
The Articles Most Cited in 1961-1982. 3.
Another 100 All-Time Citation Classics

Number 35

In previous essays, we discussed the
200 papers most cited from 1961 through
1982 in Science Citation Index’$
(SCF ).1.2 Another 10Upapers in the se-
ries for this 22-year period follow. Of the
millions of papers cited during this peri-
od, less than 500 papers were cited more
than 1,000 times. The frequency distri-
bution for articles cited at least 50 times
between 1961 and 1982 is given in Table
1. While the average scientific paper is
cited less than one time each year over a
20-year period, less than one in 10,000
will be cited over 500 times.

Although each of the papers in this
study is by definition a Citation Clas-

sic ‘M,3only 43 have been commented on
by their authors in Current Contents’:”
(CCT) ). As is explained in each issue of
CC in the section devoted to their com-
mentaries, we urge authors to provide
some hindsight on their work. We invite
the authors and/or coauthors of the re-
maining 59 high-impact papers listed
below to submit Citation C/assic com-
mentaries. For those classic authors who
are retired or deceased, we encourage
colleagues to submit commentaries,
even if they were not a coauthor of the
paper identified. Whenever possible,
authors are asked to send their essays to
coauthors.

The 100 papers in this study are listed
in alphabetic order by first author. We
use thk arrangement to discourage in-
vidious comparisons of individual papers
by citation counts alone. Full biblio-
graphic information is given for each
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paper. We’ve also included 1983 citation
counts, in parentheses, to give you an
idea of how frequently these papers are
currently cited. An asterisk indicates
that the paper was the subject of a Cita-
tion Classic commentary. The issue,
year, and edition of CC in which these
commentaries appeared follow the ref-
erence.

Four of the papers were included in
a study published in 1974 covering
1961- 1972.~s Of the 2tXl articles listed in
the first two parts of this series, 76 also
appeared in the 1974 study. ~.2 Remark-
ably, 80 out of the 100 identified over ten
years ago have continued to rank among
the most-cited articles.

The articles were published in 54 jour-
nals. Journal of Biological Chemistry
(JBC) published nine. Physical Review
and Nature follow with five papers each.
As expected, the majority of classic pa-
pers are concentrated in these and other
high-impact journals, such as Lancet
and Science.

Eleven Nobel laureates appear in
Table 2—P. W. Anderson, C. de Duve,
W. Gilbert, A.L. Hodgkin, B. Katz, P.
Mitchell, S. Moore, M.F. Perutz, B.
Samuelsson, W.H. Stein, and J.H. Van
Vleck. Hodgkin received the prize for
medicine in 1963 for his work on neuro-
nal physiology. Katz was awarded the
prize for medicine in 1970 for work on
the chemical transmission of nerve im-
pulses. They coauthored one of the pa-
pers in this study, published in the Jour-
nal of Physiology in 1949. Moore and
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Table I: Citation frequent y distribution for papers
cited at least 50 times in SCP, 1961-1982.
A =number of citations, B=number of items re-
ceiving that number of citations, C=appmximate
percent of items examined (n= 226,358),

A B c

2 50C0 20 *

40X)-4999 13 .

3CO0-3999 24 .

2030-2999 48 ●

1030-1999 328 .1
930-999 114 .1
800899 144 .1
70W799 209 .1
6@3-fLw 340 .1
.X)3-599 628 .3
40(-499 1182 5
300-399 2767 I :2
200-299 8614 3,8
100-199 47,793 21,1
50-99 164,134 72,5

“equals <.05 percent of items cited at least 50 times
in SCI, 1961-1982.

Stein, who shared the 1972 Nobel prize
for chemistry, also coauthored two
papers in this study. In fact, Moore has
five papers among the 300 most-cited
papers from 1961 to 1982.

Of the 189 authors in this study, 41
were listed among the 1,000 contempo-
rary scientists most cited from 1965 to
1978.6 In the first two parts of this se-
ries, 78 authors were listed. Undoubted-
ly, a large number of those 1,CNIOauthors
will turn up as this series is extended, but
not every highly cited author produces a
Citation Classic. Indeed, we expect to
show in the future which scientists of
Nobel class have not, for whatever
reason, been associated with such a
classic paper.

