Ir m mmt is rzmn placed on the

market a t should made that samples

of the actured um before they

nmt out amw be referred to the Department
of Experimental Medieine for O, K, until such

@m g8 1t is deemed andvisable to have other

parties held responsible for them.

ﬁepua of m. advertia mm, amms,

: a. should be aubmit
mmmmamsmm; unaw.m
the other data on the mwu

Coplies of all m&a&ﬂuﬁ&m. memoranduns,
roports, htﬁmg am g pertaining to the

product ﬁm been mentioned
Wt 1y = W mm in proper order
rmmc.

ixperimen oine," xfgb,
mmmwumh ,mm,

"Rules rw Recording um Work nrm mmw

?ﬂaaf




, W mz chemist and the company executives -=- general
manager, vicew-president, or president =« usually deecided
» what projects would be worked on by the research staff, As
. early as 192}, however, at least one company ( Parke, Davis
- and Company) had appointed a research committee to select
~ research projects,
b When O, W, Smith, President of Parke~Davis, appointed
. & research committee in 192, he sald,
i belleve it will be of considerable advantag
Wmmrgmazmumwmmm
and Chemieal Research work by placing it in the
hands of a speclal committee, such committee to
be known as the Hesearch Committe.ess

The Research Committee will have for its

purpose the direction of all ressearch
work, 1t wlll decide what problems mm be

;m“meod mﬁhuéa of keep records; '
deternine ’ ractical mn%g% be wmum
from the znws mﬂm (1e0ey whe new
products, lmprov ta of processes, papers, otoc.).

The activities of the Committes should be
of such a charscter as to stimulate the best
mmm of the individusl research worker without
detracting from the initiative and |
m mnyafmwzkw, The whole purpose |
committee should be exerted for the |
Mﬁ“ of mzapw the best results for the . |
advancement of mediscal knowledge

pertaining to |
prophylaxis and therapeutics, |

MJ believe the Committee should meob
at a set time and place, W as
M@mﬁzyu onee & week wam every two

AR .

O We Smith to E. M, Hough
niw&-uu m& of the Pe
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| Individual researchers usually reported to the
 divector of research and the director reported to one of the
" eompany exeoutives., For example, at Upjohn the resecarch men
peported to Heyl and he reported to 8, R, Light, the General
% Hanager of ?Mavtm.m
‘ Few records of early research expenditures have
. gurvived through the passing decades.3
 ‘ Thus we have no clear ploture, as yet, of how much
~ money pharmaceutical companies were spending on research
during the “"formative period,"
3 one example just after the close of the period here
| ponsidered may be cited, if we Bear in mind the lack of
evidence that 1%t is representative., By 192}, one prominent
;; sompany was spending $73,023 on chemiecal research; by 1927
b ats same eompany was spending §122,192 on chemical
researchj and by 1930 (after the economie crash) this had
doclined to $100,379.

In addition to these expenditures on chemieal research,
the company was spending some money on biologleal research,
In 1924, §6,248 went into biologlcal research, inoreasing

12, Trenseript of interview with Prederick Hsi
conducted by G, F, Cartland, November 6, 9&
personsl file of M, K, W,

rample, although Parke-Davis has preserved
ammm information about its early research, the
firm has not been able to locate any ecarly te
whioch indlcate how much they were spending on research
during the “ram%w iod." This has also been the
amtw&% other o lea we have obtained information
m :

13.
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w 1927 to §53,148, and then declined to 47,805 by 1930, 2

~ There is mm:u which suggests that several pharmae
‘ﬁ‘: seutical companies were cooperating with university

f'»' selentists prior to 1920, Por example, while dlscussing the
| work of the Department of Experimental Medicine at Parke=
Davis in 1904, MoClinbock said, "An attespt 1s being made
to Lisolate and grow the organimm causing Texas Fever in

| Gattle. This work is being carried on in eonjunction with
' Dr, Novy of the University of Michigan."® Joseph Helfman
. also fuplied that Professor Freer of the University of
Michigan was doing some work in 1899 for Parke-Davis when
ih said, ",..at our instance Frofessor Preer and his
assistants are carefully lnvestigating Jamalea Dogwood and
. Gotton Roots" ¢ we have also pointed out previcusly that

| Abbott Laboratories employed Roger Adams, & faculty member
" of the University of Illinois, as a consultant in 1917

%w

w Sons, by F. W, Nitardy, VieeePresident 15 Charge
WM'Amx a,'m:s:., Pe 5le

| 15, G, T, HoOlintook $o B, G, Suify 15, 190k, in.
- " Historieal Pile of the Parke-savis Livearye

~ 16, Joseph Helfman to Edward Kremers, December 20, 1899,
4 in Kremers Reference File, mmtﬁy of Wimim
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] Thus some pharmaceuticel companies had the eollabora-~
tion of university scientists at a time when there was still
& relatively tenuous link between univeraity sciontists and
 American industry at large. |
? There i# considerable discussion in the literature
about the lack of cooperation between imdustrial and
; wiversity seientists prior to World War I,
| W, A, Hamor points out that one reason for the linited
. gooperation between industriel and university selentists was
 the secreoy that surrounded mueh industrial research, Hamor
_; m;

soncerning industrial «
to all that there is mt nm.. Wu&tm
between mmu”mmn mﬁ w mmemu

have been te na to 14 ahd
sy elseonirios mds in SR
mwm mmmmummw N

Sie, $he magt eluable $66ebs OF (N SUROETE.

The universities and the solentifle imﬂm,
e exist for the diffusion of

mwm gm‘& mmm -
mwuwmmm& the actual menufac-
lng practice. vmw. the polliey of

8 bocoming more generally
WMW&MMWMMWMGa
inelination among mamfacturers to disclose
au ls of mg:ﬂmuma. whioh aceording to

tredition Those
manufacturers te the fact that mm
interest in wioal achievements iz s

to further frultful research, that helpful
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suggestions and Information may come Irom other

izmmt tions W
soetly mﬂt&m, |

2 Although there is apparently much less seorecy today
umm; research than before World War I, industey
i  has not completely cast off this treditional attitude of
| "trade secpecy,” Jack Cooper, PheD., Director of Fharmesy
 Researoh and Development Division st Oiba Phammceutical
' Compa ¥ recently pointed this out by saying,
i T Tebustetas wiso oy i oy’
research as mpmmm by the so-called WM
m" w.m o 1: is 1llusory world of

\msymmm
: dvanteges m%

mmuum of any m:,

»

p wmummmmm

mmg”wmmﬂ@mmﬁ‘ﬁa‘ag

and oriticism and grow stale from lock
sourse w«mmm»mmimu These

Mmﬁm&w&%y
wum ma no ﬁu mwim m opportuni iy to

However, the restricted cooperation between industry
. and university selentists was not all the fault of industry,
Avthur D, Little polnted this out in 1913 when he said,

T‘ - ol

17. ¥, A, Hamor, *m Value of Industrial Research,"”
L0 colenvilic Monthly, 1 { 915)‘ Fﬁ %Q
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in view of the evidence offered by Germay of the
farereaching benefite resulting from the close
so-operation which there obbtains between the
university laborstory and the industrial :ﬂam,
it must ’bﬁ adnitted w’im regret that our m
mwum ar m@, amm

Mt&m &" 1ts tm&uﬁ mﬁ ﬁmgw

i Some universities were better equipped for industrial
| essareh, 1n both attitude and facilities; and auong those
little mentioned as collaborating effectively with industry
| weve the Massachusetts Institute of Technology, Cornell

| University, and the Universities of Wisconsin, Illinols,

~ Kansas, end Pittsburgh. But relatively few universities

~ had established facilities for industrial resesrch early

in the present century,

; Although benefitting pharmacy as an eventual elient
 industry, 1t interests us move particularly as expresaing

. @ trend end time mnmmammmm,mw
| systen was establishod by Robert Kemnedy Duncan at the

mm vmwm *zmmx xmwch m &Mm

; Im” - poal of
‘ (19‘1&3&@?1.73&3 M



.I! University of Kansas, ’

The idea of mwmﬂwﬁg

Puncsn in 19 mmmmn he Sixth
lmm&&ml plied Chemistey in

RoMO.see Through ﬂu&ta of pection to factories,
me“, and universities of some Wa

aountries through conw tion with

mm&»w and scientists /prior to the Congress/,

he had boconme Wuﬁv&m laces with |
the spirit of on that existed between |
technology and se mmmmm |
ment of both, At the seme time, he became aware,
mymmwm,thmaMWM _
Amorican chemlcal industry, from the standpolnd |
wmmmmgmmw was in & weak |
ocondition, The sbsence of the spplication of

seientific mmmm&mmmm
mnumwmm, ,mm&ﬁ%

glmmb» anﬂ;mwmm?ﬁ%m 2;‘

: Five years later Duncan was called to the University

4 ﬂ‘ Pittsburgh to insugurate his "system" in a Department

| of Industrial Research, There he galned the Tespect of the
Pittsburgh finenclers Andrew W, Mellon and Richard B, Mellon,
- who placed the Industrial Fellowship System on & permancnt

" basts (1913) as the Mellon Institute of Industrial

. Research,®’ Especially identified with ph
. pessarch during thirty-two years at the Institute was
. George D, Beal, firet as Assistant Director, then as &

ships, Pittsburgh, 1924, Ppe 2=3.
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Divector of fesearch (1926-1958).

: Just before Duncan's progrem m its final form &8

. $he Mellon Institute, Albert Cushman founded (1910) The
Institute of Industrial Research in Vashington, D. Cs This
MWMM mivision of Foods, Drugs and Agriculture was

' squipped to conduct drug research.?

: ‘ eaching influence of the concept as well es

' the oxistense of the Mellon Institute, and the need laid
 bare by World War 1 for larger resources devoted speelifiecally
%o the chenteal and phamacologloal study of medleinal

mmh institute volced bw the editor of The Jowrnal of |
) Engd g in 1918, Said Editor

L% uﬂ H. Mﬂ

Arw days age we asked s well-known organie
mmmmmﬂmwxymm
wwmbs out methods for the manufacture

S st




aceessible to every worker; third, medicinals,
and here the problems of investigation become
mich more complex and the responsibllity even
greater, Rarely does the chemlist possess the
AR e e Ay
soanliogis , valologly
determine the therapeutie value of his product,

In university eircles there ls often lacking
that spirit of cooperation between several
elasses of research workers whieh would insure
a thorough examination of these new products of
the organie chemiecal laboratory, or, if the
spirit be willing the means for conducting tests
may be limited, especially now when universities'
finances ave so severesly contracted. I1In a few
manufacturing establishments provision is made
for animal e mentation, but these facilities
are entlirely inadequate and not avallable to all
chemists, .., And atill % suffer, though mush
suffering has been allevia by discoverlies made
in other lands,

ﬂﬂ&%‘ importance of the Intimate
of these workers Jehemistas and blologlata/
evidenced by the work on the synthesis of
new antie-gyphilitiec drug which was recently
sccomplished in the laboratories of the

ockefeller Institute for Medlical Research....
Similar institutions, however, are few in
mumber and the u{uity for works of this
kind is necessarily restricted,

ssah suggestion had been advanced whiech
seems to cover the situation admireble, namely
that an institution somewhat mlam- to the
¥ellon Institute be founded, in which ad te
provision for laboratory tests of all 8 be
made and to which through the establishment of
fellowships, manufacturing organizations ecould
pend well-trained young men for working out
specific problems, Cooperation should be
established between this institution and the
' laboratories of universities, as well
as with the hospitels of the country,

An institute of this character would prove
& great stimulus to the creation of more adequate
research faeilitles within mamufaeturing
establishments for the great glory of the Mellon
institute lies, 1t seems to us, not so mueh in
the sctual results cbtained m%u ita roof as
in the indirect creation of research departments

tion
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in industries which first caught the full
8l cance of research the 1
umumm in that m tution,=

.; m* s proposal precipitated considersble discussion
- among members of the American Chemical Soclety, and this

-: organization initiated plans to sponsor such an institute.
Mm noted sdvantages to be gained and suggested how
,":n institution of this type might be set up and operated.
 However, plans for en institute for drug research aborted
m« of controversy over who should contrel 1t and over
}-'mma under which 1t should operate.

_ Paul N, Leech, Director of the Chemieal Laboratory of
~ the American Medical Associstion, wamed the medical

,ﬁ profession that dangers as well as benefits could como from
: ih proposed drug researech institute, Leech sald,

In view of the agitation te found an institute
for 000 tive research as an aid to the American
drug wz.m the ausplses of the American
Chemical Soclety, 1t will be well for the medical
Wnnmmm:mnsmdn gainat too
mmmm mwm rt of those
‘,m the la h‘mﬁu .80 of WM

S.t u?}m.”:h mm.aw in m “'. g‘ ia W
a km are
?&w» mmmm ww 1 modifie

eations of wc M..u

‘ On the other hand, the conatructive
possibilities of chemistry in the service of
medicine should serve as & stimulus for American
research.... Cbvicusly the imericen chemiat has
the ehgt an his resourcefulness in
n&mmm health of America and the world,

 Horty, "mv Mim in Mum of mmm“

Lagkh. fme‘w arc o L Gt
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in this sonnection, a ' tive institute
mm to purely scien ¢ drug research, and
governed in such a menner as to inspire confidence
y Mm humani tarianism md wbma mm&,
should serve a most comsendable purpose
Wn af&mﬂmmm m&nm are fara
wommental research institution e mxamtiw
wiw ull auiw pmtuuim == and as the Chicapp
C L0 umm tripped of all M BB
&ahmu not dominated

Ww &Waﬂ selentlats,"s

The maln reason this institute never was established
 Jos in apprehensions such as Lesch volced; that is, the
problem that one organization or one group of scientists

| would try to control the institute.®

. Vo have elready mentloned evidence that same phammas
:, ssutloal flrns wm linked with eollaborating university

i

P

[ &. Paul N, mm ”mmmm Synthetic Drugseil,"
g A530 J 1 *x:* L ol the AmMer.can (6 leal Assoclatlon,

w..; Por information ebout the proposed drug mmm
:.mﬁwta see: 4’. J.‘ A%wlv Hatlona.

Fr !" ‘.u ," oo : 3 o ‘, [#.«..‘M 4,

Lnstitute fwm«iﬁﬁmw Joamad’s
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ge of industrial and scademic science through graduate
pwihips comes within view by 1917.

Making what must have been one of the earliest
] soutical awards of its kind, F. E, Watermyer,
\President of Pritssche Brothers of New York City, announced
;if May, 1917, the establishment of a fellowship ({500
snnually) at the University of Wisconsin School of Pharmsey,2®
mm Brothers'! vanguard position in this respect becomes
rotandable not only from its German antecedence, but
 the importence that the American firm's own research
bad in gaining & leading position in the field of essential
| and pelated mmm,m
! A further exmuple -- and there way have been others -
‘Mas the fellowship Frederick Stearns and Company was
sponsoring by 1920 ($500 ammally) at the niveraty of

'Ww.w for vesearch in mmhm

1] "

l&. mmmmv left by Edward Kremers, in Kvemers Ref
File at the mwnm&ty of Wisconsin (031(a)i mumm).

The work conducted by the reciplents of this fellowship
covered such topics as the terpene problem of Honardas,
the derivatives of Wlwummi the two
xmuc phenols of two close gg nhista am&w ur

and a tm&tﬁ. 3% leon-1ike
cm»xna{n of thymogui:

L
1

27, Bavard Kremers s vrdaney Bistory of Marmae
;;. y m ’ﬁ‘.’ Mhﬂ&‘m’ ’ p‘ iy

- 28, Callie Bull, mmu &mmxn m 3.936 in the United
States of m »L in \w wm&ms

%1. 2y ﬁﬂ'v 7 ;
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4 During the third decade of the century, somewhab
.'Wwwmmnm, there was an increase in the
maceutical industry's support of research activities
"r acadenic institutions and research institutes, Por
exaple, in 1922 E, R. Squibb end Sens established a
"'?mwm» at the Mellon Institute, which secured for the
finq the opportunity of using this well-known institution
for vesearches on medicinal produsts and sush other products
‘@8 fall into our 1ine,"?9
By 1930 Squibb was supporting research in a mmber of
‘other universities, such as fellowships at the Sterling
Chemical Leboratory of Yale University, the University of
Mimnesota, and the University of Pittsburgh Dental Sehool.3
" "In 1921 E1L Lilly and Company adopted the poliey not
enly of supporting sbstract sclentific work on fundamental
 problens, which might have no lmsediate practical bearing,
" but also of publishing freely those results that ave of
 practical value in the belief that only by full publisity
| and interchange of results and ideas can rapid progress be
 made in any field of researchs Such & policy.e. should
- Becure cow-operation fram universities and research institu-
tlons and enable the company to add to its sclentific staff

ieport on Prog w 5 in b ae
ﬂf Eﬁ Rn Wlb; and MQ

April B, 1931, pe 5le
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who are looking for opportunities to carry on investe
and facilitien," >t |
y The year after ILilly established this policy they
‘became asscoiated with the University of Toronto in the
development and production of insulin,

i Recalling this achievement during the dedlcation of
‘the I1lly Research Laboratories (1934), co-discoverer Sir
W& Banting sald,

, Vhen the first report of insulin was made at
New Haven in December, 1921, Dr, G, H, As Clowes
offered to put the resources of the Eli Lill
Compeny at our disposal whenever we felt tha

our laboratory experiments had reached the point
at which thelr practical co-operation might be of
benefit., About April, 1922, we accepted his
kind offer, Prom this time the Eli Lilly Company
sollaborated with us and were of the atost
assistance in the development of the large-scale
production, There was an intimate reclprocation
of all results between the two laboratorlesS....

in the autuwan of 1922 the product was still

extreme w e and we were experi great
M&mﬁy th deterioration and sensitisation
e Tt Fioot othe Ge otieeh & veu

ly Company were {'irst able to eot & very
mﬁimm rifioation and eoncentration of
the product b amﬁdmg the iso-electric meothod
of precipl vzm. .8 product had the added
advantage of being reasonably stable, The ylelds
at that time were still very small, but by
January (1923), as & result of work carried out
in the Comnaught lLeboratories and the E1l Iilly
Company, we \m-!au‘blo to provide insulin to aboub
250 elinfolans,- ’

31, Archives of Ell I&lly and Oc v to M, Keith Welkel,
33“ March 1, xm,mﬁ%mxm. grx.n’;w. .

"

Insuling
op, Indianapolls,
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This significent example dramatiszes the more frultful
bond that had developed by the 1920's between pharmsceutical
oning in Ameriocan

Moreover, in accepting and institutionalising indus-
trial research s never before, the private, university end
laboratories were finding comson ground at a higher
level, It signified that the formative stage had come to
an end, Research as a funotion of pharmaceuticel industry
was completing s metemorphosis that brought the industry
4tself to a more mature stage.




SUMMARY

: To see in perspective the evolution of research in the

pharmaceutical industry we must keep in mind that not until

the m1d-1800's did phamaceutical production in America

become visibly industrial, Between 1850 and 1900 & musber

of companies that are prominent today were established, and

the structure of the industry began to sollidify,

4 Among factors found to have affected the development

of research in Americen industry, not the least was the

 dron demand of war, with World War I probably providing

4 industry with o pivotal thrust at the tuming point into

;ﬁ golontific selfveliance and crveativity, just as the Civil

' War seems to have put down the last barricades to an

 industrial revolution in American drug production as in the

'! eoonomy at large, The Federal Pure Food and Drug Act of

| 1906 was seen as an indirect stimilant to ressareh in the

. drag industry, Chemical and pharmaceutical journals and

. assoslations established mainly during the latter part of

 the 1800's and the early 1900's played their part in

 eultivating requisite lmowledge and whetting research

i ambitions, .

i Among factors that delayed vigorous development of
posearch in American industry, we noted a dependence on

ol e



. Buropean countries -- especlally Germany -= for meny of our
' drugs and ehemicals; the long walt before many American
educational programs in the sciences were functioning at the
; research level of Europesn institutions; and management
:‘A limited appreciation for research as a sound risk for

- investment., If we are to comprehend what might account for
. pesearch remaining beyond the practical possibilities in
 the planning of most industrialists, some Lmpressions beyond
 the faots we have marshalled should be taken into account,

| Before World Var I, an expanding population and an improving
. system of communication end transportation placed markets of
 dimensions theretofore unknown at the dispossl of adventure-
 some entrepreneurs, Faced with opportunity to explelt the
 new advantages of large-seale industry, through free-

| Mheoling enterprise, the relationship of seience te the
 Lmediate world of industrial entreprenours mst have seemed
~ bstruse and remote, too little needed ss an industrial tool
" o conmand mush of their thought or capital,

4 The purpose of manufacturers wes to manufacture
things, There were a great many things walting to be made,

~ Ideas for additional new things eould be had from selentists
_ and inventors, who perhaps by definition were dlsscclated

~ from the work-a-day world of commerce, business and

~ factories, A shrewd business man could buy or borrow ideas
~ from a professor or inventor without paying him to work on

. momething he might or might not ever discover or make

j practical,

‘g




(a)

(b)

{e)

13e

it perhaps csme to seem reasonable and needful to
_absorb this inventive funotion into the mamufacturing
entorprise 1tself when: |

Mass production put industry on a seale where
the costs of such an unpredictable enterprise as

. pesearch could be bome == could be afforded =

as & business speculation or risk investment;

The complexity of epplied sclence became sush
that new products and new industries more and more
planning, This could be best alfforded by large-
seale industry, which stood to benefit; and if
industry was to put In such large sums, 1t was
better to have the effort entirely under the

for the major efforts ,
AS the rate of population growth slowed down and
the maber of largee-scale menufscturing unlits
increased after the end of the 1’9& century,
there were not so many fortunes waitlng to be
plucked by making the host of things based on
old knowledge, which an exploding countyy

old thirgs for ever new markets, there was an
inereasing pressure to make new things for old
marketss '




ke

() At loast with respect to imericsn pharmmceutisal
industry, the legal requirements after 1906 made
less & necessitys and these indlviduals were
almost certain to be exponents of the frultfulness
of sclence for industry, centers of propaganda
for what science could do, Management was
getting manpower, oquipment, and ldeas wlthin
their walls, with a potential for research and
suggesting industrial science and ressarch even
before there were noticeable research beglmning

¥hile these zm'mim may be applicable to a large

. proportion of American industries = insluding the pharmes

 pointed the way and proved to the more skeptical Lndustrisle

~ ists that research could serve as & valuable tool for
mw. We found that the management of at least one or

' muﬂmmwmwmzm

groms late in the 1000's

. and early 1900's,

Thelr rodecessors were a lfew particularly smblitious

. commnity pharmacists attempting to develop better methods

_ of preparing drugs they dlspensed in thelr phammacles, or
supplied at wholesale to outlying pharmacies and medlecal
practitioners, In the 1870's the attention of some dmug
fivms had turned to an investigation of the active prineiples



' of vegotable drugs, and efforts were made to find additienal
f Duwring the 1880%'s the selentific endeavor of the drug
industry centered around shemlsal standardization methods

' for drugs of naturel origin,

i The sttention of the American drug industry turned to
' the exolting bologieals during the early part of the 1890%s,
and some fims employed solentists to help them produce

' blologloals that had been dissovered abroads le also noted
| introduced to American medicine at this bime,

E Avound the twrn of the century some offorts to develop
:.0 improve chemical drugs became visible, The First World

| War markedly insreased activity in research aimed at

| The fivet attempt to deplot the history of phammmco-

] industrial research in its formative stage, foeusing upon

& fow companies in the vanguard of the industyy, involves
& complex development that merits further studies if we

' are to have adequate understanding of the vange and
 eharacter and diverse levels of early reseavch in the

MWMwmmm

-auﬁm to m mm role m m 1=
b of chemical and : AT W
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; The evidence has mounted during this study confirming
 that Parke, Davis and Company not only was a piloneer in
 phamsaceutical industrial research, but was the firet
| gompany to formally employ & research director, and the first
tompany 1n Amerlcan industry at large to consbruct & building
specirioally for selentific wwic (1902), The seope and
 breadth of the Parke-Davis research staff and the research
. they conducted all testify to the sophisticated research
progren of this fim during the "formative period,” In his
 presidential address before the American Chemical Soeciety,
Avthur D, Little, lists Parke, Davis and Company among &
| growp of companies in American industry at large that
 possossed excellent research laboratories.”
g From the limited information that was available to us
 gbout early research at Ell Lilly and Company, it eppears
' $hat this company also played an important part in the
: mma.mwwmammum&mwm
-,_-5 many factors whish have contributed to the develomment of
 pesearch as am#&m of m pharmeceutical industry,
~ Taylor saiq, "
The thing that comes first, the seed from which

develops, is what we might call

all research
m "‘axm'% of mmm - an active desire
the improvement of mm products; for

2 m E« mmu,‘*zmm Eummh ﬁ.n Mm"'




mm
m but mmuy ww
It u&w be that beoause of m mxmu%'&t
proper mmmm apparatus the Control

Mm*mﬁtwwmm“mmmﬁm
~ "formative perlicd" was esoming to an end by 1920 in American
. industry becomes elear from Maurlece Holland's analysis:

B MWthwﬁw single faotor in
g, { yoars betueen 1920 and 1939 was the
4 300 m:mm“ in the early m“
tomz,mmww:rmsmfmmm
research workers to over 70,000 and from
mﬁim gwmm of 100 us,nm dnnm
:w 1” 00 million 48 the bare
statistioal But the mere measure of sisze
and masbers is only one quantitative basis of
ocomparison, mmmmummammm
mmcﬁby&nﬂmimwﬂﬂmu
, o of sise of company, fleld of Industry,

3.3? 0 m—mn Relth Welkel, June 1962
e e o T . s W
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in brief mmamsmx iath
sod as the era of " fotlhm ey

m& mmm ‘b@* m m&w immﬁ

As the farmative period was coming G
coutical fime were cunduatin

; systematic

mmm wore expanding thelr staffs and thelr physical
facilities., A mmber of drug companies had the research
 gtaff and facilities that would sllow them to play an

~ dmportant role in the new era of the exciting chemothera-
ghead; and these very dlscoveries tended to make research
@ necessity for any company that desired to be in the

be MW, mm“ ,ma
L 5. TEONL ™ W la—




This llst of titles of the published research papers
‘the type and soope of ressarch work being conducted in
several fimms during the "fommative perlod," One must
 vemeuber, however, that thess lists arve only representas
of the work that was published by these departments.

| Ve should keep in mind some of the limitations of
Abase m@aﬁ' The FParke-Davis M, covering the years 1912

partments, This ma goes somewhat beyond the years of

' gur present interests, thus meking information available for
- further lnvestigatlons or for comparative purposes.

3 The 1ist of Upjohn's research publications represents
_. the first sixzxty publications of its research laboratory

: and covers a span of years Irom 191l ﬁul‘?&%

: The 11st of artioles published from Dermatologies]

. Research Laboratories represents sll the papers published

| by the sclentists of this institution from 1912 to 1921,
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REPRINTS OF PUBLICATIONS FROM THE RESEACH DEPARTMENT

PARKE, DAVIS & COMPANY, DETROIT, MICH,

The present system of collecting reprints of articles published from
the Research Laboratory was begon in 1912 In 1931 reprints of chemical
research articles published during the vears 1920-1930 were added to this
list (see Nos 389-432). Heprints of many of these articles are available
and will be sent upon request, but those publications marked with an
asterisk are o longer available

The list docs not include reprints af peblications from the Analytical,
Pharmaceutical or Experlinenial Medigine Dopartients,

L. Om the Administration of Diphtherfa Toxin in a Collodien Sac,
By E C L. Miller. (Jowraal of Infechons Diseases, Vol B, January,
1951, pp. $)-65.)

