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The histo ry of th e tetracyclines invo lves the collect ive contributions of thousands of dedicated researchers, sci-
entists, clinicians, a nd business executives over the course of more than 60 years. Discovered as natural products 
from actinomyceles soil bacteria, the tel racycl ines werc first reported in the scient ific Iiterature in 1948. They were 
noted for their broad spectrum antibacterial activity and were commercialized with clinical success beginning in 
the late 1940s to the early 1950s. The second-generation semisynthetic analogs and more recent third-generation 
compounds show the continued evolution of the tetracycline scaffold toward derivatives with increased potency 
as weil as efficacy against tetracycline-resistant bacteria, with improved pharmacok inetic and chemical properties. 
Their biologic activity against a wide spectrum of mi crobial pathogens and their uses in mammali an modcls of 
intlammation, neurodegeneration, and other biological systcms indicate thatthe tetracycl ineswi ll continue tobe 
successfulthcrapcutics in infectious diseases and as potent ialthcrapeutics aga inst intlammation-based mammalian 
ccll d iseases. 
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The antibiotic era 

ln ea rl y 194i-\, f-ive -year-o ld Toby Hocket t ( Fi g. I ) was 
rushcd hy his parents to ]ohns Hopkins C: hildren's 
Hospital in Washington, DC, wit h severc abdomi -
nal pain, and diagnosed with a rup tured appendi x. 
/\ ltho ugh emcrgency su rgny was successf'ul , <1 sc -
rious inf'cction ;1nd complications sd in , and the 
kw antibiol ies clinica ll y usef'ul at the time proved 
ineffective, lcaving hin1 ti1cin g imminent de;1th. 1 

1-loweve r, <1 new l'X ~lcrim c ntal antibio t ic h<1d re-
cent ly arrived on camp us fi1r clinical use, a com -
pound that h;1d h<1rdl y Ileen used in humans <1nd 
wa s st ill bein g cva luated <1S a new chenwthnapeu -
ti c age nt. ln thi s post- YVW II l'l'<l, antibiolies we rc 
con sidered novel th erapcut ics, with pcni cillin heing 
heralcl ed ;1s a "wo nclcr dru g" h<1v in g saved count -
lcss li Vl's on th e hattlcfields. lt IV<1S al so <1 ~lLTiml oi' 
chem ic d d iscover y, where t he se ien t i lic 111 et hods o f 
microbiology and o rganic chemistry werc mcrging, 
and thc promises of ini'ell ious discase ch emother-
apy beca rnc <1 111 <ljor d rive of' mcdical 1'l'Se<1rch in 
<1Cadem ia a ml the chem ic 1l i nd ust ry. 

li•J r 10 111 1/J I?;I!J -GG:32 20 11 OG3b4 x 

Since thc antibioli es o f' th c da y fi1i lecl 'lbby 
Hocket I, his parcnt s in des perat ion consentcd !in 
h im to be treatcd with thc yellow-co lorcd com -
llüu nd rccentl y sent hy thc Lederle l.ahoratories 
Division o f' American Cy<ln ;llnid, under the n;1111c 
/\urcon1 yc inT'\1. lt was a risk wit hout choicc; " I rc-
ill L' Illher hcing pul on thc oper;1ting 1<1blc, scrca ming 
and crying, and sccing thc gas lll<lsk corning down 
on my fi1ce and being in th ;1t hospit;J ]I·in a vcr y long 
time <1t"tcr that, " hc rccall cd. VVithinmonths he i'ull y 
recowrcd <11lcl was onc of' th c first of' 111<111 )' Jll'oplc 
whose li ves wcre savcd hy /\urcomycin. 1 

/\ ureomyc in had hee n di scovcred ;dmost f-ive 
)'l'<l rs earlin in th c C<lrl y 1940s hy l.l'licrk, whosc 
mi ss ion to ge nerat e ncw C0111poumls and dru gs, 
parti cular ly <lntihio ti cs, h<ld hegun L'VC ll carlier in 
thc lat c 1930s.2 lndustri <11 ehemi e d producers in 
t h is cr;1 wne <1 W<1 re of' t he d iscovny <ll HI com 1nercia I 
valuc o( jll' ll icill i 11, ;111d i t ch;1nged t he course of' I hci r 
business . Non11 <111 )' th cy wc rc res igncd to j>roducing 
co nsum n ~>rodu c t s, hut now the y heg<1 ll hi1·ing sc i-
cntists i'rom 111 <111 )' mcdi c d d iscipl in cs and sta rll'd 
sn ee ning chemica ls, hio logics, imllll1nc-se r<l, and 
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Thc lltslory ollll c telracyc iiiJes 