The distribution of publication dates
for the papers in this study is shown in

Table 2. The third 103 most-cited articles, 196 I-1982, arranged in alphabetic order by first author.
A= 1961-1982 citations. 1983 citations appear in parentheses. B= bibliographic data. An asterisk (‘) indi-
cates that the paper was \he subject of a Citation Classic ‘“ commentary. A number symbol (#) indicates
that the paper appeared in the 1974 list of most-cited articles,

A

1244 (40)

1438 (39)
1354 (83)

1313 (95)

1403 (75)
1295 (75)

1361 (63)

1232 (32)

1302 (69)

1440(184)

1305 (50)

1264 (91)

1419 (34)

1295 (33)

B

Adelberg E A, Marrdel M & Cben G C C. Optimal conditions for mutagenesis by
N-methyl-N I-nitro-N-nitrosoguanidine in Esrherichia coli K 12. Biochem. Biophys. /?es,
Commun. 18:788-95, 1965.

#*Allen R J L. The estimation of phosphorus. Biochem. J. 34:858-65, 1940. (39/82/LS)
Ames B N & DubJn D T. The role of polyamides in the neutralization of bacteriophage

deoxyribonucleic acid. J. Bid Chem. 235:769-75, 1960.
●AmJnofi D. Methods for the quantitative estimation of N-acetylneuraminic acid and

their application to hydrolysates of sialomucoids. Biochem. J. 81:384-92, 1961.
(26/80/LS)

Anderson P W. Localized magnetic states in metals. Phys, Re),. 124:41-53, 1961.
Anson M L. The eslimaticm of pepsin, trypsin, papain, and cathepsin with hemoglobin.

J. Gen. Physio/. 22:79-89, 1938.
Avrameas S & Temynck T. The cross-linking of proteins with glutaraldehyde and its use

for the preparation of immunoadxorbents. Immunochemistry 6:53-66, 1969.
●Bachmann B J, Low K B & Taylor A L. Recalibrated linkage map of Eschen”chia coli

K-12. Bacterio(. Rev, 40:116-67, 1976. (8/82/LS)
‘Barka T & Anderson P J. Histochemical methods for acid phosphatase using

hexazonium pararosanilin as coupler. J. Himochem. Cyfochem. 1O:74I-53, 1962. (8/78)
“Berry M N & Frfend D S. High-yield preparation of isolated rat liver parenchymal cells,

J. Cdl Biol. 43:506-20, 1%9. (3/84/LS)
‘Bkurco C, Patrfck R & Nnssenzwefg V. A population of lymphocytes bearing a

membrane receptor for antigen-antibody-complement complexes. J. Exp, Med.
132:702-20, 1970. (20/81/LS)

Black J W, Duncan W A M, Durant C J, Ganeflhr C R & Parxons E M. Definition and
antagonism of histamine H2-recepiors. Nature 236:385-W, 1972.

#Boas N F. Method for the determination of hexosamines in tixsues. J. Bid. Chem.
204:553-63, 1953.

Brecher G & Cronkite E P. Morphology and enumeration of human blood platelets.
J, Appl. Physiol. 3:365-77, 1950.
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1263 (14)

1462 (56)

1255 (439)

/332 (83)

1377 (152)

1295 (118)

1459 (43)
1413 (312)

1271 (44)

1291 (63)

1196 (74)

1280 (93)

1350(111)

1358 (125)

1212 (56)

1252 ( 103)

1188 (51)

1264 (31)

1193 (32)

1430 (96)

1283 (47)

1383 (39)

1447 (92)

1371 (179)

1333 (208)

1356 (39)

#Caulfield J B. Effects of varying the vehicle for 0s04 in tissue fixation, J. L?iop/Iys,
Biochem. Cytol. 3:827-9, 1957.

“Cleland W W. The kinetics of enzyme-catalyzed reactions with two or more substrates
or products. I. Nomenclature and rate equations. Biochim. )3iophy$. AcIa 67:104-37,
1963. (28/77)

Cleveland D W, Ffacher S G, Kimchner M W & Laemmli U K. Peptide mapping by
limited proteolysis in sodium dodecyl sulfate and analysis by gel electrophoreais.
J. Biol. Chem. 252:1102-6, 1977.

CooJey J W & Tukey J W. An algorithm for the machine calculation of complex Fourier
series, Math. Compuf. 19:297-301. 1965,

●Cunningham A I & Szenbarg A. Further improvements in the plaque technique for
detecting single antibody-forming cells. Immunrdogy 14:599+03, 1968. (50/81 /LS)

Da fdwrom A & Fuxe K. E\idence for the existence of monoamine-containing neurons in
the central nervous system. AcrII Physiol. Stand, 62( Suppl.232): 1-55, 19fA.

de Duve C & Wattiaux R. Functions of Iysosomes. Ann.. ReN. Physio/. 28:435-92, 1966.
“DenJurdt D T. A membrane-filter technique for the detection of complementary DNA.

