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The 102 articles listed in the Bibliog-
raphy at the end of this analysis consti-
tute the ninth group of most-cited pa-
pers that we have presented from the
1961-1982 Science Citation Indexn

(SCF ). The list of papers discussed here
includes Frank Wilcoxon’s classic 1945
Biometrics article on ranking methods.
The following year Wilcoxon published
his highly cited book, Some Rapid Ap-
proximate Statistical Procedures, 1 cited
855 times. Thirty-eight other methods
papers are also listed in the Bibliog-
raphy.

Authors

Twenty-one Nobel Prize recipients are
among the 233 authors of the 102 papers
in this essay. Ten researchers are laure-
ates in medicine (J. Axelrod, A.D. Her-
shey, A. Kornberg, H.A. Krebs, J. Le-

derberg, G.E. Palade, E.W. Sutherland,
J.R. Vane, J.D. Watson, R.S. Yalow),
eight in chemistry (C. B. Anfinsen, V.
du Vigneaud, M. Eigen, R. Hoffmann,
R ,S. Mulliken, M.F. Perutz, F. Sanger,
R .B. Woodward), and three in physics
(P.W. Anderson, N. Bloembergen, N.F.
Mott), Previous lists in the series includ-
ed an average of “just” 13 Nobelists,
Nearly 20 years ago, Irving Sher, ISI@’s
director of development and quality
control, and I determined that Nobel
Prize winners can be expected to publish
large numbers of highly cited papers.z I
will have more to say about this issue in
an upcoming essay.

Papers

Table 1 chronologically lists the dates
for all 102 papers. About half of them
were published in the 1960s, a propor-
tion that has not changed much over the
course of this series. Wilcoxon’s 1945
Biometrics paper, mentioned earlier, is
the second oldest of the 102 papers.
Harry Goldblatt, James Lynch, Ramon
F. Hanzal, and Ward W. Summerville,
Institute of Pathology, Case Western
Reserve University, Cleveland, Ohio,
coauthored the oldest paper (1934).
Goldblatt’s paper was the first article in a
20-part series on experimental hyperten-
sion. In that first paper the researchers
described their experiments to elevate
blood pressure by various methods in-
volving injury to animal kidneys.s

The most recent paper in the Bibliog-
raphy appeared in 1979 in the Proceed-
ings of the National Academy of Sci-
ences of the United States of Amen”ca. It
describes the transfer of DNA fragments
from agarose gels to diazobenzyloxy-
methyl-paper:

Controlled cleavage of the DNA in situ
by sequential treatment with dilute acid,
which causes partial depurination, and
dilute alkali, which causes cleavage and

separation of the strands, allows the DNA

to leave the gel rapidly and completely,
with an efficiency independent of its size,

Covalent attachment of DNA to paper

prevents losses during subsequent hybrid-

ization and washing steps and allows a

single paper to be reused many times. Ten

percent dextran sulfate, originally found
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to accelerate DNA hybridization in solu-
tion by about 10-fold, accelerates the rate
of hybridization of randomly cleaved
double-stranded DNA probes to immobl-
lized nucleic acids by as much as lf)O-fold,
without increasing the background signif-
icantly.4

Written by Geoffrey M. Wahl, Michael
Stem, and George R. Stark, Depart-
ment of Biochemistry, Stanford Univer-
sity School of Medicine, this contem-
porary classic has already been cited
over 1,700 times. In the first six months
of 1985 alone, it was cited over 250
times, reflecting the enormous amount
of work done in this area. In 1983it re-
ceived 393 citations and in 1984, 363. In
Figure 1 we have plotted this paper’s ci-
tation history. The curves for four addi-
tional papers, discussed later in this
essay, are also included on the graph.

Several other papers in the Bibliogra-
phy were also highly cited from 1983 to
1985. The 1974 paper by Enrico C1emen-
ti and Carla Roetti, IBM Research Labo-
ratory, San Jose, California, presents
tables of “the exponents of the basis
functions and the coefficients to be
used in analytic wave functions expand-
ed in the Roothaan-Hartree-Fock meth-
od... .“5 The 1976 article by Harold
Weintraub and Mark Groudine, Depart-
ment of Biochemical Sciences, Frick
Laboratory, Princeton University, and
published in Science, reports that
“globin genes are digested by deoxyribo-
nuclease I in red blood cell nuclei but
not in fibroblast nuclei. ”GThese two pa-
pers received 153 and 128 citations in

Table 1: Chronologic distribution of publication
dates for the ninth group of most-cited papers
in (he SC~ , 1961-1982. A = publication years.
B = number of papers.

