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Tetracyclines and
Chloramphenicol

HAROLD C. STANDIFORD

TETRACYCLINES

All the tetracyclines are pumarly bacteriostatic at therapeutic con-
ceatrations and have a broad spectrum that tacludes gram-positive,
gram-negative, aecobic, and anaerobic bactenia, spirochetes, myco-
plasmas, nckettsiae, chlamydiae, and some protozoans The ana-
logues can be divided into three groups based on differences in their
pharmacology: (1) the short-acting compounds chlortetracycline,
oxytetracycline, and tetracycline; (2) an iatermediate group con-
sisting of demeclocycline and methacycline; and (3) the more re-
cently discovered, longer-acting compounds doxycyclae and mino-
cycline Although several other derivatives have been developed
called glycvlcyclines, which have activity against tetracycline-cests-
tant bactena, none are available at this ume '

Structure, Derivation, Nomenclature, and Brand Names

Unlike the fortuttous discovery of penicillin by Fleming, the first
tetracycline. chlortetracycline, was discovered by screening organ-
tsms obtawned from the sotl for theur anumicrobial propecties. Beanja-
mun M Duggar, a metculous mycologist wn his sevenues, noted
unusual aatinucrobral acuvity from orgaaisms that formed a golden
yellow colony * He designated the organism Strepronnces aureofa-
ctens (L. aurum, “golden™) and named the product Aureomycin
Oxytetracycline was derived from Streptomyces rimosus 1w 1950,
and tetracycline was produced by the catalytic dehalogenation of
chlortetcacycline in 1953 The two long-acting compounds were
dedved semisyarheucally doxycycliwne mn 1966 and minocycline

Cnr~ B F I RN

major brand names, doses, and costs ace listed in Table 24-1 Of
these, tetracycline HCl and doxycycline have emerged as the mos(
useful clinically. Chlortetracychine (Aurcomycin). the first member
of the family, 1s no longer available except for topical use. and
methacycline (Rondomycin} has been withdrawn from the macker

Mechanism of Actioa

The tetracyclines enter bacteria by passive diffusion through ponins
in gram-negative bacteria and are probably accumulated by a ApH-
dependent process.”™ Oace withia the cell, they reversibly bind
primanldy to the 30S ribosomal subuait at a position that blocks the
bindiag of the aminoacyl—transfer RNA o the acceptor site an the
messeager RNA-ribosome complex * This prevents the addition of
new amuno acids into the growing pepude chain. The tetracyclines
also inhibit protein synthesis in mammalian cells, particularly
mitochondnal nibosomes, but appacenty are not i sufficieat coacen-
tration in these structuces to produce severe toxicity.®

la Vitro Activity

The antimicrobial spectra of all the tetracyclines are almost idenucal
Some differences, however, n the degree of activity against these
organisms do exist among the analogues. [n general, the lipophilic
congeners are more active than those that are more hydrophiic 1t
follows, therefore, that minocycline is the most active of the ana-
logues, closely followed by doxycycline. The minimal whibitocy
concentration of the more hydrophilic congeners oxytetracycline and
tetracycline are two- to fourfold tugher against many bacteria and
are the least-active analogues. Despite these differences, for cost
reasoas it is recommended that tetracycline be used in the clinical
mucrobiology laboratory to evaluate susceptibility for all the ana-
logues 7 Minumal inhibitory coacentrations of tetracycline and doxy-
cycline for many aerobic bacteria are given in Table 24-2. For the

TABLE 24-1 The Names, Preparations, and Usual Adult Ocal Dosages tor
the Tetracychines Currently Avaiable in the United States

Geaeric Name (Majoc

Brand Name, Usual Adult Oral
Compaay}* Ocal Prepacations Dosage
Short-acungt
O«ytetracycle Capsules 123, 250 mg 500 mg q6h
(Tecramycin Phzerd
Tetracycline HClE Capsutes. 100 250, 500 500 mg qth
mg
Sycup. 125 mg/3 ml
Intermediate
Demeclocycline HCL Capsules 130 mg 300 mg qllh

(Declomycin, Tablets 150, 300 mg
Lededdet
Long-acung§
Doxycycline
{(Vibramycin  Pfizer)

200 mg toc 100 my gl h
foc fiest day) thea 100
mg q24hf

Capsules (hyclater 50
100 mg

Tablets 50 100 mg

Sytup (calcrunyy 50 mg/$S
ml

Syrup (monohydrate) 15
g/ ml

Manocyclme (Minocin
Lededley

Capsules and wablets 50
100 mg
Suspension SO mg/5 ml

200 mg then 100 we
qllh

“Many other brands are available for some of the analogues "
1The shon acung tetracychnes are also avadable tor intravenous administraton it ususl dases of %

mg every 6 10 12 hours a0€ G cxceed ) g daily Howevar most prefer doxycycline for thus row
admuustracon  Preparauon combined widh a tocal aacsthetc agent caa be given satramusculari

these are not recomarcaded

(2 of
tul

tTetracycline 15 also avadabie s a tetracychine phosphate complex (Tetrer. Bastol) wateaded 19
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I 24-1. Chemucal structure of the tetracyclines The analogues
from tetracychine at the fifth, sixth, or seveath positon, as ndicated
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ities of the other analogues, the reader s tefeqred to the exten-
work from the laboratocy of Finland and colleagues.**°

lthough maany of the aerobic and facultative anaerobic organ-
are within the spectcum of the tetracyclines, more effective
s are avaulable for the treatment of infections caused by most
sse bacteria Pneumococct and Haemophulus influenzae can be
tted by conceatratioas of tetracyclines achieved in the serum,
this provides a rauonale for their use in sinusuis and acute
xbations of chroaic bronchutis.'' However, pneumococci resis-

taat to” penicillin are generally more resistant to tetracyclines, ai-
though doxycycline is the moce active congener.!* ©* Gonococei and
meningococct are extremely susceplible: unfortunately, gonococci
cesistant to penicillin G also tead to be resistant to tetracycline.t* ¢
In most cases. Escherichia cold acquired outside the hospital setting
caa be ichibited by concentrations achieved i the udae, if not the
serum. Tetracyclines, thetefore. are useful agents for the treatment of
acute, uncomplicated, uninary tract infections and the acute urethral
syadrome. Pseudomonas pseudomaller orgarusms are geaenalily sensi-
tive, and this has therapeutic wmpoctance, as does the high degree of
suscepibility of Brucella spp.* V' Vibrio cholerae. Vibrio vulnificus,
aad other vibnios are geaerally susceptible, aad the tetracyclines are
impoctant for therapy for diseases caused by this group of organ-
isms." Although Campylobacter spp are genecally susceptible, a
high percentage of resistant isolates has been noted in some coun-
tries.*~*! Therefore, it is not the deug of choice for wfections caused
by these bacteria. Shigella organisms have become wncreasiagly cesis-
1ant.** Mycobacteriwm marinwn is susceptibie and appears to respond
clinucally.”

