




ANTIMICROB. AGENTS CHEMOTHER.

TABLE 2. In vitro activities of DMG-MINO, DMG-DMDOT, MINO, and tetracycline against
strains harboring characterized tetracycline resistance determinants

Resistance MIC (,ug/ml) of:Strain(plasmi)determinant DMG-MINO DMG-DMDOT MINO Tetracycline

E. coli
JC3272 Tcr tet(B) 0.25 0.25 16 >64
MC1400 Tcr tet(B) 0.25 0.25 8 >64
JC3272(pRP1) tet(A) 2 2 4 32
JC3272(pBR322) tet(C) 2 2 4 64
JC3272(pRA1) tet(D) 0.12 0.25 8 >64
UBMS 90-4 tet(M) 0.25 0.25 64 32
JC3272 None 0.25 0.5 1 1
311 None 0.25 0.5 0.5 1

S. aureus
649(pUB111) tet(K) 1 1 0.12 64
649(pE109) tet(M) 0.25 0.25 8 64
UBMS 90-2 tet(M) 0.25 0.25 4 32
649 None 0.25 0.12 0.06 0.25
Smith None 0.25 0.25 0.06 0.25

E. faecalis
UBMS 90-6 tet(M) 0.25 1 16 >64
ATCC 29212 None 0.06 0.12 2 16

The MICs of the DMG analogs against strains carrying tet(B)
and tet(D) were the same as those for the tetracycline-
susceptible parent strains, while those for strains carrying
tet(A), tet(C), and tet(K) were higher than those for the
parent strain. Both DMG-MINO and DMG-DMDOT had
comparable activities against tetracycline-susceptible S. au-
reus and E. coli strains and strains carrying the ribosomal
protection determinant, tet(M). The MICs of tetracycline
and MINO were significantly higher against these tet(M)-
containing strains (32 to 64 and 4 to 64 ,ug/ml, respectively).

In vitro activity against recent clinical isolates. The activi-
ties of the glycylcyclines and comparative agents against 995
recent gram-positive and gram-negative aerobic and anaer-
obic clinical isolates were determined. The glycylcyclines
and MINO exhibited potent activities against both methicil-
lin-susceptible and methicillin-resistant S. aureus (MRSA)
isolates (MICs for 90% of strains [MIC90s] 5 0.5 ,ug/ml)
(Table 3). The glycylcyclines were less active than MINO
but similar to vancomycin against methicillin-susceptible
and methicillin-resistant coagulase-negative staphylococci.
Ciprofloxacin and erythromycin had poor activities against
the methicillin-resistant staphylococci. Relative to the com-
parative agents, the glycylcyclines exhibited excellent activ-
ities (MIC90s 5 0.25 ,ug/ml) against Enterococcus faecalis,
Enterococcus faecium, and eight vancomycin-resistant en-
terococcal strains. The glycylcyclines were much more
active than MINO and tetracycline against these species. All
streptococcal isolates tested were inhibited by <0.5 ,ug of
the glycylcyclines per ml. The MIC90s against S. agalactiae
and S. pyogenes were at least eightfold lower than those of
MINO and comparable to those of vancomycin.
The glycylcyclines exhibited potent activities against a

wide spectrum of gram-negative isolates. Against members
of the family Enterobacteriaceae, the glycylcyclines ex-
hibited improved activities compared with that of
MINO, especially against E. coli, Citrobacterffreundii, Shi-
gella spp., Salmonella spp., and Morganella morganii (Ta-
ble 4). Activity comparable to that of MINO was obtained
against Klebsiella pneumoniae, Kiebsiella oxytoca, Serratia
marcescens, and Enterobacter cloacae. DMG-DMDOT
showed improved activity compared with those of DMG-

MINO and MINO against Proteus mirabilis and Proteus
vulgaris (MIC90s of 1 versus 4 and 16 ,ug/ml, respectively).
Both DMG analogs exhibited greater activity than did MINO
against Providencia spp.; however, the MICs against these
isolates were elevated (MIC90s, 8 ,ug/ml). Poorer activity
was observed with all of the tetracycline compounds against
Pseudomonas aeruginosa (MIC90s, 32 jig/ml). The DMG
compounds and MINO had improved activities compared
with that of tetracycline against Pseudomonas cepacia and
Xanthomonas maltophilia.

