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Do’ yeychne is a ong-acting/second generation tetracyc6ne
antibiotic, and currentéy is one of the most commonéy pre-
scribed antibiotics in the wor(d, used to treat a wide variety of
infectious agents inc@ding susceptibe intrace@u@r/zoonotic
pathogens 11-5x

Because do” ycycine was introduced prior to an appreciation
of pharmacodynamic concepts, the optima6dosing regimen has
not been determined. This in vitro study was conducted to
determine the optima6 dosing regimen for do” ycycéne based

upon pharmacodynamic data.

Do’ yeycne was tested against se@cted Gram-positive patho-
gens, e.g. Staphylococcus aureus and Streptococcus pnewmoniae and
Gram-negative pathogens, e.g. P. multocida and E. coli. Time-kith
studies were performed with each of these organisms at various
serum concentrations representing two, four, eight, and 15 times
the MIC of each test organism. The growth of the organisms was
assessed by coony counts at various time points during a 24 h
period to determine if do”ycycne ki susceptibe organisms
by concentration or time-dependent kinetics. Studies were a6o
carried to determine the PAE of do” ycyctne.
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Escherichia coli (ATCC 2Y] 22), Staphylococcus aureus (ATCC
2Y] 23), Pasteurella  multocida, and  Streptococcus  pneumoniae
(ATCC 4] 51] ) were used as the test bacteria.

Inocu@ were prepared using Mue@er—Hinton broth for E.
coli, and Mue6er Hinton broth with 1% Fi@es and 20 mm NaC6
tor S. aureus and P. multocida, and cation-adjusted Mueer-
Hinton broth (CAMH) with Y% 6ysed horse bood (LHB) for
S. pneumoniae. The inocu@ were incubated at 3] °C with shak-
ing unti6 turbid (~3—4h). The turbidity was adjusted to 0.Y
McFar@nd standard (representing a concentration of ~ 10’
CFU/mL). A portion of the 0.YMcFar@nd standard was diGited
1:100 (~10° CFU/mL) with broth. One mihGter of this
ditation was added to each cuvette wet containing varying
concentrations of do” ycycéne (0.02-1.5mg/L). One cuvette
we(containing no antibiotic was used as a contro6for organism
viabiGty. The cuvettes were p@ced in an agitator and incubated
at 3[ °C for 24 h. The ®@west concentration of do” ycycGne that
inhibited visib growth for 24 h was recorded as the minimum
inhibitory concentration (MIC) of the organism. The MIC for
E. coli (ATCC 2Y] 22) was 1.Ymg/L, for Staphylococcus aureus
(2Y] 23) 0.27mg/L, for P. multocida 0.0] mg/L, and for Strep-
tococcus pneumoniae (ATCC 4] 51]) 0.15 mg/L 1[,7x

The post-antibiotic effect (PAE) was determined for do”y-
cychne for each of the organisms mentioned above by the
method described by Craig and Gudmundsson 1] x An over-
night growth of E. coli, Staphylococcus aureus, P. multocida, and
Streptococcus pneumoniae was diuted into fresh broth, appropriate
for each organism, to 10° CFU/mL and then incubated on a
shaker at 3| °C for 3—4 h unti6 @garithmic growth phase was
achieved. At the end of this period, the inocutum size was
determined and each tube containing the test organisms was
then e” posed to do” ycychne at twice the MIC, four times the
MIC, and 15 times the MIC for 1h at 3[ °C in a shaker. A
suspension of each organism that was not e” posed to antibiotics
was used as contro6and was subjected to the same procedures
described. Antibiotics were introduced at time zero of anti-
microbia6 e” posure. At the end of the e’ posure period the
supernatant was decanted after centrifugation at 1200¢ for
10min and the pe@et was re-suspended in fresh broth. The
same procedure was repeated and after remova6atubes were
again incubated at 3| °C.

Counts of CFU/mL were performed on acuGures at time
zero, before and after washing and every hour thereafter unti6
5h and the counts of CFU/mL were graphed. The PAE was
determined by the fo@wing equation: PAE = T— C where T'
is the time required for the counts of CFU/mL in the test
cufure to increased one 1 €og,, above the count observed
immediate(y after antibiotic remova6and C is the time required
for the count of CFU/mL in an untreated contro6 cuGure to
increase 1 @g,, above the count observed immediate6y after
comptetion of the same procedure used on the test cuGure for

antibiotic remova6l],10x
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The data indicate that at G@w concentrations of do” ycyc6ne,
i.e. at 2 to 4 times the MIC, inhibition of the organisms tested
occurs in a time-dependent fashion. However, at higher con-
centrations, i.e. 7 to 15 times the MICs of the organisms,
do” ycycGne e” hibits concentration-dependent kifing (Figure 1).

The PAE of do” ycyctine was demonstrated for the Gram-
positive and Gram-negative organisms tested. Do’ ycycGne’s
post-antibiotic effect is concentration dependent. The post-
antibiotic effect for the Gram-positive and Gram-negative
organisms tested is appro” imatety equa6(Figure 2).