The tetracyclines have activity against many anaerobic organisms
(Table 24-3)* Theur activity against Actinomyces is patticularly
relevant clinically. Doxycycline is more acuve against Bacteroides
fragilis than tetracycline is, but other agents are preferred for infec-
tions caused by this organism. The activity of the tetracyclines
agaiast anaerobic bacteria, however, may be partially respousible
foc the effectiveness of the neomycin-tetracycline combination and
doxycycline alone as altecnative oral presurgical bowel
preparations.™ ** Many pathogenic spuochetes are susceptible, in-
cluding Borrelia burgdorferi. the ageat of Lyme disecase U7 Other
organisms geaerally inhibited by this group of aatibiotics wclude
rickettsiae, chlamydiae, mycoplasmas. and, to a hmited degree, pro-
tozoans (Plasmodium spp. and Entamoeba histolytica) **

Bacteria develop resistance to the tetracyclines predominantly by

24-2 Miaimal lnfubitory Cancentration of Tetracycline and Doxycycline for Common Aerobic and Facultative Aaaerobic Bacteria

Cumulative Percentage [nhibited by lndicated Coaceatrations (pg/ml)

No. of
Ocgaaism Straias Aantibiotic 0.4 0.8 L6 12 64
positive
Aylococcus aureus 36 Tetracycliae 1] 2 20 65 61
Doxycycline 2 25 63 65 68
Hococcus pvagenes* 63 Tetracycline 10 50 80 87 90
Doxycycline 56 90 90 935 95
Hococcus preumontae t 35 Tetcacyctiae 70 96 96 100 —
Doxycycline 100 — — -— —
1p B streprococa 12 letcacycline (¢ 0 50 50 50
. Doxycycliae (¢} 50 50 50 50
mcoccus 16 Tetracychae ] 0 0 0 10
Doxycycline [¢] 4] Q 0 10
Regative t
fena gonorrhoeac 25 Tetracycliae 5 60 85 88 100
P Doxycycliae 60 73 80 92 100
€na meniaguidi 10 Tetcacycline 0 50 — 100 —
Doxycycliae 0 — 50 — 100
mophlus (nfluenzae 5 Tetaacycline 0 0 0 33 87
Doxycychae 0 Q 60 93 100
e
nichia col 43 Tetracycline 0 0 0 5 19
; Doxycycliae Q 0 0 3 15
isiel b
vella preumaniae 7 Tetacycliae (1] 0 0 [4} 5
. Doxycycliae Q0 ¢} Q 4] [
rob, 5 yey!
acter sep 10 Tewracycline 0 0 30 50 70
o Doxycycline Q [t] 0 Q 10
(p);::z;x: preudumailes 10 Tetracycliae a 4] 60 100 —
“r Jejune 72 Tetcacychine 4 62 74 81 84
ella spy 107 Doxycyclne 68 74 79 80 86
3 Tetcacycline ] 9 12 50 50

——
—

,‘::r: eNes wadicate thac
. Tesustan Steep
Mucabyl g adate po
I‘::“mm(m( 0 pen
lnhnbuory Coac

k3 8- i6 (9
Ynaary Wact iate

2010 0% ot Strep progenes have became resestaat to the tetracyclines
Prewnoniae straas are mace com@on iq same ueds Those sirans rescstant (@ pemcili tead o be resistant © the tetracyclines
siive Proteus spp . and P acrugosa ue genecally eastanc 0 25 ugfmi
clla G also tead 10 be fesistand to tetracycline 't Y

€aTI60n 0t munocycline for meniagococct 1 1 6 we/mi (caage U3 0 16 wg/mly

22 Orgiatsans should be coasedered suscepuble of the muaumal bubdoary concentrations are 4 pg/ml of less A modecate suscepubrlity cange of up 0 § ug/ml may be usclul toc the
Sloa.
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, TABLE 24-3 Miumal lnhibstory Concentratioas of Tetracycline and Doxycycline for Common Anaerobic Bactena*

Cumulative Perceatage Susceptible (o lndicated Coaceatration (ng/ealy

No. of

Ocgaaism Stcaians Antibiotic a5 10 20 {0 8a

Gam-postuve
Peptococcus 59 Tetracychne LAY 19 36 36 37
Peprostrepiococcus 29 Tetracycline 38 41 48 32 71
Doxycyclue 45 45 66 9 97
Sireptococed, anaerobic aad 10 Tetracycltne p¢] 60 10 90 90
mecroacrophilic Doxycycline 70 90 90 90 100
Eubacterium ) Tetracycline 24 59 65 65 17
Doxycyclune 59 65 1 82 88
Proplonibacterium 2 Tewracychac 58 75 83 85 83
Doxycycliac 75 83 83 92 91
Closirddwum perfringens 9 Tetracycline 22 22 56 67 67
Doxycycliac 67 67 67 78 89
Other clostndia 33 Tetracycline 36 46 9 52 61
Doxycycline 49 52 61 68 8>
Actinomyces 16 Tetracycline 56 69 94 94 94
Doxycycline 63 69 94 100 —

Geam-negative
Gram-negative coccl 26 Tetracycline 54 69 73 73 b3
Doxycycline 58 69 73 81 96
Fusobacterium 34 Tetacycliae 94 97 97 97 97
Doxycychne 9% 94 94 94 100
Bacteroides fragis 76 Tetracycliae 25 10 10 12 16
Doxycycline 41 42 50 73 88
Prevarella melaninogenica 67 Tetracycline 75 76 79 87 94
Doxycycline s 18 90 96 97
Other Bacterodes spp n Tetracycline 33 15 43 50 60
Selenomonas Doxycychne 40 43 53 68 9

*“An with a 1 indub of 4 pug/ml ar less should be considered suscepuble

. Modufied from Suaer VL, Finegold SM Suscepabiity of 2aacrobic bactena to 23 anamucrobial ageats Anumicrob Agents Chemother 1976.10 736

preventing the accumulation of tetracycline within the cell. This is
accomplished by decreasing the influx or increasing the ability of
the cell to export the antibiotic* ¥ Rarely, the tetracyclines are
inactivated biologically or altered cheaucally by resistant bacteda;
oxidative destruction has been found in a few species. -5 Resistance
to one tetracycline usually implies resistance to ali. although there
are marked differeaces in the degree of resistance amoag species.
The resistaace among bacteria can be mediated by transferable resis-
tance plasmids. The tetracyclines have been widely used in feeds to
promote growth in animals. This may be a major factor in providing
selective antibiotic pressure foc the spread of plasmid-mediated resis-
tance to these and other antibiotics %