Both DMG analogs exhibited significantly improved activ-
ities (MIC90s of 1 ,ug/ml) compared with those of MINO and
tetracycline (MIC90s of 64 ,ug/ml) against N. gonorrhoeae.
Similar activities were obtained with both DMG compounds,
MINO, and tetracycline against Moraxella catarrhalis and
H. influenzae.
The DMG compounds showed improved activities com-

pared with that of MINO against a number of anaerobic
organisms (Table 5). Against Bacteroides fragilis and other
species of the B. fragilis group, the MIC90 of the DMG
analogs was 0.5 ,ug/ml, compared with 8 ,g of MINO per ml.
Similarly, the MICs of the DMG compounds against Prevo-
tella species, clostridia, and anaerobic gram-positive cocci
tested were at least fourfold lower than the MINO MICs.

In vivo efficacy. The in vivo efficacies of the glycylcyclines
were compared with that of MINO against acute lethal
infections in mice. Against an infection with the tetracycline-
susceptible S. aureus Smith strain, the DMG analogs and
MINO exhibited comparable activities when given by the
intravenous or subcutaneous route (Table 6). However,
when given by the oral route, the DMG analogs showed poor
efficacy relative to that of MINO and relative to the efficacy
obtained by the intravenous route. Because of the poor oral
efficacy demonstrated in mice, comparisons against other
infections were done by the intravenous route. Good efficacy
was observed with the DMG analogs and MINO against
infections with MRSA strains and with the DMG analogs
against a MINO-resistant MRSA strain (Table 7). The ED50s
of the DMG analogs and MINO against a strain resistant to
tetracycline because of the expression of tet(K) (efflux pump
resistance determinant) were comparable. An S. aureus
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TABLE 3. In vitro activities of DMG-MINO, DMG-DMDOT,
and comparitive antibiotics against gram-positive isolates

Organism MIC (,ug/m1)a
(no. of strains) Antibiotic Range 50% 90%

MRSA (32)

Methicillin-suscep-
tible S. aureus (58)

Coagulase-negative
staphylococci

Methicillin
resistant (90)

Methicillin suscep-
tible (57)

E. faecalis (31)

E. faecium (11)

Vancomycin-resistant
Enterococcus spp.
(8)

S. agalactiae (32)

S. pneumoniae (25)

DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
Vancomycin
Erythromycin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
Vancomycin
Erythromycin

DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
Vancomycin
Erythromycin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
Vancomycin
Erythromycin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
Vancomycin
Erythromycin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
Vancomycin
Erythromycin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
Vancomycin
Erythromycin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
Vancomycin
Erythromycin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
Vancomycin
Erythromycin

0.12-2
0.12-4
0.03-4
0.12->64
0.12->64
0.5-2
0.25->64
0.12-1
0.06-1
0.03-0.12
0.12-16
0.12-8
0.5-2
0.25->64

0.03-8
0.06-16

0.015-4
0.06->64
0.06->64
0.12-4
0.008->64
0.06-4
0.06-4

0.015-0.5
0.12->64
0.12-1
0.5-4
0.06->64

0.015-0.25
0.03-0.5
0.03-16
0.12-64
0.5-32
0.5-2
0.12->64
0.03-0.25
0.06-0.25
0.03-16
0.12->64

1-8
0.25-2
0.5->64

0.015-0.06
0.03-0.12
0.03-16
0.12->64
0.5-4
>64

1->64
0.06-0.25
0.12-0.25
0.06-16
0.12-64
0.25-4
0.25-1

0.015-4
0.03-0.25
0.03-0.5
0.06-1
0.12-16

1-4
0.25-0.5

0.015-0.25

0.25
0.25
0.06
0.25
32
1

>64
0.25
0.25
0.06
0.25
1
1
0.25

0.5
1
0.25
1
0.5
2

>64
0.25
0.25
0.12
0.5
0.5
1
0.5
0.12
0.12
8

32
1
1
1
0.06
0.06
0.03
0.25
4
n s9v.-

8
0.
0.
0.
0.
2

>64
>64

0.
0.