Biochem. Biophys. Res. Commun. 23:641-6, 1966. (43/821LS)
Dbche Z & Shettles L B. A specific color reaction of methylpentoses and a

spectrophotometric micromethod for their determination. J. ffio/. Chem. 175:595-603,
1948.

Dittmer J C & Lester R L. A simple,specificspray for the detection of phospholipids on
thin-layer chromatograms. J. Lipid Res. 5:126-7, 1964.

“Doyle P A & Turner P S. Relativistic Hartree-Fock X-ray and electron scattering
factors, Acfa Crysfa/logr, A 24:3!07, 1%8. (29/80/ET&AS)

“Druckrey H, F%eu.wmarm R, fvankovic S & Scftnmhl D. Organotrope carcinogen
Wirk ungen bei 65 verschiedenen N-Nitroso-Verbindungen an BD-Rat ten.
(Organotropic carcinogenic effects of 65 different N-nitroso-compounds on BD-rats. )
Z. Krebs~orsch, 69:103-201.1967. ( 17/81/LS)

Edelhnch H. Spectroscopic determination of tryptophan and lyrosine in proteins.
lfiocfiemi~try 6:1948-54, 1967,

“Fano U. Effects of configuration interaction on intensities and phase shifts. Phys. Rev.
124:1866-78, 1961. (27/77)

Ffnk R P & Hefmer L. Two methods for selectivesilverimpregnationof degenerating
axonsand their synapticendingsin the central nervoussystem.Brain Re.$. 4:369-74,
1967,

Fletcher R & PoweU M J D. A rapidly convergent descent method for minimization.
Comput. J. 6:163-8, 1963.

“Frank H S & Evans M W. Free volume and entropy in condensed systems. III. Entropy
in binary liquid mixtures: partial molal entropy in dilute snlutions; structure and ther-
modynamics in aqueous electrolytes, J. Chem Phys. 13:507-32, 1945. (50/83/PC&ES)

“Fradrfckson D S, Levy R I & Lees R S. Fat transport in lipoproteins-an integrated
approach to mechanisms and disorders. Hyperlipoproteinemia. N. Eng/. J. Med.
276:148-56, 1%7. (3/78)

‘Fredrickson D S, Levy R I & Lees R S. Fat transport in lipoproteins—an integrated
approach to mechanisms and disorders, Type IV byperlipoproteinemia. N, Eng/. J,
Med. 276:273-81, 1967. (3/78)

“Glashow S L, Hfopoulo.s J & Mafanf L. Weak interactions with Iepton-hadron symmetry.
Phys, Rev, D—Part. Fields 2:1285-92. 1970. (20/tW/PC&ES)

“Goodwfn T W & Morton R A. The spectrophotometric determination of tyrosine and
tryptophan in proteins. Biochem. J. 40:628-32, 1946. (28/81 /LS)

Grabar P & Wfffiama C A. Methcde pernrettant I’etude conjuguee des proprieties
electrophoretiques et immunochimiques dun melange de proteines; application au
serum sangu in. (Method permitting the combined study of the electropb ore tic and the
immunochemical properties of protein mixtures; application to blood serum. )
Bioehim. Biophyr. AcIa 10:193-4, 1953.

“Gray E G & Whittaker V P. The isolation of nerve endings from brain: an electron-
microscopic study of cell fragments derived by homogenization and centrifugation.
J. Anat. %:79-87, 1962. (1/81/LS)

“Hambarg M, Svenason J & SnmueJason B. Thromboxanes: a new group of biologically
active compounds derived from prostaglandln endoperoxides. Proc. Nat. A cad. Sci.
US 72:2994-8, 1975. (2/83/LS)

Harttee E F. Determinationof protein: a modificationof the LowIYmethod (hat givesa
linear photometricresponse.Anal, Biochem 48:422-7, 1972.