Pharmacology

Serum levels achieved by usual oral doses in adults are given in
Figure 24-2 Absorption occurs primarily in the proximal small
bowel and produces peak serum concentratioas 1 to 3 hours after
adminustration. The commonly used 500-mg therapeutic dose of
tetracycline gives a serum level of 4 pg/ml. the highest of all the
shodt-acting analogues * Doxycycline and ounocycline (200 mg)
achieve serum levels of about 2.5 pg/ml, shightly higher thaa levels
atained by the larger therapeutic doses of the intermediate
agents
After the intravenous admuustration of 500 mg. secum levels of
the short-acting agents (not shown) are approximately 8 pg/mi ac 30
munutes and decrease to 2 o 3 pg/ml by S hours ¥ Intravenous
1jection of the usual 200-mg loading dose of the long-acting ageats
soxycycline and minocycline produces serum levels of approxi-
mately 4 pg/ml at 30 minutes Once tssue distabuuon occurs for
the long-acting analogues, the levels are almost identical to the
concentrations achieved orally.* “ Thrombophlebits s a frequeat
complication of the intravenous preparations. Intramuscular prepara-
tions are available foc the short-acting compounds but are not recom-
mended because of the severe pain produced on injection, even when

thau ara mivad wieh Tanal acnnebaeinn

compared in Table 24—4. The tugh fevels obtained oralty with tetra-
cycline compared with other short-acting ageats are due primanly to
better absorption from the gastrointestinal tract. The tong-acting
analogues doxycycline and munocycline ace absorbed almost com-
pletely; thus, high serum levels are achieved with celatvely small
doses.***! The tetracyclines can be differentiated 110 three groups
on the basis of their different half-lives Doxycycline has the longest
of all and allows therapeutic levels 10 be maiatained with a single

Shari Action
‘/Te(ncyc(me 500 mg PO
Orytetracyciae

Chiartetracycline

. T T ) GE—| Y
E latermediate
Ez 4 Bemeciocychine 300 mg PO
€ ; Methacyclae
o 2
<
a 4 -
st B ———
E T T T T 1
2
‘2 4 - Ouxycycliae Lang Aclmq
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FIGURE 24-2. Serum levels actueved with the usually recommeanded ordl
doses of the tetracychines. Chiortetracychine and methacychne are N0
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(aBLE 24-2 Phacmacokinetic Features of the Tetracyclues®

Gastcoiatestiaal Half-Life Reaal Cleacaacet Ucinacy Recavery af Distcibutioat Prateia Bindingt
Anabiotic Absacptioa (%) (b} (ml/cin/ (.73 m%) (%) (Litecs) (%)
Short-acuay
Oxytetacychac 58 9 9 70 28 35
‘[‘cz;acyclmc mn 8 74 60 108 65
fatermacdiace
Demeclocycline 66 [ 3s 39 21 9
aethacschiae S8 14 3 60 9 90
Long-cung
Dovxycychne 93 i8 0 £ 50 9
Minocycline 95 16 9 6 60 16

“The p(wmacokmcuc values vary consuderably froaa fabocatory o labacaory These valuey were sclected 1 maost sastances beciuse comparative daa weee avulable from celuable @vesuguocs

tAfler single ose wiraveaous adminisaanoa
{Uhaalcauon technique
Daa feom refs 4045 and 4548

daily dose, although twicedaily regimens are frequentdy recom-
meaded.® The 8-hour half-life of tetracycline suggests that the dos-
age iaterval could be 8 hours for this aatibiotic whea it is used to
treat minoc infections.*’ The half-lives of the compounds ace deter-
mined maialy by the rate of excretion by the kidneys. Chloctetcacy-
cline is an exception: it has a short half-life despite a slow rate of
clearance as a result of the marked instability of the compound ia
vitro as well as ia vivo.* Adequate therapeutic concentrations of all
the tetracyclines, with the possible exception of chlortetracycline and
minocycline, are achieved in the unae for the treatment of udinary
trcact infections caused by sensitive organisms The degree of protetn
binding of the analogues is vanable, depending on the methods used
for the determination, but it teads to be greater for the atermediate-
and loag-acting compounds.**™** This may be oae of the factocs that
determines their slow rate of renal excretion. The apparent volume
of distributoa for most of the tetracyclines is greater than that of

‘racellular body water, thus indicating sequestration in ussues,

<sumably the livec*® Minocycline and doxycycline have the small-
est volume of distribution, another factor that tends to enhance theur
serum levels.

Tissue Distribution

111; tetracyclines caa be found in small amouats in maay tissues and
ﬂu!ds, wncluding the lung, liver, kidney, beain, sputum, and mucosal
fluid. For tetracycline, the levels n the cerebral spinal fluid are
approxumately 10 to 26% of the serum levels,* * whereas concentra-
toas in syaovial fluid and the maxillary siaus mucosa approach
serum levels 3 7 A}l the tetracyclines are conceatrated in unob-
Stucted bile and produce levels in this fluid 5 to 20 tmes those
obtained in the serum. It has been suggested that lipid solubulity is a
Prmacy determinaat for the diffusion in many tissues. Minocycline,
followed by doxycycline, is more lipophilic at a physiologic pH than
are the other drugs. This may explain why aunocycline reaches
sufficient concentrations ia saliva and tears to eradicate the meatago-
¢occal carrier state, whereas the other tetcacyclines do not ** * The
tetracyclines cross the placenta and accumulate in fetal bone and
teeth and therefore should not be given dudng pregnancy.” * They
e excreted in breast mulk; however, conceatrations in the infant's
Serum are below detectability.”

Renat aad Hepatic Iasufficiency

n(‘)i;:(’ralc)’clmes should not be used in paueats with reaal faih.xre
.t ¥cline, the qnly exception, 1s_excreted n thf: gastrowuttestinal
_Under these circumstances. Neither the half-life noc the thera
ot lsi dose of this antbiotic vanes with alterations 1 renal func-
Cffecu;(ht tetracyclines are slox»{ly remov_ed by hemgdxalysns but not
ely by pentoneal dialysis. Hepatic disease is not known o

tr

‘:

cause elevated serum levels of the tetracyclines. However, they
should be used very cautiously i such sutuations. because they have
been noted to cause hepatic toxicity

Assay

The tetracyclines can be measured by a aumber of different tech-
niques. These iaclude bioassay using Bacillus cereus as the test
organism. by high-performance liquid chromatographic procedures,
or by direct fluocescent chemical analysts.™*' but moattonag of
serum levels ducing therapy s carely wdicated.