16
32
0.
0.
0.
0.
0.,
0.
0.,
2
0.,
0.

0.5
0.5
0.12
1

>64
2

>64
0.5
0.5
0.12
0.5
1
1

16

2
4
0.5

64
64
2

>64
1
1
0.25

32
0.5
2

>64
0.12
0.25
16
64
2
2

64
0.12
0.25
16
32
4
1

TABLE 3-Continued

Organism MIC (p.g/ml)a
(no. of strains) Antibiotic Range 50% 90%

S. pyogenes (25) DMG-MINO 0.06-0.25 0.25 0.25
DMG-DMDOT 0.06-0.5 0.5 0.5
MINO 0.03-8 0.25 4
Tetracycline 0.12-32 0.5 16
Ciprofloxacin 0.25-4 2 2
Vancomycin 0.25-1 0.5 0.5
Erythromycin 0.015-16 0.25 0.25

L. monocytogenes (8) DMG-MINO 0.06-0.12 0.12 0.12
DMG-DMDOT 0.06-0.12 0.12 0.12
MINO 0.015-0.03 0.015 0.03
Tetracycline 0.12-0.5 0.25 0.5
Ciprofloxacin 0.5-1 0.5 1

a 50% and 90%, MIC50 and MIC90.

strain (UBMS 90-2) which expresses the tet(M) (ribosomal
protection) resistance determinant was more susceptible to
treatment with the DMG analogs than to treatment with
MINO.
When tested against infections caused by various E. coli

isolates, the DMG analogs and MINO showed similar effi-
cacies against a susceptible strain; however, against strains
that were tetracycline resistant either because of tet(B)
(efflux) or tet(M) (ribosomal protection) or against an un-
characterized MINO-resistant clinical isolate, the DMG an-
alogs exhibited good efficacy while MINO did not protect
mice when dosed up to 32 mg/kg.

Antibiotic levels in serum. Mice dosed intravenously with
10 mg of DMG-MINO, DMG-DMDOT, or MINO per kg
showed concentrations in serum 15 min after injection of 2.7,
4.8, and 4.2 jig/ml, respectively (Fig. 2). While levels in
serum of 4 ,ug/ml or higher were obtained for DMG-DMDOT
and MINO, the peak level of DMG-DMDOT was 1.8 times
higher than that of DMG-MINO. In addition, the levels of
DMG-DMDOT were sustained for a longer period of time, 6
h, while the concentration of DMG-MINO declined to un-
detectable levels 4 h after the drug was administered.

DISCUSSION

>6i The glycylcyclines, DMG-MINO and DMG-DMDOT,
03 0.06 represent a quantum advance in the tetracycline class of
06 0.12 antibiotics. They overcome the two major mechanisms re-
03 16 sponsible for tetracycline resistance in a wide variety of
5 16 bacterial species, i.e., active efflux of the drug out of the

4 bacterial cells and protection of the ribosomes (7, 8, 17, 28),
>64 thereby extending their spectrum to include multiresistant
>64 staphylococci, enterococci, many enteric bacteria, and Neis-

12 0.12 se-ia strains while maintaining excellent activity against
25 0.25 susceptible organisms.