2. A Further Contribution to Our’ Knowledge of Insecticides—Fumi-
gants, By Chas, T, MeClintock, H. €. Hamilton and F. B. Lowe. (Jour
wal of the Americen Pubdic Henlth Associstion, Yol 1, April, 1911, ppe
227-238.)

3. Duhoisia Hopwoodii—A Histological Study, By Oliver A, Farwell.
{ Reprinted from Merck's Report, Vol 20, May 1, 1911.)

4. Etiology of Canine Distemper, By Newell 5, Ferry, (Journal of
Tifectivgs Diseares, Vol 8, June, 1911, pp. 399-420.)

5 The Resistance of Smallpex Vaccine to the Coal-tar Disinfectants,
By Chas. T. MeClintock: antd Mewell 5. Ferry.,  (Jowemal of the Awierican
Pubfic Health Association, Yol 1, June, '19115 pp. 418-419.)

fi. Production of Tmmunity with Over-Newtralized Diphtheria Toxin.
By Chas. T. McUlintock and Newell 5. Feery, (Abdruck Aus Dem Con-
sralblati fir Bakteriologie, Parasitenbunde wnd Infectionskrankhcilen, Abt.
1, Oiriginale, Tl 59, July 15, 1911, pp. 456-464.3

7. Soaps from Different Glyeerides—Their : Germicidal and Tnsecti-

didal Values Aldone and Associated with Active Agents. By H. C. Ham-
itten,  (Jonreal of dndustrial wnd Engiveering Chemiiztey, Vol, 3, August,
1911, pp. 582-584.) 4 e

8 The Slecpy Grass of New Mexico: A i ical Study., By

Oliver A, Farwell,  (Merck's Repord, Vol. 20, Oetober, 1911, pp. l-2.'r'3.3
0, Some Ohservations on the Physiclegical Action of Sleepy Grass.
v A W, Lescobier. (Merck's Repart, ;20 October, 1911, pp, 71-

10 An Investigation of the Depressor Agtion of Pituitary Extracts,
e Carey P. McCord.  (Archives of Internal Medicine, Vol. 8, November,
L, pp. G09-620.) - W

© 11. The Physiology of the Pituitary Gland and the Actions of Tts

ts. By Carl J. Wiggers.  (Awerican Jowenal of Medical Sciences,

‘ol 141, April, 1911, pp, 502-815.) -]

12. A Physiological Investigation of the Treatment - of Hemoptysis. -

E?ysgaﬂ J. Wiggers, (Archives of Internal Medicine, Vol. 8, 1911, pp.
o _ # L :

S it Sterilization : A Preliminary Rc&mrt. By Willard
of Swgery, Vol, 54, July, 1911, pp. 0693-695.)

14. T i Pyogenic Microorganisms o, the Etiology and
Treatnient SLK, gy Henry Rockwell Varney, [l'ﬂh State
Medical ] mher, 1911 : 2

15. A Mie with Unusual Characteristics as a Faclor in a Re-
sistant Dern Resembling Acne Vulgaris. By Henry Rockwell Varney

(.

owrnal of Cwtancons Diseases, Vol. 3, February, 1912,
S = A ki EE & W 18 o "
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16. Serum Treatment of Hemorrhage and Blood Dyscrasias. By A.
W. Lescohier. (New York Medical Journal, Vol. 95, February 3, 1912,
pp. 223-229.)

17. Further Studies on the Bacillus Bronchicanis, the Cause of Canine
Distemper. By Newell S. Ferry. (American Veterinary Review, Vol. 41,
April, 1912, pp. 77-79.)

18. The Pharmacopeeial Requirements for Cannabis Sativa. By H. C.
Hamilton. (Jowrnal of the American Pharmaceutical Association, Vol. 1,
Mareh, 1912, pp. 200-203:)

19. The Heart Tonie Unit. By H. C. Hamilton. (American Journal
of Pharmacy, Vol. 84, March, 1912, pp. 97-103.)

20. Studies on the Etiology of Equine Influenza. By Newell S. Ferry.
(Veterinary Journal (London), Vol. 19, April, 1912, pp. 185-197.)

21. A Method for the Bacteriological Standardization of Disinfectants.
By Tatsuzo Ohno and H. C. Hamilton. (American Journal of Public
Health, Vol. 2, May, 1912, pp. 331-338.)

22. Physiological Testing. By E. M. Houghton. (Awmerican Drug-
gist, July and September, 1911, and January and April, 1912.)

23. Bacillus Bronchisepticus (Bronchicanis) : The Cause of Distemper
in Dogs and a Similar Disease in Other Animals. By Newell S. Ferry.
(Veterinary Journal (London), Vol. 19, July, 1912, pp. 376-391.)

24. On Feeding Young Pups the Anterior Lobe of the Pituitary Gland.
By T. B. Aldrich. (Awmerican Journal of Physiology, Vol. 30, July, 1912,
pp. 352-357.)

25. A Practical Portable Incubator. By Newell S. Ferry. (Abdruck
Aus Dem Centralblatt fiir Bakteriologie, Parasitenkunde und Infections-
krankheiten, Abt. 1, Original, Bd. 65, Heft 4/5, 1912, pp. 412-413.)

. .....26. Tobacco Extracts: Their Comparative Values as Insecticides. By
W. O. Hollister. (Journal of Economic Entomology, Vol. 5, June, 1912,
pp. 263-267.)

27. The Pharmacological Assay of Pituitary Preparations. By H. C.
Hamilton,  (Journal of the American Pharmaceutical Association, Vol
1, October, 1912, pp. 1117-1119.)

28. Pituitary Extracts in Obstetrics and Gynecology. By A. W.
Lescohier and O. E. Closson. (Journal of the Michigan State Medical
Society, Vol. 11, October, 1912, pp. 650-657.)

29. Biological Products—Veterinary. By Robert H. Wilson. (Amer-
ican Veterinary Review, Vol. 41, September, 1912, pp. 668-681.)

30. The Tsolation and Cultural Characteristics of Bacillus Acne. By
Edwin M. Stanton. (Centralblatt fiir Bakteriologie, Parasitenkunde und
Infektionskrankheiten, Original, Bd. 66, Heft 5/7, 1912, pp. 386-389.)

31. Studies on Hog Cholera. By Walter E. King and Robert H.
Wilson. (Journal of Infectious Diseases, Vol. 11, November, 1912, pp.
441-458.)

32. Studies on the Virus of Hog Cholera. By Walter E. King and
F. W. Baeslack. (Journal of Infectious Diseases, Vol. 12, January, 1913,
pp. 39-41.)

33. The Physiological Activity of Cannabis Sativa. By H. C. Hamil-
ton, A. W. Lescohier and R. A. Perkins. (Journal of the American
Pharmaceutical Association, Vol. 2, January, 1913, pp. 22-30.)

34. The Iodine Content of the Small, Medium and Large Thyroid
Glands of Sheep, Beef and Hogs. By T. B. Aldrich. (Original Com-
munications, Eighth International Congress of Applied Chemistry, Vol. 19,
1912, pp. 9-14.)
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35. Studies on the Virus of Hog Cholera. By Walter E. ‘K‘ing and
Robert H. Wilson: (Zeitschrift fiir Immunitatsforschung und Experi-
mentelle Therapie, Bd. 16, Heft 3, 1913, pp. 367-376.) A

*36. On the Cultivation of the Treponema Pallidum (Spirochzta Pal-
lida). By F. W. Baeslack. (Journal of Infectious Disecases, Vol. 12, Jan.,
1913, pp. 55-67.) : 3 ; 3 it

37. Studies on the Gonococeus, I. By Carl C, Warden. (Journal of
Infectious Diseases, Vol. 12, Jan., 1913, pp. 93-105.) 7

38. Studies on the Virus of Hog Cholera. By Walter B, King, F, W,
Baeslack and George L. Hoffmann. (Journal of Infectious Diseases, Vol.
12, March, 1913, pp. 206-235.) ; ;

39. Bacillus Bronchisepticus—Its Relation to Canine Distemper. By
N. S. Ferry. (American Velerinary Review, Vol. 43, April, 1913, pp.
16-30.)

40. Drug Influence on Extrasystoles of the Mammalian Heart. By
Carey P. McCord. (Interstate Medical Journal, Vol. 19, Oct, 1912, pp.
870-880.) ? . e

41. The Employment of Protective Enzymes of the Blood as a Means
of Extracorporeal Diagnosis. I.—Sero-Diagnosis of Pregnancy. By Carey
P. McCord. (Surgery, Gvnecology and Obstetrics, Vol. 16, April, 1913,
pp. 418-421.) ‘< :

42, Tribromo-tert-Butyl Alcohol, CH:OBrs. By T. B. Aldrich.
(Journal of the American. Chemical Society, Vol. 33, March, 1911, pp.
386-388.)

43. On Feeding Young White Rats the Posterior and the Anterior

Parts of the Pituitary Gland. By T. B. Aldrich. (American Journal of:

Physiology, Vol. 31, Nov., 1912, pp. 94-101.)

44. The Rationale of the Use of Adrenalin in the Treatment of
Asthma. By Carey P. McCord. (Medical Record, Vol. 83, March 8, 1913,
pp. 431-432) :

45. Standardization of Disinfectants: Some Suggested Modifications.
By H. C. Hamilton and T. Olino. (dmerican Journal of Public Health,
Vol. 3, June, 1913, pp. 582-588.) :

46. Preventive Measures Against Equine Influenza Based on Its Bac-
teriology. By N. S. Ferry. (Report of the Proceedings of the United
States Live Stock Association, December, 1912, p. 127.)

47. Correcting Water, By H. C. Hamilton. (Bulletin of Pharmacy,
Vol. 27, August, 1913, pp. 330-335.)

48. Duration of Immunity Following Small-pox Vaccination. By A,
W. Lescohier. (Journal of the American Medical Association, Vol. 61,
Aug. 16, 1913, page 487-490.) » »

49. On Crystalline Kombe-Strophanthin. By D. H. Brauns and O. E.
Closson. (Journal of the Awmerican Pharmaceutical Association, May,
June and July, 1913, Vol. 2.) :

50. A Comparative Study of Antigens for the Wassermann Reaction.
By H. R. Varney and F. W. Baeslack. (Journal of the American Medical
Association, Vol. 61, Sept. 6, 1913, pp. 754-757.)

51. The Treatment of Tetanus. By Charles T. McClintock and Wil-
lard H. Hutchings. (Journal of Infectious Diseases, Vol. 13, Sept., 1913,
pp. 309-320.) :

52. Spirochata Suis, Its Significance as a Pathogenic Organism,
Studies on Hog Cholera. By Walter E. King and George L. Hoffmann.
(Journal of Infectious Diseases, Vol. 13, Nov., 1913, pp. 463-498.)




4

53. Time Recorder for Kymograph Tracings. By Oliver E. Closson.
(Journal of Pharmacology and Experimental Medicine, Vol. 5, Jan., 1914,
pp. 235-238.)

54. U. S. P. Menstrua. By H. C, Hamilton. (American Journal of
Pharmacy, Vol. 86, Feb., 1914, pp. 56-61.)

55. Numerical Variations of the White Blood Cells in Mice.Inocp-
lated with Transplantable Adenocarcinoma. By F. W. Baeslack. (Zeit-
schrift fiir Immunitatsforschung und Experimentelle Therapie, Bd. 20,
Heft 5, 1914, pp. 421-435.)

56. A Study of the Germicidal Action of the Ultraviqlct Rays. By
E. M. Houghton and L. Davis. (American Journal of Public Health, Vol.
4, March, 1914, pp. 224-240.)

57. Some Phenomena Involved in the Life History of Spirochazta
Suis—Studies on Hog Cholera. By W. E. King and R. H. Drake. (The
Journal of Infectious Diseases, Vol. 14, March, 1914, pp. 246-250.)

58. The Sterilization of Adrenalin Solutions. By L. W. Rowe. (Amer-
ican Journal of Pharmacy, Vol. 86, April, 1914, pp. 145-149.)

59. Infection and Immunity: A Review. By N. S. Ferry, Ph'.B.,.M.D_
(Journal of the American Pharmaceutical Association, Vol. 3, April and
May, 1914.)

60. Disinfection—What Disinfectant is the Most Generally Applicable
for Clinical, Surgical and Sanitary Purposes? By H. C. Hamilton.
(Therapeutic Gazette, Vol. 38, May, 1914, pp. 311-315.)

61. Study of the Bacteriology of the Posterior Nasopharynx in Scarla-
&na.%]s?»})' N. S. Ferry, M.D. (Medical Record, Vol. 85, May 23, 1914, pp.
4-935.

62. Some Experiences with Bacterial Vaccines in Scarlatina. By Guy‘

1 Kiefer, M.D., D.P.H,, and N. S. Ferry, M.D. (Medical Record, Vol.
85, May 23, 1914, p. 936.)

63. A Sero-enzyme Test for Syphilis. By F. W. Baeslack, M.A.,, M.D.
(The Urologic and Cutaneous Review, Vol. 18, May, 1914, pp. 234-238.)

64. Bacteriology and Control of Acute Infections in Laboratory Ani-
mals. By N. S. Ferry, Ph.B., M.D. (Journal of Pathology and Bacteri-
ology, Vol. 18, 1914, pp. 445-455.)

65. The Bacteriological Standardization of Disinfectants. By*H, C:
Hamilton and Tatsuzo Ohno. (American Journal of Public Health, Vol.
4, No. 6, p. 163.)

66. The Pineal Gland in Relation to Somatic, Sexual and Mental De-
velopment. By Carey P. McCord, M.D. (Journal of the American Medi-
cal Association, Vol. 63, July 18, 1914, pp. 232-235.)

67. The Sero-enzyme Test for Syphilis. By F. W. Baeslack, M.D.,
M.A. (Journal of the American Medical Association, Vol. 63, Aug. 15,
1914, pp. 559-563.)

68. A Case of Contagious Broncho-pneumonia Caused by Bacillus. Coli
Communis. By Edwin M. Stanton. (American Veterinary Review, Vol.
14, May, 1914, pp. 233-235.)

- 69. Local Anesthetics—Some Comparative Physiological Reactions.
By Oliver E. Closson. (Journal of the Michigan State Medical Society,
Vol. 13, Oct., 1914, pp. 587-597.) :

70. Potassium Tellurite as an Indicator of Microbial Life. By Walter
E. King and Lewis Davis, (American Journal of Public Health, Vol. 4,
Oct., 1914, pp. 917-932.)
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71. Further Studies with Reference to Spirochetes Observed in Swine
—Studies on Hog Cholera. By Walter E. King, Raymond H. Drake, and
Geo. L. Hoffmann, (Zeitschrift fiir Immunitatsforschung und Experi-
mentelle Therapie, Vol. 22, 1914, pp. 347-371.)

72, The Pharmacy of Adrenalin, By C. P. Beckwith. (Journal of
the American Pharmaceutical Association, Vol. 3, November, 1914, pp.
1547-1554.)

73, A Study of the “Tellurite Reaction” with the Colen=typheid
Group and other Organisms. By Lewis Davis, S.M. (Centralblatt fiir
Bakteriologie Parasitenkunde wund Infektionskrankheiten, 75 Band, 1914,
pp. 180-192.)

74. An Expanding Root Canal Filling. By George Bailey Harris,
D.D.S, Sce.M. (Items of Interest, Vol. 36, Dec., 1914, pp. 881-886.)

75. On the Presence of Histidine-like Substances in the Pituitary
Gland (Posterior Lobe). By T. B. Aldrich. (Journal of the Chemical

- Society, Vol. 37, Jan,, 1915, pp. 203-208.)

76. Inoculation Experiment with Pure Culture of Spirochzta Hyos—
Studies on Hog Cholera. By Walter ‘E. King and Raymond H. Drake.
(Journal of Infectious Diseases, Vol. 16, Jan., 1915, pp. 54-57.)

77. What is the Best End-Point of the Reaction in the Frog-Heart
Method of Digitalis Assay? By H. C. Hamilton and L. W. Rowe. (Jour=-
nal of the American Pharmaceutical Association, Vol. 4, January, 1915,
pp. 108-112.)

78. The Glands of Internal Secretion and Their Importance as Thera-
peutic Agents. By Carey P. McCord. (Journal of the American Pharma-
ceutical Association, Vol. 4, March, 1915, pp. 293-297.)

“79. Cannabis Sativa. By H. C. Hamilton. (Journal of the American
Pharmaceutical Association, Vol. 4, April, 1915, pp. 448-451.)

80. The Pineal Gland. By Carey P. McCord. (Interstate Medical
Journal, Vol. 22, No. 4, April, 1915, pp, 354-370.) :

81. The Filterability of Bacillus Bronchisepticus: With An Argu-
ment for a Uniform Method of Filtration. By N. S. Ferry. (Journal of
Pathology and Batcteriology, Vol. 19, No. 4, April, 1915, pp. 488-493.)

82. The Pineal Gland in Relation to Somatic, Sexual and Mental
Development. By Carey P. McCord. (Journal of the American Medical

.Association, Vol. 65, Aug. 7, 1915, pp. 517-520.)

83. The Correct Name for the Hemlock Spruce. By Oliver A. Far-
well.  (Bulletin of the Torrey Botanical Club, Vol. 41, Jan. 8, 1915, pp.
621-629.)

84. The Proper Time to Collect Sanguinaria. By O. A. Farwell.
(American Journal of Pharmacy, Vol. 87, March, 1915, pp. 97-98.)

85. Notes on the Michigan Species of Polygonatum. By O. A. Far-
well.  (Bulletin of the Torrey Botanical Club, Vol. 42, May, 1915, pp.
247-258.) ;

86. Belladonna and Hyoscyamus. By O. A. Farwell. (American
Journal of Pharmacy, March, 1915, pp. 99-101.)

87. Notes on Michigan Liliaceae. By O. A. Farwell, (Bulletin of
the Torrey Botanical Club, Vol. 41, June 16, 1915, pp. 351-358.)

83. . The Hemlock Spruce. By O. A, Farwell,  (Rhodora, Vol. 17;
No. 201, Sept., 1915, pp. 164-168.)

89. Relative to the Total Nitrogen and a-Amino Nitrogen Content of
Pepsins of Different Strengths, By T. B. Aldrich. (Journal of Biologi-
cal Chemistry, Vol. 23, No. 1, Nov., 1915, pp. 339-343.) : ;
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90. An Effective Apparatus for Evaporating Aqueous Extracts by
Means of a Current of Air. By T. B. Aldrich, (Jowrnal of Biological
Cheinistry, Vol. 23, No. 1, Nov., 1915, pp. 255-259.) ;

91. The Action of Coal Tar Disinfectant on Hog Cholera Virus. By
Walter E. King and R. H. Drake. (Journal of the American Veterinary
Medical Association, Vol. 48, No. 3, Dec,, 1915, pp. 315-316.)

92.  Mono-Acetyl-Tri-Chlorotertiary-Butyl-Alcohol (Acetyl Chlore-
. tone). By T. B. Aldrich, (Journal of the American Chemical Society,

Vol. 37, No. 12, Dee,, 1915, pp. 2720-2723,)

93. The Occurrence of Pituitrin and Epinephrin in Petal Pituitary
and Suprarenal Glands. By Carey P. McCord. (Journal of Biological
Chemistry, Vol. 23, No. 2, Dec., 1915, pp. 435-438.)

94. The Principles of Vaccine Therapy and Why it Should be Used
in the Treatment of Pyorrhea. By Geo. Bailey Harris and E. M. Stanton.
(The Dental Summary, Vol. 57, Oct., 1915, pp. 792-799.).

95. Range Extension of Ceanothus Sanguineus. By Oliver A. Farwell.
{Rhodora, Vol. 17, No. 12, Dec., 1915, pp. 229-230.)

96.. The Antigenic' Value of Spirochazta Hyos in Complement—Fixq-
tion Tests on Hog Cholera Sera—Studies on Hog Cholera. By Walter E.
King and R. H. Drake. (Journal of Infectious Diseases, Vol. 19, No. 1,
July, 1916, pp. 46-62.)
© 97. Bacteriologic Findings in Ozena. By Herbert C. Ward. (Jour-
nal of Infectious Diseases, Vol. 19, No. 2, Aug., 1916, pp. 153-160.)

98. The Therapcutic Application of Ovarian Extract. By W. H.
Morley, M.D. (Jowrnal of the Michigan State Medical Society, Aug.,
1916, Vol. 15, No. 8, pp. 372-377.) ;

.99, Experimental Syphilis. By F. W. Baeslack, M.D. (The Uro-
“logic and Cutaneous Review (Technical Supplement), Vol. 4, No. 1, Jan.,
1916, pp. 15-24.) :

100.  Pruritus Ani—Preliminary Notes, By Louis J. Hirschman,
M.S.,, F.A.CS, and Herbert C. Ward, M.S. (The Proctologist and
Gastroenterologist, Vol, 10, No, 3, Sept,, 1916, pp. 193-198.)

101. The Ophthalmic Test for Glanders: With a Simplified Method
of Procedure. By N. S. Ferry. (Journal of the American Veterinary
Medical Association, Vol. 3, (N. S.) No 1, October, 1916, pp. 41-46.)

102. A Sero-Enzyme Study of Bacterial Proteins. By Herbert C.
Ward, M.S. (Interstate Medical Journal, Vol. 23, No. 11, Nov., 1916, pp.
978-985. )

° 103. Pituitary Standardization. By H. C. Hamilton and L. W. Rowe.
(The Journal of Laboratory and Clinical Medicine, Vol. 2, No. 2, Nov.,
1916, pp. 120-129.)

104. The Variability of Strophanthin with Particular Reference to
Ouabain. By L. W. Rowe. (Journal of the American Pharmaceutical
Association, Vol. 5, No, 11, Nov., 1916, pp. 1183-1187.)

.105. The Genus Hippochaete in North America, North of Mexico. By
Oliver A. Farwell. (Memoirs of the New York Botanical Garden, Vol. 6,
Aug., 1916, pp. 461-472.)

; 106. Further Studies on Hog Cholera with Reference to Spirochata
Hyos. By Walter E. King and R, H. Drake. (Journal of the American
Veterinary Medical Association, Vol. 3, No. 3 (N. 8.), Dec., 1916, pp.
168-188.) ) :

i 1107, Trichlor-Tertiarybutyl Alcohol Anesthesia. By L. W. Rowe.
(Jowrnal of Pharmacology and Therapeutics, Vol..9, No. 2, Nov., 1916,
pp. 107-112,) . ; i ;
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108. The Phenomenon of Anaphylaxis: Its Clinical Significance and
Practical Utilization. By N. S. Ferry. (Therapeutic Gaseite, Vol. 32
(3d Series), No. 12, Dec., 1916, pp. 843-848.) ¢

109. American Records of Dioctophyme Renale. By Maurice C. Hall.
(Journal of the American Veterinary Medical Association, Vol. 3, No. 3
(N. S.), Dec., 1916, pp. 370-371.)

110. Studies on Derivatives of Trihalogentertiary-Butyl-Alcohols. By
T. B. Aldrich and C. P. Beckwith. (Journal of the American Chemical
Society, Vol. 38, No. 12, Dec., 1916, pp. 2740-2746.)

111. Contributions of Botany of Michigan. By O. A, Farwell, (Miehi-
gan Academy of Science, 17th Report, 1915, pp. 167-182.)

112. A Freak of Nature. By O. A. Farwell. (Torreya, Vol. 16,
No. 5, Nov., 1916, pp. 115-116.)

113. Fern Notes. By O. A. Farwell. (Michigan Academy of Science,
18th Report, 1916, pp. 78-94.) .

114. New Ranges for Old Plants., By O. A. Farwell. (Rhodora,
Vol. 18, No. 216, Dec., 1916, pp. 243-244.)

115. The Medicinal Treatment of Parasitic Diseases:. An Unde-
veloped Field of Veterinary Medicine. By Maurice C. Hall. (The
Journal of the Awmerican Veterinary Medical Association, Vol. L, N. S.
Vol. 3, No. 5, Jan., 1917, pp. 608-611.)

116. Biological Standardization. By H. C. Hamilton. (American
Journal of Pharmacy, Vol. 89, rNo. 2, Feb., 1917, pp. 61-70.)

117. Bacterial Findings and Their Relationship to Pyorrhea Alveo-
laris and Interstitial Gingivitis. By A. W. Lescohier. (The Journal of
fl_;e American Medical Association, Vol. 68, Feb. 10, 1917, pp. 414-416.)

118, Comparative Study of Bacillus Anthracis-symptomatici and
Allied Organisms with - Respect to Gas-production. By L. C. Todd.
(The JTowrnal of Infectious Diseases, Vol. 20, No. 2, Feb., 1917, pp.
151-169,)

119. Apparatus for use in Examining Feces for Evidences of Parasit-
ism. By Maurice C. Hall. (The Journal of Laboratory and Clinical
Medicine, Vol. 2, No, 5, Feb,, 1917, pp. 347-353.)

120. The Longevity of Adult Ascarids Outside the Body of the
Host. By Maurice C. Hall. (The Journal of the American Medical
Association, Vol. 68, No. 10, 1917, pp. 772, 773.)

121, Facts and Fallacies in Disinfection. By H. C. Hamilton.
(American Journal of Public Health, Vol. 7, No. 3, March, 1917, pp. 282-
295.)

122. Canine Distemper: Review of the Work of the Various
Investigators in the Attempt to Establish the Primary Etiological Factor.
By N. S. Ferry. (Proceedings of the Wisconsin Veterinary Medical Asso-
ciation, 1917, pp. 80-88.)

123. The Frequency and Significance of Dysfunction of the Internal
Secretory System in the Feebleminded. By C. P. McCord. (New York
Medical Journal, Vol. 105, No. 13, March 31, 1917, pp. 583-588.) Y

124. Digitalis Thapsi, Lin. By O, A. Farwell and H. C. Hamilton.
(American Jowrnal of Pharmacy, Vol. 89, No. 4, April, 1917, pp. 148-154.)

125. The Pineal Gland—Influence upon Growth Differentiation and
Prenatal Development. By C. P. McCord.  (Transactions of the Ameri-
can Gynecological Society, 1917, pp. 41-63.)
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126. Evidences Associating Pineal Gland Function with Alterations
in Pigmentation. By C. P. McCord. (The Journal of Experimental
Zoology, Vol. 23, No. 1, May, 1917, pp. 207-224.)

127. Desiccated Anthrax Antigen for Immunization Purposes. By
N. S. Ferry. (Journal of the American Veterinary Medical Association,
Vol. LI, N. S. Vol. 4, No. 2, May, 1917, pp. 200-203.)

128. The Preparation and Standardization of Ovarian and Placental
Extracts. By W. H. Morley. (Transactions of the American Gynecolog-
ical Soeiety, 1917, pp. 228-239,)

129. Parasites of the Dog in Michigan. By Maurice C. Hall. (Jour-
nal of the American Veterinary Medical Association, Vols LI N.-5. Vol.
4, No. 3, June, 1917, pp. 383-396.)

130. Preparation of Protein Extracts for Diagnostic Cutaneous Tests.
By N. S. Ferry. (Journal of Laboratory and Clinical Medicine, Vol. 2,
No. 9, June, 1917, pp. 655-657.) :

131. Notes in Regard to Horse Lice, Trichodectes and Haematopinus.
By Maurice C. Hall. (Journal of the American Veterinary Medical Asso-
ciation, Vol. LI, N. S. Vol. 4, No. 4, July, 1917, pp. 494-504.)