Toxicity
Skin and Allergy

Hyperseasitivity reactions including anaphylaxis, urticuria, peror-
bital edema, fixed drug eruptions, and mocbilliformm rashes occur
with tetracyclines but are not comunon.®** A patent who is allecgic
to one analogue should be coasidered to be allergic to all. There are
a number of recent eports of a systemuc lupys ecythematosus-like
syndrome repocted in associatioa with munocycline. These patieats
have aaunuclear antibody. Symptoms disappear in most patients
whea the aatibiotic is discoatinued and recur whean rechallenged 4’
Photoseasitivity reactioas coasistiag of a ted rash oa areas exposed
to sunlight that 1s frequeatly assoctated with onycholysts are most
common in patients recerving demeclocycline but occuc with all
analogues ® % They appear to be a toxic rather than an allergic
reaction. Proloaged admuistration of minocycline has been noted
carely to cause nail, skin, and scleral pigmentation, which 1s usually
reversible, as well as an asymptomatic black pigmentation of the
thyroid.” ™ A blue or blue-black discolocation of the gums also has
been reported; thus appears to be secondary to boane pigmeatation,
which s visible through the oral mucosal tissues. The pigmentation
is permanent.'t "

Teeth and Bones

A gray-brown to yellow discolorauoa of the teeth has been noted tn
some commuaities in 80% of the childrea taking tetracyclines.” This
side effect is permaneat and may be associated with hypoplasia of
the enamel®® "* and depression of skeletal growth in premature -
fants * The darkening effect of tetracyclines on permanent teeth
appears o be celated to the total dase of the antibwouc admuaistered
{n a retrospective study, cosmetically noticeable but mild dackenung
of the permaneat teeth occucred w 3 of {4 children recewving five
courses of tetracycline. whereas 4 of 6 cluldren recetving eght
courses had moderate darkening of the enamel " Pamary teeth gener
ally show more darkenung than do the larger, thicker. and mote
opaque permanent teetfi. Stace there is some vadiability w stainng
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with sumular tetracycline exposure, 1t 15 prudent not to adauaister
these agents to pregnant women and to children up (o the age of 8
years, the period when tooth enamel 1s bewng formed. For this ceasoa,
the Food and Drug Administcauoa has withdrawn from the macket
the concentrated liquid dosage forms (drops) specifically 1atended
for pediatric use.”™ [t 1s not unreasonable, however, to admiruster a
single course of tetracycline therapy to young children for specifi-
cally defined indications when the aliernative regime may produce
more severe toxicily. Thus, the tetracyclines may be wndicated for
childrea suspected of having Rocky Mountain spotted fever who can
tolerate oral medications. Doxycycline binds less with calcium than
do other tetracyclines and may cause dental changes less frequently
in children.™

Gastrointestinal Symptoms

The tetracyclines are wnitative substances and frequently produce
gastrowtestinal symptoms after oral administration. Esophageal ui-
cerations that are manifested as rewrosternal pan exacerbated by
swallowing have beea clearly documented after tetracycline and
doxycycline admunistration. n most cases, the patients were taking
the capsules with little or no fluid just before going to bed. A word
of caution to the patient is indicated 1n order o prevent this toxicity.
The complication may also occur in patieats with esophageal ob-
struction or motility disorders.®®** Nausea, vomutiag, and epigastric
distress are dose related and {imit the dose of most of the analogues.
The administration of food with doxycycline, minocycline, or oxytet-
racycline may ameliorate some of these symptoms, but food seriously
decreases the absorption of the other tetracychines. Diarrhea is most
often associated with analogues that are poorly absorbed and appears
to be related to alterations in the entedc flora. Doxycycline produces
less of an effect on bowel flora than does tetracycline # The diarthea
usually subsides when treatment with the antibiotic is stopped, but
prolonged symptoms due to pseudomembranous colius have been
repocted.® Tetracycline also has been noted, rarely, to cause pancre-
atius with or without overt liver disease.®

Liver ’

The hepatoxicity of the tetracyclines, ficst descabed 1 pauents re-
ceiving intravenous chlortetracycline but now described with other
analogues, appears pathologically as a fine deoplet fatty metamocpho-
sis and results 1n a high modtality.® ¥ The administration of less
than 2 gfday intravenously is not associated with liver dysfunction
Or njury except in pregnant women, who are particularly at ask,’
and in patients with an excessive sequm level due to renal failure ®®
This toxicity is rarely reported with doxycycline ®

Renal Function

The tetracyclines aggravate preexistng renal failuce by inhibiting
protein syathesis, which increases the azotemua from amino acid
metabolism ¥ Nephrogenic drabetes insipidus 1s produced by de-
fueclocychine, a side effect that has beea used therapeutically to
reverse chronuc wnappropriate antidiuretuc hormone secretion” renal
fallure has complicated wts use for this purpose in patieats with
curhosis * Qutdated tetracycline has produced a reversible Fancon: -
like syndrome with renal tubular acidosis. but tetracycline formula-
tions producing this syndrome have beca modified {t 1s unlikely that
this complication will recur *

Nervous and Sensory Systems

Verugo is a side effect unique to munocychae Symptoms of light-

teversible within several days after the disconuauation of thecg
with the aaubtouc, but this side effect has searously limited mi
use of munocycline * chign wracramal hypertension (pseudotumg,
cerebn) has been described in infants and adults with many of the
anatogues ** ™

Superinfection

Colonizaton by tetracycline-resistant organisms 15 a frequent occyy-
rence during tetracycline therapy and s generally of lude clinicay
significance. Rarely. a fulminating diarthea resulting from Closerig
wn difficile pseudomembranous colitis oc staphylococcal enteris
may occur after oral or parenteral therapy®’ * More often and
less serious, oral or vaginal monaliasis complicates treatment, a
complication that may require specific therapy.

Significant Food and Drug [nteractions

Food adversely affects the absorption of tetracycline, chlortetcacy-
cline. methacycline, and demeclocycline. Doxycychine and minocy-
cline absorption decreases by less than 20%. which does not appear
0 be important clinically.® 0 All the tetracyclines form complexes
with divalent oc trivalent cations. Therefore, absorption is markedty
decreased when these drugs are administered simultaneousty with
calcium, magaesium, and aluminum in antacids; mulk; iron and wron-
contating toucs; multivitaruins; didanosine; o sucralfate. Admanis-
traton of the drugs should be spaced by 2 hours.'" ' Sodium
bicarbonate also has an adverse effect on absorption and should not
be adnunistered simultaneously.'® Cumetdine has been showa to
decrease the absorption of tetracycline, but this is unlikely to be
stgaificant in the clinical situation '* Carbamazepine (Tegretol), di-
phenylhydantotn, and barbiturates decrease the normal half-life ot
doxycycline to almost one half by increasiag the hepatic metabolism
of the antibiotic.* ' Chroaic ethanol ingestion has also resulted in
a shorter half-life of doxycycline but wot tetracycline, presumably
also through the induction of hepatic nucrosomal enazymes.*®’ Me-
thoxyflurane anesthesia may cause nephrotoxicity when adnunistered
with tetracyclines.'® [t has been suggested that this adverse nterac-
tion occurs with the newer, less nephrotoxic fluonnated anesthettc
ageats as well.'™ The use of these anubiotics concurrently with
diucetics produces an elevated blood urea nitrogen level, although
the exact mechanism has not been determmuned *° [t has been reported
that women receiving oral contraceptives have become pregnant
while receiving tetracycline. This may be caused by the reducton 1n
bacterial hydrolysis of conjugated estrogen in the wtesune '** '
Wodmen should be advised to use an additional form of buth coutiol
The tetracyclines may potentiate the effects of oral anticoagulants,
making careful moautonng of prothrombin umes essential

