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ABSTRACT

Background: Bacterial resistance to currently avail-
able antimicrobials is an increasing concern, particu-
larly among various gram-positive organisms such
as drug-resistant PREWNOCOcc, methicillin-resistant
staphylococci, and drug-resistant enterococci. Tigecy-
cline is an investigational glycylcycline antibiotic that
shows promising activity against these resistant gram-
positive organisms. '

Objective: This paper reviews the phatmacology,
pharmacokinetic and pharmacodynamic properties, in
vitro and in vivo activity, safety profile, and potential
role of tigecycline in the management of gram-positive
infections involving resistant microbes.

Methods: Articles included in this review were
identified through a search of MEDLINE from 1998
through 2004 using the terms tigecycline and GAR-
936. Abstracts from the Interscience Conference on
Antimicrobial Agents and Chemotherapy from 1998
0 2003 were searched using the same terms. The ref-
erence lists of identified articles were also reviewed for
pertinent publications.

Results: Whereas resistance has developed with
many of the earlier tetracycline derivatives, tigecycline
appears to have a reduced potential for resistance.
Several reports have evaluated the in vitro activity of
this agent against a number of organisms. It has exhib-
ited pronounced activity against most gram-positive

microbes, including resistant strains (eg, drug-resistant

PREUMOCOCLi, methicillin-resistant staphylococei, re-
sistant enterococci). Tigecycline has also shown use-
ful activity against many clinically important gram-
negative microbes. In vivo studies of tigecycline are
limited. Only 2 clinical trials have been reported to
date, one in patients with complicated skin and skin-
structure infections and the other in patients with com-
plicated intra-abdominal infections. In these studies,
tigecycline therapy resulted in clinical cures in more

12

than two thirds of évaluable patients. Tigecycline was
well tolerated in both studies; nausea and vomiting
were the most common adverse events.

Conclusions: Although . published clinical trials
involving tigecycline are limited and additional trials
are needed, preliminary reports on its use in the treat-
ment of gram-positive infections are encouraging.
Tigecycline has favorable pharmacokinetic properties
and, apart from gastrointestinal adverse events, appears
1o be well tolerated. {Clirr Ther. 2005;27:12-22) Copyright
© 2005 Excerpta Medica, Inc.

Key words: tigecycline, GAR-936, glycylcycline, gram-
positive resistance, pharmacology, efficacy, safety.

INTRODUCTION
Over the past several years, there has been growing
concern about the increased prevalence of anti-
microbial resistance, particularly among various
gram-positive organisms such as drug-resistant
pneumococci, methicillin-resistant staphylococci,
and drug-resistant enterococci.M® In many situa-
tions, there are a limited number of effective anti-
microbials for use in these resistant infections.
Agents such as linezolid, quinupristin/dalfopristin,
and daptomycin have become available for manag-
ing drug-resistant gram-positive infections.
Although the tetracycline class of antimicrobials
has been in place since the mid-1940s, widespread
development of resistance has significantly impaired
its clinical utility. Mutational changes involving active
efflux mechanisms, ribosomal modifications, or both
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have rendered many of the earlier tetracycline deriva-
tives ineffective.34 Structural manipulations of the
tetracycline molecule have led to more stable com-
pounds, the glycylcyclines.*¢ Tigecycline (GAR-936)
is a representative glycylcycline agent currently under
development and shows promising activity against
gram-positive and gram-negative organisms,
resistant gram-positive isolates.

“The purpose of this paper was to review the.phar-
macology, pharmacokinetic and pharmacodynamic
properties, in vitro and in vivo activity, safety profile,
and potential role of tigecycline in the management of
gram-positive infections involving resistant microbes.

including
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METHODS

Articles included in this review were identified
through a search of MEDLINE from 1998 through
2004 using the terms tigecycline and GAR-936. Ab-
stracts from the Interscience Conference on Anti-
microbial Agents and Chemotherapy from 1998 to
2003 were searched using the same terms. The ref-
erence lists of identified articles were also reviewed for
pertinent publications.
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M.W. Garrison et al.

PHARMACOLOGY AND MECHANISM OF
ACTION
The glycyleyclines are semisynthetic analogues of earlier
tetracyclines. The chemical structures of tetracycline,
doxycycline, minocycline, and tigecycline are illustrated
in the figure. The initial glycvlcycline compounds had
a dimethyl-glycylamido (DMG) group at the C-9 posi-
tion of the basic tetracycline molecule. These initial
compounds—DMG-minocycline and DMG-demethyl-
deoxytetracycline—were found to retain the primary
antimicrobial activity of the tetracyclines but were less
likely to be negatively affected by the primary mecha-
nisms involved in tetracycline resistance: effhux, riboso-
mal protection, and chemical modification.’ The Jevel-
opment of tigecycline resulted from substitution of a
t-burylglycylamido group at the C-9 position of mino-
cycline, a modification that resulted in even greater sta-
bility against resistance without compromised aaivity.3”
A thorough discussion of the structure-activity relation-
ships of the tetracyclines and glycylcyclines can be found
in the recent review by Zhanel et al.®

Antimicrobials typically elicit the desired therapeu-
tic response by binding to a specific receptor site with-

OH
OH 0O o

Tetracycline

Minocycline

Figure. Chemical structure of the glycylcycline tigecycline (GAR-936) and the related tetracycline agents tetracy-

cline, doxycycline, and minocycline.
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in an organism. For tigecycline and the tetracycline
class as a whole, the primary receptor site is in the
bacterial ribosome. Tigecycline enters the bacterial
cell through either energy-dependent pathways or pas-
sive diffusion and reversibly binds to the 30S subunit
of the ribosome. This reversible binding blocks the
crucial incorporation of transfer RNA into the A site
of the ribosome and ultimately interferes with protein
synthesis.® The activity of tigecycline is considered
bacteriostatic, probably because of this reversible
binding. Compared with tetracycline and minocy-
cline, tigecycline has a considerably stronger binding
affinity, making it less likely that strains resistant to
tigecycline will emerge ra pidly. 47

RESISTANCE e ey

With any new antimicrobial, the possibility of the
development of resistance is a significant concern. The
primary mechanisms in tetracycline resistance involve
either export of the antibiotic from the cell through an
active efflux pump or ribosomal protection, which
interferes with binding of the antibiotic to the target
receptor site. More than 2 dozen tetracycline-resistant,
or tet, genes have been cha racterized.® Some zet genes
code for efflux, whereas others influence ribosomal
protection. In gram-negative organisms, efflux genes
are equally responsible for resistance to tetracycline,
minocycline, and doxycycline. In contrast, efflux
genes in gram-positive organisms predominantly tar-
get tetracycline and have less of an impact on the
tetracycline derivatives.S As mentioned previously, the
unique attribute of tigecycline is its stability against
these common mechanisms of tetracycline resistance.
Tigecycline has demonstrated activity against strains
containing fer genes that code for either or both major
forms of tetracycline resistance.

The reason for tigecycline’s potential to avoid
cesistance is not entirely clear. Regarding efflux,
researchers have hypothesized that tigecycline goes
unrecognized by resistant 7ef genes or that the large,
bulky side chain at position 9 of tigecycline pro-
hibits the active efflux pump from exporting the
compound.’ In addition, tigecycline and the earlier
glycyleyclines have up to 5-fold greater binding af-
finity for the ribosomal receptor site compared with
tetracyclines.” This stronger binding affinity of
tigecycline may interfere with the ret genes’ ability
to bind effectively to the receptor and protect the

ribosome.

14

Researchers have attempted to create tigecycline-
resistant isolates in the laboratory setting using
prolonged exposure to suboptimal concentrations of
tigecycline. To date, these attempts have been unsuc-
cessful ¢ Furthermore, naturally occurring tigecycline-
resistant strains have not been observed in patients.*
Two veterinary strains of Salnonella have been isolated
that contained variants of the zet(A) gene that con-
ferred resistance to DMG-minocycline and DMG-
demethyl-deoxytetracyclinef’ Tigecycline maintained
activity against these resistant veterinary strains,
demonstrating greater stability and lower resistance
potential than the earlier gl','cqu.'clines.4 Other
reports have addressed the possibility of efflux pumps
as the cause of reduced susceptibility to tigecycline
in Proteus mirabilis, Pseudomonas aeruginosa, and
Escherichia coli.1-1? Continued monitoring for the
emergence of efflux-mediated resistance to tigecycline
will be necessary as its development progresses.

PHARMACOKINETICS AND
PHARMACODYNAMICS

Tigecycline is currently available only as an investiga-
tional parenteral agent. Because of the limited number
of clinical trials involving tigecycline, published data
on its pharmacokinetic and pharmacodynamic char-
acteristics are also limited. Two independent groups
evaluated the pharmacokinetics of tigecycline in a
small number of healthy volunteers.!3# In one study,
& male subjects received 7 single TV doses of tigecy-
cline ranging from 12.5 mg to 300 mg, each infused
over 1 hour® Dose-proportional C_, values were
0.11 and 2.8 pg/mL for the lowest and highest doses
studied, respectively, and the corresponding AUCs
were 0.9 and 17.9 pg-h/mL. Food increased the max-
imum tolerated dose of tigecycline from 100 mg (fast-
ing) to 200 mg but did not alter its pharmacokinetics.
The mean t,, was 36 hours. Tigecycline was widely
distributed into the tissues, with a steady-state volume
of distribution (V,)) of >10 L/kg. It is not known
whether tigecycline has an active metabolite.

Similar results were observed in a study in 8
Japanese men who received single-dose 1-hour in-
fusions of tigecycline 25, 50, 100, and 150 mg.}*
Tigecycline was administered shortly after subjects
had been fed. Again, C__, and AUC values were dose
proporttional, ranging from 0.2 to 1.5 pg/mL and 0.8
to 8.6 ng-h/mL, respectively. However, the maximum
tolerated dose was 100 mg, even though ugecycline
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was administered with subjects in the fed state.
Additional pharmacokinetic parameters included dose-
dependent values for t,,, (range, 8.2-35.5 hours) and
V,, (range, 4.4-10.8 L/kg). Total body clearance was
0.3 to 0.5 L/h per kg, and roughly 15% of the tigecy-
cline dose was recovered unchanged in the urine.}*

The recent clinical trial by Postier et al'’ charac-
terized the steady-state pharmacokinetics of 2 paren-
teral tigecycline regimens in hospitalized patients with
complicated skin or skin-structure infections. In
patients receiving the higher tigecycline dose (S0 mg
IV q12h), mean values for C_, , AUC ., and clear-
ance were 0.4 pg/ml, 2.24 pg-h/ml, and 0.31 L/h per
kg, respectively. In patients receiving the lower tigecy-
cline dose (25 mg IV q12h), the respective values were
0.26 pg/ml, 1.43 pg-h/mL, and.0.25.L/h per ke.

The impact of renal disease on the pharmacokinet-
ics of parenteral tigecycline has also been investigated.
After IV administration of a 100-mg dose over 1 hour,
the pharmacokinetics of tigecycline were evaluated in
6 healthy subjects, 6 patients with renal impairment
(creatinine clearance <30 mL/min), and § patients
with end-stage renal disease (ESRD) on hemodialy-
sis.}6 Half of the patients with ESRD received tigecy-
cline 2 hours before dialysis, and the remainder
received tigecycline after dialysis. Patients with
impaired renal function had the same C___ as healthy
subijects (0.6 pg/mL) but a 40% increase in AUC (4.76
vs 3.33 pg-h/mL, respectively). The mean tigecycline
C,ox Was 60% higher in those on dialysis compared
with healthy subjects (0.96 vs 0.6 pg/mL), but the
AUC was only 20% higher {4.04 vs 3.33 pg-i/mL).
The results of this study suggest that tigecycline is not
significantly removed by hemodialysis and that
despite the increased concentrations observed in
patients with ESRD, the dose of tigecycline does not
require adjustment in patients with renal impairment.

To determine the potential impact of age and sex
on tigecycline pharmacokinetics, a single 100-mg IV
dose was given over 1 hour to men and women in 3
age groups (<50 years, 50-75 years, and >75 years).}7
The mean C_,, ranged from 0.85 to 1.0 pg/mL for all
patients. The lowest AUC values were observed in
men aged <30 years (4.2 pg-h/mL), and the highest
values were in men aged >75 years (5.8 pg-h/mL). The
AUC for women of all ages was roughly 5.0 pg-h/mL.
The authors reported that tigecycline was well tolerat-
ed and safe, and that the pharmacokinetics of tigecy-
cline were not influenced by age or sex.
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Several studies addressing the pharmacodynamics
of tigecycline have been published.*15:!° The pharma-
codynamics of tigecycline and another investigational
glycylcycline, WAY 152,288, were characterized in a
murine thigh infection model.!$ After a dose of tige-
cycline 3 mg/kg IV, the in vivo postantibiotic effect
(PAE) was a respective 8.9 hours and 4.9 hours for
strains of Streptococcus pmewmoniae and E coli. The
authors suggested that maintaining tigecycline con-
centrations above the minimum inhibitory concentra-
tion (MIC) for 250% of the dosing interval was the
pharmacodynamic parameter that best correlated
with efficacy against strains of S pnewmoniae, E coli,
and Klebsiella pneumoniae, and that AUC was an
important parameter in predicting efficacy. 4

In a separate study, twice- and once-daily tigecy-
cline regimens were evaluated for activity against
vancomycin-resistant enterococci in a rabbit endocardi-
tis model.’® In contrast to the findings of the previous
study, regimens in which tigecycline concentrations fell
below the MIC for <30% of the dosing interval were
just as effective as those in which concentrations were
constantly above the MIC. The explanation for these
conflicting data may involve the rather long t,,,
extensive distribution, and noticeable PAE of tigecy-
cline. In vitro pharmacodynamic studies have charac-
terized the PAE of tigecycline for Staphvlococcus
aureus and E coli* Three strains were evaluated for
each organism: 1 tetracycline-susceptible strain and 2
tetracycline-resistant strains. For tetracycline-susceptible
strains of § awreus and E coli, tigecycline PAE
values were 4.1 and 2.9 hours, respectively. For the
2 tetracycline-resistant strains, tigecycline PAE values
were 3.5 and >3.0 hours for S aurens and 2.6 and 1.8
hours for E coli. The PAE values for tigecycline were
consistently greater than those for minocycline for all
strains tested.

SPECTRUM OF ACTIVITY
In Vitro Activity

Tigecycline demonstrates in vitro activity against
most gram-positive and gram-negative aerobes, as
well as anaerobes and atypical organisms. The table
lists the minimum concentrations required to inhibit
50% and 90% of clinically encountered bacteria (MIC,,
and MIC,,, respectively), as well as MIC ranges, from
published reports.20#4 Provisional MIC breakpoints
for susceptibility to tigecycline have been suggested:
isolates with MIC values £2 pg/mL or zone diameters

15
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Table. In vitro susceptibility data for tigecycline against selected gram-positve, gram-negative, anaerobic, and

atypical organisms.