For serious infections such as Legionnaire’s disease, do”y-
cycGne therapy shou@ be initiated with a [ 2 h @ading regimen
because of its high Gpid so@biGty. A dose of 200 mg intra-
venousty every 12 h is the preferred regimen to provide rapid
and high serum/tissue concentration of do” ycycéne. If do” y-
cyc@ne is administered as a 100 mg intravenous dose every 12h
then 4-Y days of therapy are needed before the patient is fuy
saturated and a therapeutic effect can be e pected. As with
other antibiotics, a period of four to five serum ha@-Gves is
required before steady-state kinetics are achieved. Since the
serum ha@-6fe (t,,,) of do” ycychne is 22 h, it shoud be apparent
that an initia6[ 2 h @ading regimen is required if a rapid thera-
peutic effect is desired in serious6y i@patients 11,5x

The post-antibiotic effect of do” ycycéne differs from other
tetracychnes, but is not cGnicaly re@vant since therapeutic
serum (eve( are present over the entire duration of the dosing
period 1[,12,13x Our data suggest that do” ycycGne may be
administered on a 12h or 24h dosing basis when a 400 mg
(intravenous/ora€) daify dose is used. Cénicaffy, with moderate
to severe infections, it is important to use a do” ycycne ading
regimen to rapidy achieve high b®od and tissue concen-
trations. Non-@ading dose regimens shou@d be used for patients
who are not seriouséy i In terms of pharmacoeconomics, it is
most cost effective to administer do” ycycne intravenouséy on
a once-daiy basis because there is a hospita6 charge for each
intravenous€y administered dose. A 24 h-dosing regimen eGm-
inates the additiona6administration cost of a 12 h-dosing regi-
men.

Do’ yeychne is the most commonéy used tetracycéne for the
treatment of a wide variety of infectious diseases. Introduced
decades before pharmacodynamic considerations were appreci-
ated, the dosing of do”ycycGne has been based on phar-
macokinetic parameters. This is the first pharmacodynamic
study of do” ycycéne.

Do’ yeycne e” hibits time-dependent kifing at two to four
times the MIC, but dose-dependent kiffing at eight to 15 times
the MIC of the organisms tested. Optima6 dose-dependent
kiing may be achieved using 200 mg (intravenous/ora§ every
12h or 400 mg (intravenous/ora§ every 24 h. In mi@ to mod-
erate infections, time-dependent kiffing is sufficient6y effective
and do” ycycGne may be dosed as 100 mg (intravenous/ora)
every 12h or 200 mg (intravenous/ora§ every 24 h.
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Figure 1 Doxycycline kill curves: (a) Staphylococcus aureus; (b) Streptococcus pneumoniae; (c) Pasteurella multocida; (d) Escherichia coli.
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Figure2 Doxycycline post-antibiotic effects (PAEs) (a) Staphylococcus aureus; (b) Streptococcus pneumoniae; (c) Pasteurella maltophilia; (d)

Escherichia coli.

Do’ yeycbne e”erts a PAE which is dose dependent and
varies between 2.1 and 4.2 h.

In concusion, do” ycyctine ki by time-dependent kinetics
at ®@w serum concentrations, but optimady at high serum con-

centrations by concentration-dependent kinetics. Non-criti-

calfy ibpatients may be treated effective€y using either 100 mg
(intravenous/ora§ every 12h or 200mg (intravenous/ora§
every 24 h regimen. Based on our in vitro pharmacodynamic
data, a high-dose do” ycychne regimen, i.e. 200 mg every 12h
or 400 mg every 24 h regimen shou@ provide for optima6con-
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centration-dependent kiffing. The PAE of do” ycycéne is cni-
cafy unimportant since adequate serum concentrations are
maintained for the duration of the dosing interva6if given on a
12h or 24 h basis.
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Gastroenteritis caused by nontyphoida6saGmone6ae is a com-
mon entity, usualfy se-Gmiting and not requiring antibiotic
treatment. However, in immunocompromised patients or in
invasive infections rapid and efficacious treatment is required.
The increase in resistance disp@yed by this pathogen to the
antibiotics c@ssicaly used in samone@osis (ampicifin, cotri-
mo” azo§ ch@ramphenico§ etc.) has caused ciproflo”acin to be
considered the antibiotic of choice in the treatment of invasive
satmone@sis.

Resistance to fluoroquinones in non-typhoida6b sa6
mone6ae is infrequent, with very few cases reported in the
Gterature 11-Yx However, there are reports of cGnica6bfaitires
in the treatment with ciproflo”acin of strains that, aGhough
susceptibe, have increased MICs for this antibiotic 15,[ x

The Nationa6Committee for CGnica6Laboratory Standards
(NCCLS) 17xconsiders as susceptib@ to ciproflo” acin a®those
strains of Salmonella enterica which have MICs < 1mg/L.
According to this criterion, ciproflo” acin resistance in the vari-
ous species of S. enterica is ¢” ceptionabl1—4x However, there
are authors who recommend adjusting the cutoff points to
consider susceptibte on€y those strains with MICs <0.12Ymg/L
11,] x

Resistance to naGdi”ic acid in Salmonella enterica, aGhough
of sGght c6nicab importance given its infrequent use in the
treatment of samone@osis, may serve as the marker of a future
increase in resistance to fluoroquino®nes, as has happened with
Escherichia coli 110x

In this work we studied the resistance patterns to naGdi”ic
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