There is w vitro antagomistm when ant-wafective agents that are
pamaaly tchibitory are combined with cidal agents Thus appears to
account for the poor outcome in the treatment of paeumococcal
meningits with peaicillin and tetracycline Whether it can be genert
alized to other indications ts aot known '

{ndications

The tetracyclines ace the drugs of choice or effecuve aliermauve
therapy for a wide vaniety of bactenal. chlamydial, mycoplasmal.
and nckeusial infecuons (Table 24-5) ' The use of munocycline
for early (within the first year of disease) cheumatord acthrits 15 of
note as is the use of iatrapleural tetracychae for the control of
malignant pleural effusions "7"*Y The tetracyclines have no role in
the treatment of viral or fungal diseases Tetracycline or doxycychne
caa be used wnterchangeably for most of these indicauons Howevet.
compliance may be better with doxycycline since it can be taken

’n
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ragte 24-5 Majoc Therapeutic lndicatioas for the Tetracyclices*®

Majoc ladicatioas

Effective Alternative Thecagy

goreelha vurgdorfect (Lyme diease.
eacly?
eha recurcentis (celapsing tever)
_ellosts (wath geatamucin in senousty
ol patcacsd

Lalv menscabactenum granulomacs
(graautoma mg\Aunalc)

Chlamydial wfections
Cldurtr dua preumorsae (TWAR saaa)
Eprddyauus, acute (sexually

asaured foami
taciuoa comjuacuvits (adulcd
Lymphogmauloma veaercum
Ocautiosts. pSILacosts
Trachoma
Urethral. cndocervical, o cectal
atecuons tn aduits

Ehrlechia

Helrcolcter pylon (plus meuwomidarole
plus bisnuth subsaticylace)

Pelvic mtlammatory disease (acute,
combinatuoa widh other anabiodcs)
(dowcyctine)

Preudemoras mallet (glandecs)
(streptoanycin with a tetracyclinc)

Reckeiisal afeciions (some peefec
chloamphenical for severe infectons)

Acne. severe

Acruomyees traelu LacunIMycost )

Aachrax

Bartanella henselae and quintana

Campvlobacter fetus jeyune

Chrowc beoachitts (acute exacerbauoa)

Clostridium tetanc

Etkenella cocrodens

Fraacisella tlarensies (tularequay

Legionella spp (doxycycline =
afampua)

Lepiaspira (eptospucasisy

Leprotrichia buccalis

Mycobacterium lepeae (quaocyclnet

Mycobactenum martaum (qunocycline)

Mycoplasma pacumoeuae

Nocardia (minocycline)

Pasteurella multocida

Psewdomonas pseudomaller (rmeliowdostst
(doxycycline with TMP/SMX aad
chlocacpheaicol)

Rac-bute fever (Spernllum muenus
Streptococcus mondiformus)

<, 1 f hdia
LS P

P
{muaocycline)

Treponema palicdum (syptuilss)

Treponema pectenue (yaws, nasopalatal)

Ureaplasma urealyteccum
Yersiana pesas (plague)

Q ferer
Recheasal pox
Rocly Mouatawn spoced fever
Typhus fever
Jeethaus, aoaspecific
Jrethed syadrome, acute
Vibrig cholerae (cholera)
Vibrio parahaemolytcus

Alternative Proghylaxis

Oral bowel preparauoa for atestnal
sucgery (tetracycluae 1 combiaatoa
with ncomycin oc doxycycline alone)

Memingococcal discase prophytaxs

Vibrio vulnuficus (munacycline)

‘Ualess specified, teqacyclne and doxycychne can be coasudeced urterchangeable
tbbreviaion TMPISMX, Tk thap {f; hoxazole

<« 1LORAMPHENICOL

Soon after chloramphenicol was released  the United States in
1949, repocts linked this highly effective agent with aplastic anemua,
ind it quickly fell into disfavor The increased awareness of the
sathogencity of anaerobic organisms and the development of ampi-
llin-resistant H. influenzae accounted for a brief resurgency How-
:ver, the availabulity of other ageats has dramatically reduced the
weed foc this antibiotic. Because it 1s effectve, readily available
often over the counter), and inexpeusive, it is still used as ficst-line
hecapy for entenc fever and other infections in maay parts of the
#orld {a the United States and other developed aatioas, chlocam-
dhenicol cemains a useful antibiotic, but oaly as altematve therapy
N serously ilf patients oc for patients wafected with very antibiotic-
esistant ocganisms.

Structure. Derivation, Brand Names, and Preparations

Like the early tetracyclines, chloramphenicol was discovered by
}Creeming ocganisms for their anumicrobial activaty. [solated indepen-
leatly by Buckholder from a muiched field aear Caracas, Veaezu-
Ma'™ and by wockers at the Uaiversity of Winoss from compost.*™
the organism producing the active compound was named Streprormy-
“es venezuelae ** The structuce of chloramphenicol s shown in
flgum 24-3. [t was the first aatibiotic whose chemucal synthesis was
conamically aad techmcally pracucal for large-scate producuon **?
% many countges, chloramphenicol s available 1 230-mg capsules
EChIOIOmycetin, Packe-Davis), suspeaston 150 mg/5 @l (Chloromy-
“Bln Patmutate), and as a parenteral formulatton (Chloromycetia

Um Succinate, |-g powder) Generic formulauoas ace also avail-
“-+ It alsa is available as Chloromycetin ophthalmic owtment 1 %:

Chlocomycetin ophthalmic 25 mg (powder to prepare ophthalmic
solution) and Chloromycetin Otic (drops). In the United States,
Parke-Davis discoatinued manufacturing the oral Chloromycetin
Kapseals (230 mg) in 1995 and the Chlaromycetin Palmitate in 1991
No ocal products are curreatly available tn the Uauted States. [n
March 1998, Parke-Davis sold thewr remaining line to Monarch
Pharmaceuticals (David Rhodes, Medical Affaus, Parke-Davis, pec-
sonal communication}

Thianipheaical. not available in the Uatted States, is an aanalogue
i which the p-miuo group oa the benzene ring is replaced by a
methylsulfoayl group lis specttum of activity is sumilar to that of
chloramphenicol. but it has not been reported to cause aplastic ane-
mia.