MIC,,, MIC,,, MIC Range,
Organism (No. of Isolates) pg/mL pg/mL pg/mlL References
Gram-positive organising
Bacillus anthracis (2) NA NA <0.03-0.5 36
Cotyrwbacteﬁumjeikeium (4a1) 0.06 0.125 <0.015-1.0 20,21,24
K Diphtheroids (20) 0.5 2.0 0.12-4.0 23
Enterococcus avium’ (10) 0.06 0.06 0.06-0.12 23
Enterococaus casseliflavus (35) 0.12 012 <£0.03-0.5 23,32
Enteracoccus faecalis (281) 0.12 0.25 <0.015-1.0 20,23,24,26-28,30
Glycopeptide resistant (85) 0.12 0.2§ <0.03-1.0 23.24.27,32
Enterococeus faecium (272) 0.125 0.25 0.03-0.25 20,23,24,26-28,30
G|ycopeptide resistant (145) 0.12 012 <0.03-0.5 23,24,27.28,32
Enterococeus gallinarum (21 ) 0.12 0.25 0.06-2.0 23,32
Enterococcus raffinosus (10) 0.06 012 0.06-0.5 23
Lactobacillus species (12) 0.06 0.12 0.03-0.12 23
Lessconostoc species (10) 0.12 012 0.12 23
Listeria monogytogenes (20) 0.25 0.5 0.25-0.5 23
Staphylococci, coagulase negative (403)  0.25 0.5 0.015-2.0 20,21,24,26,30,31
Methicillin susceptible (70) 0.25 0.5 0.06-1.0 23.24,27.28
Methicillin resistant (124) 0.5 1.0 0.03-2.0 23.24,27,28,32
Staphylococcus aureus (281) 0.06 0.25 £0.015-1.0 20-22
Mechicillin susceptible (602) 0.12 0.25 0.06-0.5 23-28
Methicillin resistant (492) 0.25 0.5 0.06-2.0 23-30
Glycopeptide nonsusceptibie (32) 0.25 0.5 0.06-2.0 22,2327
Streptococcus agalactiae (177) 0.06 - 0412 0.015-0.5 23,24,26,28,35
Streptococcus pneumoniae (114) £0.015 <0.015 <0.015-0.03 20
Penicillin suscepuble (5868) 0.03 0.03 0.008-1.0 23.24,26-28,33,34
Penicillin intermediate (1226) 0.03 0.06 £0.015-1.0 24,26,27,30,33.34
Penicillin resistant (609) 0.03 0.125 <0.015-1.0 23,24.26-28,30,33,34
Streptococcus pyogenes (318) 0.03 0.06 0.015-0.5 23,24,26,28.35
Streptococcus viridans (239) 0.03 0.12 0.008-2.0 20,2426 '
Penicillin susceptible (15) 0.06 0.25 0.03-0.25 23
Penicillin resistant (15) 0.03 ~0.06 0.02-0.12 23
Gram-negative organisms
Acinetobacter species (739) 0.5 2.0 0.03-16 24,26,30,37
Burkholderia cepacia (30) 4.0 32 0.5-64 26,28
Citrobacter species (1 33) 0.5 2.0 0.25-16 24,26,28,30
Eikenella corrodens (108) 0.5 2.0 <0.06-4.0 21.38
Enterobacter aerogenes (89) 1.0 2.0 0.25-8.0 24,26.28,30
Enterobacter cloacae (144) 1.0 2.0 0.25-4.0 24,26.28,30
Escherichia coli (378) 0.25 0.5 0.06-2.0 20,24.26,28,30
Haemophilus influenzae (118) 0.5 1.0 0.12-2.0 26,28
Beta-lactamase negative (5899) 4.0 4.0 <0.06-28.0 24,39
Beta-lactamase positive (1732) 2.0 4.0 <£0.0-24.0 24,39
Hafnia alvei (10) 0.5 2.0 0.25-2.0 24
Klebsiella pnewmoniae (261) 0.5 1.0 0.06-16 20,24,26,28,30
Moraxella catarrhalis (2449) 0.25 0.5 <0.03-4.0 24,26,28,39
Morganella morganii (44) 2.0 4.0 1.0-8.0 24,26
(continued)
16 Volume 27, Number 1
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Table. (Continued)

MIC,,
Organism (No. of Isolates) pg/mL
Neisseria meningitides (13) 0.03
Pasteurella species (62) 0.06
Proteus mirabilis (123) 4.0
Proteus vulgaris (55) 4.0
Providencia species (30) 4.0
Pseudomonas aeruginosa {145) 8.0
Salmonella species (34) 0.5
Serratia marcescens (141) 2.0
Shigella species (46) 0.25
Stenotrophomonas maltophilia (316) 1.0
Yersinia enterocolitica (10) 0.25
Anaerobic organisms
Bacteroides fragilis (426) 2.0
Clostridium difficile (96) 0.06
Fusobacterium species (30) 0.06
Peptostreptococaus species (21) 0.06
Atypical organisms
Chlamydia pneumoniae (10) 0.125
Legjonefla species (101) 4.0
Mycoplasma hominis (37) 0.25
Mycoplasma p neumoniae (30) 0.12
Ureaplasma urealyticum (25) 4.0
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MIC,,, MIC Range,
pg/mL pg/mL References
0.12 0.015-0.12 24

0.06 0.03-0.125 21

8.0 1.0-28.0 24,2628
4.0 0.12-16 24,2628
8.0 1.0-8.0 24,28

16 0.5-32 24,26,28.30
0.5 0.25-2.0 24,28

4.0 0.5-8.0 24,26,28.30
0.25 0.12-0.5 24,28

4.0 0.25-8.0 24,26,28,30,40
0.5 0.12-0.5 24

8.0 £0.06-32 941983041
0.125 <0.06-2.0 24,28,30
0.06 €0.015-0.25 21

0.125° <£0.015-0.5 21

0.125 0.125-0.25 42

8.0 0.5-8.0 43

0.5 0.125-0.5 a4

0.25 0.06-0.25 44

8.0 1.0-16 44

MIC,, = minimum concentration required to inhibit 50% of organisms: MIG,, = minimum concentration required to inhibit 90%

of arganisms: NA = not available.

220 mm (using a 30-pg disc) are considered suscepti-
ble, and those with MICs 28 pg/mlL or zone diameters
<16 mm are considered resistant.37:45:46

Tigecycline shows pronounced activity against
most gram-positive aerobes. It generally appears
equally active o, in many situations, more active than
tetracycline and doxycycline against gram-positive
organisms. Perhaps the most potentially significant
characreristic of tigecycline is its activity against resis-
tant gram-positive bacteria such as penicillin-resistant
§ pmewmoniae, methicillin-resistant § aurens, and
glycopeptide-resistant enterococci. Relevant MIC,,
values for tigecycline against the foregoing organisms
are typically 0.5 pg/mL, far lower than those for
other tetracycline agents. Even in studies of glycopeptide-
resistant enterococci and strains of staphylococci with
reduced susceptibility to glycopeptides, the MICg, for
tigecycline remained low,22-24:37-22.32,47

The activity of tigecycline against § preunioniae
appears to be independent of any beta-lactam resis-

January 2005
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tance that might be present. Similar MIC, values
are seen against susceptible and nonsusceptible
strains of § pneumoniae. Although an upward trend
in MIC,, values has been observed, the value of
0.128 pg/mlL for penicillin-resistant S prenmoniae is
well within the range of susceptibility for tigecy-
cline. Even in strains of streptococci with known
resistance to tetracycline, few differences in tigecy--
cline MIC¢, and MICg, values have been observed
between tetracycline-susceptible and tetracycline-
resistant strains. This is in sharp contrast to the
results for minocycline, which have shown up to a
32-fold increase in MIC for the tetracycline-resistant
strains of streptococci tested.3%:4*

Other less common gram-positive organisms, such
as Corynebacterium, Lactobacillus, Lenconostoc, and
Listeria nionocytogenes, are also susceptible to tigecy-
cline.20:23.24 Although the data are limited, tigecycline
had favorable activity against 2 isolates of Bacillus

antbhracis in preliminary reports.?
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Tigecycline’s activity is not as pronounced against
aerobic gram-negative bacteria as against gram-
positive organisms. It has activity against E colj,
Haemophilus mfluenzae, K pneumoniae, Moraxella
catarrbalis, Neisseria, Salmonella, Shigella, and
Yersinia enterocolitica. The MICqy, values for tigecy-
cline approach the proposed susceptibility break-
points for several other gram-negative Organisms,
including Acinetobacter, Citrobacter, Enterobacter,
and Morganella morganii. In addition, tigecycline
appears to have activity against Eikenella corrodens,
Pastenrella, and non-Bacteroides anaerobes, organ-
isms frequently associated with animal and human
bites.1® Tigecyeline has limited or no activity against
strains of Burkholderia cepacia, P mirabilis, Providencia,
P aeruginosa, Serratia niarcescens, and Stenctropho-
mionas maltophilia.

Regarding atypical organisms, tigecycline displays
pronounced activity against Mycoplasma homimis,
Mycoplasma preumoniae, and Chlamivdia preumoni-
ae; however, its activity against Legionella pneu-
mophila and Ureaplasma wrealyticum is limited. 434
Wallace et al* evaluated the activity of tigecycline
against several nontuberculous mycobacteria and
reported activity against rapidly growing species, such
as Mycobacteriun abscessus, Mycobacterinm chelon-
ae, and Mycobacterium fortuitum. No activity was
observed against slower-growing mycobacterial species
(Mycobacterium avium complex, Mycobacterinmt
kansasii, Mycobacterium marinum, and Mycobacterium
lentiflavym). Additional evaluation of tigecycline in
the clinical setting is needed to fully characterize this
agent’s specific activity and its potential role in man-
aging infections.

In Vivo Activity

Most in vivo studies to date have involved animal
models or small trials in healthy volunteers directed at
characterizing the pharmacokinetics of tigecycline.
The in vivo animal studies are described briefly here;
a more thorough description can be found in the
review by Zhanel et al.5 Trials in an intraperitoneal
murine model have assessed the efficacy of tigecycline
and daptomycin against methicillin-susceptible,
methicillin-resistant, and glycopeptide-intermediate
strains of S anreus®’; of tigecycline and minocycline
against strains of § aureis, § pneumoniae, and E coli,
including tetracycline-susceptible and tetracycline-
resistant isolates?; and of tigecycline and several com-
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parators against strains of Enmterococcus faecalis and
Enterococcus faecium, again including strains with
tetracycline or vancomycin resistance.*® Additional in
vivo murine studies included evaluations of tigecycline
activity either alone or in combination with genta-
micin or piperacillin in P aerugimosa pneumonia®® and
in a neutropenic thigh infection involving strains of
S pneumoniae, S aureus, E coli, and K pneunioniaeS
Rat and rabbit models of endocarditis have been used
to assess the activity of tigecycline against infections
involving glycopeptide-susceptible and glycopeptide-
resistant enterococci, as well as methicillin-resistant
S aureus. 5152 Edelstein et al*? evaluated the in vivo
activity of tigecycline in a guinea pig pnewmonia
model involving L pneumophila. The results of these
in vivo animal studies were consistently favorable
with respect to the activity of tigecycline against the
organisms tested.

A review of the literature identified only 2 Phase Il
clinical trials involving tigecycline. A multicenter,
open-label trial by Postier et al' assessed the efficacy
and safety profile of 2 tigecycline regimens in hospital-
ized patients with complicated skin and skin-structure
infections. One hundred sixty-four patients were en-
rolled in the study, but 4 enrollees did not meet the
inclusion criteria; thus, the intent-to-treat population
included 160 patients who were randomized to
receive either tigecycline 30 mg IV q12h with an ini-
tial 100-mg TV loading dose (n = 81) or tigecycline
25 mg IV q12h with an initial 50-mg TV loading dose
(n = 79). To be considered clinically evaluable,
patients had to receive 7 to 14 days of tigecycline ther-
apy, complete a test-of-cure visit within 3 weeks after
the initiation of therapy, and receive no concomitant
antimicrobial therapy after the first dose of tigecy-
cline. In the 109 clinically evaluable patients, clinical
cure rates at the test-of-cure visit were 74% (40/54
patients) for the 50-mg regimen and 67% (37135
patients) for the 25-mg regimen. Bacreriologic cure
rates were 70% (32/46) and 56% (25/45), respective-
ly. The tigecycline MICy, for all pathogens isolated
was <0.5 pg/mL, and no evidence of resistance to tige-
cycline was observed. Nausea and vomiting were the
most commonly reported adverse events. The authors
stated that tigecycline was effective and well tolerated
in the management of patients with complicated skin
and skin-structure infections.

The second clinical trial, reported in abstract form
by Mucray et al,* evaluated the effectiveness of tige-

Volume 27, Number 1

JA-1557

PFCFT0000115



Case 1:14-cv-00781-SLR Document 69 Filed 08/31/15 Page 9 of 48 PagelD #: 2645

BNSDCCID: <XP,

cycline in patients with complicated intra-abdominal
infections. Patients were included if they had a diag-
nosis of perforated and gangrenous appendicitis, com-

plicated cholecystitis, perforated diverticulitis, or peri-
tonitis. The study involved 111 patients hospitalized

in multiple centers; of these, 15 failed to return and
were withdrawn from the study, and only 66 of the
remaining patients met the inclusion criteria and were
clinically evaluable. All patients received a 100-mg IV
loading dose of tigecycline, followed by S0 mg IV
q12h for S to 14 days. Clinical cure rates at the test-
of-cure and end-of-treatment visits in the 66 clinically
evaluable patients were 67 % (44/66) and 76 % (50/66),
respectively. Data on bacteriologic cure rates were
not available. As in the previous study, nausea and
vomiting were the most common adverse events. The
authors stated that tigecycline was effective and
well tolerated in the treatment of complicated intra-
abdominal infections.

SAFETY PROFILE

There is Limited information about adverse effects and
drug interactions associated with tigecycline therapy.
Most of the published data pertain primarily to tetra-
cycline and the tetracycline derivatives. The results of
the investigations described in this review suggest that
parenteral administration of tigecycline is well tolerat-
ed; however, the only report that attempted to charac-
terize the safety profile of tigecycline was the trial by
Postier et al.1* :

Consistent with the results of the smaller Phase |
studies,’®1%17 pausea and vomiting were the most
common adverse events in the clinical trial by Postier
et al.’s Nausea occurred in 22% (17/79) of patients
receiving the low dose of IV tigecycline (25 mg) and in
35% (28/81) of those receiving the high dose (50 mg).
Vomiting occurred in 13% (10/79) and 19% (15/81)
of the respective dosage groups. Therapy was discon-
tinued as a result of nausea and vomiting in 2 of 160
patients (~1%); both patients had received the high
dose of tigecycline. Although more patients receiving
the high dose of tigecycline experienced these events,
the between-group differences were not found to be
significant. Other adverse events included diarrhea,
headache, physical pulmonary findings, pain, fever,
insomnia, dizziness, hypertension, and anemia. Mild
elevations in liver function parameters and blood urea
nitrogen were also observed but required no interven-
tion. No life-threatening events occurred during the
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study. Details of the safety profile of tigecycline were
not described in the clinical trial by Murray et al.*3

In the pharmacokinetic study by Sesoko et al,!4 1 of
8 healthy subjects receiving a single infusion of tigecy-
cline 100 mg over 1 hour experienced vomiting. When
the parenteral dose was increased to a single 150-mg
IV dose. 5 of 8 patients experienced nausea and vom-
iting and another 2 reported nausea only.

The adverse events encountered with tigecycline
are similar to those associated with the tetracycline
class as a whole.$ Infusing tigecycline shortly after
patients have been fed appears to improve gastroin-
testinal (Gl) tolerability without negatively affecting
pharmacokinetics.’> Gl-related adverse drug reac-
tions are perceived to be more common with oral
therapies than with IV regimens. However, the data
published to date clearly indicate that parenteral
administration of tigecycline is associated with nausea
and vomiting. The underlying mechanism of this
adverse reaction is uncertain. Interestingly, extending
the infusion time from 1 to 4 hours had no benefi-
cial effect on tolerabiliry.1?

CONCLUSIONS

There is a critical need for well-tolerated antimicro-
bial agents that are effective against the increasing
number of resistant organisms. Based on published
studies available to date and preliminary information
from abstracts, the investigational agent tigecycline
has promising activity against many gram-positive
organisms, including resistant strains. Tigecycline has
shown comparable or better activity than other
recently approved agents such as daptomycin. The
preliminary data indicate that tigecycline has a low
potential for the development of resistance compared
with other agents.

The pharmacokinetic profile of tigecycline suggests
significant distribution into various tissues and a long
half-life, allowing convenient dosing regimens and the
possibility of a shorter duration of therapy. An oral
formulation of tigecycline is not yet available, and
administration is limited to the IV route. This repre-
sents a potential disadvantage compared with current
agents that are available in both parenteral and oral
formulations. Nausea and vomiting are the most com-
mon adverse events reported with tigecycline in both
healthy volunteers and clinically ill patients.

In general, tigecycline may be an appropriate agent
in patients with serious infections caused by resistant
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gram-positive organisms. Although early reports are
encouraging, ongoing clinical trials involving large
numbers of patients will help further define the poten-

tial

role of tigecycline.
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In Vitro and In Vivo Activities of Tigecycline (GAR-936),

. Daptomycin, and Comparative Antimicrobial Agents against

. Glycopeptide-Intermediate Staphylococcus aureus

P and Other Resistant Gram-Positive Pathogens

z Peter J. Petersen,* Patricia A. Bradford, William J. Weiss, Timothy M. Murphy,

» P. E. Sum, and Steven J. Projan | . .
Q Infectious Disease Research Section, I/V}:eth'Research,'Pearl River, New York 10965

;; Received 16 January 2002/Returned for modification 28 February 2002/Accepted 1 May 2002

§ Tigecycline (GAR-936) and daptomycin are potent antibacterial compounds in advahced‘sté:ge's':of ciinical

5 trials. These novel agents target multiply resistant pathogenic bacteria. Daptomycin is principally active

’z against gram-positive bacteria, while tigecycline has broad-spectrum activity. When tested by the standard

protocols of the National Committee for Clinical Laboratory Standards in Mueller-Hinton broth II, tigecycline
was more active than daptomycin (MICs at which 90% of isolates tested are inhibited, 0.12 to 1 and 0.5 to 16
pg/ml, respectively) against staphylococcal, enterococcal, and streptocaccal pathogens. Daptomycin demon-
. strated a stepwise increase in activity corresponding to an increase in the supplemental concentration of
B calcium. When tested in base Mueller-Hinton broth supplemented with 50 mg of calcium per liter, daptomycin
' demonstrated improved activity (MICygs, 0.015 to 4 pg/ml). The activity of daptomycin, however, equaled that

;'*

§7 of tigecycline against the glycopeptide-intermediate Staphylococcus aureus (GISA) strains only when the test
medium was supplemented with excess calcium (75 mg/liter). Tigecycline and daptomycin demonstrated in vivo

¥ efficacies against GISA, methicillin-resistant S. aureus, and methicillin-susceptible S. aureus strains in an

intraperitoneal systemic murine infection model. These data suggest that tigecycline and daptomycin may offer
therapeutic options agamst clinically relevant resistant pathogens for which current alternatives for treatment

are limited.