Figure 1. l'i vc-yca r-old "li>hcy llockctt , o nc ofthc li rst patic nts 
lrl'al ed wilh Aureom yt: in . 

ot her promisin g ~1 nd ~'o t e nti<JI molen des <~ g<~in s t" 
host o l"di sL\lses in ~ ~ Si.> irit ul"op timi sm, grow th, and 
rn edi c d di scovny that was uniJrecedentcd in the 
hi stor y o r th c emcrging ph ;mnace uti c d illllustry. 

in i 'J:IH, Cyanam id pres ident Wil li an1 1\. ik ll un -
vc ilcd to hi s exec uti ves a new miss io n stat ement , 
"You tn<~ y come up with no t hin g, but yo u nw y cli s-
covcr a singlc dru g that may conq ucr cvc n one major 
di scasc, th en the puh li c will bc wei l scr vcd and o ur 
u mlp<lll )' will prospcr,"2 thus fo rm ali 1.in g thc U llll -

pany's cntr y into th e a re<J o l" antihi otic di scovcry. 

The discovery of the tetracyclines 

in th e e ~ trl y i 'J40s antibiot ic di scove ry was pro-
grcss ing rap idl y, hes t exc mplilicd throu gh thc work 

18 

1\lc lson & f_c vY 

and methocls ol· microbio log ist Re ne Dubos·
1 

and 
the ehem ie d d ive rsity der ived rro m the su il <Jct i-
nolll )'Cctes shovvn by Sclm <Jn W<~ k s m<~n <Jild co l-
leagues.·1 it w<Js ev id ent that the microhi<JI world 
pn~d u ced <1 we<J ith oi" ll<l!Ur<l l products and antibi -
otic co tnpounds C<lpa blc o i" fi ghting rnicrohial dis -
e~l ses . 1\ut it w<Js th eir medi cal <Jnd lin<Jnci<J I potenti<d 
th <J t drove th e cx pa nsion ol· lll<lll Y phar m<J ceuti e<d 
co mp<~ni es with in the Unit ed States, with ;\meri cafl 
Cya namid <JS on e o l"th e lirst to commit !'o <Jntihio ti C 
resea rch "nd deve lopmen!. 

C)'<J namid huilt new I<Jbo r<Jtori es in Pe<Jrl River. 
NJ under the clirect io n ol" gencr<~ l man <lge r VV ilbur 
M<~lco l m <Jnd their hc<1d of rcsea rch, Ye l l <~ pr<~ g<~ d <' 
Suhh<Jrow. They thcn began a se<J rch fü r <111 a ntibi -
o ti c th cy te lt sho ulcl ri va l W<Jks m<~n 's streptomyc in . 
enli stin g <J S co n s ult <~n t 7 1-ye<Jr -o ld Benj<Jmin Mingc 
i)U" "'". (F i<>. 2)," retired nrofcssor o l" J-llant ph ys i-

~o b ~ . 

o logy <J ild econom ic bot<~n y rrom the Uni ve rsil)' of 
Wisconsin, to h e<~d th eir soil scree nin g deJ-lartment. 
Dugg<~r W<lS world renowned for hi s ex tensive 

knowlcdge <J nd stud y of so il fu ngi; he cn llcc ted so il 
s<J mp lcs l"ro m <J II over the wo rl cl sent to him b)' 
l"ri cnd s l"rorn sit es hc in stru cted wo ulcl yield ~!C t in o­
myce tes so ii ha c t c ri <~, o r " uit ra -moicl s" as he ca ll ed 
th cm, th ose with ground cove rin gs Ie i"! uncli sturbcd 
<Jnd n<Jtur<JI. Thc sa m~'l es we re suhj ected to culturc 
<Jnd hro th di lu tion <Jssays ~K· rl imned hy hi s tcchni -
ci<Jn s, in whi ch th e microorg<~ni sm s we re p l <~ t ed, <J nd 
the co lon ies <J ss<Jyed fo r <Jntibiotic <Jcti vit y <~ g<~in st '' 
p<~n c l of C r<l!Tl-positi vc ~111d C r<Jill - tH.:gative b<J cte-
ria. 2 /\ lthough many soi l o rg~1 ni sm s wcrc known 1"0 

producc <~nt i hioti cs, tnost we rc toxic o r h<J d unde-
s ir<J hlc p ro per t ics, ~l!ld the te <Jill encountercd m <J il )' 
f<1 lse Iead s. 