132. The Susceptibility of the Prairie Dog to Rabies. By G. Lk
Walters. (Journal of the American Veterinary Medical Association, Vol.
LI, N. S. Vol. 4, No. 5, Aug., 1917, pp. 702-704.)

133. Manure Disposal as a Factor in the Control of Parasitic Dis-
eases of Live Stock. By Maurice C. Hall. (Journal of the American
Veterinary Medical Association, Vol. LI, N. S. Vol. 4, No. 5, Aug., 1917,
pp. 675-678.)

134. The Rationale of Pollen Extract Therapeusis of Hay Fever,

~~with a Report of 127 Cases. By N. S. Ferry. (Interstate Medical Jour-
nal, Vol. 24, Sept., 1917, pp. 884-893.)

135. The Influence of the Mecthod of Administration Upon the De-
gree of Toxicity of Strophanthus Preparations, By L. W, Rowe. (The
Therapeutic Gasetie, Vol. 33, 3d S, No. 8, Aug, 1917, pp. 536-540.)

136. Coccobacillus (Foetidus) Ozaenae of Perez. ' By Herbert C.
Ward. (The Journal of Infectious Discases, Vol. 21, Oct., 1917, No. 4, pp.
338-340.) -

137. Notes in Regard to Bots, Gastrophilus SPP. My Maurice Cs
Hall. (Jowrnal of the American Veterinary Medical Association, Vol.
LII, N. S. Vol. 5, No. 2, Nov., 1917, pp. 177-184.)

138. ' An Investigation of the Chemical Composition and Biologic
Availability of Peptone. By L. Dayvis. (Journal of Laboratory and Clin-
ical Medicine, Vol. 3, Nov., 1917, No. 2, pp. 75-86.)

139. Anthelmintic Treatment for Nematode Infestations in Dogs. By
Maurice C. Hall. (Jowrnal of the American Veterinary Medical Associa-
tion, Vol. LII, N. S. Vol. 5, No. 3, Dec,, 1917, pp. 342-345.)

140. The Hypodermic Use of Iron. By L. W. Rowe. (The Thera-

peutic Gazette, Vol. 33, 3d S, No. 12, Dec., 1917, pp. 847-849.)

141. ‘The Value of Yeast Vitamine Fraction as a Supplement to a
Rice Diet. By A. D. Emmett and L. McKim. (The Journal of Biological
Chemistry, Vol. 32, No. 3, Dec,, 1917, pp. 409-419.)

142. New Species and Varieties from Michigan. By O. A. Farwell.
(19th Mich. Acad. Sci. Rept., 1917, pp. 247-250.)

143. Rare or Interesting Plants in Michigan. By O. A. Farwell.
(roth Mich. Acad. Sci. Rept., 1917, pp. 251-262.) 2
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144. Hog Cholera Transmission Experiments. By H. Preston Hos-
kins. (Proccedings of the Missouri Valley Veterinary Association, 1917,
pp. 123-135.)

145. Gastro-Intestinal Lavage in Dogs: Its Value in Removing
Worms and in Other Respects. By Maurice C. Hall and Meyer Wigdor
(Jowrnal of the American Veterinary Medical Association, Vol. LIl No&
Vol. 5, No. 4, Jan,, 1918, pp. 443-456.)

146. The Treatment of Burns by the Application of Paraffin. By G.
1. Walters, (The Therapeutic Gazette, Vol, 34, 3d S, Ne, 1, Jan, 1’@18,
pp. 12-16.)

147. Review of Blood Coagulation Studies with Mention of a New
Coagulation Agent. By V. A. Lapenta, M.D., and G. 1. Walters. (The
Therapeutic Gazette, Vol. 34, 3d S., Feb, 1918, No. 2, pp. 79-87.)

148. Peptone-Free Media for Routine Culture Work. By N. S. Ferry
and Arlyle Noble. (Journal of Laboratory and Clinical Medicine, Vol. 3,
No. 5, Feb., 1918, pp. 298-300.)

149. Serum Veal Agar: A Dependable Substitute for Ascitic or Blood
Agar. By N. S. Ferry and Arlyle Noble. (Journal of Laboratory and
Clinical Medicine, Vol. 3, No. 5, Feb,, 1918, pp. 295-297.)

150. A Discussion of Some Principles of Anthelmintic Medication.
By Maurice C. Hall. (New Orleans Medical and Surgical Jowrnal, Vol.
70, No. 8, Feb., 1918, pp. 637-653.)

151. A Note Regarding Myiasis, Especially That Due to Syrphid
Larvae. By Maurice C. Hall. (Archives of Internal Medicine, Vol. 21,
No. 3, March, 1918, pp. 309-312.)

152. Bacteriologic Findings in Ozena—Second Report. By Herbert
C. Ward and D. C. Beaver. (Journal of Laboratory and Clinical Medi-
cine, Vol. 3, No. 6, March, 1918, pp. 348-351.)

153. Studies on Diphtheria Toxin, L Hydrogen-Ton Concentration
and Toxicogenicity Determinations with Bact. Diphtheriz. By L. Davis.

(The Journal of Laboratory and Clinical Medicine, Vol. 3, No. 6, March, .

1918, pp. 358-367.) :

134. Investigation on the Composition of Oil of Chenopodium and
the Anthelmintic Value of Some of Its Components. By Maurice C. Hall
and Herbert C. Hamilton. (The Journal of Pharmacology and Experi-
mental Medicine, Vol. 11, No. 3, April, 1918, pp. 231-261.)

155. The Stability of Cannabis Sativa and Its Extracts. By H. C.

Hamilton. (Journal of the American Pharmaceutical Association, Vol. 7, -

No. 4, April, 1918, pp. 333-336.)

156. Some Notes on Chenopodium. By Maurice C. Hall. (The
Therapeutic Gazette, Vol 34, 3d S., No. 4, April, 1918, pp. 241-243.)

157. Canine Coccidiosis, with a Note Regarding Other Protozoan
Parasites from the Dog. By Maurice C. Hall and Meyer Wigdor. (Jour-
nal of the American Veterinary Medical Association, Vol. LIII, N. S.
Vol. 6, No. 1, April, 1918, pp. 64-76.)

158, The Intravenous Use of Red Mercuric Iodide. By L. W. Rowe.
(The Journal of Laboratory and Clinical Medicine, Vol. 3, No. 7, April,
1918, pp. 412-415.)

159. The Cultivation of Medicinal Plants. By O. A. Farwell. (The
Druggists Circular, Vol. 62, No. 4, April, 1918, pp. 157-159.)

160. The Deterioration of Digitalis Extracts. By H. C. Hamilton.
(Journal of the American Pharmaceutical Association, Vol. 7, No. 5, May,
1918, pp. 433-435.)
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161. Studies to the Apparent Close Relationship Between Bact. Per-
tussis and B. Bronchisepticus. I. Cultural Agglutination and Absorption
Reactions. N. S. Ferry and Arlyle Noble. (The Journal of Bacteriology,
Vol. 3, No. 3, May, 1918, pp. 193-208.)

162. A Method for Detecting Small Quantities of Chloretone (Tri-
chlorotertiarybutyl Alcohiol) in Aqueous Solutions. By T. B. Aldrich.
(The Journal of Biological Chemistry, Vol. 34, No. 2, May, 1918, pp. 263-
267.)

163. A Bothriocephalid Tapeworm from the Dog in North America,
With Notes on Cestode Parasites of Dogs. By Maurice C. Hall and Meyer
Wigdor. (Journal of the American Veterinary Medical Association, Vol.
53, N. S. Vol. 6, No. 3, June, 1918, pp. 355-362.)

164. Notes on the Acanthocephalid and* Arthropod Parasites of the
Dog in North America. By Maurice C. Hall and Meyer Wigdor. (Jour-
nal of the American Veterinary Medical Association, Vol. LIII, N. S. Vol
6, No. 4, July, 1918, pp. 493-500.)

165. Studies Relative to the Apparent Close Relationship Between
Bact. Pertussis and B. Bronchisepticus. II. Complement Fixation Tests.
By N. S. Ferry and H. C. Klix. (The Journal of Bacteriology, Vol. 3,
No. 4, July, 1918, 309-312.)

166. The Control of Lice on Horses with Especial Reference to
Winter Conditions. By Maurice C. Hall. (The Veterinary Journal, Vol
74, Nos. 7 and 8, July and Aug., 1918, pp. 247-253 and 278-284.)

167. The Effect of the X-Ray Upon the Response of Tadpoles to
Thyroid Stimulation. By C. P. McCord and C. J. Marinus. (Endoorinol-
0gy, Vol. 2, No. 3, July-Sept., 1918, pp. 289-300.) :

..168. Two New Flukes from the Dog. By Maurice C. Hall and
Meyer Wigdor. (Jowrnal of the American Veterinary Medical Associa-
tion, Vol. LIIT, N. S. Vol. 6, No. 5, Aug., 1918, pp. 616-626.)

169. Lesions Due to Agents Used in Killing Experiment Dogs in
Anthelmintic Investigations By Maurice C. Hall. (American Journal of
Veterinary Medicine, Vol. 13, No. 8, Aug., 1918, pp. 383-387.)

170. Specific Infectious Diseases of Unknown Etiology, with Special
Reference to Ultravisible Viruses. By W. E, King.. (Interstate Medical
Journal, Vol. 25, No. 9, Sept., 1918, pp. 675-692.)

171. A Study of the Character of the Feces Due to Various Foods
. in Connection with Anthelmintic Investigation. By Meyer Wigdor.
(American Journal of Veterinary Medicine, Vol. 13, No. 9, Sept, 1918,
pp. 441-444.)

172. A Physaloptera from the Dog, with a Note on the Nematode
Parasites of the Dog in North America. By Maurice C. Hall and Meyer
Wigdor. (Journal of the American Veterinary Medical Association, Vol.
LIII, N. S. Vol. 6, No. 6, Sept., 1918, pp. 733-744.)

173. Some Studies on Belascaris Marginata and Toxascaris Limbata,
Including a Simple Method of Differentiating Them. By Meyer Wigdor.
(Cornell Veterinarian, Vol. 8, No. 4, Oct., 1918, pp. 273-281.) :

174. Stable Disinfection. By H. P. Hoskins. '(The Creamery and
Plant Monthly, Vol. 7, No. 10, Oct., 1918, pp. 59-61.)

175. The Anthelmintic Treatment of Equine Intestinal Strongylidosis.
By M. C. Hall, R. H. Wilson and M. Wigdor. (Journal of the American
Veterinary Medical Association, Vol. LIV., N. S: Vol 7, No 1, Oct., 1918,
pp. 47-55.) :
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176. Some Notes on the Treatment of Equine Ascariasis and Oxyur-
iasis, By M. C. Hall, R. H. Wilson and M. Wigdor. (Journal of the
American Veterinary Medical Association, Vol. LIV, N. S Vol. 7, No. 1,
Oct., 1918, pp. 56-57.)

177. The Occurrence of Tapeworms, Anoplocephala SPP., of the
Horse in the United States. By M. C. Hall and H. Hoskins. (The Cor-
nell Veterinarian, Vol. 8, No. 4, Oct,, 1918, pp. 287-292.)

178. Brazilian Jalap and Some Allied Drugs. By O. A. Farwell.
(Journal of the Auierieai Pharvinaceutical Association, Vol 7, Nea, 10,
Oct., 1918, pp. 852-855.)

179. Ozaena and Distemper: Comparative Study of Coccobacillus
Foetidus-Ozaenae and Bacillus Bronchisepticus. By N. S. Ferry and
Arlyle Noble. (The Journal of Bacteriology, Vol. 3, No. 6, Nov., 1918, pp.
499-508.)

180. An Experimental Study of Serum Therapy in Trichinosis. By
Maurice C. Hall and Meyer Wigdor. (Archives of Internal Medicine,
Vol. 22, No. 5, Nov., 1918, pp. 601-609.)

181. The Comparative Values of Some Local Anesthetics. By H. C.
Hamilton. (The Journal of Laboratory and Clinical Medicine, Vol. 4,
No. 2, Nov., 1918, pp. 60-68.)

182. Some Studies on the Resistance of the Ova of Toxascaris Lim-
bata. By Meyer Wigdor. (New Orleans Medical and Surgical Journal,
Vol. 71, No. 6, Dec., 1918, pp. 264-281.)

183. A New Fluke from the Dog. By Meyer Wigdor. (Journal of
the American Veterinary Medical Association, Vol. LIV., N. S. Vol 7,
No. 3, Dec., 1918, pp. 254-257.)

184.--A Note on the Effect of Cold on the Degree of Parasitic Infes-
tation. By Meyer Wigdor. (Journal of the American Veterinary Medical
Association, Vol. LIV., N. S, Vol. 7, No. 3, Dec., 1918, pp. 251-254.)

185,  Vaccine Therapqutics By A W. Lescohier. (The National
Eclectic Medical Association Quarterly, Vol. 10, No. 2, Dec, 1918, pp.
144-148.) :

186. The Effect of Alcohol on Pituitary Extract. By H. C. Hamilton.
(Journal of the American Pharmaceutical Association, Vol. 7, No. 12,
Dec., 1918, pp. 1030-1031.)

187. Studies on Derivatives of Trihalogen Tertiarbutyl Alcohols. By
T. B. Aldrich. (The Journal of the American Chemical Society, Vol. 40,
No. 12, Dec., 1918, pp. 1948-1950.)

188. Lungworn Disease in a Ten-Year Old Horse. By H. P. Hos-
kins. (Alpha-Psi Quarterly, Vol 4, No. 4, Dec,, 1918, pp. 84-85.)

- 189. Botanical Nomenclature of the Pharmacopoeia and of the

National Formulary. By O. A. Farwell. (The Druggists Circular, Vol.
61, No. 4, pp. 173-176; No. 5, pp. 229-232; Vol. 62, No. 12, pp. 535-536;
Vol. 63, No. 2, pp. 49-50.)

190. .Sisyrinchium Bermudiana. By O. A. Farwell. (Memoirs of the
Torrey Botanical Club, Vol. 17, pp. 82, 83, 1918.)

191. Notes on the Michigan Flora.. By O. A. Farwell. (20th Mich.
Acad. Sci. Rept., 1918, pp. 161-165.) 2

192. " The Yellow Flowered Cypripediums. By O. A. Farwell. (20th

Mich. Acad. Sci. Rept., 1918, pp. 197 and 198)

193. -The Trillium Grandiflorum Group. By O. A. Farwell. (20th
Mich. Acad. Sci. Rept., 1918, pp. 154-159.) Aayant ;
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194. Pharmacological Assaying. By H. C. Hamilton. (Journal of
the A)mcrican Pharmaceutical Association, Vol. 8, No. 1, Jan., 1919, Pp.
49-64.

195. Digitalis Leaves: Effect on Activity of Temperature in Drying.
By H. C. Hamilton. (Journal of the American Pharmaceutical Associa-
tion, Vol. 41, No. 1, Jan., 1918, pp. 125-291.)

196. An Efficient Laboratory Funnel for Filtering Neutral Liquids,

Especially the Volatile Organic Solvents. By T. B. Aldrich.  (Jouwrnal of
fue :)mrmt and Bugineering Chewmistey, Vel, 11, Ne. 2, feb., 1916, pp. 136-
142.

197. Studies on Pepsin. I. Chemical Changes in the Purification of
Pepsin. By Lewis Davis and Harvey M. Merker. (Journal of the Ameri-
can Chemical Society, Vol. 41, No. 2, Feb., 1919, pp. 221-228.)

198. The Present Status of Specific Treatment for Contagious Abor-

tion, By H. Preston Hoskins. (Jowrnal of the American Veterinary .

Magical Association, Vol. LIV, N. S. Vol. 7, No. 7, March, 1919, pp. 727-
737,

199. Practical Methods of Treatment for Worm Infestation. By
Maurice C. Hall. (Journal of the American Veterinary Medical Associa-
tion, Vol. LV, N. S. Vol. 8, No. 1, April, 1919, pp. 24-45.)

200. On the Detection of Small Quantities of Trichlorotertiary Butyl
Alcohol (Chloretone) in the Fluids and Tisstues of the Animal Body. By
T. B. Aldrich. (The Jowrnal of Laboratory and Clinical Medicine, Vol.
4, No. 7, April, 1919, pp. 425-433.) :

201. A Note in Regard to the Seasonal Appearance of Anoplocephala
Mammiliana. By H. Preston Hoskins. (The Cornell Veterinarian, Vol.
9. -No. 2, April, 1919, pp. 110-111.)

202. Bromelica (Thurber): A New Genus of Grasses. By 0. A
Farwell. (Rhodera, Vol. 21, No. 244, April, 1919, pp. 76-78.)

203, TIs Lactalbumin a Complete Protein for Growth? By A. D. Em-
mett and G. O. Lures. (The Journal of Biological Chemistry, Vol. 38,
No. 1, May, 1919, pp. 147-159.)

204. Sedimenting Suspension of Live Bacteria on a Large Scale. By
E. M. Houghton and N. S. Ferry. (The Journal of Laboratory and Clin-
4cal Medicine, Vol. 4, No. 8, May, 1919, pp. 492-494.)

205. On the Detection of Chloretone in Mother’s Milk. By T ol
Blanner. (The Journal of Laboratory and Clinical Medicine, Vol. 4, No.
-8, May, 1919, pp. 501-503.)

206. An Outbreak of Hemorrhagic Septicemia Among Sheep. By H.
Preston Hoskins. (dmerican Journal of Veterinary Medicine, Vol. 14,
No. 5, May, 1919, pp. 218-221.) .

207. Necessary Changes in Botanical Nomenclature. By O. A. Far-
well. (Rhodora, Vol. 21, No. 245, May, 1919, pp. 101-103.)

208. Studies on Diphtheria Toxin. II. The Role of the Amino Acids
in the Metabolism of Bacterium Diphtherizz. By Lewis Davis and N. S.
Ferry. (Journal of Bacteriology, Vol. 4, No. 3, May, 1919, pp. 217-241.)

209. A Method for the Production of a Homogenous Suspension of
Bacillus Anthracis to be used in Agglutination Reactions. By A. Noble.
(Journal of Immunology, Vol. 4, No. 3, May, 1919, pp. 105-109.)

210. The Stability of Lactalbumin Toward Heat. By A. D. Emmett
and G. O. Luros. (The Journal of Biological Chemistry, Vol. 38, No. 2,
June, 1919, pp. 257-265.)
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211. Nutritional Studies on the Growth of Irog Larvae (Rana
Pipiens). By A. D. Emmett and F. P. Allen. (The Journal of Biological
Chemistry, Vol. 38, No. 2, June, 1919, pp. 325-344.)

212. A Case of Mongolism in One of Twins. By Harold Swanberg
and H. A. Haynes. (dArchives of Neurology and Psychiatry, Vol. 2, June,.
1919, pp. 717-725.)

213. Tsuga Americana (Mill.) Farwell, A Final Word. By O. A.
Farwell. (Rhodora, Vol. 21, No. 246, June, 1919, pp. 108-109.)

214, Anaphylaxis in Veterinary Practice. By H. Preston Hoskins.
(‘The Veterinary Alumni Quarterly, Vol. 7, No. 1, June, 1919, pp. 288-264.)

215. The Absence of Fat-Soluble A Vitamine in Certain Ductless
Glands. By A. D. Emmett and G. O. Luros. (The Journal of Biological
Chemistry, Vol. 38, No. 3, July, 1919, pp. 441-447.)

216. Adrenalin an Adjunct to and an Antidote for Apothesine. By
H. C. Hamilton. (Surgery, Gynecology and Obstetrics, Vol. 29, No. 1,
July, 1919, pp. 92-94.)

217. Cramp Bark, High-bush Cranberry. By O. A. Farwell. (North-
western Druggist, Vol. 27, No. 7, July, 1919, pp. 32; 33.)

218. Panicum Lineare, Linn. By O. A. Farwell. (d4m. Mid. Nat.,
Vol. 6, Nos. 3 and 4, May-July, pp. 50-51.)

219. Blackleg Aggressin. By H. C. Ward. (Journal of the Awmerican

Veterinary Medical Association, Vol. LV, N. S. Vol. 8, No. 4, July, 1919,

pp. 394-401.)

220. Studies on Anthelmintics. I. Experiments with Repeated Doses.
of Oil of Chenopodium. By Maurice C. Hall. (Journal of the American
Veterinary Medical Association, Vol. LV, N. S. Vol. 8, July, 1919, pp.
416-423.),

9221, The Effect of Feeding Pars Tuberalis and Pars Anterior Pro-
prior of Bovine Pituitary Glands Upon the Early Development of the
White Rat. By C. J. Marinus. (The American Journal of Physiology,
Vol, 49, No. 2, July, 1919, pp. 238-247.)

222 Studies on Anthelmintics. II. The Anthelmintic and Insecti-
cidal Value of Carbon Bisulphide Against Gastro-Intestinal Parasites of
the Horse. By Maurice C. Hall, M. J. Smead and C. F. Wolf. (Journal
of the American Veterinary Medical Association, Vol. LV, N. S. Vol. 8,
August, 1919, pp. 543-549.)

223 Studies on Anthelmintics. III. Chloroform as an Anthelmintic.
By M. C. Hall. (Jowrnal of the American Veterinary Medical Associa-
tion, Vol. LV, N. S. Vol. §, No. 6, Sept., 1919, pp. 652-659.)

224. Some Suggestive Experiments with B. influenza; Its Toxin and
Antitoxin. A Preliminary Report. By N. S. Ferry and E. M. Houghton.
(The Journal of Immunology, Vol. 4, No. 4, July, 1919, pp. 233-238.)

: 225 Menstrual Disturbances in the Feeble-Minded. By Harold
Swanberg and H. A, Haynes. (Journal of Nervous and Mental Diseases,
Vol. 50, No. 3, Sept., 1919, pp. 224-229.)

226. The Use of Animals in the Development and Standardization of
Medicinal Products. By H. C. Hamilton. (American Journal of Phar-
macy, Vol. 91, Sept,, 1919, No. 9, pp. 583-592.)

227. The Present Aspects of Endocrinology. By A. W. Lescohier.
(Medical Record, Vol. 96, No. 13, Sept. 27, 1919, pp. 532-534.) ‘

228, Chloretone: Trichlor Tertiary Butyl Alcohol. A Description of
Some of Its Properties. By H. C. Hamilton. (American Journal of Phar~
macy, Vol. 91, No. 10, Oct., 1919, pp. 643-648.)
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229, Studies on Anthelmintics. IV. Experiments with Combinations
of Oil of Chenopodium and Chloroform. By M. C. Hall. * (Journal of
the American Vetermary Medical Association, Vol LVI, N. S, vol. 9, No.
1, Oct., 1919, pp. 59-70.)

230. Studies on Anthelmintics. V. The Administration of Oil of
Chenopodium in Soft or Soluble Elastic Gelatine Capsules, as Compared
with Other Modes of Administration. By M. C. Hall and M. Wigdor.
(Journal of the American Veterinary Medical Association, Vol. LVI, N.
S. Vol. 8 No. 2, Nov,, 1919, pp. 169-177.)

231, Hemorrhagic Septicemia of Cattle: with Special Reference
to Stockyards Pneumonia. By H. Preston Hoskins. (American Journal
of Veterinary Medicine, Vol. 14, No. 11, Nov., 1919, pp. 541-544.)

232. Digitalis Standardization: A Consideration of Certain Meth-
ods of Biological Assay. By L. W. Rowe. (Journal of the American
Pharmaceutical Association, Vol. 8, No. 11, Nov., 1919, pp. 900-912.)

233. Maintaining Frogs for Test Purposes. By L. W. Rowe. (Jour-
nal of the American Pharmaceutical Association, Vol. 8, No. 11, Nov,
1919, pp. 928-930.) : :

234, Epidemic Cerebrospinal Meningitis at Camp Jackson. By F.
W. Baeslack. (The Journal of the Michigan State Medical Society, Vol.
18, No. 11, Nov., 1919, pp. 561-569.)

235. Cultivation of the Meningococcus Intracellularis (Weichsel-
baum) from the Blood. By F. W. Baeslack, A. H. Bunce; G. C. Brunelle;
J. S. Fleming; G. F. Klugh; E. H. McLean; A. V. Solomon. (Tournal of
the American Medical Assaciation, Vol. 70, March 9, 1918, p. 684.)

236. Studies on Anthelmintics. VI. Tests of the Administration of
Anthelmintics in Enteric-Coated Soft Gelatine (Soluble Elastic Capsules).
By M. C. Hall. . (Jouwrnal of the American. Veterinary Medical Associa-
iion, Vol. LVI, N. S. Vol. 9; No. 3, Dec, 1919, pp. 310-316.)

237. Chloretone Water: A Preservative of Biological Specimens. By
O. A, Farwell. (Jowrnal of the Awmerican Pharmaceuntical Association,
Vol. 8, No. 12, Dec., 1919, pp. 1053 and 1054.)

238, Studies on Anthelmintics. VII ' A Comparison of Castor Oil
with Administration of Some Anthelmintics. By M. C. Hall and Meyer
Wigdor. (Journal of the American Veterinary Medical Association, Vol.
LVI, N. S. Vol. 9, No. 4, Jan,, 1920, pp. 394-399.)

A 239. Purified Cresol (Cresylic Acid). By H. C. Hamilton. (Journal
of Industrial and Engincering Chemistry, Vol. 12, No. 1, Jan., 1920, pp. 50.)

240. The Indentity of Commercial Blue Flag. By O. A. Farwell.
(Bulletin of Pharmacy, Vol. 33, No. 11, Nov., 1919, p. 475.)

241. The Standardization of Blood Coagulants. By Herbert C. Ham-
ilton. Jowrnal of the American Pharmaceutical Association, Vol. 9, No.
2, Feb., 1920, pp. 118-127.)

242. Bacillus Bronchisepticus as the Cause of an Infectious Respira-
tory Discase of the White Rat. By H. P. Hoskins and Alice M. Stout.
(Journal of Laboratory and Clinical Medicine, Vol. 5, No. 5, Feb., 1920,
pp. 307-310.)

243. Bacteriology and Control of Contagious Nasal Catarrh (Snuf-
fles) of Rabbits. By N. S. Ferry and H. P. Hoskins. (The Journal of
Laboratory and Clinical Medicine, Vol. 5, No. 5, Feb,, 1920, pp. 311-318.)

244. Some Important Factors in the Preparation of Culture Media.
By Lewis Davis. (American Journal of Public Health, Vol. 10, No. 3,
March, 1920, pp. 250-254.)
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245. Need for a Settled Policy in Botanical Nomenclature. By Oliver
Atkins Farwell. (Druggists Circular, Vol. 64, March, 1920, p. 85.)

246. Local Anesthetics. By Herbert C. Hamilton. .(The Therapeutic
Gazette, Vol. 36, No. 4, April 15, 1920, pp. 238-243.)

247. The Germicidal Value of Mercuric Todide Alone and Associated
with Soap. By Herbert C. Hamilton. (Jowrnal of the American Pharma-
ceutical Association, Vol. 9, No. 5, May, 1920, pp. 498-501.)

248. Studies on Anthelmintics. VIII. Some Experiments with Fluid
Extracts., By Maurice C. Hall, Ph.D., D.V.M. (Journal of the American
Veterinary Medical Association, Vol. LVII, N. S. Vol. 10, No. 2, May,
1920, pp. 183-187.)

249. Snuffles (Contagious Nasal Catarrh) of Rabbits: Its Etiology
and Treatment. By H. Preston Hoskins, V.M.D. (Journal of the Ameri-
can Veterinary Medical Association, Vol. LVII, N. S. Vol. 10, No. 3, June,
1920, pp. 317-321.)