Tigecycline (GAR-936), a glycylcycline (36), and daptomy-
cin, a lipopeptide (1), are novel antibacterial compounds un-
dergoing clinical development. Tigecycline is a broad-spec-
trum, protein-inhibiting, antibacterial agent possessing activity
against strains resistant to other chemotherapeutic agents (14,

29). Daptomycin, a cell wall-inhibiting antibiotic with a spec- ‘

trum of activity limited to gram-positive bacteria, has also been
demonstrated to have activity against resistant bacteria (34).
Early clinical trials with daptomycin were discontinued due to
less-than-desired outcomes (32) including unwanted side ef-
fects on skeletal muscle. However, new dosage regimens (27)
have allowed daptomycin to progress into clinical trials (37).
These antibacterial agents offer new alternatives for the treat-
ment of infections caused by clinically relevant pathogens for
which limited therapeutic options exist.

The rise in the incidence of methicillin-resistant Staphylo-
coccus aureus (MRSA) strains (28) and the emergence of
strains with intermediate glycopeptide resistance (38) have em-
phasized the lack of therapeutic alternatives. Recently, a col-

" lection of glycopeptide-intermediate S. aureus (GISA) strains

with reduced susceptibilities to the glycopeptide antibiotics
(vancomycin and teicoplanin) has been assembled by the Net-
work on Antibiotic Resistance in Staphylococcus®: aureus
(NARSA). That study was undertaken to evaluate the in vitro

* Corresponding author. Mailing address: Infectious Disease Re-
search, Wyeth Research, Bldg. 200/Rm. 3301, 401 N. Middletown Rd.,
Pearl River, NY 10965. Phone: (845) 602-3070. Fax: (845) 602-5671.
E-mail: petersp@wyeth.com.
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activities of tigecycline, daptomycin, and comparative antibiot-
ics against these GISA and other drug-resistant gram-positive
isolates by the standard methodology of the National Commit-
tee for Clinical Laboratory Standards (NCCLS) (26). The ac-
tivity of daptomycin was determined in both Mueller-Hinton
broth II (MHB II) and Mueller-Hinton broth supplemented
with 50 mg of calcium per liter. In addition, the effects of
calcium concentration and the culture medium on the activities
of the antibiotics were determined for the GISA, MRSA, and
methicillin-susceptible S. aureus (MSSA) isolates, as daptomy-
cin is a calcium-dependent antibiotic. The supplemental cal-
cium concentrations (25, 50, and 75 mg/liter) recommended by
other investigators (34) were used for these studies.

MATERIALS AND METHODS

Organisms. Routine clinical isolates were collected from various medical
centers in the United States and Canada between 1990 and 1999. Identification
of each culture was performed by conventional methodologies. The species of
staphylococci were determined with the Staph Trac system (bioMerieux, Hazel-
wood, Mo.), and confirmation of the species as . aureus was also done by use of
a coagulase test. Methicillin resistance in S. aureus was determined by growth of
the isolate on a Trypticase soy agar plate containing 6 pg of oxacillin per mi plus
2% NaCl (35), ad methicillin resistance was confirmed by determination of the
oxacillin MICs in the presence of 2% NaCl. The GISA strains were obtained
from NARSA (http://narsaweb.narsa.net). Although a vancomycin MIC of 8 to
16 pg/ml defines a GISA strain, not all of the strains in the NARSA collection
meet this criteria. All strains were, however, less susceptible to vancomycin than
most clinical isolates. The identification of isolates as Streptococcus pneumoniae
was determined with the API 20 Strep system (bioMerieux). Penicillin-resistant
S. pneumoniae isolates (MICs, 22 pg/ml) were obtained from A. Barry, Clinical
Microbiology Institute, Tualatin, Oreg., and S. Block, Bardstown, Ky. Species
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were confirmed to be enterococci by the biochemical tests recommended by
Facklam and Collins (10). Strains of vancomycin-resistant enterococci were ob-
tained from the sources described previously (39). All isclates were stored frozen
in skim milk plus 50% glycerol at —70°C.

Antibiotics. A standard powder of tigecycline (GAR-936) was obtained at”

Wyeth-Ayerst Laboratories, Peari River, N.Y.; daptomycin was obtained from
Eli Lilly & Company, Indianapolis, Ind.; teicoplanin was obtained from Marion
Merrell Dow Inc., Kansas City, Mo.; vancomycin, erythromycin, and amoxicillin
were obtained from Sigma Chemical Co., St. Louis, Mo.; and levofloxacin was
obtained from The R. W. Johnson Pharmaceutical Research Institute, Princeton,
NJ.

Antimicrobial susceptibility testing. The in vitro activities of the antibiotics
were determined by the broth microdilution method recommended by the
NCCLS (26). MHB 11 (BBL, Cockeysville, Md.) was used for the standard
NCCLS testing procedures. The label of this cation-adjusted medium states that
it contains 20 to 25 mg of calcium per liter. The effects of the calcium concen-
trations were determined in the following media: base Mueller-Hinton broth
(MHB; no calcium supplementation) and MHB supplemented with 25, 50, ar 75
mg of calcium per liter (MHB 25, MHB 50, and MHB 75, respectively). Un-
supplemented brain heart infusion broth (BHI) and BHI supplemented with 50
mg of calcium per liter (BHI 50) were used for optimal expression of the GISA
phenotype (3). The final calcium concentrations in the various supplemented
media determined by inductively coupled plasma-optical emission spectrometry
(Vista Pro Axial; Varian) were as follows: 20 mg/liter for MHB 11, 19.3 mg/liter
for MHB, and 37.5, 67.5, and 75 mg/liter for MHB 25, 50, and 75, respectively.
The calcium concentrations were 12 mg/liter for BHI and 51 mg/liter for BHI 50.
Microtiter plates containing serial dilutions of each antimicrobial agent were
inoculated with each organism to yield the uppropriate density (10° CFU/m)) in
a final volume of 100 pl. The plates were incubated for 18 to 22 h at 35°C in
ambient air. For all isolates the MIC was defined as the lowest concentration of
antimicrobial agent that completely inhibits the growth of the organism as de-
tected by the unaided eye.

In vivo efficacy against murine infections. The therapeutic effects of the
antibiotics agamst acute lethal infections ‘in mice caused by susceptible and
resistant S. nweus isolates were determined (7). Female strain CD-1 mice
(weight, 20 + 2 g each; Charles River Laboratories, Portage, Mich. } were chal-
lenged by intraperitoneal injection of 0.5 ml of a bacterial suspension in hog
gastric mucin (10 to 100 median lethal doses). Each antibiotic was administered
as a single intravenaus dose (0.2 mi) in phosphate-buffered saline (0.01 M; pH
7.4) to five mice per group at 0.5 h postinfection. All of the untreated controls
died within 48 h of infection. The median effective dose (EDs,) from pooled data
obtained from three separate experiments for each organism were determined by
probit analysis based on the 7-day survival ratios (11).

RESULTS

The in vitro antibacterial activities of tigecycline, daptomy-
cin, and the comparative antibiotics against resistant and sus-
ceptible gram-positive strains determined by the guidelines
recommended by the NCCLS with standard MHB II and MHB
50 (for daptomycin) are displayed in Table 1. Tigecycline dem-
onstrated similar in vitro activities against the GISA and the
methicillin-resistant and methicillin-susceptible staphylococcal
strains tested (MICs at which 90% of isolates tested are inhib-
ited [MICy4s], 0.5 to 1 pg/ml). Against the GISA strains in
MHB II, tigecycline was 16 times more active than vancomycin
and teicoplanin (MICgg, 8 wg/ml), 32 times more active than
daptomycin (MICg,, 16 wg/ml), and at least 64 times more
active than levofloxacin, erythromycin, and amoxicillin
(MICqgs, 32 to >32 ug/ml). The activities of daptomycin
against the GISA strains increased by 2 dilutions when dapto-
mycin was tested in MHB 50 (MICy, 4 ng/ml); however, it was
still 3 dilutions less active than tigecycline. Daptomycin had
MICges of 1 to 2 pg/ml when it wastested in MHB II but was
also 1 to 2 dilutions less active than tigecycline against the
glycopeptide-susceptible, methicillin-resistant, and methicillin-
susceptible staphylococcal isolates. The in vitro activity of dap-
tomycin increased by 2 ddutxons (MICgygs, 0.25 to 0.5 pg/ml)

ANTIMICROB. AGENTS CHEMOTHE.R,

when it was tested in MHB 50 against these same isolates, with

its activity equaling or exceeding that of tigecycline. Tige- '

cycline was as active as.‘or more active than vancomycin and
teicoplanin (MICgqs, 0.5 to 16 pg/ml) against all of the glyco-
peptide-susceptible staphylococcal strains tested. Against me-
thicillin-resistant staphylococcal strains, tigecycline was at least
16 times more active than levofloxacin and 32 times more
active than erythromycin and amoxcillin.

Tigecycline showed good in vitro activities, with a range of
MICggs of 0.12 to 0.5 ug/ml for vancomycin-susceptible and
-resistant strains of Enterococcus faecalis and Enterococcus fae-
cium (Table 1). The activity of tigecycline was equivalent to
that of teicoplanin and slightly greater than that of vancomycin
against vancomycin-susceptible isolates (MICqqs, 0.12 to 0.5
and 2 pg/ml, respectively). The activities of tigecycline against
vancomycin-resistant enterococcal strains exceeded those of
the glycopeptide antibiotics erythromycin and amoxicillin
(MICys, 16 to >32 pg/ml). Daptomycin was at least 32 times
less active than tigecycline against the enterococcal isolates
when it was tested in MHB II and was 1 to 4 dilutions less
active than tigecycline when it was tested in MHB 50 (MICqs,
8 to 16 and 1 to 2 wg/ml, respectively). Tigecycline was 2 to 3
dilutions more active than levofloxacin against all E. faecalis
and vancomycin-susceptible E. faecium strains tested (MICqgs,
1 to 2 and 2 pg/ml, respectively). However, the activity of
tigecycline against vancomycin-resistant strains of E. faecium
exceeded that of levofloxacin (MICys, >32 pg/ml) by at least
9 dilutions.

The activities of tigecycline against S. preumoniae isolates,
including penicillin-resistant, -intermediate, and -sensitive iso-
lates, are shown in Table 1. Tigecycline had MICyss of 0.25
pg/ml for all of the S. preumoniae strains and demonstrated
similar activities against all of the S. pneumoniae strains tested.
The activities of tigecycline and daptomycin (in MHB II)
against penicillin-resistant S. pneumoniae isolates were similar

to those of vancomycin and levofloxacin (MICys, 0.25 to 0.5.

pg/ml), but the activities of tigecycline and daptomycin were
exceeded by the activities of teicoplanin and daptomycin (in

MHB 50) (MICgps, =0.008 and 0.015 pg/ml, respectively). -

Overall, all of the antibiotics tested demonstrated good activ-
ities against the penicillin-intermediate and -susceptible S..
preumoniae isolates (MICy, range, 0.015 to 1 pg/ml).

When MHB was supplemented with increased concentra-
tions of calcium, as recommended by Snydman et al. (34), the
activities of daptomycin against GISA, MRSA, and MSSA
strains were enhanced. This same supplementation of the
growth medium with calcium, however, did not alter the activ-

ities of tigecycline, vancomycin, or teicoplanin- (Table 2). Cal-,
cium-supplemented media also had no effect on the activities

of levofloxacin, erythromycin, and amoxicillin (data not
shown). There was a stepwise increase in the activity of dap-

tomycin, with supplementation with the largest calcium con--

centration (75 mgl/liter) resultjng in the greatest increase in
activity. Compared to MHB, the activity of daptomycin against
the GISA strains increased 16-fold when MHB 75 was used
(MICQOS, 16 and 1 pg/ml, respectively). The activity of dapto-
mycin also increased eightfold against MRSA strains (MICygs,
4and 0.5 pg/ml) and MSSA strains (MICyqs, 2 and 0.25 pg/ml)

when MHB 75 was used. Similar increases in the activities of

daptomycin, corresponding to the presence of increased cal-
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TABLE 1. In vitro activities of tigecycline, daptomycin, and the comparative antibiotics against recent clinical isolates

Organism MIC (pg/mi) Organism MIC (jg/mi)
(no. of isolates tested) (noiof isolates tested)
and antibiotic Range 50% 90% and antibiotic Range 50% 90%
S. aureus E. faecalis, vancomycin resistant (10)

Glycopeptide intermediate (19) Tigecycline =0.03-0.5 0.12 0.5
Tigecycline 0.06-1 0.25 0.5 Daptomycin 1-16 8 16
Daptomycin 2-16 4 16 Daptomycin® 0.12-2 1 1
Daptomycin® 0.5-16 1 4 Vancomycin >32 >32 >32
Vancomycin . 1-8 4 8 Teicoplanin 0.12->32 32 >32
Teicoplanin 0.5-16 4 8 Levofloxacin 0.25-32 1 2
Levofloxacin 0.25-32 16 32 Erythromycin 2->32 >332 >32
Erythromycin 0.12->32 >32 >32 Amoxicillin 0.25-16 0.25 16
Amoxicillin 1->32 32 >32

Methicillin resistant (10) E. faccium (10)

Tigecycline 0.12-1 0.25 0:5 Tigecycline =0.03-0.25 0.06 0.25
Daptomycin 14 2 2 Daptomycin 8-16 16 16
Daptomycin® 0.25-05 0.25 05 Daptomycin® 1-4 1 2
Vancomycin 1-2 1 1 Vancomycin 05-2 1 2
Teicoplanin 0.25-8 0.25 1 Teicoplanin 0.12-0.5 0.12 05
Levofloxacin 0.06-16 8 8 Levofloxacin 1-16 1 2
Erythromycin >32 >32 >32 Erythromycin 05->32 4 >32
Amoxicillin 32->32 >32 >32 Amoxicillin 0.12-32 2 16

. Methicillin susceptible (10) ' . . )
Tigecycline : 0.25-0.5 0.25 05 E. faecium vancomycin resistant (10)
Daptomycin 1-2 1 2 Tigecycline 0.06-0.25 0.06 0.12
Daptomycin® 0.12-0.5 025 . 05 Daptomycin 8-32 16 16
Vancomycin 05-1 1 1 Daptomycin 1-2 2 2
Teicoplanin 0.25-1 0.25 0.5 Vancomycin 32->32 >3 >32
Levofloxacin 0.06-0.2 006 012 Teicoplanin 0.06->32 32 >32
Erythromyecin 0.25->32 025 05 Levofloxacin 1->32 >32 >32
Amoxicillin 025->32 >32 >32 Erythromycin >32 >32 >32

Amoxicillin 1-32 16 32

Coagulase-negative staphylococci .

Methicillin-resistant (10) Streptococcus pueumoniae
Tigecycline 0.5-2 1 1 Penicillin resistant (10)

Daptomycin 0.5-4 1 2 Tigecycline 0.25 0.25 0.25
Daptomycin® 0.12-0.5 025 0.5 Daptomycin 0.25-1 0.25 05
Vancomycin 1-4 2 2 Daptomycin” =0.008-0.015  =0.008 0.015
Teicoplanin 2-32 4 16 Vancomycin 0.12-0.25 0.25 0.25
Levofloxacin 0.12-32 0.25 32 Teicoplanin =0.008 =0.008 =0.008
Erythromycin 0.12->32 32 32 Levofioxacin - 05 0.5 . 0.5
Amoxicillin 4->32 16 >32 Erythromycin 0.015-4 0.5 4
Amoxicillin 0.5-4 0.5 4
Methicillin susceptible (10) o .
Tigecycline 0.5-1 05 0.5 Penicillin intermediate (10)
Daptomycin 0.5-1 1 1 Tigecycling 0.12-0.25 0.25 0.25
Daptomycin® 0.06-0.5 0.12 0.25 Daptomycin 0.25-0.5 0.5 0.5
Vancomycin 0.5-2 1 1 Daptomycin” =<(.008-0.015 =0.008 0.015
Teicoplanin 0.06-2 0.25 1 Vancomycin 0.12-0.25 0.25 0.25
Levofloxacin 0.06-0.25 0.12 0.25 Teicoplanin =0.008-0.015  =0.008 0.015
Erythromycin 0.12->32 0.25 0.25 Levofioxacin 0.5-1 1 1
Amoxicillin <0.03->32 0.5 8 Erythromycin =0.008-2 0.015 0.03
. Amoxicillin 0.03-0.5 0.12 0.25
E. faecalis (10) Penicillin susceptible (10)

Tigecycline 0.06-0.5 0.12 0.25 Tigecycline 0.25-0.5 0.25 0.25

Daptomycin 4-16 4 8 Daptomycin 0.254 0.5 0.5

Daptomycin® 0.12-2 1 1 Daptomycin® =0.008-0.015  =0.008 0.03

Vancomycin 1-2 2 2 Vancomycin 0.12-0.5 0.25 0.25 .