O ne samplc, howevcr, d rcw their att enti o n carl)' 
0 11. 1t was m<Jrkcd A-:)77 <Jnd sent by VV illi <J m /\ 1-
hrecht , clug fron1 Plot 23 o n Sanborn il cld , a dor-
lll<Jnt tim ot hy h<lyl-ic ld o n th e Un ivcrs it yo i" M isso uri 
Gllllpus, ou tsiel e C :o lumhi<l, Misso uri . it yielcl cd ~111 

unusual ye ll ow-co lo red co lo ny that in hih ited thc 
growth of <1 1i th e ir strains in an in iti al pan el of 
bacteria, and produccd remarkab ly largc zo ncs of 
grow th inhih it ion in ~1 gar. This w<J s an unhca rd -of 
prope rl y ~~ t t h is poi nt , ~1 s com pa red to t he i"cw a 11 ti bi -
o ti cs av<lilah le fo r compa riso n. Th cy further i"ou nd 
tiJ <Jt eVC ll cr ud c CX !rac!S of th e CO IOll )' rcta in ed re-
Jilarlzahlc antib<Jct e ri~d acti vit y aga in st lcth<JI scrub 
typhus and th c r ickett si<J s, such as Rocky fVio unt<Jin 
s ~1ott ecl ICver, an in !Cction ii1r wh ich thcrc was no 
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Nelson & Lcvy The llistory of tl1 c tc tracyc li r1 es 

Figure 2. ( l.e ft ) Scpttw gcnari ;lll Be njamin M in !\<" llll !\gar, who discovc rcd thc " llltra -mold '" Strcpt or ll )'n·s 111/rcofirciclls, a soil 
bactcri llrn prod l! Ci ng i\ ureo rn yc i n. ( Ri !\h t ) "!Cchni cin ns sc rcc n i ng so il sa rnples in t hc l.cd crl c lnboratorics. . 

curc. 2 Soon enthusiasm abottt it s hroad rangc of ;tc-
ti vit y and potcncy aga inst kth<tl p<tl hogc ns kd to 
thc lahcling of thc unkn ow n suhstance as a "hro;td 
spccl" rum" antih io ti c, hccomin g on e of thc first in 
mcclic tl histor y to <tt tai n this titk. I >ugga r namcd 
thc co mpounclnurcornyciu in refc rcnce to its yc llow 
co lor ancl th c go ld -co lored Strcp toruyccs strain (rom 
which it was ex t ract"ed. He con tinued the stud y o( 
thc ultra -mo ld <tnd its med ical micro hi o logy, ta xo n-
omy, a nd phys iology, 11 <1 111 i ng i t St rcptorny(ö tl llrco-
Jilcicns r1111i fi rst publi shing hi s resu lts in 1941> in thL' 
Arnurls oftlic Ncw York Acllllcruy of Scicuccs." This 
estahli shed Aureomyc in as <1 new a ncl potent broad-
spcct rum antibacterial agc nt th <1t wassafe and cffec-
ti ve, ;1lthough its ex act chemica l structu re had ye t to 
be dc tcrm i ned. 

The cfi (lrt s at Cya namid were cx p<1nded, bring ing 
in R.l>. J'vlcC :ormick to produce thecompou nd using 
ad v<1nced k rmcnt ati o n meth ods . Soo n th ccompan y 
w<1S produ cing Aureomyc in in commcrci<11 qu<1 nt i-
li es. By lkce mbcr I, 1941>, the cl ru g W<1S ap proved 
hy the FUJ\ for clini c;tl usc ancl was an im med iat e 
succcss in thc clin ic, saving countlcss li ves against 
a hro<lli spcct rum of in li:ct ious di scascs, and ge n-
LT<1ting notoriet y and proflt s f~1 r the comp;1n y. lt 
a ppca red t hat t hc 1ll iss ion st;1 tetm•n t o f C:ya na 1ll id 
by W illiam llc ll had come to fruiti o n.2 

Within <1 short tim e, ot her chctni c 1l companics 
we rT announcing th cir own di scovc ri cs o fn cw bio-
prospcc ted an tihiot ics, <11lll by 10:10, ;\ k x;tndcr J.' in -
lay ancl colleagues at C: h;1rks Pli zer Co., lnc., Cro ton, 