250. Action of Chloretone on Animal Tissue. By T. B. Aldrich and
H. C. Ward. (Jowrnal of Laboratory and Clinical Medicine, Vol. 5 No.'9,
June, 1920, pp. 583-586.)

251. What Should be the Scope of the National Formulary? By Oliver
A. Farwell. (Bulletin of Pharmacy, Vol. 34, No. 6, May, 1920, p. 189.)

252. Hemostatic Agents. By Herbert C. Hamilton. (Jowrnal of Lab-
oratory and Clinical Medicine, Vol. 5, No. 9, June, 1920, pp. 574-582.)

253. Studies on Anthelmintics. IX. Santonin. By Maurice C. Hall,
Ph.D., D.VM. (Jowrnal of the American Veterinary Medical Association,
Vol. LVII, N. S. Vol. 10, No. 4, July, 1920, pp. 183-187.)

254, Bi'ologic Assaying: Its Scope and Limitgltioﬂs. By Herbert C.

Hamilton. (Journal of the American Pharmaceutical Association, Vol. 9,
No. ‘6, June, 1920, pp. 576-579.)

255. Adulteration of American Centaury and Maiden Hair Fern. By
Oliver Atkins Farwell. (Bulletin of Pharmacy, Vol. 34, No. 6, June, 1920,
p. 238.)

256. Derivatives of Trihalogen Tertiary-Butyl Alcohols. III. The
Benzoic Acid Ester of Trichlor-Tertiary-Butyl Alcohol or Chloretone Ben-
zoic Acid Ester. By T. B. Aldrich. (Journal of the American Chemical
Socicty, Vol. 42, No. 7, July, 1920, pp. 1502-1507.)

257. Water-Soluble Vitamins I. By A. D. Emmett and G. O. Luros.
(Journal of Biological Chemistry, Vol. 43, No. 1, Aug., 1920, pp. 265-286.)

258. Water-Soluble Vitamins II. By A. D. Emmett and Mabel Stock-
holm.  (Jowrnal of Biological Chemistry, Vol. 43, No. 1, Aug., 1920,
pp. 287-294.) /

259. The Fat-Soluble A Vitamin and Xerophthalmia. By A. D. Em-
mett. (Science, N. S. Vol. 52, No. 1337, Aug. 13, 1920, pp. 157, 158.)

260. The Biologic Methods for Digitalis Assay. By Herbert C. Ham-
itton.  (American Jowrnal of Pharmacy, Vol. 92, No. 8, Aug., 1920,
pp: 529-537.)

261. Studies on Anthelmintics. X. Stock Tonics and Some of Their
Constituents. By Maurice C. Hall, Ph.D., D.V.M., and Meyer Wigdor,
M.A.  (Journal of the American Veterinary Medical Association, Vol.
JLVII, N. S. Vol. 10, No. 6, Sept., 1920, pp. 686-688.)

262. Bacteriologic Peptone in Relation to the Production of Diphtheria
Toxin and Antitoxin. By Lewis Davis. (Journal of Bacteriology, Vol. 5,
No. 5, Sept., 1920, pp. 477-488.)
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263. Notes on the Michigan Ilora. 11. By Oliver Atkins Farwell.
(Twenty-first Michigan Acad. Sci. Rpt., 1919.)

264. Preparation and Standardization of Polyvalent Antipnieumococcic
Serum. By N.'S. Ferry and Emily Blanchard. (Journal of Laboratory
and Clinical Medicine, Vol. 6, No. 1, Oct,, 1920, pp. 23, 24.)

: 265. A Simple Method of Isolating Bacteria from Pathological Mate-
rial. By H. C. Klix. (Journal of Laboratory and Clinical Medicine, Vol. 0,
No. 2, Nov, 1920, p. 104.)

266. The Chemistry of Digitalis. By Herbert C. Hamilton. (Journal
of Industrial and Engineering Chemistry, Vol 12, .No. 12, Dec, 1920,
p. 1186.)

267. Report on Five Thousand Bloods Typed Using Moss’ Grouping.
By Wm. Culpepper and M. Ableson. (Journal of Laboratory and Clinical
Medicine, Vol. 6, No. 5, TFeb., 1921, pp. 276-283.)

268. The Physiological Value of the Vitamins. By A. D. Emmett.
(Jownal of the American Pharmaceutical Association, Vol. 10, No. 3
March, 1921, pp. 176-182.)

269. Hemostatic Serum. By 1. C. Hamilton. (The Journal of Lab-
oratory and Clinical Medicine, Vol. 6, No. 7, April, 1921, pp. 308-404.)

270. Chaulmoogra OQil in the Treatment of Tuberculosis. By W. 15
Culpepper and M. Ableson. (The Journal of Laboratory and Clinical Medi-
cine, Vol. 6, No. 8, May, 1921, pp. 415-426.)

271. Luetin. By H. C. Ward. (The American Jownal of Syphilis,
Vol. 5, No. 3, July, 1921, pp. 482-495.)

.272. Some Characteristics of B. Chauvi. By L. W. Goss, R E. Bar-
barin and A. W. Haines. (The Jowrnal of Infectious Diseases, Vol. 29,

«No: 6, -Dec., 1921, pp. 615-629.)

273. Pathogenesis Due to Vitamin Deficiency in the Bat By A D,
Emmett and F. P. Allen. (Proceedings of the American Society of Biologi-
cal Chemists, 19195 Journal. of Biological Chemistry, Vol. 41 (Proceedings
p. LIIT), 1920.

274. Relation of Vitamins and Todine to the Size and Development of
the Tadpole. By A. D. Emmett, F. P. Allen and M. Sturtevant. (Proceed-
ings of the Amer. Society of Biological Chemists, 1919 Journal of Biologi-
cal Chemistry, Vol. 41 (Procecdings p. LIV), 1920.

275. Standardized Methods for the Study of Vitamins. By A. D. Em-
mett.  (Journal of Industrial and Engincering Chemistry, Vol. 13, No. 12,
Dec., 1981, p. 1104.)

276. The Vitamins and Their Relationship to Health and Disease. By
A. D. Emmett. (Therapeutic Gazette, Nov. and Dec., 1921, and Jan., 1922.)

277. Mondo Adans. By O: A. Farwell. (The American Midland Nat-
wralist, 1921, pp. 41-43.)

278. Corrections in Nomenclature. By O. A. Farwell (Rhodora,
Jowrnal of the New England Botanical Club, Vol. 23, 1921, April - 26,
pp. 86, 87.)

279. Notes on the Michigan fiora, 111 By O. A, Farwell, (Michi-

gan Academy of Science, May, 1921, pp. 177-185.)

280. A Substitute for Pellitory. By O. A. Farwell. (Bulletin of Phar-
macy, Vol. 35, Oct., 1921, p. 431.)

281, The Occurrence of Virulent and Non-virulent Strains of . the
Hemorrhagic Septicemia Organism in the Same Animal. By H. P. Hos-
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kins. (Jowrnal of the American Veterinary Medical Association, Vel 1LX,
N. S. Vol. 13, No. 4, Jan,, 1922, pp. 453-460.)

282. The Chick as an Experimental Animal in Vitamin Studies. By
A. D. Emmett and Gail Peacock. (Jowrnal Biol, Chem., Vol. 50, 1922 ; Pro-
ceedings, pp. 40, 41.)

283. Prevention of Stockyards Pneumonia (Hemorrhagic Septicemia

of Cattle). By H. P. Hoskins. (Veterinary Medicine, Vol. 17, No. 3,

March;. 1922, p, 1138

284. Hemorrhagic Septicemia in Michigan, By H. P. Hoskins.” (Pro-
ceedings of the 38th Convention of the Mich. State Vet. Med. .Ass'n.
pp. 60-66.)

285. Derivatives of Trihalogen Tertiary Butyl Alcohols. By T. B. Aldrich
and J. E. Blanner. (Journal of the Awmerican Chemical Socicty, Vol. 44,
No. 8, Aug., 1922, pp. 1759-1762.)

286. Some Newer Phases of Vitamin Studies. By A. D. Emmett.
({llinois Medical Journal, Vol. 42, Nov., 1922, pp. 342-352.)

288. Corrections in Botanical Nomenclature. By O. A. Farwell. (The
American Midland Naturalist, Vol. 8, No. 1, Jan., 1922.)

289. Hollyhock Root (?) for Althea Source of Balsam Poplar Buds.
By O. A. Farwell. - (Journal of the Amer. Pharm. Ass'n, Vol. 11, Nou3,
March, 1922, p. 184.)

290. Botanical Source of the Cola Nut Commerce, etc. By O. A. Far-
well.  (The American Journal of Pharmacy, Vol. 94, June, 1922, pp. 428-
429.)

291. The Comparative Toxicity of a New Mercurosal. By L. W. Rowe.
(Journal of the Amer. Pharm. Ass'n, Vol. 12, No. 1, Jan., 1923, pp. 8-12.)

~=-292. The Chemistry of Digitalis. By H. C. Hamilton. (Journal of

the Amer. Pharm. Ass'n, Vol. 12, No. 6, June, 1923, p. 494.)

293. Does the Chick Require the Fat Soluble Vitamin? 3y A I
Emmett.  (Journal of Biological Chemistry, Vol. 56, No. 2, June, 1923,
pp. 679-093,)

294. Some Aspects of Dictary Deficiency Diseases and Their Impor-
tance to the Veterinarian. By A. D. Emmett and H. P. Hoskins. (Vet.
Mecd., Vol. 18, No. 77, July, 1923, p. 613.)

295. Longevity in Spores of Aspergillus Oryza and Rhizopus Nigri-
cans. By A. McCrea. (Science, Nov. 23, 1923, Vol. 58, No. 1508, p. 426.)

296. Corallorrhiza Maculata, Raf. By O. A. Farwell. (Rhodora, Vol
25, No. 290, Feb., 1923.)

297. Botrychium dissectum. By O. A. Farwell. (American Fern Jour-
nal, Vol. 13, No. 3, Apr.-June, 1923, pp. 42-45.) ;

' 298. Notes on the Michigan Flora. Part IV. By O. A. Farwell.
(Michigan Academy of Science, Vol, 1, 1921, pp. 85-100.)

299. Botanical Gleanings in Michigan. By O. A. Farwell. (American
Midland Naturalist, Nov., 1923, No. 12, Vol. 8, pp. 263-280.)

300. Germicidal Assays with Particular Reference to Colloidal Silver
Compounds. By H. C. Hamilton. (Journal of Laboratory and Clinical
Medicine, Vol. 9, No. 4, Jan., 1924, pp. 244-248.)

301. The Antispasmodic Action of Chloretone. By L. W. Rowe.
(Jowrnal of the Amer. Pharm. Ass'n, Vol. 13, No. 1, Jan., 1924, pp. 22-27.)

302. Eclampsia—Is it a Biological Necessity? By O. M. Gruhzit.
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(American Journal of Obstetrics and Gynecology, Vol. 7, No. 5, May, 1924,
pp. 588-598.)

303. A Study oi the Protective Powers of the Various Blackleg Immu-
nizing Agents. By A. S. Schlingman. (Jr. Amer, Vet. Med. Ass'n, Vol.
LXV, Vol.18, N. S No./6, Sept., 1924, pp. 712-723.)

304. Studies of the Immunizing Properties of Bacterial Antigens Pre-
pared After Various Methods. By N. S. Ferry and L. W. Fisher. (British
Jowrnal of Experanental Pathology, 1924, Vol. 5, pp. 185 and 205.)

305. A New Clinical Method for Blood Typing. By O, M. Gruhzit
and L. T. Clark. (Jowrnal of Laboratory and Clinical Medicine, Vol. 10,
No. 1, Oct., 1924, pp. 66-68.)

306. The Correct Name for Spearmint. By O. A. Farwell. (Rhodora,
Vol. 26, Jan., 1924, pp. 19-22.

307. Notes on the Michigan Flora, Part V. By O. A. Farwell,
(Michigan Academy of Science, Arts and Letters, Vol. 2, pp. 11-46.)

308. Notes on the Michigan Flora. Part VI. By O. A. Farwell.
(Michigan Academy of Science, Arts and Letters, Vol. 3, pp. 87-109.)

309. Mexican Cactus a Substitute for Cactus Grandiflorus. By O. A.
Farwell. (Jowrnal of the Awmer. Pharm. Association, Vol. 13, No. 3, March,
1924, p. 211.)

310. Bio-Assay of Veratrum Preparation. By L. W. Rowe. (Journal '
of the Amer. Pharm. Assin, Vol. 14, No. 1, Jan., 1925; pp. 24, 25.)

311. The Effect of Cod Liver Oil on Dogs Convalescing from Distem-
per. By A. S. Schlingman. (Jowrnal of the Amer. Vet. Med. Ass'n,
Vol. LXVII, N. S. 20,.No..1, Apr., 1925, pp. 91-96.)

312. Clinical Results with Scarlet Fever Streptococcus Antitoxin

(Globulin) Combining both Antitoxic and Antibacterial Properties. By
N. S. Ferry, B. B. Bernbaum and H. C. Crissman. (Therapeutic Gasette,
Vol. 41, No. 4, Apr., 1925, pp. 257-262.)

313. The Elimination of Mercurials with Particular Reference to Mer-
curosal. By L. W, Rowe. (Journal of the Awmer. Pharim, Ass'n, Vol. 14,
No. 4, Apr., 1925, pp. 317-325.)

314. Mercurosal in Experimental Rabbit Syphilis. By 0. M. Gruhzit.
(Archives of Dermatology and Syphilology, Vol. 11, Apr, 1925,
pp. 509-517.)

315. The Preparation and Clinical Tests of an Antistreptococcus (Scai-
latine) Serum. By N. S. Ferry, R. W. Pryer, and L. W. Fisher. (Jour-
nal of Laboratory and Clinical Medicine, Vol. 10, No. 9, June, 1925,
pp. 753-756.) :

316. Production of Immunity with Soluble Antigen of the Pneumococ-
cus. By N. S. Ferry and L. W. Fisher. (Jowrnal of Laboratory and Clini-
cal Medicine, Vol. 10, No. 10, July, 1925, pp. 817-823.)

317. The Effect of Carbon Tetrachloride on Puppies. By A. S. Schling-
man. (Journal of the Amer. Vet. Med. Ass'n, Vol. LXVII, N.'S. 20, No. 4,
July, 1925, pp. 474-479.)

318. Further Cultural Characteristics Differentiating B. Chauvei from
Other Anaerobes. By A. S. Schlingman and A. W. Haines. (Journal
of Bacteriology, Vol. 10, No. 5, Sept., 1925, pp. 449-458.)

319. The Parathyroid Glands and Their Iodine Content. By A M.
Hjort and O. M. Gruhzit, (The Jouwrnal of Laboratory and Clinical M ecdi-
cine, Vol. 10, No. 12, Sept, 1925, pp. 979-984.)
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320. The Bio-Assay of Aconite. By L. W. Rowe. (Journal of the
Amer. Pharmaceutical Association, Vol. 14, No. 11, Nov., 1925, pp. 968-971.)

321 Critical Tests of Tetrachlorethylene, a New Anthelmintic, with

Special Reference to its use in Puppies. By A. S. Schlingman. (Jowrnal

of the Amer. Vet. Med. Ass'n, Vol. LXVIII, N. S. 21; No. 2, Nov., 1925,
- pp. 225-231.) ;

322. Prophylactic Immunization of Dogs Against Rabies by a Single
Injection of a Dead Virus Vaccine. By A. S, Schlingman. (Jowrnal of
the Awier. Vet, Med, Ass’n, Vol. LXVIIL N, S, 21, No. 3, Dee,, 1925, P
299-305.)

323. Botanical Gleanings in Michigan. II. By O. A. Farwell. (The
American Midland Naturalist, Vol. 9, Jan., 1925, No. 7.)

324. A Comparison of the Causative Organisms of La Mancha, Man-
queira Furopean and American Blackleg. By A. S. Schlingman. (Journal
Ameyr, Vet. Med. Ass'n, Vol. LXVIIIL, N. S. 21, No. 4, Jan., 1926, pp. 482-
493.)

325. Miscellancous Tests of Tetrachlorethylene, a New Anthelmintic.
By A. S. Schlingman. (Jowrnal Amer. Vet. Med. Ass'n, Vol. LXVIII,
N. S. 21, No. 6, March, 1926, pp. 741-754.)

326. The Influence of Testes on Metabolism. By E. P. Bughee and
A. Simond.  (Amer. Journal of Physiology, Vol. 75, No. 3, Feb., 1926,
pp. 542-547.)

327. Bismuth Salicylate in Experimental Rabbit Syphilis. By O. M.
Gruhzit.  (Archives of Dermatology and Syphilology, Feb., 1926, Vol. 13,
pp. 195-314.)

328. Mcasles Toxin. By N. S. Ferry and L. W. Fisher. (Journal of
the Amer. Med. Ass'n, March 27, 1926, Vol. 86, pp. 932-934.)

329. Suggested Method to be Followed in Developing a Standard Course
for Medical Technicians. By W. E. King. (Journal of Laboratory and
Clinical Medicine, Vol. 11, No. 7, April, 1926, pp. 623-629.)

330, Miscellancous Anthelmintic Investigations, By Maurice C. Hall
and Meyer Wigdor. (Journal of the Amer. Vet. Med. Ass'n, Vol. LXIX,
N. S. Vol: 22, No. 2, May, 1926, pp. 195-217)

331. Pathological Conditions Found on Necropsy of 280 Dogs. By
M. Wigdor. (Jowrnal of the Amer. Veterinary Medical Ass'n, Vol. LXIX,
N.°S. 22, No. 3, June, :1926, pp.:357-361.)

332. Standardization of Preparations of Ovarian Follicular Hormone.
By E. P. Bugbee and A. E. Simond. (Endocrinology, March-April, 1926,
Vol. 10, No. 2, pp. 191-200.)

333. Reappearance of Reaction at Site of Previous Dick Test Coinci-
dent with Appearance of Measles Rash in a Case of Measles. By N. S.
Ferry. (Jowrnal of the Amer. Medical Ass'n, July 24, 1926, Vol. 87,
pp. 241, 242.)

334. Simplified Technic for the Shaffer-Hartmann Method for Blood-
Sugar Analysis. By E. P. Bugbee and A. E. Simond. (Jowrnal of Laboratory
and Clinical Medicine, Vol. 11, No. 10, July, 1926, pp. 990-993.)

335. The Increase of Voluntary Activity of Ovariectomized Albino Rats
caused by Injections of Ovarian Follicular Hormone. By E. P. Bugbee and
A. E. Simond. (Endocrinology, July-Aug., 1926, Vol. 10, No. 4, pp. 349-
359.) ; :

336. The Effects of Injections of Ovarian Follicular Hormone on Body
Growth and Sexual Development of Male and Female Rats. By E-P.
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Bugbee and A. E. Simond. (Endocriology, July-Aug., 1926, Vol. 10.
No. 4, pp. 360-369.)

337. A Search for an Ideal Antigen for Therapeutic Immunization. By
Sir Thomas Horder and N. S. Ferry. (British Medical Journal, Vol. 2,
July 31, 1926, pp. 177-180.)

338. The Toxicities of Local Anesthetics. By H. C. Hamilton. (Jour-
nal of Laboratory and Clinical Medicine, Vol. 11, No. 11, Aug., 1926,
pp. 1082-1086.)

330, The Role of the Washings of Steeptococcus Searlatime in Searlet
Fever. By N. S. Ferry and L. W. Fisher. (Jowrnal of Laboratory and
Clinical Medicine, Vol. 12, No. 3, Dec., 1926, pp. 274-277.)

340. Botanical Gleanings in Michigan. III. By Oliver A. Farwell.
(The American Midiand Naturalist, Vol. 10, No. 1, 1926, pp. 1-46.)

341. Anthelmintic Efficiency of Kamala and Tetrachlorethylene in the
Treatment of Chickens. By A. S. Schlingman. (Journ. of the Amer. Vet.
Med. Ass'n, Vol. LXX, N. S. 23, No. 4, Jan, 1927, pp. 514-519.)

342. The Colorimetric Assay of Strophanthus. By L. W. Rowe. (Jour-
nal of the American Pharmaceutical Ass'n, Vol. 16, No. 2, Feb., 1927,
P 113=4158

343. Bismuth Absorption, Distribution and Elimination. By O. M.
Gruhzit, F. H. Tendick, and J. A. Sultzaberger. (American Jowrnal of
Syphilis, Vol. 11, No. 1, Jan., 1927, pp. 87-115.)

344. Studies on the Toxicity of Tetrachiorethylene, a New Anthelmin-
tic. By A. S. Schlingman. (Journal of the Amer. Vet. Med. Ass'n, Vol.
LXXI, N. S. Vel, 24, No. 2, May, 1927, pp. 189-209.)

345. Bismuth Thioglycollate in Experimental and Clinical Treatment
of Syphilis. By O. M. Gruhzit, E. Lyons, and R. Perkins. (Arch. Derm.
and Syph., Vol. 15, May, 1927, pp. 550-567.) ‘

346. Studies on the Etiology of Mecasles. By N. S. Ferry. (Cincin-
nati Jowrnal of Medicine, Vol. 8, June, 1927, pp. 191-197%)

347. Etiology of Measles. By N. 8, Ferry, (dwmerican Journal of Pub-
lie Health, Vol. 17, June, 1927, pp. 565-572.)

348. The Colorimetric Assay of Digitalis. By L. W. Rowe. (Journal
of the American Pharm. Ass'n, Vol. 16, June, 1927, pp. 510-516.)

349. The Comparative Pharmacologic Action of Ephedrine and Adrena-
lin. By L. W. Rowe. (Jowrnal of the Amer. Pharm. Ass’n, Vol. 16, No.
10, 'pp. 912-918, Oct., 1927.)

350. A Rapid Method for the Macroscopic Agglutination Test. By
Aryle Noble. (Journal of Bacteriology, Vol. 14, No. 3, Nov, 1927, pp.
287-300.)

351. Recent Experimental Work on the Etiology of Measles. By N. S.
Ferry. (The Natiow's Health, Vol. 9, No. 12, Dec., 1927, pp. 51-54.)

352. Adulteration of Crude Drugs. By Oliver Atkins Farwell. (Amer-
ican Druggist, Jan., 1927, pp. 39-40.)

353. The Botanical Identity of Ma Huang. By Oliver Atkins Farwell.
(Jowrnal of Amer. Pharin. Ass'n, Vol. 16, No. 2, Feb., 1927.)

354. Contribution to the Botany of Michigan, No. 13. By Oliver Atkins
Farwell. (American Midland Naturalist, Vol. X, pp. 305-315 incl, No.
10, 1927.)

355. Botanical Gleanings in Michigan. IV. "By Oliver A. Farwell.
(American Midland Naturalist, Vol. X, pp. 199-219 incl,, No. 7.)
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356. Better Crude Drugs. By Oliver A. Farwell. (American Drug-
gt Oct.. 1927; pp. 16, 17,746.)

357. The Active Principles n( the Posterior Lobe of the Pituitary
Gland: 1. The Demonstration of the Presence of Two Active Principles.
[L. The Separation of the Two Principles and Their Concentration in the
Form of Potent Solid Preparations. By Kamm, Aldrich, Grote, Rowe,
Bugbee, (/mu'uu/ of Amer. Chem, Society, Vol. 50, Feb., 1928, pp. 573-601.)
358, Biffect of UltrnsViolet Light upon Digitalis Purpurea, By Adelia
MeCrea, x_‘uum.u Val, 67, \e., 1744, Mareh, 1028, pp, 477-278,

359. Notes on Digitalin Standardization. By L. W, Rowe. (Journal
of the dmer. Pharm. Ass'w, Vol. 17, No. 7, ]ul 1928, pp. 645-647.)

360. The Diuretic-Antidiurctic Fffect of the Pressor Principle of the
I’«»:«Iumr LLobe of the Pituitary Gland. By K. I’, Bugbee and A. E. Simond.
(American Jowrnal of Physiology, Vol. 86, No. 1, Aug., 1928, pp. 171-177.)

361. Recent Advances in Specific Antigenic Therapy. By N. S. Ferry.
(Medical Journal and Record, Vol. 128, No. 5, Sept. 5, 1928, pp. 207-211.)

362. Oxytocic Apparatus with Twelve Tubes. By E. P. Bugbee and
A. E. Simond. (/m// nal of Laboratory and Clinical Medicine, Vol. 13, No.
12 Sept.- 1028, 5, -1151.)

363. ;1(>—Assny of Preparations of Ovarian TFollicular Hormone. By
Is. P. Bugbee and A. E. Simond. (Jowrnal of the American Pharmacentical
Assoctation, Vol. 17, No. 10, Oct., 1928, pp. 962-966.)

364. Clinical Results with Measles Streptococcus Toxin and Antitoxin.
By N. Si'Berty, E. J. Gordon, F. W. Munro, A. H. Steele and L. W,
Fisher. (Jouwrnal uf the American Medical Association, Oct. 27, 1928, Vol.
91, pp. 1277-1280.

,\)()5. A Z\(,LC on the Effect of Anthelmintic Treatment of Hens on the
Hatchability of their Eggs. By A. S. Schlingman and M. J. Smead.
(Jowrnal of the American Veterinary Medical Association, Vol. LXXIV,
N. 8.:27 No. 1, Dec., 1928 pp. 91-92,)
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366. Recent Progress in the Investigation of the Posterior Lobe of the
Pituitary Gland. E, P. Bugbee and Oliver Kamm. (Eu(iocrino/oyy, Vol. 12,
No. 3§, Sept.-Oct., 1928, Pp. 671-679.)

367. Studies of Oxytocin and Vasopressin: The Effect on Frog Melano-
phores, L. W. Rowe. (Enducrma/ogy, Vol. 12, No. 5, Sept.-Oct., 1928,
pp. 0663-670.)

368. The Botanical Identity of Cascara Amarga. O. A. Farwell. (The
American Druggist, Feb., 1928.)

369. Botanical Gleanings in Michigan V., O A, Farwell:: (The: Ameri
can Midland Naturalist, Vol. 11, No. 2, March, 1928, pp. 41-71.)

370. Contributions to the Botany of Michigan, No. 15. O. A. Farwell.
(The American Midlang Naturalist, Vol. 11, Ne. 2, March, 1928, pp. 72-85.)

371. The Chemical Study of Bacteria. XXIV. A Proximate Chemical
Analysis of the Timothy Bacillus. Robert D. Coghill and Orson D. Bird.
(The Journal of Biological Chemisty » Vol. 81, No. 1, Jan,, 1929, pp. 115-122.)

372. Cultural and Serologic Reactions with Green Producing Micrococci
from Measles. N. S. Ferry and A. Noble. (Archives of Internal Medicine,
Vol. 43, Feb., 1929, Pp. 274-294.)

373. AE‘ti(;]-ogy and  Specific Treatment of Measles. N. . S. Ferry.
(American  Journal of Discases o Children, March, 1929, Vol. 37,
pp. 573-579.)

374. Results from the Use of Huddleson’s Vaccine for Bang’s Disease.
Dr. Ward Giltner, I. F. Huddleson, L. T. Clark, and A. S, Schlingman.
(Journal of the Amer. Vet. Med. Ass’n, Vol. LXXIV, N. s. 27, No. 6,
May, 1929, pp. 885-891.)

375. The Effect Upon Digitalis Purpurea of Radiation Through Solar-
ized UItm—Violct—']‘ransmitting Glass. A. McCrea. (Science, June 14,
1929, Violi LXIX ! No. 1798, pp. 628, 629.)