Hestrfn S. The reaction of acetylcholine and other carboxylic acid derivatives with
hydroxylamine, and its analytical application. J. Biol. Chem. 180:249-61, 1949.
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1444 (158)

1319 (77)

1190 (51)

1292 (372)

1280 (23)

1338 (49)

1450 (353)

1269 (71)

1395 (188)

1242 (31)

1269 (56)

1329 (74)

1394 (39)

13!0 (29)

1209 (1085)

1457 (219)

1314 (82)
1287 (lOf)

1250 (85)

1279 (16)

1310 (63)

1432 (76)

1334 (197)

1416 (W)

1242 (48)

1227 (133)

1210 (118)

1257 (76)

1217 (31)

1363 (109)

1241 (55)

“Hfrt B. Selective extraction of polyoma DNA from infected mouse cell cultures. J, Mol.
Biof. 26:365-9, 1%7. (33/81 /LS)

Hndgkfrr A L & Katz B. The effect of sodium ions on the electricsf activity of the giant
axon of the squid. J. Physiol. 108:37-77, 1949,

“Hrrggett A St G & Nfxorr D A. Use of glucose oxidsse, peroxidase, and 0-dianisidine in
determination of blood and urinary glucose. Lmrcef 2:368-70, 1957. (21/81/CP)

“Kaplan E L & Meler P. Nonparametric estimation from incomplete observations.
J. Amer. Statist. Assn. 53:457-81. 1958. (24/83/LS)

●Karfe J & Karfe 1 L. The symbolic addition procedure for phase determination for centro-
symmetric and noncentrosymmetric c~stals. A cfa Crysta//ogr, 21 :&19-S9, 1%6. ( 17/77)

Kmplus M. Letter to editor. (Vicinal proton coupling in nuclear magnetic resonance. )
J. Amer. Chem. Sot. 85:2870-1, 1963.

“Kessler S W. Rapid isolation of antigens from cells with a staphylococcal protein
A-antibody adsorbent: parameters of the interaction of antibody-antigen complexes
with protein A. J. Jmrrrunof. 115:1617-24, 1975. (13/83/LS)

Kne B K & Welssmmr A. p-Chlorophenylalanine: a specific depletor of brain serotonin.
J. Pharmacol. Exp. Ther. 154:499-516, 1966.

Kofm W & Sham L J. Seff-consistent equations including exchange and correlation
effects. Phys. Rev. A 40:1133-8, 1965.

Krfahna G, Wefss B & Brndfe B B, A simple, sensitive method for the assay of adenyl
cyclase. J. Pharrrracol. Exp. Ther. 163:379-85, 1968.

Krndtz M. Crystaffine soybean trypsin inhibitor. II. General properties. J. Gen. Physio/.
30:291-310, 1947.

Lennox E S. Transduction of fiiked genetic characters of the host by bacteriophage P1.
Virology 1:193-206, 1955.

Martfrr J B & Doty D M. Determination of inorganic phosphate. An./. Chem. 21:%5-7,
1949.

“Mattfngly D. A simple fluorimetric method for the estimation of free
1I-hydroxycorticoids in human plasma. J. C/in. Pa/ho/. 15:374-9, 1962. (8/79/CP)

Maxam A M & Gffbert W. Sequencing end-labelled DNA with base-specific chemical
cleavages. Medr. Enzymology 65:499-560, 1980.

McCann 1, Clroi E, Yarrrasakl E & Ames B N. Detection of carcinogens as mutagens in
the Salmone//a/rnicrosome test: asssy of 300 chemicals. Proc. Nat. A cad. Sci. US
72:5135-9, 1975.

McFdane A S. Efficient trace-labeflhrg of proteins with iodhe. Nature 182:53, 1958.
Meniffeld R B. Solid phase peptide synthesis, 1. The synthesis of a tetrapeptide.

J. Amer. Chem. Sot. 85:2149-54, 1%3.
“Mfffer J A. Carcinogenesis by chemicafs: an overview-G H .A. Clowes Memorial

Lecture. Cancer Res. 30:559-76, 1970. (44/81 /LS)
MHlonfg G. A mndiiled procedure for lead staining of thin sections. J. Biophys.

Biochem. Cyto/. 11:736-9, 1%1.
“Mhcheff P. Chemiosmotic coupling in oxidative and photosynthetic phosphorylation.

Bio/. Rev. Cambridge Phil. Sot. 41:445-502, 1966. (16/78)
Moffenhmrer H H. Plastic embedding mixtures for use in electron microscopy. Stain

Technof. 39:111-4, 1964.
“Moncada S, Grygfewski R, Brrrrtfng S & Vane J R. An enzyme isolated from arteries

transforms prostaglandin endoperoxides to an unstable substance that inhibits platelet
aggregation. Nafurw 263:663-5, 1976. ( 12/84/LS)

Moore S & Stefn W H. Chromatographic determination of amino acids by the use of
automatic recording equipment. Meth. Enzymology 6:819-31, 1963.