Mechanism of Action

Chioramphenicol appears to eater the cell by an eanergy-dependeat
process.'** Once withia the cell, « iatubits protein synthesis. Thus is
accomplished by reversibly binding to the larger 50-S subunit of the
70-S abosome at a locus that preveats the attachment of the amino
acid—containing end of the aminoacyl—transfer RNA to its binding
region. Without this attachment, the association of the amino acid
substrate with peptdyltransterase does not occur and peptide boad
formation is prevented.’ This block in protein syathesis produces a
static effect against most sensitive microocganisms. However, chlor-
amphenicol is bactericidal against some meaingeal pathogeas such
as H. influenzae, Streptococcus pneumoniae. and Neisseria menngi-
tidis but not group B streptococci or eateric gram-negative bacilli at
concentrations that can be achieved therapeutically.'*-'¥" Although
mammalian cells contain pnmanly 80-S rbosomes that are unaf-
fected by chloramphenicol, the mitochondnia do contain 70-S parti-
cles. The effect of chloramphenicol on these has been suggested as
a cause for the dose-related bone marrow suppression of the com-
pound but not the 1diosyncratic aplastic anenua '*

{n Vitro Activity

Chloramphenicol is extremely active against a variety of organisms,
including bacteria, spirochetes, rckettsiae, chlamydiae, and myco-
plasmas. The percent of strains of bacteda inhibited at vanous
conceatrations of antibiotic is listed in Table 24-6. Most of the
gram-positive and gram-negative aerobic bacteria are inhibited by
concentrations eastly achieved in the serum of patients, but moce
active or less toxic therapeutic ageats are available for most of these
pathogens.® 10 16 13- 19-U3 Saimonellae acluding Salmonella typh
are geaerally susceptible.’ [n the United States, resistant strains
occastonally occur,'™ but impocted straias may be highly cesistant
The three most comunon organisms causing meningitis in childhood
(H. influenzae, Strep. pneumoniae, and N. meningitidis) are tughly
susceptible,'? % ¢ although rare resistant stcains of each species
have been repocted. The overall rate of H. wnfluenzae resistance
among clinical straias in the United States is approximately 0 6%
{ndeed, stcains of H. influenzae that cause clinical infections and are
resistant to both chloramphenicol and ampicillin have been 1solated
wa several parts of the world."**'* These resistaat solates are 1are
the United States and Canada but rather frequent w Spamn ' 1%
Chloramphenicol s one of the most active antiblotcs against anaero
bic bactena iacluding the 8 fragilis group. but other ageats have

1}
i
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FIGURE 24-3 Chemucal structure of chloramphenicol
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( TABLE 24-6 Activity of Chloramphenicol agamnst Selected Bacteria®

Cumulative Peccentage Iatubited at Indicated Concentration {ug/ad)

No. of
Bacteria Stcains 04 a8 L6 32 6.4
Accobic bactena )
Gram-pasitive
Stapholococcus aureus 299 ¢} 4] Q b 55
Staph. gureus (metducdlin-resistans} 12 1) 4] 0 0 2%
Streptococcus pyogenes 303 0 0 10 92 9
Sueptococcs, group B 116 0 0 0 85 99
Vundaas streptococct 193 a Q 0 60 ]
Eaterococa 182 4] a 0 (4} 0
Streptococcus pacumoniac 75 — — — 50 100
Gram-negauve
Haemophdus influercae 17 — — 50 100 —
Nesssera meninguidis 7 -— 50 — 100 —
Netssera gonorrhocae 106 b 52 97 100 —
Escherchua coli H| 0 [¢] S 30 75
Klebsiella preumoniac 35 0 0 6 70 75
Enserobacter 16 a 0 ¥ 10 20
Serraua marcescens ) (R4 0 0 (i} 5 —_
Proteus aurabdis 209 0 V] 43 20 60
Proteus (indole -posiuve) 32 0 [ 0 10 40
Salmonella typhs 81 0 it Q 50 95
S paratyphi A 31 — — — 28 97
Shagella spp 44 — 20 Jo 75 90
Vibrio cholerae 61 — — — — 84
Brucella spp 15 ¢} Q 18 9N 100
Pseudomonas aeruginosa I 0 0 Q 0 4]
P pseudomallec i0 0 [} 0 0 50
Bordetella pertussia It 20 45 85 97 9
Anacrobic bactena
Gram-positive
Peprococcus spp 145 8 5 67 97 98
Peptostreptococcus spp. 72 9] 37 63 96 100
Proponbactenum acnes {3 12 k13 94 100 —
Eubacterium lentum 14 14 4 28 71 100
Clostndwum perfringens 34 0 0 (M 100 —
Closmidium spp. 17 12 12 53 88 100
Gram-negauve
Vedlonella spp 3 23 46 85 100 —
Bacteroides fragilis 195 a { 2 23 98
Prevorella melarunagenica 29 14 i 93 96 100
Eugobacterium spp (8 39 44 56 89 100

“The Nayonal Comumuttee for [-abacatory Standards recommends that 8 pg/mi or fess be coasidered suscepuble, (6 pg/ml satcmediate aad 12 ug/al or greater be considered resistaat For Haemoplulus =1
pg/ml are seasiuve. 4 pgfml intecmedate and ZR pgfml resestant. For testng § preumoniae the breakpowats are <4 8, and = 16 pg/ml’

Daa from refs 810, 12, 20, 123 and 129-147

become moce importaat clinically to treat infections caused by these
bactenya 24 14447

Bacteria develop resistance to chloramphenicol by becoming im-
permeable to the drug or by producing an enzyme, acetyltcansferase,
that acetylates the aatibiotic to an inactive diacety{ derivative.t® *°
This latter mechaaism has beea R factor mediated and has been
responsible for widespread epidemics of chlocamphenicol -resistant
typhoid fever and Shigella dysentery in Central and South America,
Vietnam, India. and other couatries. ™ '>* [t has been suggested that
the unrestricted over-the-counter sales of chloramphenicol n the
countries involved may be an important factor that provides antibi-
otic pressure for the development of these resistant strains ©* ©* {n
the United States. chloramphenicol resistance in Salmoneila has been
traced to the use of chloramphenicol on dairy farms *