A B

1934-1944 1
1945-1949 5
1950-1954 7
1955-1959 16
1’%0-1964 24
196S- 1969 26
1970-1974 16
1975-1979 7

1983, 140 and 99in 1984, and 134 and 61
in 1985, respectively.

From 1961 to 1982 the 102 papers re-
ceived an average of 721 citations; 4 pa-
pers received 739 cites, the highest num-
ber of citations in this fist (I. McPhers-
on, P.K. Nakane, M.E. Pullman, E.W.
Sutherland), while 4 articles had 697
(S.J. Cooperstein, J. Del Bene, R. Hoff-
mann, T. Maniatis), the least number.
These differences are, of course, insig-
nificant at this level of citation frequen-

CY.
Note that a paper by Ludvig D. Fad-

deev, Mathematical Institute, Academy
of Sciences of the USSR, Leningrad, is
included in the Bibliography, although it
was cited over 947 times. In terms of
rank it should have been listed in Part 5
of this series,7 but there were two sepa-
rate sets of citations involved that were
not unified. Originally published in
Russian in Zhurnal Eksperimentalhoi
Teoritiche.skoi Fiziki in November 1960,
it was also published in May 1961 in that
journal’s translated edition, Soviet Phys-
ic~ JETP. The English-language version
was cited over 700 times.

Paul K. Nakane and Akira Kawaoi’s
1974 paper, cited 739 times from 1974 to
1982, continued to be heavily cited in
the three years following 1982—it re-
ceived 127 citations in 1983, 128 in 1984,
and 114 in 1985. Macpherson’s article
was cited 59, 45, and 36 times in that
same period. By comparison, the arti-
cles by first authors Maynard E. Pull-
man, Public Health Research Institute
of the City of New York, and Earl W.
Sutherland, Department of Physiology,
Vanderbilt University School of Medi-
cine, Nashville, Tennessee, were cited
“only” 19, 41, and 23; and 11, 6, and 11
times, respectively, in 1983, 1984, and
1985. The citation graphs for all four ar-
ticles are included in Figure 1. It is inter-
esting that citations to Sutherland’s 1962
paper peaked in 1971, the year he re-
ceived the Nobel Prize. Incidentally, the
purpose of the comparison in Figure 1 is
simply to emphasize the many different
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Ffgusa 1: Chronologic distribution of citations to Wahl’s 1979 paper (solid line), Nakane’s 1974 paper (dash
fine), Puffman’s 196Q paper (dotted line), Sutherland’s 1962 paper (dot-dash line), and Macpherson’s 1964
paper (bold line).
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citation histories for older and more re-
cent papers.

Sutherland, who died in 1974, has two
papers in the Bibliography, both of
which are from the life sciences. Such
papers have predominated in the lists
throughout the series. This list is no
different-physical-sciences papers ac-
count for 26 percent of the articles.

A scan of the titles of the journals that
published at least two of the papers (see
Table 2) confirms the biochemistry/bio-
medicine emphasis. These 16 journals
published over 50 percent of the articles
in this study. However, 62 journals are
represented in the Bibliography. Three
German journals-Chensische Berichte,
Kiinische Wochenschnft, and Biochem-
ische Zeitschn~t—each published one of
the three German-language papers (H.

VEARS

Ehringer, W. Kiisig, H. Wagner). One
French paper appeared in Biochimica
Biophysics Acts (P. Grabar). The ap-
pearance of any non-English papers in
these lists always challenges the wide-
spread assumption that there is a bias
against foreign-language papers in cita-
tion analyses. Although published in
German, Hildebert Wagner’s article on
“Thin layer chromatography of phos-
phatides and glycolipids” was cited 737
times in the 1961-1982 SCZ. But it is diffi-
cult to quantify the effect of publication
in languages other than English.

The 1971 paper by Louis Gluck and
colleagues is a collaborative study by
three institutions—the University of Cal-
ifornia, San Diego; Yale University,
New Haven; and the University of
Miami. Florida, It describes the use of
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Table 2: Journals that published at least two articles
in the ninth group of papers most cited in the
SCf’ , 1961-1982. A= journal title. B=numherof
papers. C = 1983 impact factor.