16 Tetracycline efflux is widespread and is the most studied
5 1 mechanism of tetracycline resistance. To date, eight classes
25 0.5 of tetracycline efflux genes have been described and occur in
03 0.06 a wide variety of both gram-positive and gram-negative
25 0.25 aerobic and anaerobic bacteria (19, 30). Both glycylcycline
5 0.5 compounds were shown to be active against strains of E. coli
25 0.25 carrying tet(A), tet(B), tet(C), and tet(D) and S. aureus
5 2 carrying tet(K). Ribosomal protection, in which a cytoplas-

405 mic protein interacts or associates with the ribosome,
25 0.25 thereby reducing the sensitivity to the tetracyclines, is also*25025 detected in a wide variety of bacteria (14, 16, 26, 28, 37). The
Continued glycylcyclines were very effective against strains of S.
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TABLE 4. In vitro activities of DMG-MINO, DMG-DMDOT,
and comparative antibiotics against gram-negative isolates

Organism MIC (ALg/ml)a
(no. of strains) Antibiotic

Range 50% 90%

E. coli (101)

Shigella spp. (14)

K pneumoniae (24)

K oxytoca (24)

C. freundii (27)

Citrobacter
diversus (14)

Salmonella spp.
(11)

S. marcescens (10)

E. cloacae (31)

Enterobacter
aerogenes (25)

Providencia spp.
(13)

P. mirabilis (26)

DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin
DMG-MINO
DMG-DMDOT
MINO
Tetracycline
Ciprofloxacin

0.12-4
0.25-4
0.25-64
0.5->64

<0.008-0.5

0.06-0.5
0.12-0.5
0.25-8
0.25->64
<0.008

0.25-8
0.25-4
0.5-8
0.5->64

'0.008-0.12

0.25-1
0.25-1
0.5-8
0.5->64

'0.008-0.12

0.25-8
0.5-8

0.03-64
0.5-16

.0.008-64
0.25-1
0.25-2
0.25-4
0.5-4

.0.008-0.03
0.25-0.5
0.25-0.5
0.5-16
0.5->64
<0.008

2-8
2-8
1-8
8->64

'0.008-1
0.5-4
0.5-2

0.25-8
0.5-4

.0.008-0.06
0.5-16

0.25-8
0.5-32
0.5-16

'0.008-0.25
2-8
1-8
4->64
1->64

'0.008-0.12
1-32

0.12-2
1-32

0.5-64
<0.008-0.06

0.25 1
0.5 1
0.5 16
1 >64

.0.008 .0.008

0.25 0.5
0.25 0.5
1 8
0.5 64

.0.008 <0.008

1 2
1 2
2 4
1 4
0.015 0.06

0.5 1
0.5 1
1 2
0.5 1

.0.008 0.015

1 2
1 1
2 32
1 16

.0.008 0.12

0.5 1
0.5 1
0.5 4
1 2

.0.008 0.03

0.5 0.5
0.5 0.5
1 16
1 >64

.0.008 .0.008
2 8
2 4
1 4
8 64
0.03 0.06

TABLE 4-Continued

Organism MIC (Jig/ml)
(no. of strains) Antibiotic Rag 50 9%

P. vulgaris (18)

M. morganii (16)

P. aeruginosa (40)

P. cepacia (11)

X maltophilia (23)

M. catarrhalis (21)

N. gonorrhoeae
(32)

H. influenzae (15)

DMG-MINO 0.5-4
DMG-DMDOT 0.06-1
MINO 0.5-16
Tetracycline 0.25-64
Ciprofloxacin .0.008-0.25
DMG-MINO 0.5-4
DMG-DMDOT 0.5-1
MINO 0.25-32
Tetracycline 0.25->64
Ciprofloxacin .0.008
DMG-MINO 1->64
DMG-DMDOT 2->64
MINO 1->64
Tetracycline 2->64
Ciprofloxacin 0.015-8
DMG-MINO 1-8
DMG-DMDOT 2-16
MINO 0.06-8
Tetracycline 1->64
Ciprofloxacin 0.06-4
DMG-MINO 0.5-4
DMG-DMDOT 1-8
MINO 0.12-4
Tetracycline 4-16
Ciprofloxacin 1-8
DMG-MINO 0.06-0.12
DMG-DMDOT 0.06-0.25
MINO 0.03-0.12
Tetracycline 0.06-0.5
Ciprofloxacin .0.008-0.03
DMG-MINO 0.25-1
DMG-DMDOT 0.5-2
MINO 0.25-64
Tetracycline 0.5->64
Ciprofloxacinb .0.008
DMG-MINO 0.25-0.5
DMG-DMDOT 0.25-0.5
MINO 0.12-0.25
Tetracycline 0.12-8
Ciprofloxacin .0.004-0.03