376. Further Miscellaneous Tests of Tetrachlorethylene as an Anthel-
mintic. AL'S, Schlingman.  (Journal of the Amer, Vet Med. Ass'n,
Vol LXXV, N 8. 28, No. 1, July, 1929, 74-85.)

377. Studies on Oxytocin and Vasopressin : Pressor Action, (Endo-
crinology, Vol. 13, No. 2, March-April, 1929, pp. 205-212.)

378. Local Microscopic Changes Following the Administration of Anti-
syphilitic Drugs. O. M. Gruhzit.  (Archives of Dermatology and Syphilol-
09y, June, 1929, Vol. 19, pp. 922-944.)
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379. Digitalis Assay Standards. L. W, Rowe.  (J. Awer. Pharm.
Assn., 18: 1138, 1929.)

380. Contributions to the Botany of Michigan, No. 16—Miscellany.
O. A. Farwell. (Anier. Naturalist, 11: 261, 1928-29,)

381, The History of the Rhizome of Our Common Pickeral Weed.
Z. I, Klan and O. A. Farwell, (Proc. International Congress of Plant
S¢ciences, ‘2371869, 1929.)

382. Comparative Marrubiin  Content in Marrubium  Vulgare from
European vs. Anierican Seed,  Adelia MeCreis (/o Awer. Phiri, Assits,
19 231, 1930.)

383. Prolonged Effect on Digitalis purpurea of Exposure under Ultra-
Violet-Transmitting Glass. Adelia McCrea, (Science, 71: 346, 1930.)

384. The U. S. P. Strophanthus Standard. L. W. Rowe. (J. Amer.
Pharm. Assn., 19: 563, 1930.)

385. Training of the Lay Technician-Importance to Physicians, W, E.
King. (Proc. Congress of Med. Education, Med. Licensure and Hospitals,
Chicago. Feb. 17-19, 1930.)

380. Botanical Gleanings in Michigan VI. O. A. Farwell.  (Amer.
Naturalist, 12: 113, 1930.)

387. Botanical Gleanings in Michigan VII. O. A. Farwell. (Amer,
Naturalist, 12: 44, 1930.)

388. What is Scirpus Capitatus Linn? 0. A, Farwell. (Rhodora, 32:
180-181, 1930.)

389. Spiro-Pyrimidines. I Cyclobutane-1, 5-spiro-Pyrimidines. A. W.
Dox and L. Yoder. (J. Amer. Chem. Soc.. 43: 677, 1921.)

=390 The Relation Between Structure and Physiological Action of the
Alcohols. -O. Kamm, (/i Amer. Pharm. Assn., 10: 87, 1921.)

391. Spiro-Pyrimidines. II Cyclohexane-1, 5-Spiro-Pyrimidines. A. W.
Dox and L. Yoder, (J. Aumier. Chem. Soc., 43: 1366, 1921.)

392, The Prediction of the Physiological Action of Alcohols, 0.
Kamm. (Science, 54: 55, 1921.)

393. Spiro-Pyrimidines, TIT Condensation of Cyclopropane-1, 1-Dicar-
hoxylic Iister with Ureas. "A. W. Dox and L. Yoder. (J. Amer. Chem,
Soc., 43: 2097, 1921.) :

394. The Preparation ‘of Benzyl Benzoate of High Purity. W. F.
Kamm and A. O. Mattheus. (J. Amer. Pharm. Assn., 11 : 599, 1922.)

395. Pyrimidines from Alkylmalonic Esters ‘and Aromatic Amidines.
A=W, Dox and L. Yoderu 6l - #ier: - Chemn, S0 44 -1 361, 1922,)

396. A Concentrated Dakin's Solution. A. Thomas. . (J. Amer. Pharm.
Assni; 113940, 1922.)

397. Note: The Reaction Between sym-Dichloro~(limclhyl Ether "and
Ethyl Malonate. A. W. Dox and L. Yoder, (J.- Amer. Chem, Soc., 44 :
649,.1922.)

398. The Antoxidation of Ethyl Ether. A. M. Clover.  (J. Awmer,
Chem. Soc., 44: 1107, 1922.)
399, Amide Formation from Esters of Secondary Alkyl Malonic Acids,
AL W. Dox and L. Yoder. . (/i Ameri Chen. Soc., 44: 1564, 1922.)

400. Alkylbenzyl Barbituric Acids.” A, W. Dox and L. Yoder. . (/.
Amer. Chem. Soc., 44: 1141, 1922.) : :
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401. Some Derivatives of Normal-Butyl-Malonic Acid. A. W. Dox
and L. Yoder. (J. dmer. Chem. Soc., 44: 1573,.1922,

402. Esterification of Creatine. A. W. Dox and L. Yoder, (J. Biol.
Chem., 54: 671, 1922.)

403. Gamma-Chloropropyl Urethans and a Synthesis of the 1, 3-Oxazine
Ring.. A. W. Dox and L. Yoder. (J. Amer. Chem. Soc., 455723, 1923.)

404. Urethanes from Chlorine-Substituted Secondary and Tertiary Al-
cohels. L. Yoder, (J. Amer. Chem. Soc., 45: 475, 1923.)

405. Some Dialkylbarbituric Acids with Tertiary Amino Grouping.
A. W. Dox and L. Yoder. (J. Amer. Chem. Soc.; 45¢ 1757,.:1923,)

406. 5, 5-Diarylbarbituric Acids. A. W. Dox and A. Thomas, . (/.
Amer. Chem. Soc., 45: 1811, 1923.)

407. A Comparison of Cane and Beet Sugar for Pharmaceutical Pur-
poses. A. Thomas. (J. Amer. Pharm. Assn., 12: 498, 1923.)

408. Synthetic Hypnotics in the Barbituric Acid Series. A. W. Dox.
(J. Amer. Pharm. Assn., 12: 602, 1923.)

409. The Auto-Oxidation of Chloroform. A. M. Clover. (J. Amer.
Chem. 88¢., 45: 3133, 1923.)

410. Acetonyl-Barbituric Acid and Some of its Derivatives. A. W.
Dox and B. Houston. (J. Awmer. Chem. Soc., 46: 252, 1924.)

411. Alkylchloromalonamides. The Influence of Homology on Taste.
A. W. Dox and B. Houston. (J. Amer. Chem. Soc., 46: 1278, 1924.)

412. Ethyl-Normal-Hexylbarbituric Acid and Other Derivatives of
Normal-Hexylmalonic Acid. A. W. Dox. (J. Amer. Chem. Soc., 46:
1707, 1924.)

413. Auto-Oxidation of Ethers. A. M. Clover. (J. Amer. Chem. Soc.,
46: 419, 1924.)

414. Ethylphenethyl-Barbituric Acid and Related Derivatives. A, W.
Dox. (J. Amer. Chem. Soc., 46: 2843, 1924.)

415. Untersuchungen iiber die Natriumsalze der Nucleinsaure aus
Weizenkeimen. A. Thomas and A. W. Dox. (Zeitschr. f. phys. Chem.,
1421, 51928%)

416. Mercury Derivatives of Some Imides. E. Lyons. (J. Amer.
Chem. Soc., 47: 830, 1925.)

417. Tetra-Alkyl-Succinimides and Their Pharmacological Action. A.
W. Dox.. (J. dmer. Chem. Soc., 47 :1471,,1925.)

418. The Influence of Orally Administered Calcium Salts on the Serum
Calcium of Normal and Thyreoparathyroprivic Dogs. A. M. Hjort, (/]
Biol. Chem., 65: 783, 1925.)

419. An Extract Obtained from the External Bovine Parathyroid
Glands Capable of Inducing Hypercalcemia in Normal and Thyreopara-
thyroprivic Dogs. A. M. Hjort, S. C. Robison and F. H. Tendick. (T
Biol. Chem., 65: 117, 1925.)

420. Ethylhexylacetic Acid and its Esters. A. W. Dox. (J. Amer.
Chem. Soc., 47: 3008, 1925.)

421. Barbitursauren und die Pikrinsaurereaktion. A.W. Dox. (Zeitschr.
f. bhys. Chem., 150: 118, 1925.)
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422. Ring Closure in Chloro-Alkyl Phenylcarbazates. Six- and Seven-
Membered Hydrazolactones. A. W. Dox. (J. Amer. Chem. Soc., 48:
1951, 1926.)

423. The Determination of Small Quantities of Bismuth in Tissue,
Excreta, Blood and Bone. J. A. Sultzaberger. (J. Amer. Pharm. Assn.,
16: 218, 1927.)

424. Thioglycolic Acid as a Color Test for Iron. E. Lyons. (J. Awier.
Chem. Soc., 49: 1916, 1927.)

425. American Chemical Industries; Parke, Davis & Co. F. O. Taylor,
(J. Indust. & Eng. Chem., 19: 1202, 1927.)

426. Action of the Grignard Reagent on Alkylbarbituric Acids. A. W.
Dox. (/. dmer. Chem. Soc., 49: 2275 and 3189, 1927.)

427. The Relative Physiological Properties of® Certain Trialkyl and
Dialkyl Barbituric Acids. A. W. Dox and A. M. Hjort. (J. Pharm. and
Exper. Therap., 31: 455, 1927.)

428. The Dialysis of Pituitary Extracts. O. Kamm. (Science, 67:
199, 1928.)

429. New Derivatives of Barbituric Acid. A. W. Dox and E. G.
Jones. (J. Amer. Chem. Soc., 50 : 2033, 1928.)

430. The Identification of Alkylbarbituric Acids. E. Lyons and A. W.
Dox. (J. Ameri Chem. Soc., 51; 288, 1929.)

431. Direct Substitution on the Nitrogen of 5, 5-Dialkylbarbituric
Acids. A. W. Dox and E. G. Jones. (J. Amer. Chem. Soc., 5k: 316, 1920.)

432. Some Relative Physiological Properties of Certain New S5
Dialkyl and 1-Aryl-§, 5-Dialkyl Barbituric Acids. A. M. Hjort and A. W,
Dox. (J. Pharm. and Exper. Therap., 35: 155, 1929.)

433. Longevity of Conidia of Common Fungi under Laboratory Con-
ditions. Adelia McCrea. (Papers of the Mich. Acad. of Science, Arts
and Letters, 13: 165, 1930.)

434. The Reactions of Claviceps purpurea to Variations of Environ-
ment. Adelia McCrea.  (Amer. J. of Botany, 18: 59, 1931.)

435. A Method for the Germicidal Assay of Soaps.  H. C. Hamilton
and F. Thistlethwaite. (J. Lab. and Clin. Med., 16: 391, 1931.)

436. The Relative Toxicities of Some Organic Salts of Triethyl Lead
Hydroxide. H. Gilman and O. M. Gruhzit. (J. Pharm. and Exper.
Therap.,.41: 1, 1931.)

437. What is Scirpus Glaucescens Willd.? O. A. Farwell. (Rhodora,
32: February, 1930.)

438. The Reaction DBetween Barbital (Diethylbarbituric Acid) and
Phosphorus Pentachloride. A. W. Dox. (J. Awmer. Chem. Soc., 53: 1559,
1931.) ¢

439. An Unusual Case of Canine Rabies. A. S. Schlingman. (Awmer.
J. Public Health, 21: 287, 1931.)

440. Type-Specimens, Mr. Blake and the International Rules. O. A.
Farwell. (Amer. Midland Naturalist, 12: 175, 1930.)

441. Aira Spicata, Linn, and the Application of the International Rules.
O. A. Farwell. (Rhodora, 32: 261, 1930.)

442, Anterior Pituitary Hormones. E. P. Bugbee, A. E. Simond and
H. M. Grimes. (Endocrinology, 15: 41, 1931.)
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443. Concerning Some Species of Cornus of Philip Miller. O. .A.
Farwell. © (Rhodora; 33+ .68, 1931))

444. Fern Notes II. Terns in the Herbarium of Parke, Davis & Co. G
O. A. Farwell. (Amer. Midland Naturalist, 12 233, 1931.)
445. Some Physiological Effects of Radiation on Plant Life. Adelia
rea.  (Physical Therapeutics, 49: 197, 1931.)
446. Oxygen Ethers of Barbital. . A, W. Dox. (J. Anter. Chein. Soc.,
53: 2741, 1931.)
447, Standardization of Vibrion Septique Antitoxin. A. 8. Schling-
man, " (J..Lab, & Clin: Med., 16 967, 1931.)

Me(

448. I. Anemia of Dogs Produced by Feeding of the Whole Onions
and of Onion Fractions. O. M. Gruhzit. (Amer. J. Med. Sci., 181:.812,

1931.)

449. TL. Anemia in Dogs Produced hy Feeding Disulphide Compounds.
Q. M. Gruhzit. (Amer. J. Mcd. Sci., 181 815, 1931.)

450. Gland Extracts in Experimental Carcinoma and Sarcoma of Albino
Rats. O. M. Gruhzit. (Ann. Int. Med., 4: 1589, 1931.)

451. A New Color Reaction for Soluble Organic Sulfur Compounds.
AW, Grote. ' (F5 Biol - Chent.: 93:425/£19314)

452. Studies of the Properties of a Bouillon Filtrate of the Gonococeus.
Lo, Clarlkge N, S, Ferry and A, H, Steale.' " (/. Lmmunology, 21: 233,

453. Parasitic Fungi of the Sk'n. Adelia McCrea. (/. Trop. Med.
and Hygiene, 34: 204, 1931.)
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454. The Lffect of Storage of Distilled Water in Glass Ampuls on the
Allalinity and Total Solids Content. A, O. Mattheus. (/. Am. Pharm. Assn.,
b 767,.1931)

455. Studies of the Properties of Bouillon Filtrates of the Meningoc-
occus ; Production of a Soluble Toxin. N. S. Ferry, J. F. Norton, and A. H.
Steele. (/. Inununol., 21: 293, 1931.)

456. Notes on Bacillus Welchii. A. S. Schlingman, (/. Lab. & Clin. Med.,
Lo 219310

457. A Proposed Standard Method for the Evaluation of Fungicides. A.
MeCrea, (. Lab. & Clin. Med., 175 72519513

458. Gas Bacillus Infection in Civil Life. W. E. King. (Am. J. Surg.,
WS, 14: 460, 1931)

16:

459. Eukrania and Cynoxylon not Genera of Rafinesque. O. A. Farwell,
(Rhodora, 34 : 29, 1932.)

4600. Recurrence or Reinfection in Ringworm of the Hands and of the
[Feet. R. C. Jamieson and A. McCrea. (Arch. Derm. and Syphi258821, 1932.)
461. p-Nitrobenzyl Ialides as Reagents for the Indentification of Pri-
mary and Secondary Amines. E. Lyons. (/. Am. Pharm. Assn., 21 : 224, 1932.)

462. Studies on Canine Distemper: I. The Jacteriology of One Hundred
Naturally Infected Cases. A. S. Schlingman. (/. Am. Vet. Med. elsa, Ny 5
33:729, 1932.)

463. Alkylated Diketopyrazolidines and ' Tetraketopyrazopyrazoles from
Alkylmalonic Esters and Hydrazine. A. W. Dox. (J. A. C. S., 54: 3074,
1932.)

404. A Study of Halibut Liver Oil. A. D. Emmett, O. D. Bird, C. Niecl-
sen and H. J. Cannon. (Ind. & Eng. Chein., 24 : 1073, 1932.)

465. Chemistry and the Quest for Health, O, Kamm. (J. Chem. Educa-
tion, 9: 1719, 1932.)

460, Meningococcus Antitoxin, I, Prophylactic and Therapeutic Tests on
Guinea Pigs. N. S. Ferry. (/. lnuimol., 23 ; 315,:193%5)

467. Meningococcus Antitoxin, IT. Therapeutic Tests on Monkeys, N. S.
Ferry. (J. Immunol., 23 ; 325, 1932.)

468. Studies on Canine Distemper : II. The Effect of Injection of Filtrates
of Suspensions of Dog Spleens into Ferrets. A. S. Schlingman. (J. Am. Vet.
Med. Assn., N. S., 34: 627,1932)

469. Iithyh‘m'—N,N’—Ilish:xrhitgll, a Dimolecular Barbital with Hypnotic
Properties. AW, Dox. @, A..GLS.; 5541230, 1933.)

470. Studies on Canine Distemper: III. A Comparison of Natural and
ixperimental Virus Infections. A. S. Schlingman. (J. Am. Vet. Med, Assn.,
N.'Si 35:7164,91933.)

471. Homodesoxyveronal and Some of its Homologs. A. W. Dox. (/. A.
Cii- S, 55538711633 )

472. New Method of Reticulocyte Enumeration. E, M. Schieicher. (Am.
VaGlin i athe #8375, 1933:)

473. Reliability of Skin Test o Fvaluntinﬁ the Potency of Scarlet Fever
Streptococcus Antitoxin, W. E, King and J. FL. Conlin, (Arch. Ped., 50: 727,
1933.)

474. Studies on Canine Distemper: IV, Immunization of Dogs by Means
of Bacterial Products. A. S. Schlingman. (J. Awm. Vet. Med. Assnig No Si
36: 604, 1933.) 8 :




178

1}

475. Meningococcus Toxin and Antitoxin, TIT. Further Tests on Monkeys.
N. S. Ferry (J. Immuwnol., 26: 133, 1934.) {

476. ‘\I(‘nin‘;:ococcns Toxin and Antitoxin. IV, Further Tests on Guinea
Pigs and Rabbits. N, S, Ferry and P. J. Schornack. (/. Lmmunol., 26: 143,
1934.)

477, National Standards far 1ineture Digitalis with Speeinl Reference
to U. 5. P. X, and B, I, 1932 Standards. L. W, Rowe. (o cAm, Plarm, Assu.,
23 104, 1934.)

478. The Differentiation and Standardization of Certain Streptococcus
Toxins and Antitoxins by Mecans of the Skin Test. W. E. Kingand J. H.
Conlin, (Awm. J. Clin. Path., 4 200, 1934.)

479. The Cause of Local Reactions Following the Administration of
Staphylococcus Bacteriophage. W. E. King, D. A, Boyd and J. H. Conlin.
(Am. J. Clin. Path., 4: 336, 1934.)

480. Longevity of Merulius Lacrymans in Wood Destroyed by its
Growth. A. McCrea. (Mycologia, 26 : 454, 1934.)

481. Fungicidal Value of Some Common Dyes Against Dermatophytic
Fungi. A. McCrea. (Mycologia, 26 : 449, 1934.)

482. The Preparation of Seibert’s Tuberculin Protein CLLEBEE ) for Di-
agnostic Purposes. L. T. Clark, A. D. Emmett and O. D. Bird, (Am. Rew.
Tubere., 30: 471, 1934.)

483. The Bioassay of the Anterior Pituitary-Like Sex Hormone (Antu-
itrin-S), L. W. Rowe, A. E. Simond and W. O. Nelson. (J. Am, Pharm.
Assn., 23 : 882, 1934.)

484. Arsenated Phenoxyalkanols. L. A, Sweet and C. S. Hamilton. (J.A4.

+=(C357+08 1. 2409 119349

485. Purified Protein Derivative. A Standardized Tuberculin for Uni-
formity in Diagnosis and Epidemiology. F. B. Seibert, J. D. Aronson, J.
Reichel, L. T. Clark and E. R, Long. (Am. Rew. Tubere., 30: 707, 1934,)

480, Active Immunization with Meningococeus Toxin, N, . Ferry and
A, H. Steele. (J.4.M.A4.,104:983,:1935.)

487. A Supplementary Note on Longevity of Aspergillus oryzae and Rhi-
sopus nigricans. A. McCrea. (Papers, Mich, Acad. Sci., Arts & Letters, XX,
1934.)

488. A Crystalline By-Product Obtained in the Large Scale Extraction
of Theelin and Theelol. A. W. Dox, W. G. Bywater and F. H. Tendick.
(J. Biol. Chem., 112: 425, 1935.)

489. Mapharsen (“Arsenoxide”) in the Therapy of Experimental Syph-
ilis and Trypanosomiasis. O. M. Gruhzit, (Arch. Derm. & Syph., 32: 848,
1935.)

490. Androsterone and Related Sterols. R. E. Marker, F. C. Whitmore
and O. Kamm. (J.4.C.S., 57: 2358, 1935.)

491. The Effectiveness of Theelol by Oral Administration. L. W. Rowe
and A. E. Simond. (/. Am. Pharm. Assn., 25: 201, 1936.)

492. Progestin Content of Human Placenta. D. A, McGinty, N. B, Mc-
Cullough and J. G. Wolter. (Proc. Soc. Exper, Biol, & Med., 34: 176, 1936.)

493. Androsterone and Related Sterols. R, E. Marker, F. C. Whitmore,
O. Kamm, T. S. Oakwood and J. M. Blatterman, (J/.4.C.S.; 58: 338, 1936.)

494, Tertiary Alkylbarbituric Acids. A. W. Dox and W. G. Bywater.
(L. A:C.S.; 58731, 1936.)
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495. Sterols. VI. Synthetic Preparation of Oestrone (Theelin). R. I
Marker, O. Kamm, T. S. Oakwood and J. F. Laucius. (LAC.S,, 58 4 1503,
1936.)

496, Tetraalkyl Barbituric Acids. A. W. Dox. (/.4.C.S., 58: 1633, 1936.)

*497. Mapharsen in Mass Treatment of Syphilis in a Clinic for Venercal
Discases. O. M. Gruhzit, et al. (Arch. Dermat. & Syph., 34 : 432, 1936.)
498, Thyrotropie THormone in Non=Pituitary Tissue. D. A, Me¢Ginty and
N. B. McCullough. (Proc. Soe. Exper. Biol. & Med., 35: 24, 1936.)
499, The Stability of Digitalis Potency as Drug. L. W. Rowe and = WG
Pieifle, (J. Am. Pharm. Assi., 25 : 855, 1936.)

500. The Human Corpus Luteum and Progestin Studies. IT. J. . Pratt]
E. C. Hamblen, O. Kamm and D. A. McGinty. (Endocrinology, 20 741, 1936.)

501. The Descnsitization of Tuberculous Guinca Pigs with Unheated
Tuberculin. A. Branch and G. V. Kropp. (Am. Rev. Tuberc., 35: 247 1937.)

502. Shoes: A Source of Reinfection in Ringworm of the Feet. R €,
Jamieson and A. McCrea. (Arch. Dermat. & Swph., 35: 203, 1937.)

503. A Note on the Stability of Ergot..L. W. Rowe. (J. Amu. Pharm.
Assn., 26 312, 1937.)

504. Sterols. VII. Cis and Trans 3-Carboxyandrostanione, An Oestrus-
Producing Male Hormone Derivative, and ¢pi-Cholesterol. R. E. Marker, O.
Kamm, L. S. Oakwood and J. F. Laucius. (/.4.C.S., §8: 1948, 1936.)

505. Sterols. VIII. Preparation of Androstanedione from ailo-Pregnan-

diol. R- E. Marker, O. Kamm, D. M. Jones and T. S. Oakwood. (J.A.C.S.,

59: 614,.1937.)

506. Sterols. IX. Isolation of cpi-Pregnanol-3-one-20 from Human Preg-
nancy Urine. R. £, Marker, O. Kamm and R. Vi McGrew. (J.4.C.S., 89;
616, 1937.) )

, 507. Sterols. X. Cholesterol Derivatives. R. . Marker, O. Kamm, G. E.
Fleming, A. H. Popkin and E. L. Wittle. (LA S 59 619, 1937.)

509. Sterols. XI1. Synthetic Preparation of epi-allo-Pregnanolone, the
Androgenic Principle of Human Pregnancy Urine. R. E. Marker, O. Kamm,
D. M. Jones, E. L. Wittle, T. S. Oakwood and H. M. Crooks. (J.A.C.S., 59
768, 1937.)

510. Stecols. XIII. The Dihydroequilenins, R. E. Marker, O. Kamm, 2
o Oalewood and T, H. Tendick: (JA1€.57,:59 11768,:1037.)

511. The Relation between the Rat and the Mouse Units of Estrogenic
Activity. L. W. Rowe and A. I£. Simond. (/. Am. Pharm. Assn., 26: 378,1937.)

512. A Pharmacologic Study of Certain Thiobarbiturates. O. M. Gruhzit,
A. W. Dox, L. W. Rowe and M. C. Dodd. (/. Pharmacol. & Exper. Therap.,
60:.125;1937.)

513. Sterols. XIV. Pyroandrosterone and Derivatives, R. E. Marker, O.
Kamm, D. M. Jones and L. W. Mixon. Gl Cibl, 99 1:1303,:19375)

514. Sterols, XV. The Synthetic Preparation of epi-allo-Pregnanolone,
the Androgenic Principle of Human Pregnancy Urine. R. E. Marker,
Kamm, D. A. McGinty, D." M. Jones, E. L. Wittle, T. S. Oakwood and H.
M. Crooks. (J.4.C:S.,:59 51367, 1937:)

515. Sterols. XVII. Isolation of .Pregnanolone from Human Pregnancy
Urine, R, E. Marker and O. Kamm; (J.4.C.S., 59: 1373, 1937.)
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516. Report of the Vitamin Assay Committee of the A, D. M. A~
Twenty-Sixth Annual Mee —May, 1937. I. The Practical Application of
the .'mLUUI hotometric Method for Assay of Vitamin A. A, D. Holmes,
A. Black, C. R. Eckler, A. D. Emmett, F. W. Heyl, C. Nielsen and E: J.
Quinn. (/. Amer. Pharn, .1.\.\/1., 265525, 1937.)

517. Meningococcus Antitoxin: Laboratory and Therapeutic Status. N.
S. Ferry. (Proc. Sec. Internat. Congress for Microbiol., London, 1936.)

518 Sterols. X VIIIL I’Hn.mmrm of epizallo=Pregnanolone from allo
Pregnandiel, R. . Marker, O. IKamm and D. M, Jones. (/.4.€.5., 59: 1595,
1937.)

519. Sterols. XIX. e¢pi-Ergosterol and epi-a-Ergostenol. R. E. Marker,
0. Kamm, J. I'. Laucius and T. S. Oakwood. (J.4.C.S., 59 : 1840, 1937.)

520. Sterols \\ h( >regnanolones. R, E. Marker, O. Kamm and E.
L. Wittle. (/. e A 1841 1937.)

521. Sterols. _\XI, L:mr»stcml and Agnosterol. R. E. Marker and E. L.
Wittle. (J.A.C.S., 59 : 2289, 1937.)

522, S‘.u'uh. XXII. The Pregnandiols and Pregnanolones. R. E. Marker,
O, Kamm, E. L. Wittle, T. S. Oakwood, E. J. Lawson and J. F. Laucius.

(/6559 7’\) 1937.)