Teicoplanin 0.06-0.25 0.06 0.12 Teicoplanin =0.008-0.015  =0.008 0.015

Levofioxacin 0.5-16 " 05 1 Levofloxacin 0.5-1 0.5 .

Erythromycin 0.5->32 2 32 Erythromycin =<(0.008-0.03 0.015 0.015

Amoxicillin 0.25-0.5 025 0.5 Amoxicillin =0.008-0.03 <0.008 0.03

¢ Daptomycin tested in MHB 50.

cium concentrations, were observed against the quality control

organisms (Table 3)."

The activities of tigecycline against the S. aureus strains
tested with either MHB II or BHI as the growth medium are
shown in Table 2. There was a slight increase in the level of

»

s

glycopeptide antibiotic resistance when BHI was used as the
growth medium for the GISA strains. The range of MICs of
vancomycin and teicoplanin increased from 0.5 to 16 pg/ml in
MHB II to 2 to 16 wg/ml in BHL. Although this was not a
marked shift in the MICs, 47% of the GISA strains showed a
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TABLE 2. Effects of calcium and medium on in vitro activities of tigecycline, daptomycin, vancomycin, and teicoplanin

S. aureus pheno! -~ . . MIC (pg/m)
(no. of isolates tetsytl;:l) Antibiotic Medium Range - o prv
Glycopeptide intermediate (19) Tigecycline MHB II 0.06-1 0.25 0.5
MHB 0.06-1 0.12 0.5
MHB 25 0.06-1 0.12 0.5
MHB 50 0.06-1 0.12 0.25
MHB 75 0.06-1 012 0.5
BHI =<0.03-0.25 =0.03 0.25
Daptomycin MHE II 2-16 4 16
MHB 4-16 8 16
MHB 25 0.54 2 .4
'MHB 50 0.5-16 1 4"
MHB 75 0.25-2 0.5 T
BHI >32 >32 >32
BHI 50 4-16 8 16
Vancomycin MHB II 1-8 4 8
MHB 2-8 4 8
MHB 25 : 2-8 4 8
MHB 50 2-8 4 8
MHB 75 2-8 4 8
BHI 2-16 8 16
Teicoplanin MHB I 0.5-16 4 8
MHB 0.5-16 4 8
MHB 25 1-16 4 16
MHB 50 1-16 4 16
MHB 75 1-16 4 ‘16
BHI 2-16 8 16
Metbhicillin resistant (10) Tigecycline MHB II 0.12-1 0.25 0.5
: * MHB 0.12-0.5 0.25 05
MHB 25 0.12-0.5 0.25 0.5
MHB 50 0.25-0.5 0.25 0.5
MHB 75 0.25-1 0.25 0.5
BHI 0.06-0.25 . 0.06 0.12
' Daptomycin MHB II 1-4 2 2
MHB 24 2 4
MHB 25 0.5-1 0.5 1
MHB 50 0.25-0.5 0.25 05
MHB 75 0.25-0.5 - 0.25 05
BHI 32->32 32 32
BHI 50 2 T2 2
Vancomycin MHB II 1-2 1 1
MHB 1-2 1 1
MHB 25 1-2 1 1
MHB 50 1-2 1 2
MHB 75 1-2 1 2
BHI 14 2 2
Teicoplanin MHB II 0.25-8 0.25 1
MHB 0.25-8 0.25 05
MHB 25 _ 0.25-8 : 05 1
MHB 50 : 0.25-8 0.5 05
MHB 75 0.25-8 0.5 1
BHI 0.25-16 05 1
Methicillin susceptible (10) Tigecycline MHBII . 0.25-0.5 ® 025 . 05,
’ MHB 0.12-0.5 0.25 0.25
MHB 25 0.12-0.5 0.25 0.25
MHB 50 0.12-0.25 0.25 0.25
MHB 75 0.25-0.5 0.25 0.5
BHI 0.06-0.12 0.06 0.12
Continued on following page
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GISA strains showed a decreased level of susceptibility to
teicoplanin. In contrast, tigecycline demonstrated an increase
in activity in BHI over that in MHB II (MICgygs, 0.25 and 0.5
pg/ml, respectively). Daptomycin had an MICg, of >32 p.g/ml
in unsupplemented BHI and failed to demonstrate any anti-
bacterial activity against the GISA strains in this medium.
When BHI 50 was used, daptomycin demonstrated a modest
increase in activity (MICy, 16 pg/ml). Similar effects were
also demonstrated by tigecycline, daptomycin, vancomycin,
and teicoplanin when BHI was used to test MRSA and
MSSA strains. Compared to the activities seen in MHB II,
the activities of levofloxacin, erythromycin, and amoxiciilin
against the GISA, MRSA, and MSSA strains were slightly
increased in BHI, but no trend could be established. (data
not shown).

The in vivo efficacies of tigecycline, daptomycin, and vanco-

" mycin determined against an MSSA, an MRSA, and a GISA

strain in a murine model of bacterial infection are displayed in
Table 4. Daptomycin and tigecycline exhibited similar in vivo
efficacies against infections caused by the MSSA strain (strain
GC 4543) (EDsgs, 0.12 and 0.24 mg/kg of body weight, respec-
tively) and were approximately three to six times more effica-
cious than vancomycin (EDs,, 0.67 mg/kg). The in vivo effica-
cies of tigecycline and daptomycin (EDsgs, 0.72 and 0.87 mg/
kg, respectively) were also similar against an infection with an
MRSA strain (strain GC 1131). Vancomycin (EDs5,, 2.2 mg/kg)
was 2.5 and 3 times less efficacious than daptomycin and tige-
cycline, respectively, against the infection caused by an MRSA
strain. Tigecycline was the most efficacious antibiotic tested
against an infection caused by a GISA strain. Tigecycline was
3 times more efficacious than daptomycin and 16 times more
active than vancomycin (EDsgs, 1.9, 6.1, and 31 mg/kg, respec-
tively). .

* VoL 46, 2002 ACTIVITY OF TIGECYCLINE AGAINST GISA 2599
" TABLE 2—Continued
S. aureus phenotype I . . MIC (pg/ml)
(no. of isolates tested) Antibiotic Medium Range " 50% 0%
Daptomycin MHB II 1-2 1 2
MHB 2 2 2
MHB 25 0.25-0.5 05, . 0.5
MHB 50 0.12-0.5 0.25 0.5
MHB 75 0.12-0.5 0.25 0.25
BHI 32 32 32
BHI 50 1-2 1 2
Vancomycin MHB II 0.5-1 1 1
MHB 0.5-2 1 2
MHB 25 0.5-2 1 2
MHB 50 1 1 1
MHB 75 1-2 1 1
. BHI 1-2 2 2
Teicoplanin MHB II 0.25-1 0.25 0.5
- MHB 0.25-1 0.25 0.5
MHB 25 0.25-0.5 0.5 0.5
MHB 50 0.25-0.5 0.5 0.5
MHB 75 0.25-0.5 0.5 0.5
BHI 0.5-1 0.5 1
decreased level of susceptibility to vancomycin and 32% of the DISCUSSION

The number of strains of multidrug-resistant gram-positive
bacteria has increased dramatically during the past two de-
cades (28, 30). The emergence and spread of penicillin-resis-
tant S. pneumoniae, glycopeptide-resistant enterococci, and
methicillin-resistant staphylococci are now recognized as
global problems (2). The isolation of S. aureus strains with
reduced susceptibilities to glycopeptide antibiotics has been
reported from Japan and other parts of Asia, the United
States, and Europe (38). Although the vancomycin MICs for
these isolates (<16 pg/ml) remain below the achievable levels
in serum, the clinical outcomes of these infections have been
poor and additional intervention is required (8). In addition,
the emergence of gram-positive strains resistant to multiple
antimicrobial agents has added to the resistance problem (24).
New compounds for the effective treatment of infections

TABLE 3. Effect of calcium concentration on the in vm'o actwmes
of daptomycin against quality control strains

Organism Medium MIC (ng/ml)
S. aureus ATCC 29213 MHB II 1
MHB . 2: 7
MHB 25 0.5
MHB 50 0.25
MHB 75 ’ 0.25
BHI 32 -
BHI 50 2 -
» A .
E. faecalis ATCC 29212 MHB II 16
MHB 32
MHB 25 4
MHB 50 2
MHB 75 0.5
BHI >32
BHI 50 8
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caused by multiresistant gram-positive species are urgently
needed.

Research on antimicrobials that can be used to overcome
resistance in gram-positive bacteria has produced a number of
promising new compounds. Recently, quinupristin-dalfopristin
has been approved for clinical use. This agent, however, has
caused multiple adverse effects and has become associated

with a significant emergence of resistance (19, 23). The first of '

a new class of antibacterials, linezolid, an oxazolidinone 4,9,
12), has also been introduced for clinical therapy However,

the development of resistance during therapy (13, 16) and

adverse effects (13, 17) have been reported. The ketolides (5, 6,
25), a glycopeptide (15, 18, 40), and new quinolones with
enhanced activity against gram-positive pathogens (6) are in
development..

Two promising compounds in advanced stages of clinical
development are tigecycline, a glycylcycline (31, 36), and dap-
tomycin, a semisynthetic lipopeptide (1, 37). Tigecycline has
been shown to have excellent activities against gram-positive
and gram-negative bacteria without any cross-resistance, in-
cluding excellent activities against tetracycline-resistant organ-
isms (14, 29). The spectrum of activity of daptomycin also
includes resistant strains, but its activity is limited to gram-
positive bacteria (34). Daptomycin, however, requires more
free calcium than the amount present in standard MHB II to
exhibit maximum in vitro activity (34). The need for higher
calcium concentrations has previously been demonstrated for
daptomycin as well as other calcium-dependent antibiotics (20,
21, 22). MHB II, which is recommended for use in MIC testing
by the NCCLS for all antibiotics except daptomycin, does not
contain sufficient calcium for daptomycin to exert its maximal
antibacterial activity. No commercially available MHB which is
adjusted to contain calcium at 50 mg/liter is available. There-
fore, additional supplementation of MHB II with calcium is
needed to comply with NCCLS recommendations for the use
of media with calcium concentrations of 50 mg/liter when dap-
tomycin is being tested. It is noteworthy that when unsupple-
mented MHB was tested for its calcium concentration, it was
found to contain 19.3 mgjliter, which was only 0.7 mg/liter
lower than the lower limit allowed in MHB IL

In this study, tigecycline demonstrated similar activities
against clinical isolates of GISA, MRSA, vancomycin-resistant
enterococci, and penicillin-resistant §. pnewnoniae. Tigecy-
cline had better activities than the comparative antibiotics
against most resistant organisms when it was tested by the
standard NCCLS methodology with MHB II as the test me-
dium. The concentration of calcium (20 to 25 mg/liter) in this
medium, however, is inadequate for the testing of daptomycin.
Daptomycin showed increased activities when it was tested in
MHB 50; the increased activities were most notable against the
streptococcal and staphylococcal isolates. The activity of dap-
tomycin approached that of tigecycline against the GISA
strains only when the test medium was supplemented with
excess calcium (75 mg/liter). This concentration of calcium,
however, would exceed the approximate physiological levels of
free calcium in human serum (45 to 55 mg/liter). It is notable
that when the medium is supplemented with a previously rec-
ommended concentration of 50 mg of calcium per liter (34),
daptomycin was less active than tigecycline against the GISA
strains.

ANTIMICROB. AGENTS CHEMOTHER.

TABLE 4. In vivo efficacies of tigecycline, daptomycin, and
vancomycin against experimental acute lethal
staphylococcal infections in mice

S. aureus strain EDg

Intravenous g MIC
(challenge dose [no. of (mg/kg) (95%.
CFUf/mouse] vehicle) treatment confidence limit) (g/mi)
GC 6336, GISA (13 X 10°,  Tigecycline 1.9 (1.4-2.5) 0.25
10% mucin) Daptomycin 6.1 (4.6-8.5) Nt
Vancomycin 31 (22-45) 8
GC 1131, MRSA (1.9 x 107,  Tigecycline 0.72 (0.57-0.91) 05
8% mucin) Daptomycin  0.97 (0.69-1.1) 1/0.25%
Vancomycin 22(1.7-28) 1
GC 4543, MSSA (38 X 10°,  Tigecycline  0.24 (0.17-0.31) 0.5
5% mucin) Daptomyein ~ 0.12(0.09-0.17)  1/0.25*
Vancomycin  0.67 (0.4-2.0) 1 -

“ Average number of CFU from three separate tests; variability, <0.5 log,.
" The values represent the MIC in MHB II/MIC in MHB 50.

The GISA strains are reported to express increased levels of
resistance to the glycopeptide antibiotics when they are grown
in BHI (3). The results of this study would concur, as the GISA
strains showed increased levels of resistance to the glycopep-
tides antibiotics vancomycin and teicoplanin and also showed
increased levels of resistance to daptomycin when they were
tested in BHI. In contrast, tigecycline showed increased levels
of activity against the GISA strains when it was tested in BHL
It is possible that the reduced activity of daptomycin seen in
BHI could be attributed to a low calcium concentration and/or
increased levels of protein binding, as protein binding has been
reported to adversely affect the in vitro activity of daptomycin
(33). Increasing the calcium level in BHI to 50 mg/liter resulted
in only a modest increase in the activity of daptomycin, thereby
indicating that protein binding was the possible cause of the
decreased activity.

Tigecycline and daptomycin were more efficacious than van-
comycin when they were evaluated against models of systemic
murine MRSA, MSSA, and GISA infection. The differences in
activity between tigecycline and daptomycin were not as pro-
nounced in vivo as those observed in vitro in MHB II for
MSSA and MRSA. This confirms that in vitro studies with
daptomycin in the presence of 50 mg of calcium per liter would
be a better predictor of in vivo efficacy. The two compounds
demonstrated similar efficacies against infections caused by
MSSA and MRSA isolates. Tigecycline, which was more active
than daptomycin against GISA strains in vitro, did demon-
strate a better corresponding efficacy against an infection
caused by a GISA strain. The decreases in the efficacies of the

three compounds, as measured by the increases in the EDsos'

for the MSSA strains compared to those for the MRSA and
the GISA strains, were much less pronounced for tigecycline
than for either daptomycin or vancomycin.

Overall, when the activities of tigecycline were tested by
standard NCCLS protocols in MHB II, tigecycline demon-
strated good activity against drug-resistant S. aureus isolates
and other drug-resistant gram-positive pathogens. Daptomycin
also showed good activity against most of the strains tested
when the calcium concentration of the medium was raised to
the concentration (50 mg/liter) approved by the NCCLS. The
activities of tigecycline against the GISA strains further add to
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its broad spectrum ‘of activity against drug-resistant bacteria.
These results suggest that both tigecycline and daptomycin
may play important roles in the treatment of infections caused
by gram-positive pathogens including drug-resistant strains.
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In Vitro and In Vivo Antibacterial Aétivities. of a Novel Glycylcycline,
the 9--Butylglycylamido Derivative of Minocycline (GAR-936)
P. J. PETERSEN,* N. V. JACOBUS, W. J. WEISS, P. E. SUM, AND R. T. TESTA

Infectious Disease Research Section, Wyeth-Ayerst Research,
Pearl River, New York 10965

: ﬁeceived 3 August 1998/Retumed for modification 17 November 1998/Accepted 2 January 1999

The 9-¢-butylglycylamido derivative of minocycline (TBG-MINO) is a recently synthesized member of a novel
group of antibiotics, the glycylcyclines. This new derivative, like the first glycylcyclines, the N,N-dimethylgly-
cylamido derivative of minocycline and 6-demethyl-6-deoxytetracycline, possesses activity against bacterial iso-
lates containing the two major determinants responsible for tetracycline resistance: ribosomal protection and
active efflux. The in vitro activities of TBG-MINO and the comparative agents were evaluated against strains with
characterized tetracycline resistance as well as a spectrum of recent clinical aerobic and anaerobic gram-posi-
tive and gram-negative bacteria. TBG-MINO, with an MIC range of 0.25 to 0.5 wrg/ml, showed good activity
against strains expressing tet(M) (ribosomal protection), tet(A), tet(B), tet(C), tet(D), and tet(K) (efflux resis-
tance determinants). TBG-MINO exhibited similar activity against methicillin-resistant Staphylococcus aureus
(MRSA), penicillin-resistant streptococci, and vancomycin-resistant enterococci (MICs at which 90% of strains
are inhibited, =0.5 pg/ml). TBG-MINO exhibited activity against a wide diversity of gram-negative aerobic and
anaerobic bacteria, most of which were less susceptible to tetracycline and minocycline. The in vivo protective
effects of TBG-MINO were examined against acute lethal infections in mice caused by Escherichia coli,S. aureus, and
Streptococcus pneumoniae isolates. TBG-MINO, administered intravenously, demonstrated efficacy against in-
fections caused by S. aureus including MRSA strains and strains containing tet(K) or tet(M) resistance deter-
minants (median effective doses [ED,s], 0.79 to 2.3 mg/kg of body weight). TBG-MINO demonstrated efficacy
against infections caused by tetracycline-sensitive E. coli strains as well as E. coli strains containing either
tet(M) or the eflux determinant tet(A), tet(B), or tet(C) (EDsgs, 1.5 to 3.5 mg/kg). Overall, TBG-MINO shows anti-
bacterial activity against a wide spectrum of gram-positive and gram-negative aerobic and anaerobic bacteria
including strains resistant to other chemotherapeutic agents. The in vivo protective effects, especially against

infections caused by resistant bacteria, corresponded with the in vitro activity of TBG-MINO.