2
0.5
2
8

.0.008
2
1
2
0.5

.0.008
16
16
16
32
0.12
4
4
1
4
2
1
4
0.25
8
2
0.06
0.12
0.06
0.25
0.015
0.5
0.5
0.5
2

.0.008
0.25
0.5
0.12
0.25

'0.015

4
1
8

32
0.12
2
1

32
16
'0.008
32
32
32
32
0.5
8
8
4
16
4
2
4
1

16
4
0.12
0.25
0.06
0.5
0.015
1
1

64
64
.0.008
0.5
0.5
0.25
0.5

'0.03
a 50% and 90%, MIC50 and MIC90.b Only 14 isolates tested.

1 2
1 2
2 4
1 2 aureus containing tet(M), the most prevalent resistance

.0.008 0.015 gene, as well as an E. coli isolate in which tet(M) was
1 1 inserted. Rasmussen et al. (25) reported that the glycylcy-
0.5 1 clines show excellent inhibition of protein synthesis with
2 4 cell-free ribosome studies from tetracycline-susceptible and
1 2 tet(M)-containing strains.

<0.008 0.015 The glycylcyclines and MINO were more active than
4 8 vancomycin, erythromycin, and ciprofloxacin against both
2 8 MRSA and methicillin-susceptible S. aureus. MINO, which
16 >64 is used to treat methicillin-resistant staphylococci fairly
64 >64 extensively in Japan (5) and more recently in several in-
0.06 0.12 stances in the United States (10, 15, 36), is active against
4 16 tet(K)- but not tet(M)-containing strains. The glycylcyclines
0.5 1 had good activity against a large group of recent clinical
8 16 staphylococcal isolates, including strains requiring increased

32 64 MICs of both tetracycline and MINO. There is the potential
0.03 0.06 for some of these strains to carry more than one of the

Continued tetracycline resistance determinants. Organisms carrying
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TABLE 5. In vitro activities of DMG-MINO, DMG-DMDOT,
and comparative antibiotics against anaerobic bacteria

Organism MIC (,ug/ml)a
(no. of strains) Antibiotic Range 50% 90%

B. fragilis (25) DMG-MINO 0.06-2 0.25 0.5
DMG-DMDOT 0.25-1 0.5 0.5
MINO .0.008-16 4 8
Tetracycline 0.25->64 16 64

B. fragilis group (25) DMG-MINO 0.06-2 0.25 0.5
DMG-DMDOT 0.12-2 0.5 0.5
MINO <0.008-8 1 8
Tetracycline 0.25-32 2 32

Prevotella spp. (12) DMG-MINO 0.03-1 0.5 1
DMG-DMDOT 0.12-4 0.5 4
MINO 0.03-32 8 16
Tetracycline 0.25-64 32 64

Clostridium difficile DMG-MINO 0.03 0.03 0.03
(12) DMG-DMDOT 0.03-0.12 0.06 0.06

MINO 0.015-16 0.03 4
Tetracycline 0.12-32 0.25 32

Clostridium perfringens DMG-MINO 0.03-1 0.12 1
(16) DMG-DMDOT 0.03-2 0.12 2

MINO <0.008-16 0.06 8
Tetracycline 0.015-16 4 16

Clostridium spp. (10) DMG-MINO 0.015-0.12 0.03 0.12
DMG-DMDOT 0.03-0.25 0.06 0.12
MINO <0.008-16 0.015 4
Tetracycline 0.015-64 0.06 64