Pharmacology

Chlocamphenicol setum levels achieved by different routes of admia-
istration and with different product forms are listed in Figure 244
Chloramphenicol tn the encapsulated form 1s well absocbed from the
gaswountesunal tract and results tn peak serum levels of 12 pg/ml of
active antibiotic after a l-g dose.™ '** Siace 1t 15 a very bitter
substance, aqueous solutions may not be accepted by children. A
tasteless suspension i the form of chloramphenicol palmitate is
available in some countnies. This preparation must be hydrolyzed in
the intestine to produce active chloramphenicol. Although earlier

formulations sometimes produced erratic secum levels, the bioavail-
ability of chlorampheaicol palmitate in the current formulation is the
same as in the capsules and is effective for children with # nflyen-
zae meningitis (A. J. Glazko, Wamer-Lambect/Packe-Davis Pharma
ceutical Research Division, Ann Acbor, Michigan, persoaal
commugication)." ' [n the United States, the oral preparations are
no longer available. Practitioners must resort to using the tatravenous
preparation orally; pharmacokinetic data is meager. {n onc pauent
receiving an oral dose equivalent to { g of chloramphemicol mono
succinate diluted in a glass of milk, peak serum levels at 2 hours
were 4.3 pg/ml by microbiologic assay compared with 50 pg/ml w
three voluateers receiving the compound intravenously and assayed
by the same methodology. If oral therapy is required using tus
iatravenous formulation, assays are esseatial '™ )
The intravenous preparation of the drug is the soluble butinactve
chloramphenicol succinate ester that is rapidly hydrolized wufxm
the body to biologically active chloraraphenicol ¥ Thus preparattod
praduces active chloramphenicol levels m the serum that ace 70% of
those obtained after oral administrauon due to tncomplete hydroly
sis.'* Bhutta and colleagues found coasistently lower serum tevels
when treating typhoid fever compared with other diseases with qatra”
venous chloramphenicol in children and suggested a dose of 75 mg/
kg/day instead of 50 mg/kg/day to compensate ' [ntramusculal
wjection is well tolerated and in most studies produces peak seu®
levels and areas under the serum-level curve similar to those O
wtravenous administration.'*'** [n adults with enteric fever, how”

bt e
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intermediates of the anubiouc Thus type of toxicuty has occurred
dentical twias, which suggests a geneuc predisposition.'®* Morley
and coworkers have observed that mice given chlorampheaicol after
wreatment with busulfan had a progressive decrease i the aumber of
pludpoteatial stem cells. whereas coatrol mice did aot,'* suggestag
that the aplastic ancmia mught result in patients with unrecognized
preexisung residual marrow damage either genetic oc acquired Ia
1967, Holt observed that the aplastic anemua occurred oaly after oral
administration of the antbiotic ** He pastulated that the fatal reac-
tion may be caused by the absogpuioa of toxic products produced by
enzymatic degradation of chloramphenicol, perhaps as a result of
specific types of bacteria colonizing the gut of affected people.
Supporung this hypothesis, Jimenez and colleagues have shown that
one of chlocampheaicol’s metabolites, dehydrochloramphenicol. s
10- 10 20-fold more cytotoxic than chioramphenicol yet is only one
thied as effective in inhubiting protein synthesis,'®’ thus suggesting
that this metabolite and pechaps others may play a significant role in
this foxicity. These toxic mewabolites may undergo further metabolic
transformation 1n the bone marrow with on-site production of toxic
intermediates." ' Although the number of cases repotted is greater
after ocal thecapy, a number of cases of aplastic anemua from paren-
teral chloramphenicol even aftec the admunistration of eyedrops have
also been reported. ™ *™ These latter cases have received consider-
able debate but are very rare; estimates of serious hematologic
toxicity appear to be no more than 3 in 442,543 patients and most
likely much less.*®* **! [n a review of 426 cases of aplastic anemia,
goae of the patients used chloramphenicol eye drops.”™

Although most cases of aplastc anemia from chloramphenicol
become apparent after the completion of therapy, it should be empha-
sized that 22% of the cases occur concutreatly with antibiotic
administration."”~ ' Whether some of these episodes can be pre-
veated by checking the blood counts of patieats is not known.
Until the pathogenesis of the toxicity is clearly uaderstood, it s
recommended that a complete blood couat be obtaiaed on a twice-
a-week basis from afl patients receiving chloramphencol. {f the
white blood cell couat decreases below 2500/mm’, it is desirable w
discontinue treatment with the antibiotic if the clinical condition
allows It should be recognized. however, that low numbers of whute
blood cells may occur w illnesses for which chloramphencol is
used, such as typhoid fever.

Also of concern are the repocts of cluldhood leukemua after the
use of chloranphenicol. Although these cases generally follow the
aplastic anemia, a population-based case-control interview study of
309 chddhood leukenua cases and 618 age- and sex-matched coatrols
showed a sigunificant dose-response relation between chloramphenicol
and the risk of both acute lymphocytic aad nonlymphocyuc leuke-
mua, paruculacly aftec treatment for greater than 10 days in children
without prior aplastic anemia. Unul this is more cleacly defined. ut
seems prudent to chaage therapy as quickly as possible to alternate
agents when organusms prove susceptible to other equally effective
and less toxic antibiotics.™*

Chlorampheaicol may also produce a hemolytic anemia in pa-
tients with the Mediterranean form of glucose-6-phosphate dehydro-
genase deficiency Thus appareatly does not occur with the mudder A
type glucose-6-phosphate dehydrogenase deficiency. which is the
most common form ia blacks. ™

Gray Baby Syndrome

The gray baby syndrome of neonates s charactenzed by abdomunal
disteation, vormuting, flacciduty, cynosis, curculatory collapse, and
death. The side effect results from a dumunished abduy of neonates
to conjugate chlorampheaicol and to excrete the acuve form w the
urine ' If chloramphenicol is necessary tn premature nfaats and
neonates, the dose should be reduced to 25 mgfkg/day and the
antibiotic levels should be monttored. Thes syndrome has also been
recogaized in toddlers and after aceidenral averdacec in adults 08 2

col of greater than 50 pg/ml and may present with unexplawmed
metabolic acidosis.™® Large-volume exchange taansfusions ar chay.
coal hemoperfusion have been used o accelerate drug removal Thyg
syndrome is due 1n part (o impaired myocacdial contractiluty relaged
to duwect 1nterference of myocardial ussue tespiration and oxidatyve
phosphocylatation >

Optic Neuritis

Optic neuritis resulting in decreased visual acuity has been described
in patents receiving prolonged chlocampheaicol therapy.®'s The
symptoms are generally reversible, but foss of vision has occurred
Other neurclogic sequelae such as peripheral neuntis, headache,
depression, ophthalmoplegia, and mental confusion have also beeg
described.