523. Sterols. j\\ II. Pregnandiols in Pregnancy Urine of Mares. R. E.
ker, O. K;\mm, \1 Crooks, Jr.,, T. S. Oakwood, E. J. Lawson and
E. L. Wittle. (J.A4.C \‘). 2297, 1937. )

574 Mening ococcis Antitoxin : Laboratory and Therapeutic Studies. N.

gt /uh & Clin. Med.; 23 ; 282:1987.,)

525. Sterols. XXVIII. Pregnanetriols from Pregnancy Urine. R. E.
Marker, O. Kamm, H. M. Crooks. T.S. Qakwood, E. L. Wittle and E. J.
Lawson. (J.4.C.S., 60: 210, 1938.)
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The Ubjahn Company and Scientific Rescarch

Tucked am?’ in an ebscure place on the last few pages of
the catalog is a list of the rescarch publications from the re-
search laboratories of The Upjohn Company. While some
houses have gained conmdt.raglc prestige by advertising re-
search and also by distribution of reprints of articles, few of
our salesmen appreciate the fact that the published record of
our own research laboratory is second to none. Study this
list carefully and -note the wide range of subjects, and the
character of the scientific journals in which this work was re-
ported. Perhaps you have certam doctors who would be
interested.’ ,

1. Notes on the Estimation of Nltroglycerm Am. J. Pharm., May,

s 1914,
2. Analyses of Two Echinacea Roots. Am. J. Pharm., Oct., 1914.
3. Standardization of Commercial Papain. Am. J. Pharm., Dec.,
5 1914.°
4. Some Constituents of the Root of Brauneria Augustlfoha ¥
- Am. Chem. Soc. 37, 1769 (1915). 3%
- 5. Some Constituents of Sumbul Root J. Am. Chem. Soc. 38,
; - 432 (1916). 3 ¢ :
A § —,l\nwun.-:, Hotas—6n nm Stan A,. dization—of—the—Mereurials—J .
7 __Notc.on Ahmnta S A= r' th;"_’ Felyr 146,
8. Sor(ne C)omtltuents of Jambul. J. Am. Chem. Soc., 38, 2805
; 1916 v N G
9. Analysis of Ragweed Pollen. J. Am. Chem. Soc. 39, 1470 (1917).",
10. An Examination of the Leaves of Adonis Vernalis. J. Am. Chem.

 Soc., 40, 435 (1918). :
11. The Protem Extract of Ragweed Pollen. J. Am. Chem. Soc., 41,
670 (1919). :
12. On the Stability of Digitalis Lcaf Extracts. Am. J. Pharm,,
&% July, 11919, et
'13. The Yellow Coloring Substance of Ragweed Pollen J. Am.
Chem. Soc., 41, 1285 (1919). i

94. The Stability of Digitalis Leaf Extracts. Am. Jour. Phafm.,;'

Jine, 1920.

15. Some Constituents of Viburnum Prunifolium. J. ‘Am. Chcm.

Soc., 42, 1744 (1920).
16.. Th? R'lgwccd ‘Pollen Protems J. Am. Chem. Soc., 42, 1738
; 1920).

17. The Pharmacological Action of Adonis Vernalis.  Am. J. Pharm., »

Qct., 1920.

18.  Sodium Hydrosulﬁte Am. J. Pharm., Feb., 1922.

19. The Phytosterols of Ragweed Pollen. j Am. Chcm Soc, 44,
2283 (1922).

20. ‘Toxicity of Neoarsphenamme J: Am. Chcm Soc., 44, 1150‘

(1922).

21. Some Constituents of Viburnum Opulus . Am. Plnrm Assoc
i May, 1922.

220 Prcparatlon of Ncoarsphenamme Am Phqrm A«oc June

1922

—282:0n thc Stabllity of Strophanthus Extracts Am ] Pharm July, ’

:1922
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24. Toxicity of Neoarsphenamine 11, J. Am. Pharm. Assoc.,- March,
1923,

25. A ‘Note on the Simultaneous Estimation of Minute Quantities
of Sulphur and Phosphorus. J. Am. Pharm. Assoc., July, 1923.

26. Some constituents-of Ragweed Pollen. J. Am. Pharm. Assoc.,
August, 1923.

27. On 3-Amino-4:4'-Dihydroxyarsenobenzene and its N-Methylene
Sulphinate and N-Methylene Sulphonate Derivatives. J.
Am. Pharm. Assoc., August, 1923,

28. On 3 - Amino - 4 - Hydroxyarsenophenyl - 4’ - Glycine and its N-
Methylenesulphinate and N-Methylene-Sulphonate Deriva-
tives. J. Am. Pharm. Assoc., Sept., 1923.

29. On Cholesteryl Palmitate, a Constituent of Corpus Luteum. J.
Amer. Pharm. Assoc., Jan., 1924.

30. Analysis of Corpus Luteum. J. Am. Pharm. Assoc., Mar., 1924.
31. Note on the Chemical Composition and Biological Activity of
Liquor Folliculi. J. Am. Pharm. Assoc., Mar., 1925.

32. Chemical Investigations of Corpus Luetum III. On the Presence e g |

of Free Amino Acids in the Acetone Extract. J. Am. Pharm. |
Assoc., Sept., 1925. :5
S H)drol\sls of thc €rude Protein from quuor I‘olllu\'h J. Am.
Pharm. Assoc., Jan., 1926.
34. Chemical I'\1n11113t10n of Ovarian Residue I. The Protein
Fraction. J. Am. Pharm. Assoc., Jan., 1926.
35. Chemical Investigations of Corpys Luteum IV. The Acetone
Soluble Fat. J. Biol. Chem., Dec., 1925.
36. Chemical Investigations of Corpus Luteum V. The Lipoids of
the Acetone Iixtract. J: Biol. Chem., Decc., 1925.
37. Chemical Examination of Ovarian Residue II. Alcohol Insoluble,
Water-soluble Nitrogenous Extractives. J. Am. Pharm.
Assoc., ]uly, 1926.
38. The Chemical Investigations of Corpus Luteum VI. ‘The Lipoids S
of the Ether Extract. J. Biol. Chem., Nov., 1926. S e
39. The Chemical Investigations of Corpus Lutcum VII The Cepha- -
lin Fraction. J. Biol. Chem., Nov., 1926. -
40. The Chemical Studies of the Ovary XI. The Fat of Ovarian
Residue. J. Biol. Chem., Dcc. 1926. - R
41. The Chemical Studies of the Ovary XII.  The Fatty Acids of the’ =
Lecithin from Cotpus Luteum. J. Biol. Chem.. March. 1627 S
i 42. ‘The Cheémiral Studies of the Ovary XIII. The Water-soluble
Fxtraciives ~f Ovari~e Residue. J. Bicl Chim, Nav., 1927,
43. The Effect of Irradiation and Cod Liver Oil on the Calcium Balance
in the Adult Human. J. Biol. Chem., Jan., 1928.
44. The Availability of the Calcium in C'llcmm Lactate in the Human.

J. Am. Pharm. Assoc., March, 1928. . £y e it
45. 'The Distribution of the Estrus-Producing and Estrus Iuhil)iting 2
g Hormones insthe Ovary of the Cow. Am. Jour. Phys., Sept.,
1928.
4 Factors Influencing Calcium Balance I. Influence of Potential

Alkalinity on the Utilization of Supplementary Calcium Lactate -
in the Mature Rat. J. Am. Pharm. Assoc., Jan., 1929.
47. Factors Influencing Calcium Balance II. Inﬂuuxcc of Potential
Alkalinity on the Utilization of Supplementary Calcium lactate
in Young Rachitic Rats. J. Am. Pharm. Assoc., Feb., 1929.
48. Sodium and Potassium Balances, when used as Citrates in Acidotic
. and Rachitic conditions i in R‘lts J. Am. Ph1rm ., Assoc. \hr, :
1929,
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LIST OF ARTICLES PUBLISHED FROM DERMATO-
LOGICAL RESEARCH LABORATORIES

1—Report of Eosinophilia in Scabies, with a Discussion of Eosinophilia in
Various Diseases of the Skin.
By J. F. Schamberg and A. Strickler. Journal of Cutaneous Dis-
eases; February, 1912.
2—Research Studies in Psoriasis.
By J. F. Schamberg, J. A. Kolmer, A. I. Ringer and G. W. Raiziss.
Journal of Cutancous Diseases; October and November, 1913.
3—Concerning Protein Metabolism in Diseases of the Skin. ?
By J. F. Schamberg, A. I. Ringer, G. W. Raiziss and J. A. Kolmer.
British Journal of Dermatology; May, 1914.
4—A Volumetric Method for the Estimation of Total Sulphur in Urine.
y G. W. Raiziss and H. Dubin. Journal of Biological Chemistry ;
XVIII, No. 2, 297 (1914).
5—Summary of Research Studies in Psoriasis.
By J. F. Schamberg, A. I. Ringer, G. W. Raiziss, J. A. Kolmer.
Journal of the American Medical Association; LXIII, 729 (1914).
6—Studies in Endogenous Uric Acid Metabolism.
By G. W. Raiziss, H. Dubin and A. I. Ringer. Journal of Biological
Chemistry; XIX No. 4, 473 (1914).
7—The Excretion of Creatinine by Human Individuals on a Prolonged
Creatine-Free Diet. i
By A. L Ringer and G. W. Raiziss. Journal of Biological Chemistry;
XIX, No. 4, 487 (1914).
8—The Clinical Interpretation of the Wassermann Reaction with Special
Reference to Cholesterinized Antigens.
By J. A. Kolmer and J. F. Schamberg. Transactions of the College
of Physicians of Philadelphia; October, 1914.
0—A Study of the Germicidal Activity of Chrysarobin and Certain other
Medicaments Used in Psoriasis.
By J. F. Schamberg, J. A. Kolmer and G. W. Raiziss. Journal of
Cutaneous Diseases; January, 1915.
10—A Study of the Biochemical Properties of Chrysarobin.
By J. F. Schamberg, G. W. Raiziss and J. A. Kolmer. Journal of
Cutaneous Diseases; February, 1915.
11—On the Estimation of Benzoic Acid in Urine.
y G. W. Raiziss and H. Dubin. Journal of Biological Chemistry;
XX, /NowZ 425 (191501
12—A Method of Transmitting Blood Parasites.
By J. A. Kolmer. Journal of Infectious Diseases; Vol. 16, No. 2, 311
(1915).
13—On the Synthesis of Hippuric Acid in the Animal Organism-and the
Occurrence of Free Benzoic Acid in the Urine. ]
By G. W. Raiziss and H. Dubin. Journal of Biological Chemistry;
XXI, No.2,.351 (1915)-
14—A Method of Transmitting Known Numbers of Trypanosomes with a
Note on the Numeric Relation of Trypanosomes to Infection.
By J. A. Kolmer. Journal of Infectious Diseases; Vol. 17, No. 1, 79
(1915).
15—Studies in Gonococcus Vaginitis. : o :
y M. E. Trist and J. A. Kolmer. Archives of Pediatrics; Vol
XXXII, No. 11 (Nov., 1915). I
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16—A Study of the Comparative Toxicity of the Various Preparations of
Mercury.
By J. F. Schamberg, J. A. Kolmer and G. W. Raiziss. Journal of
Cutaneous Diseases; December, 1915. )
17—Sg1nmary of Chemotherapeutic Studies in Experimental Trypanoso-
miasis.
By J. F. Schamberg, J. A. Kolmer and G. W. Raiziss. Journal
American Medical Association; LXV, 2142 (1915).
18—Complement Fixation in Acne Vulgaris.
By A. Strickler, J. A. Kolmer and J. F. Schamberg. Journal of
Cutaneous Diseases; March, 1916.
19—Experimental and Clinical Studies of the Toxicity of Dioxydiamino-
Arsenobenzol Dichlorhydrate.
By J. F. Schamberg, J. A. Kolmer and G. W. Raiziss. Journal of
Cutaneous Diseases; May-June, 1916.
20—The Hecht (Gradwohl Modification), Complement Fixation Reaction
in Syphilis, with Special Reference to Cholesterinized Antigens.
By J. A. Kolmer. Journal of Immunology; Vol. II, No. 1, 23 (1916).

21—The Administration of Arsenobenzol by Mouth. .
By Jay F. Schamberg, J. A. Kolmer and G. W. Raiziss. Journal of
American Medical Association; LXVII, 1919 (1916).

22—The Chemotherapy of Mercurial Compounds.

By J. F. Schamberg, J. A. Kolmer and G. W. Raiziss. American
Journal of Syphilis; Vol. 1, No. 1, 1 (1917).
23—The Numeric Relationship of Infection to the Chemotherapy of Experi-
mental Trypanosomiasis.
By J. A. Kolmer, J. F. Schamberg and G. W. Raiziss. Journal of
Infectious Diseases; Vol. 20, No. 1 (Jan., 1917).
24—Various Methods of Determining the Trypanocidal Activity of Sub-
stances in Vitro and Their Relation to the Chemotherapy of Experi-
mental Trypanosomiasis. ¢
By J. A. Kolmer, J. F. Schamberg and G. W. Raiziss. Journal of
Infectious Diseases; Vol. 20, No, 1 (Jan., 1917). .

25—A Study of the Nitrogen Metabolism of Two Cases of Eczema. :
By J. F. Schamberg and G. W. Raiziss. Journal of Cutaneous Dis-
eases; Vol. 35, 135 (1917). !

26—A New and Superior Mercurial Germicide. b
By J. F. Schamberg, J. A. Kolmer, G. W. Raiziss. Journal American
Medical Association; LXVIII, 1458 (1917).

27—Experimental Studies of the Mode of Absorption of Mercury When

Applied by Inunction.
By J. F. Schamberg, J. A. Kolmer, G. W. Raiziss and J. L. Gavron.
Journal American Medical Association; LXX, 142 (1918).
28—Concerning the Coagulo Reaction in Syphilis. .
y J. A. Kolmer and I. Toyama. American Journal of Syphilis;
Vol. II, No. 3 (July, 1918).
29—The Influence of Arsphenamine and Mercuric Chloride upon Comple-
ment and Antibody Production.
By L. Toyama and J. A. Kolmer. Journal of Immunology; Vol. III,
No. 4, 301 (1918).
30—Concerning Bruck’s Nitric Acid Reaction with Serum and Cerebro-
spinal Fluid in Syphilis,
By I. Toyama and J. A, Kolmer. Journal of Cutaneous Diseases ;
Vol. XXXVI, 429 (1918).

31—Serum Diagnosis of Syphilis and Gonorrhea Employing Human Com-
plement. ¢
By J. A. Kolmer. American Journal of Syphilis; Vol. II, No. 4
(Oct., 1918).
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32—The Disinfection of Pneumococcus Carriers as an Aid to the Prophy-
laxis of Lobar Pneumonia.
By J. A. Kolmer and E. Steinfield. Therapeutic Gazette, Dec., 1918.

33—Studies in the Standardization of the Wassermann Reaction I. Intro-
duction. Demand for and Requirements of a Standardized Wassermann
Reaction and Method of Investigation.
By J. A. Kolmer. American Journal of Syphilis; Vol. III, No. 1
(Jan., 1919).
34—Studies in the Standardization of the Wassermann Reaction II. Prepa-
ration of Glassware and Saline Solution for the Wassermann Reaction.
Influence of Acids, Alkali and Other Factors.
By C. P. Brown and J. A. Kolmer. American Journal of Syphilis;
Vol. III, No. 1 (Jan.,, 1919).
35—The Present Status of the Treatment of Syphilis.
By J. F. Schamberg. Pennsylvania Medical Journal; Vol. XXII,
220 (1919). :
36—Studies in the Standardization of the Wassermann Reaction III. .The
Red Corpuscle Suspension for the Wassermann Reaction.” The Preser-
vation of Red Blood Cells.
y J. A. Kolmer and C. P, Brown. American Journal of Syphilis;
Vol. III, No. 2 (April, 1919).
37—Serum Studies on the Etiology of Influenza.
By J. A. Kolmer, M, E. Trist and E. Yagle. Journal of Infectious
Diseases; Vol. 24, No. 6, 583 (1919).
38—Sodium Oxy-Mercury-Ortho-Nitro-Phenolate (T\/Iercurophen)
By J. F. Schamberg, J. A. Kolmer, G. W. Raiziss and M. E. Trist.
Journal Infectious Diseases; Vol 24 No. 6, 547 (1919).

39—Studies in the Standardization of the Wassermann Reaction IV.
General Study of Complements of Various Animals, with Special Refer-

ence to Human and Guinea Pig Complements. Methods of Collection. -

By J. A. Kolmer, T. Matsunami and M. E. Trist. American Journal
of Syphilis; Vol. III, No. 3 (July, 1919).
40—A Second Attack of Syphilis Two Years After the First.
By F. Schamberg. Journal American Medical Association;
LX)«.III 826 (1919).
41—Studies in the Standardization of the Wassermann Reaction V. Preser-
vation of Complement Serum,
By J. A. Kolmer, T. Matsunami and M. E. Trist. American Journal
of Syphilis; Vol. ITI, No. 4 (Oct., 1919).
42—Studies in the Standardization of the Wassermann Reaction VI. Human
Versus Guinea Pig Complement in the Serum Diagnosis of Syphilis
with Special Reference to Methods Employing Human Complement.
By J. A. Kolmer and A. M. Flick. American Journal of Syphilis;
Vol III, No. 4 (Oct., 1919).
43—Desensitization of Persons Against Ivy Poison.
By . Schamberg. Journal American Medical Association;
LXXIII 1213 (1919).
44—The Nature of Thermolabile Hemolysins.
By J. A. Kolmer. Journal of Immunology; Vol. IV, No. 6, 403
1919)
45—The< Inﬁuence of Desiccation Upon Natural Hemolysins and Hemag-
glutinins in Human Sera.
; By J. A. Kolmer. Journal of Immunology; Vol. 1V, No. 6, 393 (1919).
46—The Influence of Desiccation on Human Normal Iso‘lemagglutmms
By J. A. Kolmer. Journal of American Medical Association;
L‘{XIII 1459 (1919). .
47—A Safe and Efficient Intensive Method of Treating Syphilis.
By J. F. Schamberg and R. Hirschler. Therapeutic Gazette; No-
vember, 1919. A :
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48—Chemotherapeutic Studies on Organic Compounds Containing Mercury
and Arsenic.

By G. W. Raiziss, J. A. Kolmer and J. L. Gavron. Journal Biological
Chemistry; XL, No. 2, 533 (1919).

49—Arsphenamine Versus Neoarsphenamine.

By J.  F. Schamberg’ii Journal. Americin Medical Association;
; LXXIII, 1883 (1919).

50—Studies in the Standardization of the Wassermann Reaction VII.
Study of the Natural Thermolabile and Thermostabile Hemolysins and
Hemagglutinins in Human Serum in Relation to the Wassermann
Reaction.

By J. A. Kolmer, M. E. Trist and A. M. Flick. American Journal of
Syphilis; Vol. IV, No. 1 (Jan., 1920).

51—Studies in the Standardization of the Wassermann Reaction VIIL
Influence of Natural Antisheep Hemolysin in Human Sera upon Was-
sermann Reaction.

By J. A. Kolmer and A. Rule, American Journal of Syphilis; Vol.
IV, No. 1 (Jan., 1920).

52—The Influence of Normal Beef Serum on the Anthrax Bacillus,

By J. A. Kolmer, D. C, Wanner and M. E. Koehler. Journal Infec-
tious Diseases; Vol. 26, No. 2, 148 (1920).
53—The Influence of Brilliant Green on the Diphtheria Bacillus.
By J. A. Kolmer, S. S, Woody and E. M. Yagle. Journal Infectious
Diseases; Vol. 26, No. 2, 179 (1920).
S4—-§mrr}111_11x.1ity in Syphilis with Special Reference to Congenital or Prenatal
yphilis.
By J. A. Kolmer. Archives of Pediatrics; March, 1920.
55—Natural Antihuman Hemolysins and Hemagglutinins in Horse Sera in
Relation to Serum Therapy.
By J. A. Kolmer and M. Matsumoto. Journal of Immunology; Vol.
V., No. 2, 75 (1920).

56—An Attempt to Produce Specific Immune Agglutinins and Hemolysins
for the Four Groups of FHuman Erythrocytes.

By J. A. Kolmer and M. E. Trist. Journal of Immunology: Vol. V.,
No. 2, 89 (1920).

§7—Laboratory and Clinical Studies Bearing on the Causes of the Reactions
Fqllowing Intravenous Injections of Arsphenamine and Neoarsphena-
mine.

By J0F. Schamberg, ], 4 Kolmer, G. W. Raiziss and C. Weiss.
Archives of Dermatology and Syphilology; N. S., Vol. 1, 235 (1920).
58—Hemolytic Activity of Solutions of Arsphenamine and Neoarsphena-
mine.
By J. A. Kolmer and E. Yagle. Journal American Medical Associa-
tion; LXXIV, 643 (1920).

59—A Method of Treatment for Neurosyphilis.

By J. A. Kolmer. Journal American Medical Association; LXXIV,
794 (1920).

60—Studies in the Standardization of the Wassermann Reaction IX. Com-
parative Study of Complement Fixation in Syphilis with Antihuman,
Antichicken and Antisheep Hemolytic Systems.

By J. A. Kolmer, T. Matsunami and A. Rule. American Journal
Syphilis; Vol. IV, No. 2 (April, 1920).
61—Prenatal Syphilis with a Plea for its Study and Prevention.
vy J. A. Kolmer. American Journal Diseases of Children; Vol.
XIX, 344 (1920).

62—Studies in the Standardization of the Wassermann Reaction X. A

Study of Methods for the Preparation and Preservation of Hemolysins.
By J. A, Kolmer and A. Rule... American Journal. Syphilis; Vol,
IV, No. 3 (July, 1920). .
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63—Studies in the Standardization of the Wassermann Reaction XI. Study
of Methods for Adjusting the Hemolytic System with Special Reference
to the Titration of Complement.
By J. A. Kolmer, T. Matsunami and A. Rule. American Journal
Syphilis; Vol. 1V, No. 3 (July, 1920).
64—A Comparative Study of the Trypanocidal Activity of Arsphenamine
and Neoarsphenamine.
By J. F. Schamberg, J. A. Kolmer and G. W. Raiziss. American
Journal of Medical Sciences; Vol. CLX, No. 1, 25 (1920).
65—A Comparative Study of the Toxicity of Arsphenamine and Neoarsphe=
namine.
By J. F. Schamberg, J. A. Kolmer and G. W. Raiziss. American
Journal Medical Science; Vol. CLX, No. 2, 188 (1920).
66—Phenol Elimination in the Dog, after Intravenous Injection of Neoar-
sphenamine,.
y C. Weiss. Proceedings Society Experimental Biology and
Medicine; XVII, 103 (1920).
67—The Chemistry of Arsphenamine and Its Relation to Toxicity.
By G. W. Raiziss and A. Proskouriakoff. Archives Dermatology and
_ Syphilology; Vol. 2, No. 3, 280 (1920).
68—Study of Arsenical Compounds Related to Arsphenamine.
By G. W. Raiziss and J. L. Gavron.
69—Summary of Experimental Studies on the Histopathologic Changes
Produced by Arsphenamine and Neoarsphenamine.
By J. A. Kolmer and B. Lucke. Archiv. of Dermat. and Syph.;
N. S. 2, 289-291, 1920.
70—The Titration of Hemolysin and Sensitized Versus Plain Red Blood
Corpuscles in Complement Fixation Tests. :
By J. A. Kolmer, A. M. Rule and M. E. Trist. Amer. Jour. Syph.;
4, 616-640, 1920.
71—The Influence of Heating Serum upon Complement Fixation in Syphilis.
By J. A. Kolmer, A. M. Rule and M. E. Trist. Amer. Jour. Syph.;
4,\641-674, 1920.
72—The 'Influence of Temperature and Duration of Primary Incubation
upon the Hemolytic Activity of Complement.
By J. A. Kolmer and A. M. Rule. Amer. Jour. Syph.; 4, 675-684,
1920.
73—The Question of Positive Wassermann Reactions Caused by the Intra-
venous Administration of Arsphenamine.
By J. A. Kolmer. Jour. Amer. Med. Assoc.; 75, 1796 and 1797, 1920.
74—A Study of a Case of Yaws (Frambesia Tropica) Contracted by an
American Soldier in France.
By J. F. Schamberg and J. V. Klauder. Archiv. Dermat. and Syph.;
3, 49, 1921. ‘
75—The Influence of Temperature and Duration of Primary Incubation
upon the Anticomplementary Activity of Organ Extracts (Antigens)
and Sera.
By J. A. Kolmer and M. E. Trist. Amer. Jour. Syph.; 5, 30-44, 1921.
76—The Urine in Syphilis, Report of Laboratory Studies Including the
Wassermann Reaction in' Sixty Cases.
By J. F. Klauder and J. A. Kolmer. Jour. Amer. Med. Assoc.; 76,
102, 1921.
77—A Simplified Method of Preparing Solutions of Neoarsphenamine.
By J. F. Schamberg. Jour. Amer. Med. Assoc.; 76, 173, 1921.
78—Theoretical Considerations Bearing Upon the Chemotherapy of Arseni-
cal Compounds.

By G. W. Raiziss, J. F. Schamberg and J. A. Kolmer. Proc. Soc.

Exp. Biol. and Med.; XVIII, 149 (Feb., 1921).
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79—The Chemistry of Neoarsphenamine and Its Relation to Toxicity.
By George W. Raiziss and M. Falkov. Jour. of Biol. Chem.; 1921,
XLVI, 209.

] 80—Creeping Eruption (Larva Migrans). Report of Case Contracted at
Wildwood, New Jersey.
By J. V. Klauder and Sigmund S. Greenbaum. Archives of Der-
matology and Syphilology; Vol. 3, No. 4, Part 1, 377-382, 1921.
81—Route of Administration of Drugs in Relation to Toxicity in Chemo-
therapeutic Investigations with Special Reference to Intrapleural Injec-
tions of Optochin.
y J. A. Kolmer, Jour. Pharmacology and Exper. Therapeutics
(being published).
82—A Study of Arsphenamine—Serum Precipitates and Their Relation to
Clinical Reactions.
By J. F. Schamberg, K. Tokuda and J. A. Kolmer. Archiv. Dermat.
and Syph. (being published).
83—A Study of the Histopathological Changes Produced Experimentally
in Rabbits by Arsphenamine,
By J. A. Kolmer and B. Lucke. Archiv. Dermat. and Syph. (being
published). :
84—A Study of the Histological Changes Produced Experimentally in
Rabbits by Neoarsphenamine.
By J. A. Kolmer and B. Lucke. Archiv. Dermat. and Syph. (being
published).

85—A Study of the Histological Changes Produced Experimentally in
Rabbits by Mercurial Compounds.
By J. A. Kolmer and B. Lucke. Archiv. Dermat. and Syph. (being
published).
86—Clinical Commentary on Studies of Histological Changes in Organs
Induced by Arsphenamine, by Neoarsphenamine and by Mercury.
y J. F. Schamberg. Archiv. Dermat. and Syph. (being published).

87—-Refractometnc Studies in Human Syphilis with Special Reference to
Changes Occurring During Treatment with Arsphenamine and
Neoarsphenamine.
By K. Tokuda. Archiv. of Dermat. and Syph. (being published).

88—A Note on Refractometric Studies with the Sera of Normal Rabbits
Receiving Intravenous Injections of Arsphenamine and Neoarsphena-
mine.

By K. Tokuda. Archiv. Dermat. and Syph. (being published).
80—Preliminary Note on Chemical Changes in the Blood of Syphilitics
Under Arsphenamine Treatment.
By C. Weiss and A. Corson. Proc. Soc. Exp. Biol. and Med.; 1921 (being
published).

s
90—The Influence of Temperature and Duration of Primary Incubation ‘
|

upon the Velocity and Amount of Complement Fixation in Syphilis with
Different Organ Extracts (Antigens).
By J. A. Kolmer, A. M. Rule and E. Yagle. Amer. Jour. Syph.; 5,

i 44-63, 1921.

91—A Comparative Study of Methods for Conducting the Primary Incuba-
tion for Complement Fixation in Syphilis with the Technic Recom-
mended for a Standardized Technic.