Gram-positive cocci DMG-MINO 0.015-0.25 0.06 0.25
(30) DMG-DMDOT 0.015-1 0.12 1

MINO 0.25-32 4 8
Tetracycline 1->64 32 64

a 50% and 90%, M'C50 and MIC,0.

both efflux and ribosomal protection mechanisms have been
described (3, 26, 37). The glycylcyclines exhibited good
activity against other gram-positive bacteria, including var-
ious Streptococcus spp., E. faecalis, and E. faecium, which
were less susceptible to tetracycline, MINO, and the other
agents tested. Resistance determinants tet(M), tet(L), and
tet(O) are widely distributed in these species (2, 16, 21, 37).
The majority of the Enterobacteriaceae were more sus-

ceptible to the glycylcyclines than to tetracycline and
MINO. As noted by the MIC distribution and the large
difference in the tetracycline MIC50 and MIC90, resistance
among many of these unselected, routine isolates is fairly
prevalent. The DMG analogs showed especially good activ-
ities against E. coli and Salmonella and Shigella spp. com-
pared with those of MINO and tetracycline.

Resistance to tetracycline among N. gonorrhoeae strains
is widespread and is associated with the tet(M) determinant
(22). All of the N. gonorrhoeae isolates in this study were
susceptible to the glycylcyclines. Isolates of M. catarrhalis
and H. influenzae were susceptible to all of the tetracyclines.
P. aeruginosa, P. cepacia, S. marcescens, and some isolates
of the Proteus group, which are inherently less susceptible to
tetracycline and MINO, were also less susceptible to the
glycylcyclines. Against a variety of gram-negative and gram-
positive anaerobic species, the glycylcyclines had signifi-
cantly improved activities (at least fourfold) compared with
those of tetracycline and MINO.
The improved activity noted in vitro was also observed in

vivo when the drugs were tested against acute lethal infec-
tions in mice. When dosed as a single intravenous injection,
the glycylcyclines exhibited effectiveness comparable to that

TABLE 6. In vivo activities of single-dose DMG-MINO,
DMG-DMDOT, and MINO against S. aureus Smith
infection in mice challenged with 6.3 x 105 CFU

ED50 (mg/kg) MIC
Antibiotic Route (95% confidence (F/ml)

limit) (p.g/ml)

DMG-MINO Intravenous 0.46 (0.37-0.57) 0.12
Subcutaneous 0.55 (0.45-0.67)
Oral 14 (11-17)

DMG-DMDOT Intravenous 0.46 (0.37-0.57) 0.12
Subcutaneous 0.60 (0.49-0.73)
Oral 18 (15-23)

MINO Intravenous 0.42 (0.34-0.52) 0.06
Subcutaneous 0.61 (0.50-0.75)
Oral 0.89 (0.70-1.1)

of MINO against infections with gram-positive or gram-
negative MINO-susceptible bacteria, including an infection
with an MRSA strain and an S. aureus strain carrying the
tet(K) resistance determinant. Infections caused by S. au-
reus or E. coli carrying tet(M) or E. coli carrying the tet(B)
resistance determinant were all more responsive to treat-
ment with the glycylcyclines than to MINO, as was an
infection caused by NEMC 87-30, a MINO-resistant E. coli
clinical isolate. In general the in vivo results were reflective
of the in vitro activity, except in the case of the infection
with the S. aureus strain harboring the tet(K) determinant or
the infection with a methicillin-resistant staphylococcus
strain, in which the ED5Os obtained with the glycylcyclines
were comparable to those of MINO even though MINO
showed better in vitro activity against these strains.

Similar efficacy was noted against an infection caused by a
tetracycline-susceptible S. aureus strain when the mice were
treated by the intravenous or the subcutaneous route. How-
ever, when dosed orally, the glycylcyclines exhibited poor
efficacy compared with that noted by the intravenous route.
MINO exhibited good efficacy by both the oral and subcu-
taneous routes.