Tetracycline antibiotics were first isolated at Lederle Labo-
-atories in 1945 and represented a significant advancement in
he treatment of many infections (4,/7). However, due to an
ncreased incidence of resistance among many bacteria (27),
'he use of the tetracyclines has been relegated to second- and

hird-line drug categories for most clinical indications (16, 25). -

Che synthesis of new derivatives containing the N,N-dimethyl-
slycylamido (DMG) substitution at the 9 position of mino-
ycline and of 6-demethyl-6-deoxytetracycline (DMDOT)
epresented a significant advance in the tetracycline class of
wtibiotics (29). These new derivatives were named the glycyl-
yclines and were shown to be active against a wide spectrum
f gram-positive and gram-negative bacteria, including resis-
ant strains (5, 9, 12, 22, 31, 33, 34).

- Derivatives in the minocycline series were found to be better
olerated than the DMDOT series in studies with rats (data not
hown). In the present study we investigated the in vitro activ-
ty and in vivo efficacy of a new member of the glycylcyclines,
"BG-MINQ, the 9-t-butylglycylamido derivative of minocy-
line (Fig. 1), which-was selected on the basis of its better
olerability and improved activity against tetracycline-resistant
trains compared with those of DMG-DMDOT. The activity of
BG-MINO was determined against strains harboring charac-
erized tetracycline resistance determinants and recent clinical
solates. The activities were compared with those of DMG-
YMDOT, DMG-MINO, minocycline, tetracycline, and other

* Corresponding author. Mailing address: Wyeth-Ayerst Research,
01 N. Middletown Rd,, Pearl River, NY 10965. Phone: (914) 732-
070. Fax: (914) 732-5671. E-mail: petersp@war.wyeth.com.

antimicrobial agents. The efficacy of TBG-MINO was com-
pared with those of DMG-DMDOT and minocycline against
murine systemic infections caused by bacterial strains harbor-
ing characterized tetracycline resistance determinants, laboratory
strains, and recent clinical isolates adapted for murine infection.

MATERIALS AND METHODS

Organisms. Routine clinical isolates were collected from various medical
centers in the United States and Canada between 1989 and 1994, Identification
of each culture was done by conventional methods, as follows: gram-negative
rods with the API 20E system (Analytab Products, Plainville, N.Y.) and the NF
system (Remel, Lenexa, Kans.), anaerobes by the procedure outlined in the
Wadsworth Anaerobic Bacteriology Manual (30), enterococci by biochemical tests
as recommended by Facklam and Collins (6), streptococci with the AP 20 Strep
system (Analytab Products), and staphylococci with the Staph Trac system (Analy-
tab Products). Staphylococcus aureus was also confirmed by a coagulase-test.
Methicillin-resistance in S. aureus was determined with a plate containing ox-
acillin at 6 pg/ml, as described in the Manual of Clinical Microbiology (28). Pen-
icillin-resistant (MICs, =2 ng/ml) Streptococcus pneumoniae isolates were
obtained from A. Barry, Clinical Microbiology Institute, Tualatin, Oreg., and
S. Block, Bardstown, Ky. Strains with tetracycline resistance determinants and
the vancomycin-resistant enterococci were obtained from the sources described
previously (31). All isolates were stored frozen in skim milk at —70°C.

Antibiotics. Standard powders of TBG-MINO, DMG-MINO, DMG-
DMDOT, vancomycin, minocycline, and tetracycline were obtained from Wyeth-
Ayerst Laboratories, Pearl River, N.Y.; erythromycin was obtained from Sigma

. Chemical Co,, St. Louis, Mo.; ciprofloxacin was obtained from Bayer Laborato-
ries, West Haven, Conn.,; ceftazidime was obtained from Glaxo Group Research,
Ware, Herts, United Kingdom; and imipenem was obtained from Merck & Co.,
West Point, Pa. ’

In vitro susceptibility testing. The activities of the antibiotics were determined
by the agar dilution method by following the recommendations of the National
Committee for Clinical Laboratory Standards (20, 21). Mueller-Hinton I agar
was used to test nonfastidious aerobic bacteria. The medium was supplemented
with 5% sheep blood for the testing of streptococeal isolates and 15 g of B-NAD
per ml, 15 ug of hematin per ml, and 5 mg of yeast extract per ml for the testing
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FIG. 1. Chemical structure of TBG-MINO.

of Haemophilis influenzae and Moraxella catarrhalis. GC agar supplemented with
1% hemoglobin and 1% IsoVitaleX was used to test Neisseria gonorrhoeae.
Anaerobic bacteria were tested on Wilkins Chalgren agar supplemented with 5%
tysed sheep blood and 0.001% vitamin K. The inocula, which were adjusted to
the recommended densities (107 CFU/mt for aerobes and 108 CFU/ml for anaer-
obes), were applied to the surfaces of the agar plates with a Steers replicator.
Test plates were incubated at 35°C for 18 to 24 h in ambient air for nonfastidious
aerobic bacteria and streptococci and in CO, for N. gonomhoeae, H. influenzae,
and M. catarrhalis. Anaerobic bacteria were incubated in an anaerobic chamber
(Coy Laboratories, Ann Arbor, Mich.) at 35°C for 48 h. The MIC was defined as
the lowest cancentration of the antimicrobial agent that completely inhibited the
growth of the organism as detected by the unaided eye.

In vivo efficacy against murine infections. The therapeutic effects of the
antibiotics were determined against acute lethal infections in mice (3) caused by
minocycline-susceptible and minocycline-resistant gram-positive and gram-neg-
ative bacteria. Female CD-1 mice from Charles River Laboratories (weight, 20 £
2 g each) were challenged by intraperitoneal injection of 0.5 ml of a bacterial
suspension in either 5% hog gastric mucin or broth (10 to 100 50% lethal doses).
Five to six doses of the antibiotic in phosphate-buffered saline (0.01 M; pH 7.4)
were administered intravenously (0.2 ml) or orally (0.5 ml) at 0.5 h postinfection.
For mice infected with Escherichia coli JC3272 Tc* tet(B), a second dose of the
antibiotic was given 3 h later. In each test, five animals were treated with each
dose. All the untreated- controls died within 48 h of infection. The median
effective dose (EDsp) was determined by probit analysis of the 7-day survival
ratios pooled from three separate tests (8). .

RESULTS

In vitro activity against tetracycline-resistant strains. The in
vitro activity of TBG-MINO against prototype strains possess-
ing characterized tetracycline resistance mechanisms is sum-

marized in Table 1. TBG-MINO had similar activity (MICs,
=0.5 pg/ml) against tetracycline-susceptible and tetracycline-
resistant E. coli strains carrying the efflux resistance determi-
nants tet(A), tet(B); tet(C), and tet(D) and the strain carrying
the ribosomal protection resistance determinant tet(M). TBG-
MINO had activity similar to those of DMG-MINO and DMG-
DMDOT against E. coli strains containing the tet(B) and tet(D)
efflux resistance determinant and the ribosomal protection re-
sistance determinant tet(M); however, TBG-MINO was more
active than DMG-MINO and DMG-DMDOT against E. coli
strains containing eflux resistance determinants fet(A) and
tet(C). Minocycline demonstrated poorer activity (MIC range,
4 to >32 pg/ml) against all of the E. coli strains carrying the
resistance determinants. TBG-MINO, with MICs of =0.5 pg/
ml, was as active as DMG derivatives against the tet(K) (ef-
flux)- and fet(M)-containing S. aureus strains. Minocycline was
slightly more active than the glycylcyclines against fet(K)-con-
taining S. aureus but had poorer activity against the three
S. aureus strains containing tet(M).

In vitro activity against recent clinical isolates. TBG-MINO
showed good activity against isolates of methicillin-resistant
S. aureus (MRSA) and methicillin-resistant coagulase-negative
staphylococci (MICs at which 90% of isolates are inhibited
[MICgqs], =1 pg/ml). This activity was similar to that of mino-
cycline and was 2 to 3 dilutions lower than those of DMG-
MINO and DMG-DMDOT (Table 2). Against methicillin-

TABLE 1. In vitro activities of TBG-MINO, DMG-MINO, DMG-DMDOT, minocycline, and tetracyi:line against
strains with characterized tetracycline resistance determinants .

i » Resistance MIC (p.g/ml) o
Organism Strain . -
determinant TBG-MINO  DMG-MINO  DMG-DMDOT  Minocycline Tetracycline
E. coli UBMS 88-1 tet(B) 0.5 0.5 : 0.5 16 >32
E. coli MC4100 tet(B) 0.5 0.5 0.5 8 >32°
E. coli J3272, pRP1 - tet(A) 0.5 2 2 4 32 -
E. coli 13272, pBR322 tet(C) 0.25 2 2 4 327 .
E. coli 3272, pRA1L tet(D) 0.25 0.25 0.25 8 >32- -
E. coli UBMS 90-4 tet(M) 0.25 0.25 0.25 >32 >320 -
E. coli UBMS 90-5 Sensitive 0.25 0.5 0.25 1 ) 1 .
E. coli ATCC 25922 Control 0.25 0.25 0.25 : ‘0.5 1. .
S. aureus UBMS 88-7 tet(K) 05 1 1 025 . 32
S. aureus UBMS 88-5 tet(M) 0.5 0.25 0.25 4 >32
S. aureus UBMS 90-1 tet(M) 0.25 0.25 0.12 4 >32
S. aureus UBMS 90-2 tet(M) 0.25 0.25 0.25 2 32
S. aureus UBMS 90-3 Sensitve 1~ 0.25 0.25 0.12 0.06 012
S. aureus ATCC 29213 Control I 0.5 0.25 0.25 0.06 - 0.25
S. aureus Smith Sensitive 0.25 0.25 0.12 0.06 012~
E. faecalis UBMS 90-6 tet(M) 0.25 0.12 0.25 16. >32. ..
E. faecalis ATCC 29212 Control 0.25 0.12 0.12 1 8. .
N. gonorrhoeae 6418 " tet(M) S § 1 1 16 2y
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TABLE 2. In vitro activities of TBG-MINO and comparative antibiotics against gram-positive isolates

: : MIC 1 . MIC 'ml) .
orga‘mslm Antibiotic (kg/m) Organism Antibiotic (bg/mb
(no. of isolates) Range  50%  90% (no. of isolates) Range  50%  90%
Staphylococcus aureus, methi- TBG-MINO 025-1 . 05 05 Enterococcus faecium (11) TBG-MINO  0.12-0.25 025 0.25
cillin resistant (12) DMG-MINO 01222 0.25 2 DMG-MINO 0.06-0.12 0.12 012
DMG-DMDOT  0.25-2 05 2 DMG-DMDOT 0.12-025 0.2 012
Minocycline 0.03—+4 012 1 Minocycline 0.06-16 006 4
Tetracycline 0.25->32 05 >32 Tetracycline 0.25->32 025 32
Ciprofioxacin ~ 0.25->32 8 32 Ciprofioxacin 14 4 4
Vancomycin 0.5-2 1 1 Vancomycin 0.25-2 1 2
Erythromycin 4->32 >32  >32 Erythromycin 05->32 4 >32
Stapiryiococcus aureus, methi- TBG-MINO 0.5 0.5 05 Enterococcus spp., vanco- TBG-MINO 0.12-0.25 025 025
cillin susceptible (13) DMG-MINO  0.25-0.5 0.5 0.5 mycin resistant (10) DMG-MINO  0.06-025 012 025
DMG-DMDOT 0.5 0S5 0.5 . DMG-DMDOT 0.12-0.25 012 025
Minocycline . - 0.12 0.12 0.12 Minocycline 0.06-8 006 8
Tetracycline . 0.5 0.5 05 Tetracycline 0.25->32 025 >32
Ciprofloxacin 0.5-1 05 1 Ciprofloxacin 0.5-4 4 4
Vancomycin 0.5-1 1 1 Vancomycin >32° >32  >32
Erythromycin 0.5-1 0.5 05 Erythromycin >32 >32  >32
Coagulase-negative staphylo- TBG-MINO 0.25-2 0.5 1 Sntplqc?cg:lls pneumoniae, TBG-MINO 0.06-0.25 012 012
cogc‘cl:i,'meth%cillin resi';u)l,nt DMG-MINO 0.25-8 0.5 4 pemcxllm resistant (10) DMG-MINO 0.03-0.12 0.06 0.06 .
(13) DMG-DMDOT 0.12-8 1 8 DMG-DMDOT  0.06-0.12 0.12 0.12
Minocycline  0.12-1 0.5 1 Minocycline 0.12-8 4 4
Tetracycline  0.25->32 4 >32 Tetracycline 0532 32 R
Ciprofioxacin ~ 025->32 05 32 Vancomyein 02505 05 05
Vancomycin 1-2 2 2 .
s Streptococcus pneumoniae, TBG-MINO 0.06-0.12 0.06 0.12
Enthromycin -~ 0.12->32 >32  >32 penicillin susceptible (10) DMG-MINO 006025  0.06 0.3

Coagulase-negative staphylo- TBG-MINO 0.12-0.5 0.25 0.5
cocci, methicillin suscepti- DMG-MINO 0.12-0.5 0.25 0.5
ble (16) DMG-DMDOT 0.12-1 0.25 0.5

Minocycline 0.06-0.5 0.12 0.25
Tetracycline 0.12-32 .05 32
Ciprofloxacin 0.12-1 0.25 0.5
Vancomycin 1-2 1 2
Erythromycin 0.12->32 012 1
Interococcus faecalis (11) TBG-MINO 0.12-0.5 0.25 0.5
DMG-MINO 0.06~0.25 0.25 0.25
DMG-DMDOT 0.12-0.5 0.25 0.25
Minocycline 0.06-16 8 8
Tetracycline 0.25-32 32 32
Ciprofloxacin ; 1-32 1 2
Vancomycin 1-4 2 2
Erythromycin 1-16 1 8

DMG-DMDOT 0.06-0.5 0.06 0.12

Minocycline 0.06-0.5 012 012

Tetracycline 0.124 025 05

‘Vancomycin 0.12-1 0.5 0.5
Sr;'eplococcus pyogenes (10) TBG-MINO 0.12-0.5 0.12 0.25
: DMG-MINO 0.06-0.12 012 0.12

DMG-DMDOT 0.12 0.12 0.12

Minocycline 0.06-0.25 006 012
Tetracycline 0.25-16 025 025
Vancomycin 0.5 0.5 0.5

Streptococcus agalactiae (10) TBG-MINO 0.12-0.5 0.12 025
DMG-MINO 0.12-0.5 012 0S5
DMG-DMDOT 0.12-1 012 025

Minocycline 0.12-16 16 16
Tetracycline 0.25-32 32 32 .
Vancomycin 0.5-1 0.5 0.5

usceptible staphylococci, the three glycylcycline derivatives had
:quivalent activities (MICs, =0.5 pg/ml). TBG-MINO and the
MG derivatives demonstrated activity against Enterococcus
gecalis and Enterococcus faecium, including vancomycin-resis-
ant strains (MICy,s, =0.5 pg/ml). The three glycylcyclines, mino-
ycline, and tetracycline exhibited good activity against Strep-
acoccus . pyogenes and penicillin-susceptible S. pneumoniae;
towever, TBG-MINO and the DMG derivatives were 32 to 64
imes more active than minocycline against Streptococcus aga-
1ctiae and penicillin-resistant S. pnewmoniae. No differences in
he activity of TBG-MINO between penicillin-susceptible and
ienicillin-resistant S. pneumoniae isolates were noted. In gen-
rtal, TBG-MINO, with MICs of =1 pg/ml, displayed greater
ctivity than the other comparative antibiotics, vancomycin,
iprofloxacin, and erythromycin, against most of the staphylo-
occal and enterococcal isolates tested.