A BC
J. Biol. Cbem. Y 5.8
Biochemismy—[lSA 5 4.1
J, Chem. Phys. 5 3.0
Phys. Rev. 5 ---”
Biochim. Biophys. Acts 4 2.4
Nature 4 9.3
Proc. Nat. Acad. Sci. US 4 8.7
Meth. Enzymcic]gy 3 1.3
Science 3 7.4
Biochem. J. 2 3.3
J. Amer. Chem. Sot. 2 4,5
J. Cell BioL 2 9.2
J, Clin. tnwst. 2 7.0
J. Exp. Med. 2 11,1
Pharnracol. Rev, 2 8.2
Phil. Trans. Roy. Sot. London A 2 1,6

“The Phy.wca/ Re )ie w now appears in sewra] sec-
tions, The impact factors for each section are
A—2.6, B—3.3, C—2.2, and D—2.7.

amniocentesis to diagnose respiratory
distress syndrome (RDS), a frequent
consequence of premature birth.

[RDS] is characterized by breathing diffi-
culty caused by lack of alveolar stability
which produces progressive atelectasis
and may lead to death with hyaline mem-
branes,s

Ghtck and colleagues determined that
changes in phospholipids [such as leci-
thin] in amniotic fluid (PLAF) reflect
those in the lung of the developing fetus,
A sudden increase in lecithin concentra-
tion after 35 weeks heralds maturity of the
pulmonary aIveolar lining when respira-
tory distress syndrome will not occur
should the fetus then be born.rn

In 1979 Cluck discussed his paper in a
Citotion Classics commentary published
in the clinical edition of Current Cort -

tentN. He noted that
we since have progressed to a more com-
plex, more informative group of measure-
ments, the Lung Profile, including the
L/S ratio [lecithin/sphingomyelinl and
percentages of disaturated lecithin, phos-
phatidyl inositol, and phosphatidyl glyc-
erol. These last two acidic phospholipids

appear necessary to stabilize [ecithin in
the alveolar layer. The accuracy of pre-
diction of fetal lung maturity by Lung Pro-
file appears as close to 100 percent as a
biological test is ever likely to be.9

An even more recent article is the
work of Samuel F. Edwards and Philip
W. Anderson, Cavendish Laboratories,
Cambridge, UK, on “a new theory of the
class of dilute magnetic alloys, called the
spin glasses. ” 10 Published in 1975, it re-
ceived 127 citations in 1983, 97 in 1984,
and 94 in f985.

Twenty years earlier, Arthur Korn-
berg, then at Washington University, St.
Louis, Missouri, and Bernard L. Hor-
ecker and Pauline Z. Smymiotis of NIH,
Bethesda, published a classic methods
paper in Methods in Enzymology. Korn-
berg (now at Stanford) and his NIH co-
workers examined the properties and
methods of purification of glucose-6-
phosphate dehydrogenase and 6-phos-
phogluconic dehydrogenase.

Unfortunately, Kornberg’s paper has
not yet been discussed in a Citation

C/assic commentary, but 27 other papers
in the list have been. They are indicated
in the Bibliography by asterisks (*). We
encourage the authors of the other 75
papers to share their insights with us by
writing about their landmark papers.

I think it is important to repeat here
that C/as.ric commentaries often provide
readers with the “personal” side of sci-
ence while revealing to them the impor-
tant events or quirks of fate that trig-
gered particular scientific break-
throughs. For example, in 1982 Wolf-
gang K6nig commented on his 1970
work with Rolf Geiger in the Depart-
ment of Pharmaceutical Research at
Hoechst AC, Frankfurt, Federal Repub-
lic of Germany. One of their tasks there
was to develop new methods in peptide
chemistry. Prior to the publication of the
paper included in this study, they tested
many compounds as potential additives
to dicyclohexylcarbodiimide but had
discouraging results until

one day I glanced by chance at an adver-
tisement of my principal, Hoechst AG,
showing ihe formula of benzotriazole. I
was immediately fascinated by the idea
that the I-hydroxyderivative should com-
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prise structural elements most favorable
for our purposes. In a matter of days we
showed in preliminary tests that l-hy-
droxybenzotriazole was indeed the addi-
tive we had looked for the whole time,l I

Daniel Branton, Department of
Botany, University of California, Berke-
ley, authored a paper in the Bibliogra-
phy entitled “Fracture faces of frozen
membranes.” Like K&tig, he also expe-
rienced a “flash of recognition” that
solved a research problem.