By J. A. Kolmer, A. M. Rule and M. E. Trist. Amer. Jour. Syph.;
5, 63-81, 1921. :

92—The Influence of the Order of Mixing Serum, Antigen and Comple- |

rsnent 1:md Total Volume Upon Complement Fixation Reactions in |
yphilis |
By J. A. Kolmer. Amer. Jour. Syph. (being published). |

93—A %tudy of Factors Relating to the Serum and Serum Control Tube. ; ‘
\
1

J. A. Kolmer. Amer. Jour. Syph. (being published).
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94—A Study of Factors Influencing the Amount of Hemolysin to Use in
Complement Fixation Tests.
By J. A. Kolmer. Amer. Jour. Syph. (being published).
95—A Study of Methods for Conducting the Secondary Incubation and
Time of Reading of Complement Fixation Reactions in Syphilis.
By J. A. Kolmer and A. M. Rule. Amer. Jour. Syph. (being pub-
lished).
96—A Method for Preventing the Influence of Natural Antisheep Hemolysin
upon Complement Fixation Reactions after the Secondary Incubation.
By J. A. Kolmer. Amer. Jour. Syph. (being published).

97—A Study of Methods for Conducting Quantitative Complement Fixa-
tion Tests and of Reading Scales for Recording Reactions with the
Principles of Methods adopted for a Standardized Technic.

By J. A. Kolmer. Amer. Jour. Syph. (being published).

98—A Comparative Study of Tissue Extracts (Antigens) and Methods of
Preparation.

By J. A. Kolmer and M. E. Trist. Amer. Jour. Syph. (being pub-
lished). ;

99—A Superior Antigen for Complement Fixation Tests in Syphilis (Cho-
lesterolized and Lecithinized Alcoholic Extract of Heart Muscle).

By J. A. Kolmer. Amer. Jour. Syph. (being published).

100—A Study of Methods for the Preservation of Tissue Extracts
(Antigens).

By J. A. Kolmer and E. M. Yagle. Amer. Jour. Syph. (being
published).

101—A Study of Factors Influencing the Titration of Antigen.

By J. A. Kolmer and M. E. Trist. Amer. Jour. Syph. (being pub-

lished).

102—A Study of Factors Influencing the Amount of Antigen to Employ in
Complement Fixation Tests in Syphilis.

By J. A. Kolmer. Amer. Jour. Syph. (being published). 3
103—A Method for Establishing a Uniform and Standardized Unit of
Antigen.

By J. A. Kolmer. Amer. Jour. Syph. (being published).
104—A New Complement Fixation Test for Syphilis Based Upon the Results
of Studies in the Standardization of Technic.
By J. A. Kolmer. Amer. Jour. Syph. (being published).
' 105—The New Complement Fixation Test for Syphilis Conducted with Anti-
human, Antichicken and Antiox Hemolytic Systems.
By J. A. Kolmer. Amer. Jour. Syph. (being published).
106—A Comparative Study of the New Complement Fixation Test for
Syphilis with Other Methods. : :
By J. A. Kolmer. Amer. Jour. of Syph. (being published).




APPENDIX B

RAM OF mums%‘mmm WEEK (1917)
FOR VISITING PHYSICIANS

The first "Laboratory Week" was held by Parke-Davis
in 1914 to provide instruction to physicians in new methods
of diagnosis and trestment, An examination of this program
for the 1917 "Laboratory Week" provides the names of
nineteen men who were conducting independent research in
biologicals., A study of the topies presented during this
week s suggestive of the scope of interests of the
scientific staff in the Parke-Davis Research Laboratories,
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PROGRAM OF
LABORATORY WEEK
- FOR VISITING
PHYSICIANS

BY THE
' RESEARCH LABORATORY OF ox

PARKE, DAVIS & CO.

DETROIT, MICHIGAN
JUNE 25-29, 1917




RESEARCH STAFF.*

E. M. Houghton, Ph.C., M.D.,
Director Biological and Research Laboratories.

W. E. King, M.A,, M.D.,  Assistant Director Research Division.
L. T. Clark, B.S., Ass't Director Biological Manufacturing Division.
R. H. Wilson, D.V.M,, Chief Veterinarian Parkedale Farm.
M. J. Smead, V.S., B.V.Sc., Ass't Veterinarian. Parkedale Farm.
T. B. Aldrich, Ph.D.,, - s 4t . DBiological Chemistry.
F. W. Baeslack, M.A,, M.D,, -
L. Davis, SM., - . . . » Biological Chemistry.
R. H. Drake, M.A., . - s » "% Bacteriology.
A. D. Emmen, Ph.D., - - - - Nutritional Chemistry.
N. S. Ferry, Ph.B, MD,, - 0, Ve » ' » Bacteriology.
M. C. Hall, Ph.D., D.V.M., - i :‘“*":" . Parasitology.
H. C. Hamilton, M. S.,, - - S - Chemistry.
H. P. Hoskins, D.V.M,, i . » - Animal Diseases.
A W. Lescohier, M.D., - - . s tbady Biology.
L W. Rowe, B.S,, . . - - ~  Pharmacology.
C. P. McCord, A.B., M.D., i - » Physiology.
G. J. Walters, Ph.D., M.D., - - . » Pathology.
H. C. Ward, MS,, - . - el - Bacteriology.

LS

Pathology and Cytology.

* The above list includes only members of staff engaged in independent
research work, not assistants in the Research Division, or the Technical Staff of
the Biological Manufacturing Division. §




ENROLLMENT AND RECEPTION.

GENERAL INTRODUCTORY ADDRESS.
E. M. HOUGHTON,

Director, Research and Biological Laboratories.

ACTIVELY IMMUNIZING AGENTS.
N. S. FERRY.

Living, virulent viruses. Attenuated viruses:
smallpox vaccine; anthrax vacgine: antirabic vac-
cine (Pasteur, Hogyes and Comming methods);
blackleg vaccine; sensitized bacterial vaccine (Bes-
redka’s method). Dead viruses: bacterial vac-
cines: sensitized vaccine (modification of Besredka’s
method).  Bacterial products: exotoxins (diph-
theria, tetanus, botulismus); endotoxins; extracts
(agressins—natural, artificial).

INTERNAL SECRETIONS.
CAREY PRATT McCORD.

(). THE INTERNAL SECRETORY SYSTEM.

The significance of the internal secretory organs
in body economy. The internal secretory system

as a mechanism for integrating the diverse functions -

and activities of the body’s organs and tissues.
The vegetative mechanisms of the body. The in-
terrelations of the internal secretory organs.

(I). GLANDULAR THERAPY.

General principles, terminology, hormones, sub-
stitution therapy, pluriglandular therapy. The uses
and_limitations of glandular therapy.

(ii). CLINICAL TYPES OF INTERNAL SECRETORY
DYSFUNCTION.

Clinical manifestations of perversions of func-
tions of glands of internal secretion. Pluriglandular
syndromes. Abnormalities of growth and differ-
entiation. Psychic disturbances arising from per-
versions of the endocrinous system.

(IV). CLINICAL TYPES OF INTERNAL SECRETORY
DYSFUNCTION.

A continuation of the previous discussion of

the perversions of internal secretory functions as
seen clinically. The frequence of such cases.
Etiology. Symptomatology. Diagnosis. Therapy
Lantern demonstrations. - , Lol

3
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SERUM THERAFSS
A. W. LESCOHIER.

Antitoxic and antibacterial serums in relation to
passive immunity. Accepted serums, therapeutic
indications, modes of administration and results of
use. Experimental serums.

PROTEIN SENSITIZATION.
N. S. FERRY.

History, phenomena, review of various ana-
phylactic diagnostic tests, with a practical demon-
stration of anaphylactic reactions in both man and
animals.

RABIES.
G. WALTERS.

‘History. Epidemiology; exploded fallacies; man-
ner of transmission; source of infection; pathology;
clinical and laboratory diagnosis; prophylaxis; legal
prevention; Pasteur treatment of human and ani-
mal patients.

TUBERCULINS.
A. W. LESCOHIER.,

Indications for use of -tuberculin products in
diagnosis and treatment. Brief review of the
theories as to the action of tuberculins. Discussion
of the tuberculin reaction. The different forms of
tuberculin, with methods of application.

EXPERIMENTAL SYPHILIS.
F. W. BAESLACK.

The Spirochaeta pallida—historical sketch of the
search for the cause of syphilis. The experimental
research in syphilis. Cultivation of the Spirochaeta
pallida. Experimental syphilis in rabbits.

TRIP TO PARKEDALE BlOLOGlC‘AL FARM,
ROCHESTER, MICHIGAN.

DEMONSTRATIONS.
R. H. WILSON,
M. J. SMEAD,
L. A. MAZE,

The propagation of experimental animals and
maintenance of large animals for biological purposes.

4

197




THE CANCER PROBLEM.
F. W. BAESLACK.

Brief historical review. The period of experi-
mental research in cancer. The theories regarding
the cause of cancer —their relation to each other
in the light of modern research. Mutation in can-
cer. Reecoveries from cancer. Cancer immun-
ity. Diagnosis of cancer. Therapeutic agents
employed in cancer. Ferments in the blood of
cancer patients. Lantern slide demonstration.

POLIOMYELITIS.
H. C. WARD.

Pandemics in both Europe and America stim-
ulative of scientific inquiry concerning the cause of
infantile paralysis. Etiological studies in other lab-
oratories. United States epidemic of 1916 and
subsequent lines of research.

Presentation of evidence indicating the nature
and action of the virus, its viability, pathogenicity,
and methods of conveyance. Difficulties involved
in establishing protection against this disease. Pres-
ent status of medicinal and biological therapeutic
agents. - Available methods for controlling infec-
tion. Importance of progressive work.

POLLEN DISEASES.
N. S. FERRY.
History, role played by pollen and secondary

infection, and rationale of expectant, bacterial vac-
cine, specific serum, and pollen extract treatments.

COMPLEMENT FIXATION IN
TUBERCULOSIS.

F. W, BAESLACK.

General discussion of the application of com-
plement fixation reaction to the diagnosis of tuber-
cular infections. Resume of tests conducted.

OZENA.
H. C. WARD.
Ozena described and illustrated. Importance

emphasized by a marked tendency to family infec-
tion and chronicity. Theoretical relationship to

5
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syphilis, tuberculosis, pneumonia, diphtheria, and to
the vital problem of infection carriers.

Presentation of our recent study of fifty cases.
Indication of the etiological factors probably in-
volved. Employment of experimental vaccines,
including both autogenous and stock preparations.
Present outlook.

BLOOD STUDIES.
G. WALTERS.

History of hematology; blood pathology; cytol-
ogy; coagulation; interpretation oF cell counts; ef-
fects of coagulation time upon surgical procedure;
agencies for clinical correction of adverse blood
conditions; selection of therapeutic substances;
results.

PARASITOLOGY.
MAURICE C HALL.

Prevalence of parasitism in general and in the
United States in particular. Methods of examining
feces for evidences of parasitism, and the theory
underlying these methods. Anthelmintics and insect-
icides—discussion of a few of the more important.

SCIENTIFIC RESEARCH, THE BASIS OF
PHARMACEUTICAL PROGRESS.

DR. J. M. FRANCIS,
Chief Chemist.

INFORMAL DISCUSSIONS.

LABORATORY DEMONSTRATIONS.

The Laboratory Demonstrations will be given
~in eight sections, so arranged that all of the subjects
will be presented once to each member of the
party during the week. These demonstrations,
with discussions, wiil consist of the following :

I. RAT SARCOMATA, TREPONEMA
AND SPIRILLI. :

F. W. BAESLACK.
Sarcomata transplantable in rats. Treponema

pertenue (yaws).  Spirillum . Novyi (relapsing
fever). ; B

6




II. EXPERIMENTAL WORK ON GLANDS
OF INTERNAL SECRETION.

CAREY PRATT McCORD.

Internal Secretion.—Anatomic and histologic
preparations of the several internal secreting organs
demonstrating :

(1). The sources of materials for glandular

therapy.
(2). The structural basis for ‘endocrinopathic

lesions.

Ill. DISEASES OF UNKNOWN ETIOLOGY.
W. E. KING.

General scope of microbiological field. One
conspicuous break in the development of the
science ultravisible viruses. -List of specific in-
fectious diseases of unknown etiology.

General consideration of filterability. Fallacies
of filtration work. Demonstration of different
types of filters and methods of filtration, including
the Bechhold “ultra filter.”” lllusrated study of a
filterable virus.

IV. DIETARY DEFICIENCY DISEASES.
A. D. EMMETT.

(1). Vitamines.—Relation to infantile scurvy,
beriberi and pellagra. — Demonstration of the effect
of a vitamine-free diet upon pigeons, producing
avian polyneuritis beriberi in man .

(2). Amino acids.—Relation to the mainten-
ance, growth and development of the animal
body. — Demonstration, showing the influence upon
gats of with-holding certain amino acids from the

iet.

V. (a) ANIMAL PARASITES.
MAURICE C. HALL.

Exhibition of various species of parasites.

(b) METHODS OF EXAMINING FECES.
MAURICE C, HALL.
Demonstration of methods of examining feces

for evidences of parasitism: the simpler equipment
and the more elaborate equipment and apparatus.

7
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VI. BLOOD COAGULATION STUDIES.
G. WALTERS.
Surgical application of coagulating substances:

theory of tissue repair and wound healing; .inter-
pretation of results.

VI (a) PHARMACOLOGICAL ACTION
OF DRUGS.

L. W. ROWE.
Demonstration of physiologic reactions used

in testing the activity of extracts of drugs and in-
ternal secreting glands.

(b) DISINFECTANTS AND INSECT.
ICIDES.

H. C. HAMILTON.
Phenol coefficients or germicidal values of some

representative disinfectants, with description of
methods for obtaining these values.

VIIl. POLIOMYELITIS.

H. C. WARD.

llustrates studies on the geographical distribu-
tion of poliomyelitis. Presentation of cases. Limits
of the laboratory diagnosis. The filterable virus of
Flexner, and micro-organisms reported from other
sources.

Experimental difficulties of proving etiological
relationship.  Laboratory animals under present
observation. Culture and microscopic preparations.
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| E, M, Houghton's paper (1898) on "Ergot Aseptie"
permits insight into his early work on the development
of a physiologloal assay for ergot. K. M, Houghton and
H, C, Hamilton's paper on "Veratrome” gives an indication
of the level of sophistication of some of the early
industrial research (1905).

e
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ERGOT ASEPTIC.

BY E. M. HOUGHTON, Ph.C., M.D.
Reprinted from The Therapeutic Gazette,

July 15

Many attempts have been made to isolate
the active constituents of ergot, or to produce
a satisfactory preparation of the drug for
hypodermic administration. Owing to the
fact that pharmacologists thus far have not
been able to agree upon what should be con-
sidered the active constituents of ergot, and
the great difficulty of isolating the chemical
constituents already studied, it seemed to
me best to endeavor to obtain a prepara-
tion which would represent as nearly as pos-
sible the activity of prime samples of ergot,
rather than to attempt to obtain any of the
constituents of the drug in pure form.

It is not necessary to mention the impor-
tance of having a reliable preparation of
ergot for hypodermic administration always
on hand when prompt action of the drug is
desired. Especially desirable is this in ob-
stetric practise, since it so frequently hap-
pens that at the critical moment the patient
is vomiting, or the stomach is otherwise not
in condition to absorb the drug when admin-
istered by the mouth.

It is a well known fact that much of the
" crude ergot, and its preparations, on the mar-
ket vary very greatly in strength, or may be
entirely inert; consequently it seemed advis-
able to adopt some method of physiological
assay. Having this in view, various methods

of determining from physiological experi-

ments the real activity possessed by ergot
were investigated. I finally decided to adopt
the reaction manifested in roosters when fed
with this drug. From times prehistoric it has
been observed that in fowls, swine, and other
.animals, as well as man, fed with ergotized
rye, or with bread prepared from the flour of
such grain, for a considerable length of time,
the poisonous action of the fungus is fre-
quently manifested by gangrene and slough-
ing of the peripheral parts, as the comb of
fowls, ears of hogs, and ears, nose, fingers
and toes of man. Two particular types of
ergot poisoning have been observed in man,
viz., ergotismus gangrenosus and ergotismus
spasmodicus. Kobert, and his pupil Griin-
feld, were the first to employ the method of
feeding ergot to roosters in order to deter-
mine the activity of the crude drug, or of the

1898 ;

products isolated from it. However, these
investigators employed the reaction only for
experimental purposes. Itseemed tome, after
careful investigation, that it would be advis-
able, and of vastly more importance to med-
ical practitioners, to employ this reaction not
only as a check on experimental work, but as
a means for determining the active proper-
ties of the crude ergot before its manufacture
into the various pharmaceutical preparations,
and to test the completed preparations by the
same means. With this end in view I have
examined during the past three years sev-
eral hundred samples of the crude drug as
it appeared upon the American market, and
finished preparations taken from the drug-
gists’ shelves. Many of the samples were
almost inert, while the remainder varied
greatly in activity. Indeed, not long since I
had occasion to reject several samples of the
drug which were forwarded to me for exami-
nation, the aggregate quantity represented
by them amounting to over 20,000 pounds.
This method of testing was employed also
by Jacobi last year in an elaborate experi-
mental research. My experience leads me to
conclude that not more than from fifty to
seventy-five per cent. of the drug, or its

preparations, offered for sale is suitable for

medicinal use. ;

In taking up the study of ergot aseptic I
shall present the views of some of the lead-
ing pharmacologists who have made extended
researches on ergot. It has been shown that
the fungus contains acid salts of potassium,

- sodium, etc., and various organic constituents,

as coloring matter, fats, methylamine, etc.
These several constituents are of little im-
portance if contained in preparations designed

for internal administration, since none of-

them are physiologically active, but they
may be a source of irritation when injected
subcutaneously. Pharmacologists in general
agree that ergot contains at least three active
constituents, viz., ergotinic acid, sphacelinic
acid, and cornutin. Ergotinic acid (the im-
pure form of which is known as sclerotinic or
sclerotic acid, and combined with mannin is
known as scleromuscin) is a glucosidal body,
readily soluble in water but almost insoluble
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in alcohol; it decomposes easily under bac-
terial or chemical influences, Consequently,
when taken internally in the various prepara-
tions of the drug it is quickly split up by the
Progesses of digestiofl, or by bacterig con.
tained in the alimentary canal. Dragendorff
and Podwyssotzki were the first to call at-
tention to this constituent, and claimed,
because they found that it stopped the laid-
bare frog’s heart in diastole, that it was the
active constituent to be depended upon for
the production of ergot effects. The later
work of Kobert, his pupil Griinfeld, and
others, has shown that it has no influence
on the uterus, not even when gravid. Since
it is decomposed and not absorbed from the
alimentary canal, except possibly in the
minutest quantities, it is not objectionable
when contained in preparations for oral ad-
ministration, but is to be especially guarded
against in fluids designed for hypodermic
use, since when administered in this manner
it is slowly absorbed into the system-— in
fact (according to Kobert), it acts as a long-
irritating foreign body, frequently resulting
in abscess. As much as three per cent. of
sclerotic acid may be obtained fram some
of the preparations of ergot on the market,
I will add several volumes of strong alcohol
to this fluid extract of ergot, and you can
better appreciate this fact, since the volu-
minous precipitate thrown down consists al-
most entirely of this constituent, When

“subcutaneously injected in a very dilute con-
dition, sufficient quantities may be absorbed
to produce the general symptoms noted when
the drug is introduced directly into the intra-
venous system-—that is, the irritability of
the central nervous system is lessened. The
action of ergotinic acid on the spinal cord
is manifested by paresis, weakness of the
limbs, etc., large doses producing complete
motor and finally sensory paralysis. Blood-
pressure is also lowered, from the action of
the acid on the vasomotor centers, while its
sedative action on the brain is manifested by
stupor.,

I have repeatedly confirmed these state-
ments by subcutaneous and internal admin-
istration of the ergotinic acid to roosters,
and to pregnant animals in various stages
of gestation.

Ergot affords one of the many instances
where, possibly by a wise provision of Nature,
a crude drug contains active constituents
having antagonistic actions, Sphacelinic
acid, which is also known by the names of
sphacelotoxin and sphacmotoxin, is a resin-

-action on unstriped muscle fiber,

LERGOT ASEPTIC.

ous substance almost entirely insoluble in
water, but readily soluble in alcohol. It has
not been obtained in a pure condition, as it
is very easily decomposed by chemical ma-
nipulations. It is held that this substance is
responsible for the ergotismus gangrenosus.
This constituent was first obtained by Ko-
bert, and later extensively studied by Griin-
feld, who concluded that while it had marked
pharmacologic properties it could not be used
therapeutically. This opinion, however, was
disputed last year by Jacobi, who holds that
the active constituent of ergot is the nitrogen-
free resin, sphacelotoxin, which occurs in the
drug in combination with basic substances,
especially with secalin and ergo-chrysins.
Jacobi carried out many extensive experi-
ments upon fowls and pregnant animals,
the results of which seem to prove that his
claims are correct. Griinfeld found that the
gangrene of the peripheral parts caused by
large doses of sphacelinic acid is due par-
tially to a local action upon the walls of the
arterioles, and partially to a direct action on
the vasomotor centers, resulting in a narrow-
ing of the caliber of the vessels, followed by
the pouring out of a hyaline substance, this
condition finally terminating in complete
paralysis of the walls of the arterioles;
peristalsis of the intestine is markedly in-
creased, ulceration of its walls may occur,
and extravasations into the mesentery may
also be noted. Sphacelinic acid, because of
its direct stimulant action upon the motor
centers of the central nervous system, and
its local action on the vessels, produces a
marked rise in blood - pressure. Also from
its action on the motor centers and its local
it produces
tonic contractions of the uterus,

The third constituent, the alkaloid cornu-
tin, is believed by Kobert to be the active
constituent desired. But this seems scarcely
possible, since the best crude drug contains
only a fraction of one per cent. of it,
held cornutin to be a decomposition product
of ergotinin, while Jacobi, as already men-

Tanret.
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tioned, believes that we should ascribe the

therapeutic value of the drug to the sphace-
linic acid contained. Jacobi, however, also
thinks that cornutin may in part explain the
oxytocic action of ergot. Cornutin possesses
very weak basic properties. Like sphace-
linic acid, it is only extracted by an alcoholic
menstruum. Its salts are soméwhat soluble
in water. Cornutin is said to be the cause
of ergotismus spasmodicis, Mainly because
of its irritation upon the medulla, it produces

=



LRGCOT ASEPTIC,

in mammals increased blood-pressure, slow-
ing of the pulse, etc., large doses resulting in
tetanic convulsions. However, very small
doses, as claimed by Kobert, produce, through
action on the motor centers of the lumbar
cord, strong clonic contractions of the gravid
uterus, simulating those observed during the
normal act of parturition. Especially do
these results occur when cornutin is admin-
istered subcutaneously.

In general we may conclude from what has
already been said that the desired action of
ergot is due to the pharmacologic properties
of the contained sphacelinic’ acid and cor-
nutin, or their salts. It appears well- nigh
impossible to separate these constituents,
since the solubilities of both are much alike,
but for practical purposes this is of little
importance, as they have much the same
physiologic action and can be readily sep-
arated from the sclerotic acid, which has
an opposite action.

With the purpose of obtaining a prepara-
tion of ergot which should contain a large
percentage of sphacelinic acid and cornutin
and as small quantities of sclerotic acid and
inert substances as possible, the following
experimental work was carried out:

The crude drug employed was carefully
standardized by feeding to cocks and noting
the reaction manifested by the comb and
wattles. The selected drug was ground
_and divided into a large number of small
parcels, which were then percolated with
various solvents. The several extracts ob-
tained, and the exhausted drug left in the
percolators, were each tested by feeding to
fowls, and the results compared. The men-
struum found to produce an extract having
the most marked physiologic properties was
selected. This menstruum, however, extracts
a certain amount of sclerotic acid, which,
while it is not harmful (as already stated)

for internal administration, was*removed

from the preparation designed for subcu-
taneous injection. Since the free acids and
the acid salts contained in a fluid extract of
the drug are very irritating when adminis-

tered hypodermically, they were neutralized.

The fluid was finally concentrated until one
part represented two parts of the crude drug.
The finished product was found to be almost
entirely non-irritating, but would not keep,
owing to the ready decomposition of its con-
stituents, Instead of using alcohol or seeking
out some antiseptic which would preserve the
fluid, it seemed much more desirable to have
the fluid placed in containers holding suffi-

cient for one injection, the filled and sealed
containers to be then sterilized. The results
were entirely satisfactory. The completed
ergot aseptic consists, therefore, of a non-
alcoholic fluid preparation of ergot from
which the inert substances and ergotinic
acid have been removed. The irritating
acids and acid salts have been neutralized,
the finished product appearing in small glass
bulbs, each holding sufficient for one injec-
tion. The bulbs, after being filled, and the
necks sealed, are then rendered completely
sterile by fractional steam sterilization. It is
now over a year since the bulbs which I have
here were filled, and you see the contained
fluid is even now perfectly clear and trans-
parent. A recent test has shown that the
contained fluid has retained its physiologic
properties apparently unimpaired.

Of far more importance to the physician
than the chemic and physical properties is
its physiologic action. I have carried out
many experiments on various kinds of ani-
mals—dogs, cats, rabbits, etc. — which show
conclusively that ergot aseptic has the
active properties of sphacelinic acid and cor-
nutin. Blood - pressure is raised; peristalsis
of the intestine is increased when intravenous
injections are administered to dogs and rab-
bits; gangrene of peripheral parts occurs
when it is given to cocks, and expulsion of
the contents of the uterus follows when ergot
aseptic is administered subcutaneously or
internally in proper doses, to pregnant ani-
mals at various periods of gestation,

Thus far the clinical results reported by
those who have employed it in practise indi-
cate that it is non-irritating and produces
prompt and efficient results. Since I am not
engaged in obstetric practise I shall leave
the final decision of the therapeutic value
of ergot aseptic in the hands of the med-
ical profession at large.

However, before closing I find it incumbent
upon myself to again state that it is my opin-
ion after several years’ careful testing of ergot
by pharmacologic methods, that crude ergot,
or its pharmaceutical preparations, should
never be employed for medicinal purposes
except they be carefully tested for physio-
logic properties, as the chemist is unable to
tell whether this drug and its preparations are
active or inert. And for the purpose of test-
ing the crude drug ergot, or any of its phar-
maceutical preparations, the reaction noticed
in roosters seems to be the most reliable and
most readily carried out. The blackened
and gangrenous appearances produced in the

Il ,,
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comb and wattles of fowls is well shown in To my colleague, Mr. J. M. Francis, is due
the accompanying colored plate, which is an the credit of having overcome the pharma-
_exact reproduction of an oil painting made ceutical difficulties in the way of manufac-
from life. turing ergot aseptic.
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VERATRONE.
Reprinted from The Therapeutic Gazette, January, 1905

By E. M. HOUGHTON, Pu.C., M.D., anp H. C. HamirToN, M.S.

Some years ago one of us® had a series
of experiments undertaken for the purpose
of devising fluid preparations of such of
our old and tried drugs as ergot, digitalis,
etc., suitable for oral and hypodermic use.
The chemistry of this class of drugs was,
and still is, in such a chaotic state that it
was deemed advisable to branch off the
beaten paths of pharmacy, ignore for the
most part the results of chemical investi-
gation, and adopt the pharmacologic

" method for obtaining suitable prepara-
tions for therapeutic purposes. This,
from the physician’s point of view, would

“seem to be a most rational procedure,
since it makes very little difference in the

treatment of disease what the chemical

properties of a given drug may be, pro-
vided it produces when administered to
the patient the desired - pharmacologic
action, with the least amount of irritation
or other untoward effects.