Other Types

Hypersensitivity reactions (including rashes and drug fevers) and
anaphylaxis are rare. Herxheimer-like responses during therapy for
syphilss, brucellosis, and typhoid fever have been observed. Syap
toms tnvolving the gastrointestinal teact, wcluding nausea, vonutng
and diacrhea, glossitits, and stomatutis, occur but have not been a
majoc problem. Bleeding due to decreased vitamun K syathesis has
cesulted from prolonged admuiaistration

Significant Drug Interactions

Chioramphenicol prolongs the half-life of tolbutamide, chlocprop-
amide, phenytoin, cyclophosphamide, and warfana (Coumadin), ap-
parently by intubiting hepatic mucrosomal enzymes. " Severe tox -
icity and death have occurred. Pheaytoin, nfampin, and pheaobarbutal
have been observed to decrease the serum concentration and increase
the total body clearance of chlorampheaicol, perhaps by inducing
hepatic mucrosomal enzymes. Serum conceatrations should be mont-
tored when these drugs are admunistered concurrently #° **' The
physician should be on the alert for toxicuty from other agents that

l TABLE 24 -7 Indications foc Chloramphencol™

{adications Comuments

Therapy of Chaice
Nonet

Effective Alternative Therapy

Bactenal memunguis For perucitiin-allergic paueats
Haemophulus influenzae
Sitreptacoccus preumonide
Netsseria meanguides

Brawm abscess

Chlamydwa psittact (psstacosis)

Clostnduun perfangens

Ehrlichiosis

Ruckettsial infecuons
Rocky Mouatain spotted fever
Typhus {murwae)

Scrub typhus
Tick-bute fever
Q fever

Pseudomanas maller

Pscudomonas pscudomaller
(metindosts, acute)

Typhotd fever and wavasive
salmoaeliosis

Preferred by some whea patents
requure pacenteral therapy. duning
pregaancy. aad foc youag children

Used with sueptomycia
Used with doxycycliae

Sua@s n some arcas may be
chloramphencol -resistaat, not used
for gastroeatents or camier state

Wbrio vidnuficus cellulius and/or sepses

Yersuua pesns

*The usual recommended adult dasc 15 0 @mg/kg/day Some prefer 75 mzfkg/day for the weaunent
of typhotd fever For tfoecuans of the cenural nervous system, 100 mgikg/day is suggested. See ent



stabolized by the liver when administering this ageat and
monitor sequm levels when these drugs are admimstered
ready. Chloramphenicol may delay the respoase of anemuas
. folic acd, and vianun B .2
~camphencol ts primarily a bactedostatic ageat and will an-
1 viuo the bactencidal activity of the pearcidtins. cephalo-
.. and aqunoglycoside antibiotics This has doubtful clinical
:ance i most instances. However, care should be execcised
: of such combinations foc infections that equire bactericidal
« toc efficacy such as for wfections in the granulocytopearc
n the treauneat of endocarditis.™ In the treatment of menin-
he bacteniostatic activity of chlocamphenicol against group B
cocct and its - viro antagoaism with ampicillin agaianst this
i are af coacem and should be coasidered 1 selectng
- when thus orgaaism s likely to be a pathogen.'”

tioas

wecal wndicatioas for the use of chloramphenicol are listed 1a
14-7. With the possible exception of typhoid fever in areas
cost and availabdity make it the pamary thecapy, it is no
the drug of choice for any specific infection. The third-
ton cephalospoans have supecrseded chlocamphenicol for the
:nt of bacterial meningitis in infants and children, though
nphenicol is still used for the treatment of meningitis in the
lin-allergic patieats.™* Occasionally, the aatibiotic is useful
e ditferential diagnosts tacludes both meningococcemia and
Mountain spotted fever, diseases that may be difticult to
4ish oa climcal characteristics. Of note is the occasional use
ramphenicol for the treatment of infectioas caused by multiply
1t organisms, although its use for meningitis caused by peaicil-
stant pneumococcus has been discouraging. 2%
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Rifamycins
BARRY M. FARR

Rifanipin s a semusyntheuc derivative of rifamycin B, a
macrocyclic anubiotic compound peoduced by the mold Streptoniyces
meduterraner. First 1solated from fermentation culture of a sodl tsolate
w1937, afamycws were named for a theacurreat Freach movie,
Rififi ' Rifampin, which is the 3,4-methylpiperazinylimiaomethyl
denvauve of nfamycin SV, is more soluble and acuve in vitro than
15 its pacent compound (Fig 25-1).* Rufampin is a zwitterion (inner
salt) that s soluble in acidic aqueous solution, is even more solu-

MECHANISM OF ACTION

The rifamycwns exect a bactericidal effect by inhibition of DNa
depeadent RNA polymerase at the B-subunit, which preveats chain
nutation but not cloagation * Mammalian mitochondnal RNA syn
thesis 1s not wmpared at clinucaily achievable concentrations.

PHARMACOLOGY

Rifampun 1s avadable wn the Uaited States as a capsule of orange-red
powder and as a solution for wntravenous infusion. The oral prepary
tion is almost completely absorbed from the gastrointestinal tract o
yield peak plasma concentrations of approximately 7 to 10 wg/mt
(range, 4 to 32) within { to 4 hours after the ingestion of 600 mg
adults or 10 mg/kg of body weight in childrea. Higher doses such
as 1200 mg in adults result 1n a similar, more-thaa-proportional
increase in the peak (=30 pg/mi) serum coacentration, because such
doses exceed the biliary transpoat maximum (Tm) for the excreton
of rfarmpin.® The area under the curve shows a similar, more-thaa-
proportional increase after saturation of the biliary Tm, whuch usually
occurs with doses between 300 and 450 mg. For this reason, a sugle
datly dose 450 mg or greater results in higher area-under-the curve
values for rifampin than do divided doses totaling the same amount

The recommended dosage is usually 10 to 20 mg/kg (600 mg
maximum) m a single daily administration. A 1% weight/volume
oral suspension containing 10 mg/ml may be prepared by mixing the
contents of four 300-mg capsules with 120 ml of any of several
commercially available syrups according to the directions in the
package insert oc the Physicians’ Desk Reference [t should not be
cosuspended with other antituberculosis agents such as isomazid ot
pyrazinamude, or with ascorbic acid, because such cosuspeasions are
assoctated with a significant decline in detectable concentrations of
the drugs.” Fixed-dose combinations with isoniazid oc pyrazinamide.
ot both, in a capsule or tablet have not resulted in impaired absorp-
ton, however, and can be used to prevent ill-advised monotherapy
of tuberculosis * An ocal desensitization protocol for rifampin was
adapted from one devised for peaicitlin and used successfully wn
treating patients with previous cutaneous hypersensitvity reactions
to rifampin.®

Dosage adjustment is unnecessary in renal failure, but rifampin
should be avoided or used with caution (pechaps at a lower dosage)
in patieats with hepatic dysfunction. Food with a high fat coacentra
tion interferes with absorption, lowering and delaying peak blood
levels.*® Para-aminosalicylic acid also interferes with absorption In
one study, absorption was found to be diminished in patients with
acquired tmmunodeficieacy syndrome (AIDS) and p-xylose malab-
soption."!

The drug 1s 80% protein bound in serum and distributes o 3
volume calculated to be 160% of body weight Plasma clearance s
through hepatic uptake, deacetylation to an actve metabolite, and
biltary excretion. Deacetylation diminishes reabsorption and -
creases fecal excretion, but there is significant enterohepatic circula-
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