Late in 1963, while reexamining some old
electron micrographs on onion root-tip
cells, I discovered what had been staring
me in the face all along, I saw that the
fracture process used in freeze-etching
was splitting biologic 1 membranes,

1which are only about 85 thick, into two

even thinner halves! In other words, what
all of us had been interpreting as the sur-
faces of membranes were in fact fracture
faces within the membrane itself. I was so
astonished that I could not at first believe
what was plain to see. 12

On a more personal note are Nicholas
13ruchovsky’s recollections on his work
with testosterone.

Recalling this past experience is doubly
pleasurable since the effort not only
brings to mind a stimulating and produc-
tive time in the United States, but also af-
fords an occasion to read 56 letters writ-
ten to my then future wife. My suqrise
upon her welcome revelation that the let-
ters were still in existence was possibly ex-
ceeded by the satisfaction of being able to
sharpen my memory concerning the...
events [of my research]. 13

The unsettled times of the 1960s, in
which so many of the papers in this series
were written, are recalled by Dale G.
Deutsch, Department of Biochemistry,
Purdue University, Lafayette, Indiana,
in his 1983 commentary about “Plas-
minogen: purification from human plas-
ma by affinity chromatography.”

Thk work on plasminogen was performed
at Purdue University where I became a
graduate student after two years in the
Peace Corps. I worked in Edwin Mertz’s
laborato~ where my project was to purify

and characterize plasminogen..,. The
multiple-step procedures were very
laborious and after about a year of drying
out and repacking monstrous columns, I
became discouraged and drifted out of
the laborato~. My lack of good results
made me embarrassed to approach Mertz
(who concluded I was goofing off), and he
suggested I get a master’s degree. To
make matters worse, my course work
wasn’t going well, and the chance to help
take over the administration building, as
part of an antiwar demonstration, came as
a welcome relief during this period. J4

Conclusion

In our next installment of this series
we will list the 10th group of most-cited
papers from the 1961-1982 SC1. At that
time we will summarize the following
kinds of information about the 1,000 dis-
coveries and methodological break-
throughs we have listed in this series:
average citation frequency, institutional
and geographic affiliations, journals,
languages of publication, disciplines,
and so on. These analyses will provide us
with some interesting perspectives on
the 1,000 papers that have significantly
influenced modern research. Neverthe-
less, it is important to stress that these
discoveries, important as they are, rep-
resent the tip of an enormous iceberg or,
more accurately, a series of pyramids. In
one interpretation, the literature con-
sists of large numbers of infrequently
cited papers all “standing on the shoul-
ders”ls of smaller groups of wefl-cited,
or “giant, ” papers. These are like pyra-
mids standing on their apexes. In the
1961-1982 XI, the 1,000 most-cited pa-
pers received about 1,5~,000, or 1.5
percent, of the 100,000,000 citations we
processed for those years. The same
data, however, may support the per-
spective on science known as the Ortega
hypothesis, 16 which states that these
giant papers are built on the contribu-
tions of the masses of less cited works.
This can be visualized as a pyramid
standing on its base. As citation net-
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works can demonstrate, the two theories
are not necessarily contradictory. A sim-
ple model for this would be a series of
pyramids connected at their apexes.

William E. Snizek, Department of So-
ciology, Virginia Polytechnic Institute
and State University, Blacksburg, re-
cently reexamined the Ortega hypothe-
sis in a paper published in Scientomet-
n“cs. 17For those less familiar with the lit-
erature of the sociology of science, it is
important to note that there is some am-
biguity in this eponym. It became popu-
lar as a result of the primordial paper by
Jonathan and Stephen Cole. 18Their pa-
per was, in fact, a refutation of the ideas
expressed originally by Ortega y Gasset
in 1932. lb It is, of course, my own liter-
ary license to assume that we can substi-
tute papers for authors when talking
about a pyramidal model of the litera-
ture. The literature on this subject con-

centrates primarily on the question of

whether or not the elite, or highly cited,
scientists tend to cite other elite scien-
tists. Our Citation Cla.r.rics series demon-
strates that there are thousands of scien-
tists who have made signtilcant contri-
butions. But we have not yet been able
to examine these in a systematic way to
determine to what extent those who are
also of Nobel class 19 have been influ-
enced by the work of less eminent per-
sons. A database consisting of the Con-
temporary Classics in Science,20 includ-
ing their citation finks both forward and
backward, may help illuminate this in-
teresting controversy.

*****

My thanks to Abigail Gnisom and

GiIlian Wilson for their help in the
preparation of this essay.
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