5t

4 -\

'U '

U
122

0 1 2 3 4 5 6 7

Time (hours)

FIG. 2. Levels of DMG-MINO (-), DMG-DMDOT (-), and
MINO (0) in mouse serum after a 10-mg/kg intravenous dose.
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TABLE 7. In vivo activities of DMG-MINO, DMG-DMDOT, and MINO against experimental infections in mice

Challenge dose ED50 (Mg/kg) MICStrain (resistance) (CFU/mouse) Antibiotica (95% confidence (pg/mI)
limit)

S. aureus UBMS 90-2 [tet(M) resistance] 1.4 x 108 MG-MINO 0.56 (0.44-0.71) 0.12
DMG-DMDOT 0.53 (0.42-0.68) 0.12
MINO 2.2 (1.7-2.8) 2

S. aureus 649(pUB111) [tet(K) resistance] 4.1 x 107 DMG-MINO 1.5 (1.1-2.0) 2
DMG-DMDOT 1.4 (0.98-1.9) 2
MINO 1.1 (0.77-1.5) 0.25

MRSA NEMC 89-4 (MINO susceptible) 3.5 x 107 DMG-MINO 0.31 (0.23-0.40) 0.25
DMG-DMDOT 0.23 (0.18-0.30) 0.25
MINO 0.15 (0.11-0.20) 0.12

MRSA 2371 (MINO resistant) 1.2 x 108 DMG-MINO 2.7 (2.1-3.4) 2
DMG-DMDOT 2.9 (2.2-3.6) 1
MINO 19 (15-24) 8

MRSA 2794 (MINO susceptible) 1.5 x 108 DMG-MINO 3.1 (2.1-4.7) 4
DMG-DMDOT 4.5 (3.0-6.8) 4
MINO 6.0 (3.9-9.5) 1

E. coli UBMS 90-4 [tet(M) resistance] 4.4 x 107 DMG-MINO 2.5 (1.9-3.2) 0.12
DMG-DMDOT 1.6 (1.3-2.1) 0.12
MINO >32 >32

E. coli JC3232 Tcrb [tet(B) resistance] 4.2 x 107 DMG-MINO 4.5 (3.5-5.6) 0.25
DMG-DMDOT 2.4 (1.9-3.0) 0.25
MINO >32 16

E. coli NEMC 87-30 (MINO resistant) 8.9 x 10 DMG-MINO 2.4 (2.0-2.8) 0.5
DMG-DMDOT 2.0 (1.6-2.4) 0.5
MINO >32 32

E. coli 311 (MINO susceptible) 2.2 x 106 DMG-MINO 2.6 (2.0-3.3) 0.25
DMG-DMDOT 1.6 (1.2-2.0) 0.25
MINO 2.5 (2.0-3.2) 0.25

a Given as a single intravenous dose 30 min after infection.
b Second dose given 3 h after infection.

Serum drug levels in mice dosed intravenously with 10
mg/kg were higher with DMG-DMDOT and remained higher
over the 6-h period of the experiment than levels of DMG-
MINO or MINO. Additional studies are under way to assess
whether this result is associated with differences in levels in
tissue.

Thus, the glycylcyclines are a significant advance to the
tetracycline class of antibiotics. The in vitro and in vivo
activities of DMG-MINO and DMG-DMDOT against organ-
isms carrying the predominant tetracycline resistance mech-
anisms overcome a major restriction in the use of tetracy-
clines. The antibacterial spectrum of the glycylcyclines is
broad and includes most gram-positive and gram-negative
aerobic and anaerobic organisms. Their potent in vitro and in
vivo activities against the highly resistant pathogens, for
which adequate therapy is currently limited, make the gly-
cylcyclines a potential therapeutic alternative. Clinical stud-
ies evaluating their efficacies for treatment of various infec-
tions are warranted.
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