~TBG-MINO, with a range of MICs of 0.5 to 8 pwg/ml, was 4
3 32 times more active than minocycline against clinical iso-
ites of E. coli, Shigella spp., Citrobacter diversus, Salmonella
pp-, Providencia spp., Morganella morganii, and N. gonorrhoeae
Table 3). TBG-MINO was generally as active or more active
1an minocycline against most strains of Klebsiella spp., Citro-
acter freundii, Enterobacter spp., Serratia marcescens, Proteus
uirabilis, Proteus vulgaris, Burkholderia cepacia, and Pseudomo-

nas aeruginosa. In general, the three glycylcyclines demonstrat-
ed similar activities against gram-negative isolates; however,
greater activity was observed with TBG-MINO than with DMG-
MINO or DMG-DMDOT (MICgys, =0.5 versus 4 pg/ml, re-
spectively) against E. coli strains for which minocycline MICs
were elevated (MICyq, 16 pg/ml). TBG-MINO, DMG-MINO,

and DMG-DMDOT were generally less active than ciprofloxa- -

cin, imipenem, and ceftazidime against most gram-negative bac-
teria. However, organisms resistant to these antibiotics showed
no cross-resistance with the glycylcyclines. -

TBG-MINO and the other glycylcycline derivatives, with a
range of MICs of 0.12 to 2 pg/ml, were more active than
minocycline against Bacteroides spp., Prevotella spp., Clostri-
dium difficile, and anaerobic gram-positive cocci (Table 4). For
some members of the Bacteroides fragilis group, the MICs of
TBG-MINO but not those of DMG-MINO or DMG-DMDOT
were found to be elevated (1 to 2 pi/ml). In general, the three
glycylcyclines were more active than cefoxitin but were less
active than imipenem against most of the anaerobic bacteria
tested.

In vivo efficacy. Administered as a single intravenous dose,
TBG-MINO showed efficacy against infections caused by tetra-

cycline-susceptible and tetracycline-resistant S. aureus and E. coli.

strains in mice (Table 5 and 6). Against an infection with
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TABLE 3. In vitro activities of TBG-MINO and comparative antibiotics against gram-negative isolates
. Oreani MIC (ug/ml i MIC (png/ml
Organism Antibiotic (wg/mh . Organism Antibiotic (hg/m)
(no. of isolates) Range 50%  50% :(no. of isolates) Range 0%  90%
Escherichia coli (minocycline TBG-MINO 0.25-1 0.5 0.5 Enterobacter cloacae (10) TBG-MINO 1-2 1 2
MIC, =1 pg/ml (32) DMG-MINO 0.25-4 0.5 4 DMG-MINO 1-2 1 2
DMG-DMDOT  0.25-4 1 4 DMG-DMDOT 1-2 1 2
Minacycline 1-32 8 16 Minocycline 2-4 4 4
Tetracycline 2->32 >32 >32 Tetracycline 2-4 4 4
Ciprofloxacin 0.008-32 0.008  0.015 Ciprofioxacin ~ =<0.004-0.06  0.03 0.03
Iu‘upeqem 0.06-0.25 0.12 0.12 Imipenem 0.25 0.25 0.25
Ceftazidime 0.06-1 012 025 Ceftazidime 0.12->32 025 >32
Escherichia coli {minocycline TBG-MINO 02505 0.3 0s Enterchacter aerogenes {18) - TBG-MINOC 1 1 1
MIC, <05 p.glml) (14) DMG-MINO 0.25-0.5 0.25 0.5 DMG-MINO 1 1 1
DMG-DMDOT 0.5 05 0.5 DMG-DMDOT 1 1 1
Minacycline 0.25-0.5 0.5 0.5 Minocycline ™~ . 2 2 2
Tetracycline 1-2 1 2 Tetracycline 2 2 2
Ciprofloxacin ~ =0.004-0.25  =0.004  0.03 Ciprofioxacin ~ =0.004-0.03 . 0.015 003
Imipenem 0.06-0.12 0.12 0.12 Imipenem 0.25-2 0.25 2
Ceftazidime 0.06-025 012 012 Ceftazidime 0.12->32 012 >32.
Shigella spp. (26) TBG-MINO 0.12-0.5 0.25 0.5 Providencia spp. (10) TBG-MINO 4-8 4 8
DMG-MINO 0.12-1 0.25 0.5 DMG-MINO 2-8 3 8
DMG-DMDOT 0.12-1 0.5 05 DMG-DMDOT 4-8 4 8
Minocycline 0.25-16 2 4 Minocycline 4>32 16 >32
Tetracycline 1->32 >32 >32 Tetracycline 4->32 >32 >32
Ciprofloxacin  =0.004-0.015 =0.004  0.008 Ciprofloxacin ~ =0.004-0.25 0.03 0.25
Imipenem 0.06-0.5 0.12 0.25 Imipenem 0252 1 2
Ceftazidime 0.06-0.12 0.12 0.12 Ceftazidime 0.03-4 0.06 -4
_Klebsiella pneumoniae (10)  TBG-MINO 0.5-2 1 2 Proteus mirabilis (15) TBG-MINO 2-8 4 8
DMG-MINO 0.5-1 1 1 DMG-MINO 1-16 4 8
DMG-DMDOT 05-1 1 1 DMG-DMDOT  0.12-2 1 1
Minocycline 14 2 4 Minocycline 2-32 8 16
Tetracycline 1-4 2 2 , Tetracycline 1-32 16 32
Ciprofioxacin 0.008-0.03 0.03 0.03 Ciprofioxacin .  0.008-0.06 0.06 0.06
Imipenem 0.12-0.5 012 025 Imipenem 0003-0.12 006  0.12
Ceftazidime 0.06-0.5 012 012 Ceftazidime 0015006 003 003
Klebsiella axytoca (10) TBG-MINO 1 1 1 Proteus vulgaris (15) TBG-MINO 1-4 4 4
DMG-MINO 1 1 1 DMG-MINO 0.54 1 2
DMG-DMDOT 1 1 1 DMG-DMDOT  0.25-1 0.5 1
Minocycline 2-8 2 2 Minocycline 0.5-8 2 4
Tetracycline 2->32 2 2 Tetracycline 0.5->32 8 32
Ciprofloxacin 0.008-0.03 0.015 0015 Ciprofloxacin 0.008-0.25 0.015 0.12
Imipenem 0.12-0.25 0.12 0.25 Imipenem 0.03-0.12  0.06 0.12
, Ceftazidime 0.06-0.5 012 0.12 Ceftazidime 0015-025 0.03 0.06
Citrobacter freundii (10) TBG-MINO 0.5-8 1 2 Morganella morganii (10) TBG-MINO 2-8 4 4
DMG-MINO 0.5-8 1 2 DMG-MINO 1-4 4 4
DMG-DMDOT 1-8 1 1 DMG-DMDOT 1-4 2 2
Minocycline 1-32 4 4 Minocycline 2->32 4 16
Tetracycline 1-16 2 2 Tetracycline 2->32 2 >32
Ciprofloxacin =~ =0.004-16 0.015 012 Ciprofloxacin ~ =0.004-1 0.008 0.03
Imipenem 0.25-2 0.5 1 Imipenem 24 2 4.
Ceftazidime 0.12->32 0.5 8 Ceftazidime 0.06-32 012 32
Citrobacter diversus (10) TBG-MINO 0.5-2 1 1 Pseudomonas aeruginosa TBG-MINO 8-16 16 16
DMG-MINO 0.5-2 1 1 (10) DMG-MINO 4-8 8 8
DMG-DMDOT 1-2 1 1 . DMG-DMDOT 4-16 8 8
Minocycline 14 2 4 Minocycline 2-8 8 8
Tetracycline 2-8 2 4 Tetracycline 8->32 16 >32
Ciprofloxacin ~ =0.004-0.06 0.008 0.06 Ciprofloxacin 0.12-2 0.25 2
Imipenem 0.06-12 0.06 0.12 Imipenem 0.5-2 1 1
Ceftazidime 0.12-0.5 0.12 05 Ceftazidime 0.5-32 2 16
Salmonella spp. (14) TBG-MINO 0.25-2 1 1 Burkholderia cepacia (10) TBG-MINO 0.5-4 2 4
DMG-MINO 0.5-4 0.5 1 : DMG-MINO 0.54 1 4
DMG-DMDOT 054 0.5 -1 ¢ DMG-DMDOT 0.5-4 2 4
Minocycline 0.5-32 2 16 Minocycline 0.06-2 05 2
Tetracycline 1->32 2 >32 Tetracycline 1->32 2 4
Ciprofioxacin ~ =0.004-0.03 0.015  0.03 Ciprofloxacin 0.03-4 0.12 2
Imipenem 0.06-0.25 0.12 0.25 Imipenem 0.06-8 4 8
Ceftazidime 0.12-0.5 0.25 0.5 Ceftazidime 054 2 4
Serratia marcescens (10) TBG-MINO 4-8 .4 4 Stenotropho¥honas malio- TBG-MINO 14 2 4 -
DMG-MINO 4-8 ‘4 8 philia (10) DMG-MINO 054 1 2 -
DMG-DMDOT 4-8 4 4 DMG-DMDOT 2-8 4 8 -
Minocycline 4-8 8 8 Minocycline 0.06-0.5 0.12 0.25
Tetracycline 8->32 32 >32 Tetracycline 8-16 16 16
Ciprofioxacin 0.008-2 0.12 025 - Ciprofioxacin 14 2 4
Imipenem 0.25-2 05 2 Imipenem >32 >32 >32 .
Ceftazidime 0.12-1 0.25 0.5 Ceftazidime 4->32 8 >32
Continued on following page
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TABLE 4. In vitro activities of TBG-MINO and comparative
antibiotics against anaerobic bacteria

; : MIC 'ml
Organism Antivioti (e
(no. of isolates) Range  50%  90%

Moraxella catarrhalis (14) TBG-MINO 0.12-0.25 . 0.12 0.25
DMG-MINO 0.06-0.12 0.12 0.12
DMG-DMDOT  0.12-0.25 0.12 0.25
Minocycline 0.008-0.06 0.03 0.06
Tetracycline 006025 0.12 0.25
Ciprofioxacin 0.03-0.06 0.03 0.06
Imipenem 0.008-0.06 0.015 0.06
Ceftazidime 0.015-0.12 0015 0.06

Neisseria gonorrhoeae (22)  TRG-MINO 0.25-1 05 1
DMG-MINO 0.12-1 0.25 0.5
DMG-DMDOT  0.25-1 05 1
Minocycline 0.25->32 0.5 32
Tetracycline 05->32 1 >32
Ciprofloxacin  =0.004 =0.004 =0.004
Imipenem 0.015-0.12  0.06 0.12
Ceftazidime 0015025 0.03 0.06

Haemophilus influenzae (15) TBG-MINO 0.25-1 0.5 1
DMG-MINO 0.25-0.5 0.25 0.5
DMG-DMDOT 0.25-0.5 0.5 0.5
Minocycline 0.12-0.25 0.12 0.25
Tetracycline 0.12-8 0.25 0.5
Ciprofloxacin  =<0.004-0.03  0.015 0.03
Imipenem 1-8 2 4
Ceftazidime 0015025 0.12 0.12

§. aureus Smith, a tetracycline-susceptible strain, all three com-
pounds, TBG-MINO, DMG-DMDOT, and minocycline, dis-
played efficacy (EDsgs, 0.64, 0.51, and 0.53 mg/kg of body
weight, respectively) when they were administered intrave-
nously; however, when they were administered orally, TBG-
MINO and DMG-DMDOT were 40- to 60-fold less efficacious
(Table 5). In contrast, when administered orally minocycline
sxhibited efficacy equivalent to that achieved when it was
administered intravenously against S. aureus Smith infection
(EDsq, 0.52 mg/kg). Due to the poor efficacy in mice noted
when the drugs were given by the oral route, other in vivo tests
were performed with only intravenous administration. TBG-
MINO and DMG-DMDOT were moderately more efficacious
than minocycline against an infection with S. aureus UBMS
30-2 [a tet(M) (ribosomal protection)-containing strain] (Table
3). TBG-MINO, DMG-DMDOT, and minocycline had com-
Jarable efficacies against an infection caused by S. aureus
UBMS 88-7, a tet(K) efflux resistance determinant-containing
strain (EDsgs, 2.1, 3.1, and 2.0 mg/kg, respectively). TBG-
MINO and DMG-DMDOT showed protective efficacy against
i infection caused by S. aureus NEMC 89-4 (a tetracycline-
jusceptible, methicillin-resistant strain), but minocycline was
ilightly more effective. Against infections caused by an MRSA
itrain containing the fet(M) resistance determinant (strain ID
1729) and an MRSA strain carrying both tet(M) and tet(K)
‘esistance determinants (strain ID 2371), TBG-MINO and
DMG-DMDOT showed efficacies which exceeded that of mi-
10cycline by approximately two and five times, respectively. Com-
»arable efficacies against infections caused by S. pneurmoniae were
»btained with TBG-MINO and DMG-DMDOT, regardless of
he strain’s susceptibility to penicillin (range of EDsgs, 0.53 to
L9 mg/kg). Minacycline was slightly less effective against in-
Bctions caused by penicillin-susceptible S. pneumoniae and
vas >30 times less effective than the glycylcyclines against a
senicillin-resistant S. pneumoniae infection (EDs,, 20 mg/kg).
. TBG-MINO, DMG-DMDOT, and minocycline were ob-
ierved to have similar efficacies against an infection caused by
he tetracycline-susceptible strain E. coli 311, with EDgs of
.7, 1.5, and 3.2 mg/kg, respectively. Against infections caused
iy E. coli strains containing tet(A) or tet(C) efflux resistance

Organism Anti'g;utic MIC (ng/ml)
(no. of isolates) Range 50% 90%
Bacteroides fragilis group TBG-MINO 0.25-2 0.5 2
(12) DMG-MINO 0.25-0.5 0.25 05
DMG-DMDOT  0.25-0.5 0.25 05
Minocycline 0.064 2 4
Ceforxitin 2->32 16 >32
Imipenem =0.06-2 0.12 2
Bacterpides fragilis (14)  TBG-MINO 0.5-8 2 2
DMG-MINO 0.25-2 1 1
DMG-DMDOT 05-2 1 2
Minocycline =0.06-8 8 8 -
Cefoxitin 1-8 8 8
Imipenem =0.06-0.25 =006 - 012
Prevotella spp. (11) TBG-MINO 0.12-1 0.5 1
. DMG-MINO =0.06-0.5 0.25 0.5
DMG-DMDOT =0.06-2 0.5 2°
Minocycline <0.06-16 8 16
Cefaxitin T 0254 1 2
Imipenem =0.06 =006 =0.06
. Clostridium difficile (10) TBG-MINO =0.06-0.25 0.12 0.12
DMG-MINO =0.06-0.12 0.12 0.12
DMG-DMDOT =0.06-0.12 0.12 0.12
Minocycline =0.064 0.03 4
Cefoxitin >32 >32 >32
Imipenem 2-16 4 4
Clostridium perfringens ~ TBG-MINO 0.12-4 0.5 1
-(10) DMG-MINO 0.12+4 0.25 2
DMG-DMDOT  0.12-4 0.25 2
Minocycline =0.06-8 =0.06 4
Cefoxitin 0.25-1 0.5 1
Imipenem =0.06 =006 =0.06
Anaerobic gram-positive TBG-MINO =0.06-0.25 0.12 0.25
cocci (15) DMG-MINO =0.06-0.12 =0.06 0.12
DMG-DMDOT =<0.06-0.5 0.12 05
Minocycline 0.12-16 T4 16
Cefoxitin =0.06-16 012 16
Imipenem =0.06-1 =0.06 1

determinants, TBG-MINO (EDss, 1.6 and 1.5 mg/kg, respec-
tively) exhibited efficacy that was approximately three times
that of DMG-DMDOT and more than nine times that of mino-
cycline. Against an infection caused by E. coli UBMS 90-4,
a laboratory strain in which the tet(M) resistance determi-
nant mechanism was inserted, both TBG-MINO and DMG-
DMDOT, with EDg;s of 3.5 and 2.1 mg/kg, respectively, dem-
onstrated good efficacy, while minocycline was not therapeuti-
cally effective at doses of up to 32 mg/kg. Intravenous admin-
istration of TBG-MINO or DMG-DMDOT resulted in good

TABLE 5. In vivo activities of TBG-MINO, DMG-DMDOT,
and minocycline against experimental acute lethal
S. aureus Smith infection in mice”

MIC

I EDgy (m
Antibiotic Route 5% cosr‘:ﬁ(deﬁg;g%i mit) (hg/m)
TBG-MINO Intravenous 0.64 (0.51-0.80) 0.25
TBG-MINO Oral 36 (2845) 0.25
DMG-DMDOT Intravenous 0.51 (0.41-0.64) 0.12
DMG-DMDOT  Oral 21 (16-26) 0.12
Minocycline Intravenous 0.53 (0.40-0.70) 0.06
Minocycline Oral 0.52 (0.40-0.69) 0.06

2 Challenge dose, 6.2 X 10° CFU/mouse.
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TABLE 6. In vivo activities of TBG-MINO, DMG-DMDOT, and minocycline against experimental acute lethal infections in mice