Moore S & Stefn W H. Photometric ninhydrin method for use in the chromatography of
smino acids. J. Biol. Chem. 176:367-88, 1948.

Morrfsorr W R & Smfth L M. Preparation of fatty acid methyl esters and dimethylacetals
from fipids with horon fluoride-methanol. J. Lipid Res. 5:ff0-8, 1964.

“Nkhofson R S & Shafn L Theory of stationaryelectrode polarography.And. Cherrr.
36:706-23, 1964. (6/81/PC&ES)

“Nlswender G D, Mfdgley A R, Monroe S E & Reichert L E. Radioimmunos.smy for rst
luteiniziig hormone with antiovine LH serum and ovine LH- 13tL Proc. Sot. Exp.
Biof. Med. 128:807- I 1, 1968. (44/84YLS)

“Nowefl P C. Phytohemagglutinin: an initiator of mitosis in cultures of normal human
leukocytes. Cancer Res. 20:462-6, 1960. (42/77)

Ouchterforry O. Antigen-antibody reactions in gels. A eta Pathol. Microbiol. Stand.
26:507-15, 1949.

Orrchterfony O. Antigen-antibody reactions in gels. fv. Types of reactions in
coordinated systems of dtifusion. Acts Pathol. Microbiol. Stand. 32:231-40, 1953.
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1457 (f))

1.360 (34)

1408 (377)

1245 [60)

1344 (44)

1460 (23)

1211 (50)

11)3 (217)

1246 (25)

1.351 (44)

1222 (33)

1328 ( 1561

1201 (54)

1338 (24)
1343 (391)

1405 (132)

1408 (87)

1280 (120)

1195 [20)

1236 {1731

1368 (44)

1362 (17)

1361 (43)

1297 (S4)

1304 (34)

1193 (29)

1416 (66)

1383 (84)

1299 (61)

“Parker R & Pam R G. A semi-empirical theory of electronic spectra and electronic
structure of complex unsaturated molecules, 1. J, Chem Phy.r, 21:466-71, 1953.
(3/79/PC&ES)

Patteraon M S & Greene R C. Measurement of low energy beta-emitters in aqueous
solution by liquid scintillation counting of emulsions, Anal. Chem. 37:8 S4-7, 1965,

Pelham H R B & Jackson R J. An efficient mRNA-dependent translation system from
reticulocyte lysates. Eur J Biochem. 6q:247-5fI, 1976.

Pemtz M F. Stereochemistry of coaperati%e effects in haemoglohin, Nature 228:T26-.M,
1970.

Pople J A. Electron interaction in unsaturated hydrocarbons. Trans Fam&zy SOC.
49:1375-85, 1953.

“PoufJk M D. Starch gel electrophmesis in a discontinuous system of buffers. Nofure
ltK):1477-’4, 1957. (15/8-/LS)

Rosen H. A modified ninhydrin calorimetric analysis for amino acids. Arch. Btochem.
Bioph.v.~. 67:10-5, 1957.

“Salomon Y, Londos C & Rodbell M. A highly sensitiw adenylate cyclase assay. Aria/.
Biochem. 58:541-8, 1974. ( 17/82/LS)

Schachman H K. [Iltracentrifugation, diffusion, and Iiscometry. Meth. Enz.wnology
4:32-103, 1957.

Scbffdkraut C L, Marmur J & Doty P. Determination of the base composition of
deoxyribonucleic acid from its buoyant density in CSC1. J .Mo/. Biol 4:430-43, 1962.

Schneider W C & Hogeboom G H. Intracellular distribution of enzymes. V. Further
studies on the distribution of cylochrome c in rat liver homogenates. J BIO{. Chem.
183:123-8, 1950.