In brief, the method of studying these
drugs and obtaining the desired prepara-
tions has been as follows: The U. S. P.
fluid extracts, since they represent to the
best of our knowledge the therapeutic
properties of these drugs, were taken as
standards. The normal physiologic ac-
tion of these was determined upon suitable
animals and recorded. Samples of prime
crude drug were then percolated
various menstrua, and the resulting per-
colates were tested upon animals and the
reactions compared with the standards
previously. established. Thus step by step
as a percolate was obtained or was modi-
fied by subsequent treatment its qualita-
tive and quantitative activity was deter-
mined. : ;

For full reports of the work on ergot
“see’ THERAPEUTIC GAZETTE, July 15,

1898, “Ergot Aseptic,” and THERAPEU-

'E. M. Houghton.

with»

TIC GAZETTE, July 15, 1903, “A Phar-
macological Study of an Aseptic Prepara-
tion of Ergot Devised for Hypodermic
and Internal Administration;” and on
digitalis see Medicine for August, 1903,
“An Attempt to Obtain a Uniformly Ac-
tive, Sterile, and Non-irritating Prepara-
tion of Digitalis for Subcutaneous and
Internal Administration.”

The therapeutic results obtained from °

the use of the ergot aseptic, ergone, and
digitalone were the incentive for making
an extended study of veratrum viride.
As already intimated, the chemistry of
veratrum viride is very much involved;
likewise pharmacologists and therapeu-
tists differ greatly in their views. Thus,
Wood and Brunton claim that the activity
of the plant depends principally upon jer-
vine and rubijervine (veratroidine), and
recognize that the action of these constit-
uenfs may be modified to a certain extent
by traces of pseudojervine, cevadine, ver-
atrine, etc. On the contrary Cushny
holds that the therapeutic properties of the
drug for ‘the most part depend upon the
contained veratrine, and that from a
pharmacological point of view it serves no
useful purpose in therapeutics. Many
practitioners speak highly of veratrum
viride as an agent for controlling the

sthenic symptoms of a beginning pneu-

monia, eclampsia, etc. Some physicians

go so far as to believe it to be almost a .

specific for the latter disease. At best the
subject is a debatable one. In any case
where the drug is to be employed, par-
ticularly if for injection, it is almost
axiomatic that it should be of uniform
activity, non-irritating, and sterile.

Many preparations of veratrum viride
were made and tested for activity upon the
circulatory and respiratory systems, the
kymograph (see Fig. 1) being employed
for registering the pharmacological reac-
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tions. The irritating properties were de-
termined by injecting the preparations
subcutaneously into guinea-pigs, the ani-
mals being chloroformed a few hours later
and post-mortem examination made.
Finally, when the results of the experi-
ments showed that the desired prepara-
tion had been obtained, a detailed pharma-
cological study of it was made. It was
found, as in the case of ergone and digita-
lone, that the finished preparation would
not keep without the use of an antiseptic.
Chloretone, about four grains to the
ounce, was again found to answer all pur-
poses, as it prevented bacterial infection
and rendered the injections less painful.
Since the preparation had been obtained
in the same way, and was combined with
chloretone, it seemed desirable to desig-

repeatedly tested. ' Samples were planted
on several varieties of culture media and
placed under the most favorable condi-
tions for growth. Subsequent examina-
tion of these plants showed in each in-
stance that the fluid was aseptic.

In order to determine the amount of
irritation produced by hypodermic admin-
istrations, a number of guinea-pigs were
injected with the new preparation, fluid
extract veratrum viride, Norwood’s tinc-
ture, etc., suitable corrections being made
so that each injection would represent the
same amount of crude drug. On chloro-
forming the animals to death some hours
later and making a post-mortem exami-
nation, it was clearly manifest that the.
irritation produced by veratrone was de-
cidedly less than resulted from the injec-

T

FIG. 1.

nate the new product “veratrone,” in,
keeping with similar preparations of the
drugs just named, :
Veratrone is a clear, amber-colored,
non-alcoholic, aqueous fuid, having a
pleasant odor and a slightly bitter
taste. Its pharmacologic activity has been
adjusted to one-fourth the strength of the
U. S. P. fluid extract by determining the
minimum lethal dose per gramme of body
weight for frogs of the same species and
~weight, kept under uniform conditions,
comparing the results with those obtained
from the injection of known quantities
of the U. S. P. fluid extract of veratrum
viride.
The sterility of the preparation, when
kept under as nearly the same conditions
as would be found in a drug store, was

tion of the other preparations. As
another evidence of the irritating proper-
ties of veratrone as compared with the
other preparations of the drug just men-
tioned, it was found that dogs showed less
discomfort, nausea, and other evidences
of irritation when it was given per stom-
ach. This may in part have been due
to the local anesthetic action of the chlore-

“tone.

Veratrone, when applied to the isolated
frog’s heart, produced at first a more pro-
longed and stronger systole, but this was
soon followed by an irregular contraction
of the heart muscle, one part of the
muscle being contracted, while another
was relaxed—a sort of peristaltic wave,
passing over the ventricle, which soon
ceased beating and remained in systole,
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In order to determine the action of the
preparation upon the circulatory and re-
spiratory systems, a number of experi-
ments were made upon dogs, the results
being recorded on a kymograph (see I 1g.
d )i ;

The following tables and tracings,
which are typical, show the action of the
new preparation to be essentially the
same as that of the U. S. P. preparation,
differing from it only quantitatively;

TABLE NO. 1.

Dec. 8, 1904. Experiment No. 5. Dog, weight 11 kilogrammes,
a very quiet animal. This experiment was made to
show the general action of veratrum vivide.

Before the following morning the dog
made a good recovery. No treatment was
given except to keep the animal near a
radiator.

0

o o b}
& =R~ &
- 28 Yg
& e w8
Time. 9 = E R Remarks,
] @g i
3} v =
3 o~ &~

9.20 A.M.| 102.8° F, 18 112 Normal.

940 ‘* |102.8°F, 16 106 Normal.

10.05 ** |102.6°F, 20 114 Normal.

IO =5 T Given 2 Cc. vera-
trone undiluted
subcutaneously.
Theanimal does
not whine or
show other evi-
dence of pain.

10,19 S E BN i R Respiration quick-
ened, tongue be-

/ gins to hang out
of the mouth.
Snaps his jaws |
together.

10,2138 | U e Begins to be nau-
seated, and res-
piration be-
comes slow and
spasmodic.

TIROASERS b I e Emesis occurs.
Respiration
ceases.

10,2838 | e, Still nauseated.
Deep respira-

- tion. Animal
lies prome, but
moves about
readily when
disturbed, show-
ing great mus-

! cular weakness,
10.29 * | 101.4° K. | Irregular | 70 and ir- | -
. gasps. regular, 4

10.33 Begins to move
about and show
signs of recov-
ery.

10.45 ‘* | 100.8° R, 10 w6 4

10.59 ** | 100.4° F. 4 82 Still nauseated.

: Lies promne, but
shows much im-
provement.

11,3554 99.2° F, 6! 75 i

15,20 3 5 R N Becoming drowsy,
lies prone. Less
nausea.

1T304 99° R, 8 76 Resting.

.45 * 98.2° F. | 16, irreg: 74 Resting. Does

ular, not like to be
disturbed.

12.10 P.M.| 98° F. 12, irreg- | 124, irreg-

ular. ular.
Loty 97.4° E., | 6, irreg- | 136,irreg-
ak ular, ular,

2.30 -* 94.3° ¥, 16 154

428 13 96.6° K, 22 128

TABLE- NO. 2.
Dec. 9, 1904. Experiment No.j. Dog, weight 5 kilogrammes;
quiet female. Sce tracing for details. Anesthetic—
chlovetone and morphine. Artificial respiration.

i
|

Pulse rate Blood-

Time. perminute.| pressure. Remarks.

4.38 P.M 168 34 m.m. | Normal.

mercury.

4.40 T [ s e Sl 0.2 Cc. veratrone inject-
ed into femoral vein,
diluted with physio-
logical salt solution to
§0e;

4.41 l¢ 81 21 m.m. | Heart action- somewhat

mercury. irregularand tending
to go into diastole,

4.50 46 63 29 m.m. | Heart action more reg-

mercury. ular.

5.15 g 76 15 m.m.

mercury. L

SeX54 ot R RO 2 Ce. veratrone injected
into femoral vein, di-
luted to 5 Ce. with
saline. ;

5.17 b Rapid and| 46 m.m. | No preliminary fall in

irregular. | mercury. blood)-pressure. (See
note.

5.22 M 96 27 m.m. | Pulse regular.

mercury.

5.30 B 112 21 m.m.

mercury.

551 g BRR 0 TR 5 Cc. veratrone injected
into femoral vein.

5.34 Ly 165 54 m.m. | Quite regular heart ac-

mercury. tion,

5.41 . Quick and | 24 m.m. | Experiment discontin-

irregular. | mercury. ued.

NoTe.—The heart action is very tumultuous, several
partial beats being followed by very strong beats with
marked diastole and systole.

This experiment, since the animal was
supplied with artificial respiration, shows
very clearly, as there was 5 Cc. injected
at one time, more than twice the fatal dose
(R Cc.) (see Experiment 8), that death
depends upon respiratory failure. So
long as sufficient air is supplied, the cir-
culation, while both heart action and
blood-pressure may be profoundly dis-
turbed, will take care of itself. ,

Dec. 10, 1904. Experiment No. 8.
Dog, weight 4.5 kilogrammes. Anesthe-
tized with chloretone and morphine. (See
tracing for details.) This experiment
was designed to show the action of large
doses of the drug upon the respiration.
The respiration normally was very slow
and prolonged. Two Cc. of veratrone
diluted to 5 Cc. with saline was injected
into the femoral vein. As soon as the
drug was injected the animal gave a few
quick gasps and the respiration ceased.
Very quickly there was a fall in the blood-
pressure, followed in a few seconds by a
pronounced rise, the heart becoming very
irregular at the same time. This con-
tinued for about two minutes, when the
heart action became very feeble, accom-
panied by a rapid fall in blood-pressure.
In four minutes after the respiratory
standstill the heart ceased to beat.
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This experiment shows very clearly that
the animal died of respiratory paralysis,
the circulatory changes following this
paralysis being largely due to the accumu-
lation of CO, in the blood.

Dec. 10, 190+. Experiment No. 9.
Dog, weight 12.8 kilogrammes. Anes-
thetized with chloretone and morphine.
(See tracings for details.) This experi-
ment was designed to show the action of
veratrone in small doses upon the respira-
tion. Normal rate of respiration 14 per
minute. Injected 0.25 Cc. veratrone di-
luted to 5 Cc. with saline solution into
femoral vein. The respiration was at
once slowed to eight per minute and
somewhat irregular. In about five min-
utes the rate had increased to eleven beats
per minute, and a little later became nor-
mal. When the experiment was discon-
tinued the blood-pressure showed a tem-
porary fall followed by a partial rise,
gradually falling to a point much below
normal, where it remained fairly constant
for a few minutes, and then returned to
nearly normal. The pulse was much
slowed, but remained quite regular.

This experiment shows the therapeutic
possibilities of the drug, especially upon
the circulation and respiration, viz., slow-
ing of the respiration and pulse rate, ac-
companied by a fall in blood-pressure.

A study of these and many other ex-
periments on the circulatory and respira-
tory systems shows that we may draw the

following conclusions regarding its ac- -

tion : :
Small or therapeutic doses slow and
~deepen the respiration, decrease the pulse
rate, and produce a fall in blood-pressure.
Toxic doses first of all produce momen-
tary stimulation of the respiratory center,

resulting in a few quick gasps, followed

by respiratory paralysis and death from
asphyxia.

Little need be said regarding the thera-
peutic uses of this preparation. As al-
ready intimated, authorities differ greatly
as to the advisability of prescribing any
preparation of veratrum viride. Those
who recognize the drug as of value are
agreed that its range of usefulness is lim-
ited almost entirely to its employment as
a means of reducing arterial action.
Sometimes, as in typhoid fever and other
similar conditions, it *should not be em-
ployed even though it apparently is indi-
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cated. Wood claims that for the control-
ing of “true sthenic arterial excitement,”
in any disease except gastritis, veratrum
viride may be employed as a prompt, thor-
oughly efficient, and “very safe remedy”
as “it is almest incapable of producing
death in a robust adult, unless used with
great recklessness and in repeated doses.”
A number of French writers believe it is
the best remedy to employ in sthenic pneu-
monia. Where digitalis is contraindi-
cated veratrum viride may be of much
service. It is looked upon with the great-
est favor perhaps for the treatment of
eclampsia, many writers believing it to be
the best means available for controlling
the symptoms. In general it may be em-
ployed with great success wherever vene-
section would be practiced, with the ad-
vantage to the patient of being bled into
his own veins. Whenever employed, suf-
ficient doses should be administered to
produce decided physiological effects, but
care should be exercised not to push the
dose too far.

Usually 1 to 2 Ce. (15 to 30 minims)
as an initial dose per os, and half that
quantity subcutaneously, is sufficient to
elicit a physiological effect, but the physi-
cian must be guided by the symptoms man-
ifested by the patient.

- As would be expected from its phar-
macological action, this new preparation
does not differ essentially in its medicinal
properties from other preparations of the
drug, except that it can be used with a
greater degree of certainty on account of
its uniform strength, with less inconveni-
ence to the patient because of the elimi-
nation of irritating: and inert substances
found in other preparations, and, since it
is sterile, with less danger of infection.

Veratrone has been employed in several
hospitals in the treatment of various dis-
eases, and has been found to produce the
desired therapeutic effects. It has been
employed particularly in the treatment of
eclampsia, and is looked upon with especial
favor by those employing it. The report
of Dr. E. L. Hunt, of the Worcester City
Hospital, Worcester, is typical of several,
received : '

“You will perhaps recall that about
seven months ago you sent for trial a prep-
aration of veratrum viride, containing 25
per cent of the fluid extract preserved in
chloretone for hypodermic use.




“We have had opportunity to use the
preparation in several cases of puerperal
eclampsia and one of severe uremia in
acute nephritis, in all of which convulsions
ceased as soon as the patient reacted to
. the drug—i.e., after the pulse fell to 90
per minute or below, our aim in its ad-
" ministration being to keep pulse below 70.
“Your preparation in our experience

has shown excellence in the following re-

spects : ‘ .

1. It has so far shown no deteriora-
tion on keeping, hence is of uniform ac-
tivity.

“9 Tts subcutaneous use is not fol-
lowed by local irritation.

«“g. A smaller dose than of the official
tincture seems to be efficient, probably
due to its less irritating character.

“So far then as our still limited experi-
ence goes, the preparation should com-
mend itself to all practitioners who believe
in the veratrum treatment of eclampsia.
It seems very desirable to have a prepara-
tion suitable for hypodermic use, and your
preparation seems to be a-step in that
direction.

“I make the above statement by per-

mission of Dr. Wheeler,. Visiting Obste-.
trician of the Hospital.”

CONCLUSIONS.

Veratrone is a stable, uniformly active,
non-alcoholic, but slightly irritating, ster-
ile preparation of veratrum viride, of one-

fourth the strength of the U. S. P. fluid

extract. It is always ready for use with-
out dilution, and can be administered
orally or subcutaneously for the prompt
control of sthenic respiratory and circu-
latory symptoms, as in beginning pneu-
monia, eclampsia, etc.

EXPLANATION OF TRACINGS.

The tracings are to be read from left to right.

At the bottom the broken life records seconds
or minutes. Immediately above are the blood-
pressure tracings taken directly from the carotid
artery.

The upper tracing in experiment No. 7 is taken
directly from the ventricle of the heart by means
of the myocardiograph (see Fig. 1), the down
stroke of the tracing being made by the systolic
movement of the heart, and the up stroke by the
diastolic movement.

In experiments No. 8 and No. 9, the upper
tracings show the respiratory movements, as re-
corded by an electrical signal, which makes a
down stroke at each inspiration.
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APPENDIX D

FIRST RESEARCH BUILDING IN AMERICAN

This is m of the best avallable seisof pletures
and deseription of Parke-Davis! first research building
(1902), A brief deseription is also given of the general
type of work done in each area of the new building.
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A HOME OF SCIENCE. *

The New ¢« lLaboratory of Medical Research’ of Parke, Davis & Co.

An Illustrated Description of its

Chief Features—The Elaborate Means Employed for Conducting Biological and
Chemical Investigations.

Pharmacists from all over the United States have
journeyed to Detroit during the last year to inspect
the new Research Laboratory of Parke, Davis & Co.
The marked interest which has thus been shown, and
the deep significance to pharmacy which lies behind

The building itself. This splendid structure stands directly upon the
shore of the Detroit River. It is 160 feet long, 60 feet deep, and three stories
high, with a basement under all. The construction is thoroughly fireproof
The walls are built of hard paving brick with stone trimmings; the floors are
made of steel and cement, and the roof is tiled.

the establishment of this elaborate home of medical
and pharmaceutical science, warrant the BULLETIN
in bringing the building to those of its readers who
have been unable to visit it in person.

Biological Department: A view down the right corridor of the first floor,
Operations in the various laboratories on either side may be clearly seen by
the visitor as he passes along with the guide who points out the various
features of interest. At the remote end of the corridor is a doorway leading
into the anteroom of the cold storage chamber, where a temperature of
about. 2° C. is constantly maintained.
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The chief features of the laboratory are indicate
by the pictures, and by the textual descriptions which
accompany them; we shall for the
these tell their own story. It may be
set, though, that in this one building
all the appliances for scientific work which modern
skill and experience have developed. The leading
laboratories of Europe and America, private an
public, were searched for ideas in laboratory con-
struction, in apparatus, in-advantages of every kind:
and the net result of this search was brought to-
gether in a building which will be a model for many
years to come. -

most part Jet
said at the out
are centralized

Biological Department: The laboratory for the preparation of beef bouil
lon, which is used as the culture medium in the process of manufacturing
antitoxins. The bouillon is prepared in the steam-heated copper ketile in
the background. Upon the left is the apparatus for expressing the fluid from
the beef, On the right are freshly charged flasks, stoppered with sterile cot-
ton, while on the extreme left edge of the picture may be seen the corner of
an autoclave in which the flasks and their contents are sterilized before
being sent up to the planting room; in the latter room the germs are grown
in the medium, and the toxins which they develop are injected into the
horse for the purpose of developing the antitoxin.

TAKING A TRIP THROUGH THE BUILDING.

The reader will get a clearer idea of the laboratory
if he imagines himself to be taking a trip through it
in reality. The building itself, shown in our first
illustration, is favorably located directly on the river
front, a block distant from the main portion of the
manufacturing plant in the rear. Let the visitor
suppose, then, that he is walking up the front steps
seen in the first engraving. He at once finds him-
self in a wide, open hall; from this corridors run to

* Published in: Bulletin of Pharmacy, 17 (November, 1903)

PP. 456-459,
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the right and to the left, and straight in front is a
double iron stairway leading to the floors above.

I'HE FIRST FLOOR : BIOLOGICAL PRODUCTS.

This first floor is devoted to the biological prod-
ucts of the house. As we walk down the right
corridor we see rooms in which the various toxins
are prepared for injection in the horses and other
animals over in the biological stables. In one room.
for instance, the germs are planted in the media con-
tained in flasks; another serves as an incubator for
keeping the flasks warm to allow the germs to grow:
in still another the toxins which these germs have
thus developed are separated from the liquid by

Biological Department: After the horses have undergone treatment with
the toxin until they are immune, the blood is drawn, and the clear serum
containing the antitoxin is separated from the clot and siphoned off into
sterilized glass tubes. These are removed to the laboratory, and the serum
is then passed under pressure thr wugh sterile porcelain filters, in the manner
shown above, after which it is tested and bottled ready for the market

filtration; and so on through many others. Down
the left corridor, on the other hand, the visitor sees
rooms, separated from those of the right corridor to
avoid any possible contamination, in which the
serums and vaccines, brought from the biological
stables in crude form, are put through the final
of manufacture and purification—rooms
where the serums are filtered through sterilized fil
ters or porcelain cylinders under high pressure,
where the vaccine is ground with glycerin into 2
smooth emulsion, where, in a huge re

stages

frigerator, this
emulsion is placed to “ripen” for several weeks, and
where the products, finally complete, are put in bulbs
and tubes, labeled, and prepared for the market.

THE SECOND FLOOR : BIOLOGICAL RESEARCIH.

\scending the broad double staircase now, we

come to the second floor, occupied by the Depart

ment of lxperimental Medicine. A long corridor
runs from end to end of the building, and on either
side of it are numbers of elaborately equipped little
laboratories for work in bacteriology, physiological

Laboratory of Pharmacology on the Second Floor: This is a view of one
of the rooms in which the physiologieal assay of drugs is performed. These
include such important extracts as digitalig, convallaria, strophanthus, In-
dian cannabis, ergot, squill, aconite, etc., and such active principles as
digitalin, strophanthin, and others that cannot be assayed chemically, but
for which a reliable standard of strength is urgently demanded by the
medical profession. A great variety of animals are used in this work;
these are conveyed directly to the laboratory by a small elevator that com-
municates directly with a vivarium in the basement.

assaying, animal chemistry, and pharmacology. A
large and well-trained staff of scientific specialists is
constantly at work here striving to improve existing
pharmaceutical, chemical, and biological products,
and to bring new ones forth, in order that dreaded

A Room for Research in Bacteriology. This is one of several laboratories
in which bacteriological work is being done by specialists with a view to
discovering agents and methods which will do for other contagious diseases
what antidiphtberitic serum has done for diphtheria, or vaceine virus for
smallpox. The large apparatus shown in the center of the room is an inen
bator, and on top of it are two additional incubators, each being kept at a
special tem perature for a particular purpose. At the left is a wall case
filled with glass apparatus elaborate in design and costly in character. Glass
18 at the top of the side walls permit the equal diffusion of light—a

partiti
feature which is very essential.
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diseases and epidemics may be robbed of their ter-
rors.
THE LIBRARY AND HERBARIUM.

[t should be said that the library of the Research
Laboratory is located also on the second floor. A
well-lighted and large room is devoted to it directly
in the center and in front, and this is supplied with
reading tables and other conveniences. Two addi-
tional rooms are required for the overflow—more

A Room for Research in Organic Chemistry: being one of several
rooms where such problems are worked out as pertain to new synthetic
products and the like, chloretone being a marked example. This and the
two preceding views were taken on the second floor—a floor given up to the
Department of Experimental Medicine, and containing 16 such laboratories,
each of which is 14 by 23 feet in size.

than 6000 volumes being comprised in the collection.
And directly across the corridor from the library,
and facing the rear, is the herbarium of 30,000 speci-
mens—one of the most complete in America, repre-
senting the flora of every country on the globe. On
the second floor, too, and flanking the library at

The Analytical and Experimental Department in Chemistry on the Third
Floor: This large and beautifully lighted and furnished apartment occu-
pies the upper story of the Research Laboratory. It has a floor area of nearly
tén.thousand square feet. In the foreground is a work-table described in
the text under the next view. To the right is a handsome quartered-oak
cabinet filled with glittering apparatus; a similar cabinetmay be seen in the
distance, while beyond the glass partition, in the background, is the Labora-
tory of Experimental Pharmacy.

either side in the front of the building, overl oking
the river, are the offices of the two prominent direc
tors of the biological departments.

THE THIRD FLOOR: THE ANALYTICAL DEPARTMENT.

Ascending now to the third floor, we reach the.

department which seems a little more familiar to the
pharmacist. This is occupied by the anajytical and
experimental departments in chemistry. Several of
the engravings show views of this floor, and it does
not therefore seem necessary to add much by way
of description. Suffice it to say that on one side arc
examined and tested the chemicals purchased or
manufactured for use in the preparation of the firm's
products, and here also are assayed the finished prod
ucts themselves.  This in general comprises the
routine work of the analytical department: and it is

Analytical and Experimental Department: To the right may be seen a
number of ** working sections,” each 14x15 feet in extent and separated from
one another by low partitions—a plan that affords the necessary isolation
for individual work and yet does not interfere with lighting, heating, and
ventilation. In the foreground is a large work-table of iron with alborine-
stone top. This table, as well as those in the working sections, is fitted with
hot and cold water supply, steam, compressed air, mechanical vacuum, gas,
and water at high pressure for use with the aspirator pump. To the left
may be seen a large hood of glass and iron, fitted with steam and sand
baths, with special provision for ventilation.
done on the right half of the floor in the compart-
ments shown in one or two of the pictures.

On the other side of this third floor is
THE EXPERIMENTAL DEPARTMENT IN CHEMISTRY.

Here likewise, as on the second floor, a corps of
chemical and pharmaceutical specialists are engaged
in the various lines of research and investigation.
endeavoring to enrich pharmacy and medicine by
perfecting old remedies and bringing such new ones
forward as will be real and necessary additions to
the materia medica. A dark-room for polariscopic
and spectroscopic work is situated near the center of
this department, and rooms are also set apart for
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combustions, glass-blowing, and the generation of
offensive gases. A model balance room, located on
this floor, is shown in one of our pictures,

AN INTERESTING BASEMENT.

We have now made a hurried visit to the three
main floors of the building, but in reality there are
two additional floors, and both of them serve impor-
tant purposes. The basement, indeed, is scarcely
less interesting than the main floors. In addition to
the heating and ventilating apparatus which it con-
tains, there are modern machines for supplying com-
pressed air, vacuums, and water under high pressure
to the work tables throughout the building. An
improved refrigerating apparatus supplies arctic-
zone coolness to the refrigerators on the various

Analytical and Experimental Department: In each working section are
two large windows through which pours a flood of light that is diffused by
reflection from the white adamantine walls. Ample cabinets containing
shelving and drawers are provided, with about thirty-five linear feet of table
surface and the n reagent racks and furniture, The table tops are
constructed of maple, laid on in strips, then bolted together; the whole
being stained black and finished with paraffine.

floors. Then there are the several means of steriliz-
ing flasks, glassware, and other material, including a
steam autoclave; and at one end of the basement are
the “vivaria”—rooms where are kept a small supply
of the live animals used on the floors above for
purposes of experimentation and physiological
assay.
FINALLY—THE ATTIC.

In the attic, finally, is another portion of the ven-
tilating apparatus. Without going into details it is
sufficient to say that fresh air is forced into each
room by 3 large fan in the basement, and drawn out
by a large fan in the attic, The building is heated by
steam delivered under high pressure from the central
power-plant of the establishment, through a conduit

700 feet long. It is carried directly to the attic,
where the pressure is reduced to one atmosphere,
and the steam passed through pipes to radiators in
The radiators are used only in
the coldest weather, as the fresh air supplied through
the conduits is usually sufficiently warm to make the

Analytical and Experimental Dep’artmeut—’rhe Balance Room: The
principal feature of this room is a shelf of polished Italian marble, four-
teen feet long, two and one-half feet wide, and two inches thick, supported
by iron beams set in the outer wall of the building. This excellent arrange-
ment prevents vibration, as contact with the inner walls or floor of the room
is entirely avoided.

rooms comfortable. It is an interesting and sugges-
tive fact that there are several miles of piping in this
building—a statement which indicates at once the
size of the Research Laboratory and its completeness
of equipment,

Laboratory of Experimental Pharmacy: This fine, well-lighted room is
20x60 feet in size. It is equipped with large pieces of apparatus, including
drug mills, ointment and mass machines operated by electric power. A
small steam vacuum Pan may be seen in the center of the picture. In other
parts of the room, not shown in the engraving, are percolators, evaporating
pans, and refrigerating apparatus of the most convenient kind, and sinks
and closets for washing and drying apparatus.
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This is & list of works sonsulted throughout our
research on this subjeet, but does not include references
that were thought to be too tangential
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