Infection (resistance determinant or resistance; Intravenous EDg, (mg/kg) MmIC
challenge dose [CFU/mouse]) » treatmeant ~ (95% confidence limit) (j+g/ml)
Staphylococcus aureus UBMS 90-2 (tet(M), ribosomal protection; 7.9 X 107) " TBG-MINO 1.0 (0.87-1.3) 0.12
. DMG-DMDOT 0.68 (0.56-0.81) 0.12
) Minocycline 1.8(1.5-2.2) 20
Staphylococcus aureus UBMS 88-7,649(pUB111) (tet(K), efflux; 9.0 X 107) TBG-MINO 2.1(1.8-2.6) 0.5
DMG-DMDOT 3.1(2.5-3.7) 1.0
Minocycline 2.0(1.6-2.4) 0.25
Staphylococcus aureus NEMC 89-4 (MRSA; 5.3 X 107) TBG-MINO 0.79 (0.64-0.97) 0.50
. DMG-DMDOT 0.48 (0.39-0.59) 0.25
Minocycline 0.31 (0.25-0.38) 0.12
Staphylococcus aureus ID 4729 (MRSA, tet(M); 1.3 X 10%) TBG-MINO 0.84 (0.69-1.0) 0.5
DMG-DMDOT 0.53 (0.43-0.64) 0.25
) Minocycline 1.6 (1.3-2.0) 4.0
Staphylococcus aureus ID 2371 (MRSA, tet(M), tet(K); 1.3 X 10°) TBG-MINO 23(1.9-2.7) 1.0
DMG-DMDOT 3.0(24-3.6) 2.0
Minocycline 16 (13-20) 4.0
Streptococcus pneurnoniae ATCC 6301 (penicillin susceptible; 3.3 x 10) TBG-MINO 1.3 (1.1-1.6) 0.12
DMG-DMDOT 13 (L.1-1.6) 0.06
Minocycline 39(32-4.8) 0.12
Streptococcus pneumoniae ATCC 10015 (penicillin susceptible; 1.5 X 10') TBG-MINO 1.7(1.4-22) 0.12
. : DMG-DMDOT 1.9 (1.5-2.4) 0.12
) Minacycline 35 (2.8-4.4) 0.12
Streptococcus pneurnoniae GS 1894 (penicillin resistant; 3.7 % 10') TBG-MINO 0.61 (0.48-0.77) 0.12
. DMG-DMDOT 0.53 (0.42-0.67) - 0.12
Minocycline 20 (16-26) 4
Escherichia coli 311 (susceptible; 2.3 X 105) TBG-MINO . 1.7 (1.4-2.1) 0.5
DMG-DMDOT 15 (1.2-1.8) 0.5
. Minocycline 3.2(2.64.0) 1.0
Escherichia coli J3272 (pRP1) (tet(A), eflux; 1.6 X 107) TBG-MINO 1.6 (1.0-2.6) 0.5
DMG-DMDOT 4.6 (2.9-7.5) 2.0
Minocycline 16.0 (9.8-26.0) 4.0
Escherichia coli 13272(pBR322) (tet(C), efflux; 2.6 X 107) TBG-MINO 1.5(1.3-1.9) 0.25
; DMG-DMDOT 5.0 (4.1-6.4) 2.0
Minocycline 14.0 (11.0-17.0) 4.0
Escherichia coli UBMS 90-4 (tet(M), ribosomal protection; 6.6 X 107) TBG-MINO . 3.5(2.8-4.3) 0.25
DMG-DMDOT 2.1(1.8-2.6) 0.25
Minocycline >32.0 >32.0
Escherichia coli UBMS 88-1, J3272TcR (tet(B), efflux; 3.9 X 10%) ‘TBG-MINO ' 3.9 (3.2-4.9) 0.5
. DMG-DMDOT 3.1(2.5-3.8) .05
Minocycline >32.0 320
Escherichia coli NEMC 87-30 (minacycline resistant; 5.3 X 107) TBG-MINO 1.6 (1.3-1.9) 0.5
DMG-DMDOT 20(1.7-2.4) 0.5
Minocycline >320 32.0

efficacy against an infection caused by E. coli UBMS 88-1, a
strain carrying the tet(B) efflux resistance determinant, while
minocycline was not efficacious. Both TBG-MINO and DMG-
DMDOT showed efficacy (EDsgs, =2.0 mg/kg) against an in-
fection caused by a minocycline-resistant E. coli clinical isolate
(NEMC 87-30).

DISCUSSION

Previous studies (5, 9, 12, 22, 31, 33, 34) demonstrated that
the DMG modification of the 9 position of the tetracycline
" molecule (29),i.e., DMG-MINO and DMG DMDOT, resulted
in drugs that have the ability to overcome the two major mech-
anisms responsible for tetracycline resistance, i.e., ribosomal
protection or active efflux of drug out of the bacterial cell (1, 2,
13-15, 24, 26, 27). TBG-MINO, the 9-t-butylglycylamido de-

rivative of minocycline, a recently synthesized member of the
glycylcycline family of compounds, possesses a spectrum of
activity similar to those DMG-MINO and DMG-DMDOT
against most of the strains carrying the tetracycline resistance
determinants. However, TBG-MINO has improved in vitro
and in vivo activities against E. coli strains carrying the tet(A)
or tet(C) resistance determinant.

The activity of TBG-MINO matched the activities of DMG-
MINO and DMG-DMDOT against recent clinical gram-neg-
ative and -positive aerobic and anaerobic isolates, including
minocycline- and tetracycline-resistant isolates. Differences
in activities between TBG-MINO, DMG-MINO, and DMG-.
DMDOT were noted against some strains of E. coli, against
which TBG-MINO was more active than DMG-MINO or DMG-
DMDOT. Because TBG-MINO demonstrated better activity.
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vhen it was tested against prototype strains of E. coli with
et(A) or tet(C) resistance determinants, it is possible that some
f these clinical isolates may contain one or both of these re-
istance determinants. The MICyqs of TBG-MINO for MRSA
ind methicillin-resistant coagulase-negative staphylococci were
Uso lower. The MICs of DMG-DMDOT and DMG-MINO
vere elevated for two of the clinical MRSA strains, which con-
ained both tet(K) and tet(M) resistance determinants, but these
itrains were more sensitive to TBG-MINO (data not shown).
3ecause all three glycylcyclines showed good activities against
et(M)-carrying strains, the slightly improved activity of TBG-
VIINO might reflect the slightly better inherent activity noted
\gainst fet(K)-containing strains. TBG-MINO and DMG-MINO
vere less active than DMG-DMDOT against Proteus spp. and
A. morganii.

The improved in vitro activity of TBG-MINO was also ob-
erved in vivo when its activity against acute lethal infections
n mice was tested. When it was dosed intravenously, TBG-
VIINO was as effective as minocycline against infections caused
1y minocycline-susceptible bacteria including MRSA and tet(K)-
ontaining S. aureus. However, the EDs of TBG-MINO and
DMG-DMDOT against infections caused by MRSA that also
ontained tet(M) were lower than those of minocycline. Infec-
ions caused by E. coli strains carrying tet(A), tet(B), tet(C), or
et(M) were more responsive to treatment with TBG-MINO or
JMG-DMDQOT than to treatment with minocycline. The ac-
ivity of TBG-MINO, however, exceeded the activity of DMG-
IMDOT against infections caused by the tet(A)- and tet(C)-
ontaining strains, thus reflecting the improved in vitro activity
f, TBG-MINO over that of DMG-DMDOT. Both TBG-
AINO and DMG-DMDOT had poor efficacies when. they were
dministered orally. .

The ability of TBG-MINO to overcome the major tetracy-
line resistance mechanisms and extend its spectrum of activity
0 include multidrug-resistant staphylococci, penicillin-resis-
ant S. pneumoniae, vancomycin-resistant enterococci, anaer-
bes, and minocycline-resistant bacteria while retaining activ-
¥ against minocycline-susceptible microorganisms makes it an
ttractive new antibacterial agent. Resistance among S. pneu-
1oniae, Enterococcus spp., and MRSA is becoming an increas-
1g medical problem worldwide (10, 11, 17, 18, 19, 23, 32), with
educed therapeutic options and an increased need for new
ntimicrobial agents. TBG-MINO at concentrations of <0.5 ug/
il inhibited all strains of penicillin-resistant S. pneumoniae,
ancomycin-resistant Enterococcus spp., and MRSA. There-
are, additional evaluation of TBG-MINO is warranted.
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EWARYST PAWELCZYK, BARBARA MARCINIEC

Kinetics of drug decomposition. Part 73. Kinetics and mechanism of vitamin X, soluble
Jorm thermal decomposition in solid phase. E. PAWELCZYK, B. MARCINIEC.
Pol. J. Pharmacol. Pharm., 1982, 34, 399—408

Kinetics of thermal decomposition of trihydrate of sodium salt of 1,2,3,4-tetra
hydro-2-methyl-1,4-dioxo-2-naphtalenesulfonic acid (MDS, vitamin K, soluble
form) in solid state by accelerated aging method at elevated temperature has been
studied. It was found that the process occurs according to Prout-Tompkins model
and its rate depends on temperature, humidity and particle size of the substance.
Thermodynamic parameters of the reaction (Qup, Ep, AH?, AS¥#, AG) were deter-
mined and theoretically predicted stability of MDS at room temperature is given.

The reaction mechanism assumes a preliminary dehydration occuring via the
successive elimination of one and a half, two and a half and finally three molecules

of water. The obtained anhydrous form decomposes thermally forming free radical
intermediates and yielding finally 2-methyl-1,4-naphthoquinone (vitamin Ks), SO,

and NaOH.

Vitamin K; or menadione (MD, 2-methyl-1,4-naphthoquinone) is a parent
compound for the whole group of vitamins K and their derivatives, however
its low water solubility and unstability of solution [4, 6, 10] causes that in
the therapy MD is used mainly in solid dosage forms (tablets, dragées). A need
for usage of solutions and injections brought about an introduction into
therapy the soluble form — menadione sodium hydrosulfite (MDS), which is
easily soluble in ‘water (1:2).

In the available literature there is a lack of informations on the stability of
this compound. This work was aimed at filling up this gap by the investigations
on kinetics of thermal decomposition and determination of the mechanism

of degradation.

Department of Drug Chemistry, Institute of Drug, Medical Academy, 60-780 Poznani

9 — Polislh Journal 5—38/82
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MATERIAL AND METHODS ]

Material: Trihydrate of sodium salt of 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonic acid (MDS) produced by Warsaw Pharmaceutical Works “Polfa”, batch no. 100676, m.p.
157—158°C, content 99-:37% (by ceric salts titration method (5]). Water content assayed by Fi-
scher method [5) was 16-2%. Different fineness of particles was obtained by sieving the substrate
through a nylon sieve with the mesh diameter 25, 45 and 80 pum.

Kinetics experiments: Weighed samples (0-0108 g) of the substance in open glass vials were
placed in desiccators containing the saturated solution of appropriate inorganic salt to maintain
the desired humidity [2). Then the desiccators were placed in thermal chambers type KBC G-65/250
at the temperatures within 323—353 K. At appropriate time intervals the single vials were with-
drawn and the content of non-degraded MDS was assayed by a spectrophotometric method
{7} (Fig. 1) which permits to determine MDS in the presence of MD.
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Fig. 1. Charge in UV spectrum the thermal degradation of MDS.

Spectrophotometric assay of MDS: The content of vial was dissolved in 2ml of methanol
and made up with water to 10 ml. This solution after 100-fold dilution served for the measurem-
ents of absorbances made in 1 cm absorption cells on Specord UV VIS apparatus at Aymax Wavelengths
234 and 253 nm. The content of MDS was calculated from appropriate equations [7]. The results
obtained by this method have a relative error of 2:7%; for MDS and 3-7% for MD.

The kinetic curves were interpreted in terms of the equation for the first order reaction proceeding
in accordance with the Prout-Tompkins model {3, 8, 9].

The rate constants of the first order reactions for the acceleration period were calculated from

’

the slope of the linear plot Igl—)—(——,= f(t), where x’ is a degree of conversion.
-X

The linearity of the plots was estimated by the least squares method.

The water content was determined by Fischer and gravimetric methods [5].

The IR spectra were made in KBr discs (0-5 mg of MDS or MD per 300 mg of KBr) on the
Unicam SP 200G apparatus.
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The EPR spectra — a sample of 0-1 g of MDS was heated at 368 K (95°C) for 4 h then the EPR
spectrum was recorded on the EPR spectrometer Jeol — Co type JESME — 3X (Japan) at 393 K,

at the frequency 8:83 GHz.
The DTA, DTG and TG curves were obtained using the Q-Derivatograph apparatus (MOM

Budapest) under the following conditions: weighed sample 340 mg, sensitivity 200 mg, temperature
increase 5°C/min.
Melting points were determined on Bdetius hot stage apparatus (HMK — Dresden).

Chromatography: 0-1 % methanol solutions of the MD standard and the substance isolated from
MDS, mp 106—107°C, were applied (0.02 ml) on the plates covered with silica gel HF 5¢,.

The development was carried out in the solvent system: cyclohexane-chloroform-methanol-acetic
acid (2:15:3:1) [1). In both cases only a single spot, Ry = 0-80, visualized under the UV light
(254 nm) appeared on chromatograms.

Isolation of MD — a weighed sample (3 x 01 g) of MDS was heated at 363 K (70°C) until the
starting material was completely decomposed (ca. 140 h), then the residue was dissolved in a small
water volume, alkalized with ammonia and extracted with CHCl,. The extract was evaporated to
dryness under reduced pressure and the residue was crystallized from the mixture water-methanol
(100:1), yielding pale yellow needles, mp 106—107°C.

DISCUSSION OF RESULTS

The changes of MDS content in time observed under different conditions
of temperature, humidity and fineness of particles are presented in Fig. 2
as plots of degree of conversion vs. time.

The course of the kinetic curves was in gll cases S-shaped (sigmoidal) dif-
ferentiating the induction, acceleration and decline periods of the reaction.
The analysis of these curves showed that they follow the first order reaction
model proposed by Prout and Tompkins [9].

x'A
1.0 1 2 23 4
0.9
0.8
0.7}
0.6
0.5 1.-353K
0.4 2.~-343K .
0.3 3.-333 K
0.2 4.-323 K
0.19 ,

2 48 es 120 144 168 192 215 t[h] 1,2 a4

1

—
28 144 240 336 432 528 524 720 816 912 1002 t[h]

Fig. 2. Dependence of the conversion (X’) on time of thermal degradation of MDS.
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Table 1. Comparison of the first-order rate constants for MDS thermal degradation reaction in
in the solid state

BEST AVAIL BLE-COPY -

T k- 107 | ;‘ela_:}:e k.10 | Farticle k- 107
®) I N B 6
! % | wm
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353 20957 © 792 22381 80 178-87

343 193-13 617 193-13 45 155-49

333 35-853 50-7 176-20 25 105-22

323 21333 for temperature for temperature

for relative humidity 343 K and particle sizc 343 K and relative humi-

80 pm dity 61-7%

61-7% and particle size
80 um

A comparison of the observed first order rate constants for the acceleration i
period (Table 1) clearly demonstrates that the temperature has the greatest .
effect on the rate of the reaction. It also determinés the magnitude of the
induction period (Fig. 3), which is inversely proportional to the temperature
according to the function I = f(T), where I is the time of the induction period.
In the range of the investigated temperatures (323—353 K) the factor Q,,
Is not constant but increases from the value 1-68 for the temperature range
“323—333 K to the value 10-85 for the range 343—353 K. This is reflected

1 .
in the slope of the Arrhenius plot log k = f <T) (Fig. 4) and affects the values

of thermodynamic parameters and the stability of MDS at room temperature
(Table 2).

From Table 2 it follows that the time values t,, are quite different, when
calculated for the acceleration period and for the reaction when the induction
period is taken into account. Thus, the time in which 10% of the starting
material is decomposed amounts 267 days for the acceleration period at B
room temperature, while taking into account the induction period its value
is ca. 14 years (Table 2, Fig. 3).

Besides the temperature .also the humidity and the particle size have an
influence upon the stability of MDS, althought this effects is not as significant
as in the case of the temperature. The values of the first order rate constants
calculated for the acceleration period increase proportionally to the increase
of percentage of relative humidity but this increase is quite small (Fig. 5).
In general, the following regularity holds: 109, increase in the humidity
causes 109 acceleration of the degradation process (Table 1, Fig. 5).

The size of particles of the substance has somewhat greater effect on the
rate of degradation of MDS. At constant humidity the rate constants increase
proportionally to the diameter of particles (Table 1, Fig. 5), what was confirmed
in several times repeated determinations at different temperatures.
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Fig. 5. Dependence of the rate constant (k) of thermal degradation of MDS on the relative humidity
(—) and oa particle size (---).

This relationship and the acceleration of reaction for the higher particle
sizes is contradictory to general rules of the kinetics of reactions in the solid
state, but this contradiction is only apparent. The general opinion is that
a decrease of the particles diameter is associated with an increase of the degra-
dation rate of the solid phase of the substance. In the majority of cases it is
true, since the decrease of the particles diameter results in an increase of the
area where the specific degradation reaction takes place. Because these reactions
are mostly hydrolysis and oxidation reactions there are no deviations from
this rule. It is however different when gaseous products are formed during
the degradation process, what is the case in the degradation of MDS (Fig. 6,
Table 3). Then the rate of this reaction depends mainly upon the rate of gas
diffusion in the degralded substance. It even seems that in the case of decreased
area and thus the greater particle sizes (but at the same time the greater free
space between these particles) the diffusion would be facilitated and its rate
enhariced, what is manifested in the acceleration of the degradation process

as observed in our experiments.