“Seeman P. The membrane actions of anesthetics and tmnquilimrs. Pharmaco{. Rev.
24:583-6S.$, 1972. (4/83/LS)

Smith H W, Ffnkelstein N, Alfmfnoaa L, Crawford B & Graber M. The renal clearances
of substituted hippuric acid derivatives and other ar{)malic acids in dog and man.
J. C/in. In w-w. 24:388-404, 1945,

Somogyf M. Determination of blood sugar. J Bid Chem, 160:(W73, 19-15,
“Stemberger L A, Hardy P H, Cuculfs J J & Meyer H G. The unlabeled antibody enzyme

method of immunohis[ochemistry: preparation and properties of soluble antigen-
antibody complex (horseradish peroxidase-antihor wradishperoxidasel and it\ use in
identification of spirochetes, J, Hi,rmchem. C,wochem. 18:315-33, 1970. (4’ N31LSI

Studier F W. Analysis of bacteriophage T7 in early RNAs and proteins on dab gels
J. Mol. B1oI. 79:237-48, 1973.

Svennerbcdm L. Quantitative e~timaticm of siafic acids. 11. A calorimetric resorcino-
hydrochioric acid method. Biro-him Biophys Acfa 24:bfWl 1, I’%7.

Thfery J-P. Mise en e}idence des polysaccharides sur coups fines en microscopic
elect ronique. (Demonstration of polysaccharides cm thin sections by electron
microscopy. ) J Micro.w--Pans 6:987 -1OI8, 1967.

‘Trout D L, Estes E H & Frfedberg S J. Titration of free fatty acids of plasma: a study of
current methods and a new modification. J. Lipid Res. 1:199-202, 19b0 (40177)

(fngerstedt U. Stereotaxic mapping of the monoamine pathways in the rat bmin, AcIa
Phy.rio/. Stand. (Suppl, 367): 1-48, 1971,

“Ussfng H H & Zemhn K. Acti\e transport of sodium as the source of electric current in
the short-circui[ed isolated frog skin, Arfa Phymd Stand, 2.7:1lo-2q, 1951. (35 fil ‘LS)

#Vmn Slyke D D & Neill J M. The determination of gases in bkmd and other sofutions by
vacuum extraction and manomelric measurement. 1. J, Bin/ Chem bl :523-73, 1924.

‘Van Week J H. The dipo[ar broadening of magnetic resonance Iinm in crystak. Ph.vs
Rev. 78:1168-83, 1948. (31/79/PCl

“Vesterherg O .& Svensson H. Isoelectric fractionation, analysis, and characterization of
ampho]y [es in natural pH gradients. IV. Further studieson the resolvingpower in
connection with separation of myoglobins. Actn Chem Stand 20:820-34, 19t16,
[W/W, LS)

Wessells N K, Spooner Jf S, Asb J F, Bradley M O, Luduena M A, Taylor E L,
Wrenn J T & Yamada K M. Microfilaments in cellular and deieloprnental processes.
.srienc-e 171:135-43, 1971.

“Whitaker J R. Determination of molecular weights of proteins by gel filtration on
Sephadex, Anal. Chem. 35:1950-3, 19f13. ( 12/81 :LS 1

‘Woods K R & Wang K-T. Separation of dansyl-amino acids by polyamide layer
chromatography. Biochtrn. Biophy.r. Acts 133:3h9-70, 1967. (351 fi4/’LS)

Wroblewskf F & LaDue J S. Lactic dehydrogenase activi[y in blood. Pmt. SW. Erp.
Bio/. Med. 90:210-3, 1955.

“Zla(kk A, Zak B & Boyle A J. A ntw methrxf for the direct determination of serum
cholesterol. J, Luh. C/in, Med 41:486-92, 1953. ( 12’81 ~LS)
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Table 3: Chronological distribution of publication
dates of the third 100 most-cited articles,
A= publication yeara. B= number of papem.

A B

1920s 1
1930s 1
1940s 13
1950s 19
1960s 46
1970s 19
1980s 1

Table 3. This is similar to the distribution
of publication dates for the 200 most-
cited articles. The oldest paper in this
segment of the study, published in 1924
in JBC, is the classic method by D.D.
Van Slyke and J.M. Neill for measuring
blood gases. The paper was explicitly
cited 17 times in 1983, mainly in clinical
journals, indicating that clinical re-
searchers still feel compelled to cite this
60-year-old method.

The most recent paper, by A.M. Max-
am and W. Gilbert, was published in
Methods in Enzymology in 1980. That
same year, Gilbert won the Nobel prize
for chemistry for his work on the struc-
ture of DNA. Their paper on a technique
for sequencing DNA received 56 cita-
tions in 1980, 387 in 1981, 766 in 1982,
and 1,085 in 1983. Clearly, this method
attracted immediate attention and has
been widely and increasingly used, dem-
onstrating the extensive impact of an im-
portant methodology.