C l", hacl ga th crcd thou S<11His o r so il S<1n1plcs from 
around thc world, <lllci iso la tcd th c so il hactcr ium 
Stnptomyccs rin1osus.6 Their o rg;1 ni sm produ cccl ;1 
co rn pound with similarit y in color to J\urco rn yc in, 
but it W<1S slightl y morc wat cr soluble and had hct -
tcr hioacti vit y, giving it <1 mcdic tl ;1nd con1pctiti vc 
cdgc ovc r Aureom yc in in th c trcatmcnt of in li:ct io us 
discases. Thc compo und W<1S named "il' rra rn yc in in 
reli:rencc to /erm, l.atin for mrt/1, ;1nd fl lTil.1flS its 
or igin , "il'rrc !l aute, lndi ;1n <l. lt was <1pprovcd hy thc 
FI>J\ in 19:10, co mpct ing clircct ly with Aureo myc in 
whilc gaining success in thc trcattncnt o f a bro;1d 
spcc trum of infect io us dise;1scs. 7 

Th e ehemie d st ru ct ur es ofbo t h J\ ureom yc i 11 <1rHI 
TerT<1mycin , lw wew r, we rc difti cult to so lve and re-
lll<1ined elusive f(l r hoth co mpan ies, <11though they 
sh<1rcd thcir rcspcc ti vc co tnpounds with e<K h othn 
in ordcr to detcrmine their co mn 1<1 n str uc tur.tl fi..·a -
turcs <1nd substructures <1 t1 cl sett lc thcir disparate 
mok cular id entiti cs . In thi s cra o f chcmical c l~< 1r ­

actcri za tion ofnatur;1 l products, instru ment al <111 ;1 1-
ys is was limi tcd to ultr;wiolet-visihlc spcllroscopy 
(UV-Vis) <1tHI infr;Hcd spec troscopy, anti structtrr;11 
proofs routincly rcli ed on chcmi c;tl modifi c;1tinns 
and deg rad ;1ti o n studi cs th.1t k w L1hor;1torics in th c 
wor ld wcr-c equ ipr1ccl to perf(mn . Scicnt ists ;tt l' fizcr, 
lcd hy K<1 rl llr ut1in gs (l: ig . . >) , aml in L·o1Ldlor<1 -
ti on with the legc ndary llarv<Hd Uni vcrs ity chcmi st 
Rohcrt VVoodward, raccd to provc thc chcm ic;tl 
structurcs of ho th Clllll flOl ll llk J\y Jl):i 2 thc prc-
lilllill <lr)' ehemied structurcs or hoth /\ urco myc in 
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The h1story ol t11e letracyc lincs Nelson & LeVY 

Figure 3. pr,zcr g ro up lll Cillbe rs fr o m the stru cturc d e te rmination iliHitetracyclin c team ( left to ri g ht ): rred e ri ck Pilgrim; Lloyd 
Conovc r, in ventor of telra cyclinc; Kar/ Brunings, dircc tor of ehemie d rcsean:h; Phi I Gordo n; a nd C harl cs St c phcns, in vcntor of 
doxycyclin e. 

<tnd "ICrram ycin (Fig. 4) we tT ~ol ved by th e Pfi zc r-
Woocl w<t rd team , postulatin g th <tt both compounds 
possessed a DC HJ\ naphth<tcene co re with similar 
fun ct ional groups with on ly mino r diffe rences in 
~ lru c ture . x Thc co t-c scafft>ld f(lr thi s new htm il y of 
ant ibiot ics became descripti ve ly known <lS thc tetra -

7 6 5 4 

8~T~~3 
9~-v~2 

1Dil 11~ 1 Z;o 

'I) 11 12 1 

2. 
oxytEtracydine 

·~ 1951 

cycl ines; howevc r, -k rramyc in possessecl an addi -
lion<tl C5 posilion hydroxy l group and was dcvoid 
ofa C:7 chl o rin c alom, comp<t recl lo Aureomycin. 

Thc major str uclu r<tl k alu res of th c mol endes 
wcrc puhl ishcd by thc Pfl zcr-Wood warcl gro up in a 
i<mcl ma rk pa pcr in I ':154 l i tled "The Structurc o f 

~~N~ 
Y'~0~&fr(lr 'PJ 

OHO OHO 0 
1 

clllortetracycline 
Aureomycin 

1948 

~- OH ~(C~~ 
--~ : OH 

~(c~r;"r;l( Yi 
~(l~~('f( 2 

OHO OHO 0 

l 
tetracycline 

TEneyn 
19~ 

Figure 4. Th c naphthaccnc ring sys tem and it s slrud uraii<H . .:ant s of th c firs t-gc ncra tion a n t ihi o t ics : chl o rt c tracydinc ( I ), o xy tc-
tracyd in e (2 ), and te tracycline (3), fol lo wcd by th c yca r approved h y th r 1'1>1\. 
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