The differential thermal .analysis: DTA and DTG of the MDS sample
(Fig. 6) showed, that the degradation occurs as a result of the consecutive
endothermic (peaks A and B) and one exothermic (peak C) reactions accom-
panied by appropriate losses of the sample weight. The following successive
weight losses were found from the TG curve: 8 21%, 13-26% and 35-57%.
They correspond with the elimination of one and a half of water molecule at
105°C, two and a half water molecules at 147°C and three water molecules
and a molecule of SO, at 230°C (Fig. 6, Table 3). Thus, the elimination of
water, i.e. the gradual dehydration of the MDS molecule is the endothermic
reaction, while the desulfonation itself is exothermic.
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A similar mechanism of degradation at lower temperatures under isothermal
conditions is suggested by the results in Table 3, where one can see that during
the induction period the content of MDS stepwise decreases by ca. 5,11 and
16%, what corresponds with the loss of one, two and three molecules of
water, respectively. During the further degradation process a loss of weight

of the substrate is also observed.
i
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Fig. 6. DTA, DTG and TG curves of MDS.

The further thermal degradation of MDS monitored by UV, EPR and IR
spectra (Fig. 7—9) proceeds as follows: in the first step of degradation, i.e.
dehydration, the UV spectrum remains qualitatively unchanged with only
minor quantitative changes. Then, when the saniple changes its coloration
to rose-red-violet, a significant batochromic shift occurs in the UV spectrum
for both maxima at A,;,nm and Ay3onm (Fig. 7). 4 i

This step of degradation corresponds to the formation of free radicals :
(MDS) * of chinoid and semichinoid type, what was confirmed by the EPR

spectrum (Fig. 8).

JA-1590
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Table 3. Compliation of data for water determination during the induction period of thetma]
degradation of MDS

Fischer method _ Grawimetric method _
T t water concen- MDS water concen- | MDS - i
(K) (h) tration decrease tration decrease -
(% 9 i (64) ‘ (% l
3 1023 611 11-37 4-98
343 6 6-32 10-03 4-87 11-48
20 0-51 15-84 0-32 16-03
20 10-32 613 10-32 603
323 48 3-35 13-00 4-87 11-48

120 0 ' 1664 015 1620

*) the weight decrease was found also in subsequent stages of the reaction

0 A I
200 250 300 350 nm

Fig. 7 UV spectrum of MDS, MD and free radicals forming during thermal degradation of MDS L
(solvent: methanol — water; 3:1).

Standard sighal ﬁs signal

.

Standard signai

£=8.83 GHz

=

_ Fig. 8. EPR (ESR) spectrum of MDS in solid state, heated at 368 K within 4 h.
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The spectroscopic splitting factor (Landé factor) g was calculated from the

expression:

E=h-r=g-pyg'H

where H = magnetic field strenght, py = Bohr magneton, h = Planck constant
and r = EPR radiospectroscopic density. The obtained value g = 2:8X 1077,
proves, that the signal should be attributéd to the unpaired, localized électron.
In the next stage of degradation new maxima were observed in the UV
spectrum in 240—350 nm region. Their location and shape are in agreement
- with spectrum of the MD standard, what demonstrates that MD is a fina}
product of degradation of MDS. This was also proved by chromatographic
and IR analysis of the substance isolated from the decomposed MDS sample.
This substance was chromatographically homogenous, forming pale yéllow
needles, mp 106—107°C, and has the IR spectrum identical with that of the

+MD standard (Fig. 9).

100

Fig. 9. 1R spectrum of MD.

o 1 ] . | '}
2000 1750 1500 1250 1000 e 750 650

standard sample; — — — the compound isolated during thermal

degradation of MDS. )

In conclusion, the thermal degradation of MDS both at increasing temperat-
ure and at constant (elevated) temperature is a three-step consecutive reaction
with the following steps: I — dehydration, II — formation of free radicals,
11T — specific desulfonation, what can be represented by the scheme:

MDS - 3H,0-1-.MDS -

13 H,01-MDS -1 H,0L1

MDS £~ (MDS) * ™. MD+SO, + NaOH .

or in shorter form:
MDS -3 Hzo——»MDS

(MDS)* m — MD + SO, + NaOH

JA-1592
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In Vitro Activities of the Glycylcf?:line GAR-936 against
Gram-Positive Bacteria |
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The in vitro activities of GAR-936, the 9-+-butylglycylamido derivative of minocycline, were compared with
those of doxycycline, minocycline, and tetracycline against 527 gram-positive clinical isolates. GAR-936 inhib-
ited all strains, including those resistant to other tetracyclines, at concentrations of =<2 pg/ml, except two
strains of JK diphtheroids for which the MIC was 4 pg/ml.

Although tetracyclines remain valuable therapeutic agents
for a variety of infections, resistance to this class limits their
use against many important gram-paositive bacterial pathogens.
For example, only 33% of enterococci recovered at our hospi-
tal during 1997 to 1999 were susceptible to tetracycline. The
glycylcyclines are novel tetracycline analogs that have activity
against organisms resistant to older compounds of this class (5,
14). They inhibit protein synthesis on wild-type ribosomes and
on TetM-protected, tetracychne-resmtant ribosomes (15).
These compounds also inhibit organisms with tetracycline ef-
flux determinants (14). GAR-936, the 9-t-butylglycylamido de-
rivative of minocycline, appears to be both better tolerated by
hosts and more active against tetracycline-resistant strains than
earlier glycylcyclines (14). The present study examined the in
vitro activities of GAR-936 against gram-positive bacteria, in-
cluding strains resistant to B-lactams, glycopeptides, and other
tetracyclines. |

Routine clinical isolates collected at the Beth Israel Dea-
coness Medical'Center were included regardless of tetracycline
resistance patterns. Staphylococci and most pneumococci were
recovered in 1998. Strains with unusual resistance traits, in-
cluding glycopeptide-resistant or B-lactamase-producing en-
terococci and P-lactam-resistant streptococci, had been re-
ferred to our laboratory from various sources over several
years (2, 4, 16). Wyeth-Ayerst Laboratories, Pearl River, N.Y.,
kindly provided GAR-936. Tetracycline, minocycline, and
doxycycline were purchased from Sigma Chemical Company,
St. Louis, Mo.

Activities of the antimicrobials were determined by agar
dilution methods on Mueller-Hinton II agar (12). Media were
supplemented with 5% sheep blood for testing streptococci
and corynebacteria. Inocula of approximately 10* CFU were
applied to the surfaces of plates and were incubated for 16 to
20 h at 35°C in air or in 5% CO, (for Lactobacillus spp.,
Leuconostoc spp., Streptococcus spp., Pediococcus spp., and
diphtheroids). Pneumococci were also tested by broth microdi-
lution (12).

The results of susceptibility studies are shown in Table 1.
GAR-936 was four times less active than minocycline against
oxacillin-susceptible and -resistant strains of Staphylococcus
aureus, according to a comparison of MICs at which 90% of the
isolates tested were inhibited (MICys). However, isolates in-

* Corresponding author. Mailing address: Beth Israel Deaconess
Medical Center, One Deaconess Rd., Boston, MA 02215. Phone: (617)
632- 8586 Fax: (617) 632-7442. E-manl geliopou@caregroup.harvard
-edu.

termediately susceptible or resistant to the other compounds
were inhibited by GAR-936 at <1 wg/ml. GAR-936 inhibited
two strains of vancomycin-intermediate S. awreus (resistant to
tetracycline and minocycline) at concentrations of 1 and 2
p.g/ml.

Against coagulase-negative staphylococci, GAR-936 was-
consistently 1 dilution less active than minocycline, based on
the MICses and MICggs. Again, however, the new compound
inhibited tetracycline- and doxycycline-resistant strains at <2
pg/ml. The MICs of GAR-936 for staphylococci resistant to
both tetracycline and minocycline were higher than those for
strains susceptible to minocycline (Fig. 1).

Against streptococci other than pneumococci, the intrinsic
potency of GAR-936, based on a comparison of MIC;gs, was
equivalent or slightly superior to that of minocycline. Median
(modal) MICs for GAR-936 and minocycline were 0.06 (0.06)
and 0.12 (0.12) pg/ml, respectively. However, all streptococcal
isolates, including strains resistant to doxycycline or minocy-

. cline, were inhibited by GAR-936 at =0.25 pg/ml.

For pneumococci, the results shown in Table 1 were ob-
tained by agar dilution. The activity of GAR-936 against 60
strains of Streptococcis pneumoniae, half of which were not
susceptible to penicillin, was also evaluated by microdilution.
The MICs, and MIC,, were 0.03 and 0.06 pg/ml. These were
within 1 dilution of agar dilution results. Individually, microdi-
lution results were 2 dilutions lower than the agar dilution
results for 11 strains, 1 dilution lower for 27, equivalent for 13,
and 1 dilution greater for 4. For S. pneumoniae ATCC 49619,
the broth microdilution result was 1 dilution lower than the
agar dilution result.

Approximately one-third of enterococci were resistant to
doxycycline or minocycline and 44% were resistant to tetracy-
cline, whereas all were inhibited by GAR-936 at <2 pg/ml.
Against 20 strains of Listeria monocytogenes, GAR-936 was
equal in activity to minocycline and doxycycline, based on a
comparison of MIC,gs, but eight times more active than tet-
racycline. GAR-936 was the most active agent tested against
Lactobacillus, Pediococcus, and Leuconostoc. Against Pedio-
coccus spp.,, GAR-936 was up to 4 times more active than
minocycline and 8 to 128 times more active against doxycyclme
and tetracycline, based on a comparison of MICg,s. The iso-
lates least susceptible to the new drug were Corynebacterium
jeikeium. Two isolates of this group were inhibited only at 4
wng/ml.

gl/?xgure 1 shows the mean MICs of GAR-936 for isolates
classified by susceptibility to tetracycline and minocycline. The
geometric mean MIC of GAR-936 for tetracycline- -resistant,

2225
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TABLE 1. Comparative in vitro activity of GAR-936

MIC (ug/ml) E
Organism(s) and relevant characteristic (no. of isolates) Antimicrobial agent B
. Range 50% 9093 A
Enterococcus faecalis (42) GAR-936 0.06-0.5 0.12 0.25 :
Minocycline 0.06-32 16 32
Doxycycline 0.12-32 8 16
. Tetracycline 0.12->128 32 128
Enterococcus faecalis, B-lactamase prodﬁcing (10) GAR-936 0.12-0.25 0.25 0.25
} ' Minocycline 8-16 16 16
Doxycyciine 8-i6 8 16"
Tetracycline 32->128 32 64
Enterococcus faecalis, vancomiycin resistant (VanA) (10) GAR-936 0.12-1 0.25 Tos
Minocycline 0.12-32 0.12 16
Doxycycline - 0.25-16 0.25 16
Tetracycline 0.5->128 05 - 64
Enterococcus faecalis, vancomyrin resistant (VanB) (20) GAR-936 : 0.12-0.25 0.25 0.25
Minocycline - 0.12-32 0.25 16
Doxycycline 0.12-32 . 0.5 32,
L o Tetracycline 0.03->128 1 >128 |
Enterococcus faecium (40) S GAR-936 - 0.06-0.25 0.12 " 02
Minocycline 0.06-64 0.06 16
Doxycycline 0.12-64 0.12 16 -
R Tetracycline 0.12->128 0.25 64
Enferococcus faecium, vancomiycin resistant (VanA) (24) ' GAR93 0.06-025 - 0.12 0.25
Minocycline 0.06-32 0.12 16 .
- Doxycycline 0.12-32 0.12 16
) ' ) ) o Tetracycline 0.03-128 0.25. C 64
Enterococcus f;ecium, v}mcomycin'rééistaht -(V‘an'B)'(ZVO) o GAR-936 A © 012405 0.25 0.25
. .  Minocycline 0.06-32 16 32.
Doxycycline 0.12-32 8 32
. . . B . Tetracycline 0.12-128 32 64 .
Enterococcus faeciith, vancomycin resistant (VanD) (4) GAR-936 0.06 A
S Minocycline 0.06-2
S . Doxycycline 0.12-4
. REE . o ’ Tetracycline 0.25-16
Enterococcus avium (10) GAR-936 0.06-0.13. " 006 006
C o ’ ’ Minocycline 0.06-16 8 . 16
Doxycycline 0.25-32 8 32
. o Tetracycline 0.5->128 32 64
Enterococcus raffinosus (10) . . - - : GAR-936- 0.06-05 - 0.06 0.12
e Minocycline 0.06-32 0.06 16 .-
i L o ’ Doxycycline 0.12-16 0.25 16 -
: L o Tetracycline 0.25-128 0.5 64
Enterococcus casseliflavus (14) . . GAR-936 0.12-0.5 0.25 . 025
: Minocycline 0.06-0.12 0.06 0.12
Doxycycline 0.12-0.25 0.25 0.25
oo R Tetracycline 1-2 2 2
Enterococcus gallina;-ilbz‘(ll) ' o ’ GAR-936 . - - - 0.06-2 0.12 ‘ 0.25
_ A : Minocycline.. 0.06-32 0.12 16.
Doxycycline 0.12-16 0.25 16 . :
Tetracycline 0.25-128 1 128 .
Staphylococcus aureus, oxacillin susceptible (30) GAR-936 0.25-0.5 05 ose
) Minocycline 0.06-8 * 0.12 0.12
Doxycycline 0.25-8. 0.25 05.
. v Tetracycline 0.12-64 N 0.5 1
Staphylococcus aureus, oxacillin resistant (28)-~ S - GAR-936 A 0.25-1 0.5 1
Minocycline 0.06-8 0.25 025
Doxycycline 0.12-16 0.25 2.,
Tetracycline 0.25-64 05 1
Continued on following page
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TABLE 1—Continued

. MIC (ug/ml)
Organism(s) and relevant characteristic (no. of isolates) Antimicrobial“agent
. 3 Range 50% 90%
Staphylococcus aureus, vancomycin iritermediate (2) GAR-936 1-2
Minocycline 16
Doxycycline 8
Tetracycline 64
Coagulase-negative staphylococci, oxacillin susceptible (24) GAR-936 0.12-1 0.25 1
. Minocycline 0.12-1 . 012 0.5
Doxycycline 0.12-64 - 0.25 2 -
Tetracycline 0.25->128 0.5 4
Coagulase-negative staphylococci, oxacillin resistant (30) GAR-936 0.12-2 T 08 1
. Minocycline 0.06-2 0.25 0.5
Doxycycline 0.12-32 1 8
Tetracycline 0.25->128 2 64
Streptococcus pyogenes (30) GAR-936 0.06-0.25 0.12 0.12.
. . . Minocycline 0.12-16 ’ 0.12 . 025
Doxycycline 0.25-16 0.25 0.5
Tetracycline 0.25-32 0.5 4
Streptococcus agalactiae (10) GAR-936 0.06-0.25 0.12 0.12
Minocycline 0.12-32 16 32
Doxycycline 0.25-16 16 16
Tetracycline 0.5-64 64 - 64
Viridans group streptococci, penicillin susceptible (15) GAR-936 0.03-0.25 0.06 0.25
Minocycline 0.03-4 0.12 2
Doxycycline - 0.06-8 0.25 4
Tetracycline 0.03-8 025 8
Viridans group streptococci, penicillin resistant (15) ' GAR-936 0.02-0.12 0.03 0.06
Minocycline 0.06-32 0.12 16
Doxycycline 0.02-32 025 16
Tetracycline 0.02-64 025 64
Streptococcus pneumoniae, penicillin susceptible (28) GAR-936 0.03-0.25 006 0.12
’ . ' Minocycline - 0.06-16 0.06 8
Doxycycline 0.12-16 0.25 16
Tetracycline 0.12-64 0.25 32
Streptococcus pneurnoniae, penicillin resistant (30) ) GAR-936 0.03-0.25 0.06 0.12
Minocycline 0.06-16 0.12 16
Doxycycline 0.06-32 025 16
Tetracycline 0.12-64 025 32
Listeria monocytogenes (20) ‘ GAR-936 - 0.25-05 025 0.5
Minocycline 0.12-0.25 0.25 0.25
Doxycycline 0.12-0.25 025 . 0.25
Tetracycline 0.54 4 4
JK diphtheroids (20) : GAR-936 0.124 05 2
Minocycline 0.124 0.25 1
Doxycycline 0.25-8 0.25 4
) Tetracycline 0.25-64 0.5 32
Lactobacillus spp. (12) . GAR-936 0.03-0.12 0.06 0.12
. : Minocycline 0.03-2 012 0.5
Doxycycline 0.12-8 025 2
Tetracycline 0.12-8 05 8
Leuconostoc spp. (10) GAR-936 0.12 0.12 0.12
. Minocycline # 0.25-0.5 0.25 0.5
Doxycycline 14 1 2
) ' Tetracycline A 1-8 1 4
Pediococcus spp. (8) - : GAR-936 0.03-1
: Minocycline 0.5-2
Doxycycline 2-8
Tetracycline 4-128
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