We have commented in the first two
parts of this series on the dominance of
methods papers in citation-based stud-
ies. Methods papers describe strategies
for studying a particular research prob-
lem. Highly cited methods papers repre-
sent frequently or widely used strategies,
“tried and true” techniques. That is,
they can be cited stea&lly over a long pe-
riod of time in the literature of such
“small” fields as surgery or mathematics.
Or they can be cited in the tens of thou-
sands of biochemical articles published
each year and achieve high impact in a
relatively short time. In any case, while
many well-cited methods are regarded as

less than ingenious, others like the Max-
am and Gilbert paper represent innova-
tions of the highest caliber.

Although many methods papers turn
out to be highly cited, they are often un-
dervalued by researchers and journal
editors. Yoram Salomon, Weizmann In-
stitute of Science, Rehovot, Israel, dis-
cussed the difficulties he and his col-
leagues had in writing and publishing
their classic method for assaying the en-
zyme adenylat e cyclase. In a Citation
Classic commentary, Salomon said, “We
consulted other colleagues who advised
us not to waste time on a methods paper.
Nevertheless, we could not avoid the
feeling that many would welcome an ef-
ficient new method . . . . In its present
form, the paper was initially rejected for
insufficient advancement. However, our
persistence with the editor resulted in its
acceptance. ”7 The paper has been ex-
plicitly cited over 1,500 times since it
was published in 1974.

The potential economic value of cer-
tain scientific tec~lques has intensified
interest in methods papers. For exam-
ple, the growth of the genetic engineer-
ing industry has had an impact on the ci-
tation of pure and applied genetics re-
search. David T. Denhardt, University
of Western Ontario, Canada, devised a
technique for detecting complementary
DNA sequences. In a commentary on
thk 1966 paper, Denhardt said, “Despite
the reprint requests, I saw very few ap-
plications of this technique until recom-
binant DNA technology came into
use. ”s The paper was cited 139 times in
1966-1970, 232 in 1971-1975, 546 in
1976-1980, and 808 times in 1981-1983.

Of course, many theoretical works are
listed. A characteristic of these high-im-
pact conceptual works is that they raise
more questions than they answer. That
is, their ideas have consequences for re-
searchers in related fields and initiate
further investigations. Mats Hamberg,
Karolinska Institute, Stockholm, Swe-
den, makes this point in a commentary
on the 1975 paper he wrote with Jan
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Svensson and recent Nobel laureate
Samuelsson. He said, “[It was] the first
example of physiological and pathologi-
cal roles for the prostaglandin-throm-
boxane system in man . . . . [This] finding
. .has stimulated a Iarge number of bio-
chemical, physiological, and clinical
studies. ”g

Relevant reviews of the literature may
prove to be highly cited. These papers
provide a useful function in defining the
consensus of scientific research on a par-
ticular topic. By providing such over-
views, these papers can provoke fresh
insights into the problem. For example,
Philip Seeman, University of Toronto,
Canada, reviewed the actions of anes-
thetics and tranquilizers on cell mem-
branes. In a commentary on this 1972
review, Seeman said, ‘(The importance
of the review is that it correlates the
membrane effects with drug concentra-
tions . . . . The further reaching impor-
tance is that the review prompted the
subsequent discovery that alcohol-toler-
ant tissues have membranes that are
more resistant to fluidization by
ethanol. ”lo

Although the majority of articles in
this series come from the life sciences,

19 of the lW articles listed in “l’able 2 are
from the physical sciences. This is an in-
crease of seven from the first segment of
this study, and is equal to the number
found in the second segment. As thk
study is extended, we may see an in-
crease in the number of papers from the
physical sciences.

In the weeks to come, we’ll continue
this series and list additional groups of
Citation Classics. So far, we’ve identified
300 papers cited at least 1,188 times from
1961 to 1982. The data in Table 1 show
that we can continue thk particular se-
ries almost indefinitely if we define a Ci-
tation Classic as any paper cited over 300
times. By the time we would have pub-
lished 5,(M)fItitles, it would be necessary
to resort the file so that we could include
the new crop of classics. Thk would be
in addition to those papers we identify
by different criteria so that we do not ig-
nore the smaller fields.

*****

My thanks to Thomas Atkins and Lin-
da LaRue for their help in the prepara-
tionn of this essay. ,,,,g*4,s,
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