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Background  A leading causative agent of com
m

unity-acquired pneum
onia (C

A
P), Strep-

tococcus pneum
oniae (SPN

), has developed resistance to several classes of antim
icrobials.

M
K

-2764 / PTK
 0796, a novel am

inom
ethylcycline antibiotic derived from

 the tetracycline
class, has dem

onstrated potent in vitro activity against pulm
onary pathogens, including

m
ulti-drug resistant SPN

.

M
ethods  The efficacy of M

K
-2764 w

as assessed against penicillin-susceptible (PEN
-S)

and penicillin/m
acrolide-resistant (PEN

/M
A

C
-R) SPN

 isolates in a neutropenic m
ouse pneu-

m
onia m

odel. The pharm
acokinetic profile of M

K
-2764 in serum

 w
as described at doses of

0.5 to 10 m
g/kg after single subcutaneous doses. PK

 m
odeling techniques w

ere used to
characterize the 

free M
K

-2764 drug exposure after various single and m
ultiple dose regi-

m
ens. Evaluation of PD

 param
eters and estim

ations of the effective dose by bacterial den-
sity m

easurem
ent w

ere com
pleted. A

ccum
ulation of M

K
-2764 into epithelial lining fluid

(ELF) and lung tissue w
as also m

easured.

R
esults  M

K
-2764 displayed a linear PK

 profile over the range of 0.5 to 10 m
g/kg doses

used in PD
 studies. Average initial param

eters w
ere as follow

s: V
_F (L/kg) 6.99; k01 (1/hr)

38.96; k10 (1/hr) 0.107. Potent efficacy of 2 ½
 logs bacterial kill by M

K
-2764 w

as achieved
after doses of 10 m

g/kg/day.  For both strains, the static dose w
as 1 m

g/kg.  The 
free A

U
C

/
M

IC
 w

as predictive of the change in bacterial load. C
oncentration (A

U
C

) ratios for
ELF:serum

 and lung tissue:serum
 ranged from

 1.1 to 1.4 and 2.3 to 4.4, respectively.

C
onclusions  M

K
-2764 w

as an effective agent against SPN
 in this in vivo m

odel and the
PD

 param
eter predictive of antibacterial activity w

as the 
free A

U
C

/M
IC

. Both ELF and lung
tissue concentrations indicated accum

ulation of M
K

-2764 in these extravascular
com

partm
ents. The characteristics of M

K
-2764 including potent antibacterial activity and

accum
ulation at the site of infection m

ake this a candidate for further evaluation.

Structure of M
K

-2764 / PTK
 0796

A
B

STR
A

C
T

IN
TR

O
D

U
C

TIO
N

C
O

N
C

LU
SIO

N
S

C
enter for A

nti-Infect R &
 D

H
artford  H

ospital
80 Seym

our Street
PO

 Box 5037
H

artford, C
T 06102-5037

t: 860 . 545 . 3941
f: 860 . 545 . 3992

R
E

SU
LTS

Pharm
acokinetic / Pharm

acodynam
ic Profile of M

K
-2764 /

P. R
. T

E
SSIE

R
1, H

. W
. FA

N
1, S. K

. TA
N

A
K

A
2, D

. P. N
IC

O
LA

U
1

O
H

O
O

H
O

N
H

2

O
O

H

O
H

N
N

H
H

N H

1C
tr. for A

nti-Infect Res. &
 D

ev., H
artford H

osp., H
artford, C

T U
SA

   ~
      2Paratek Pharm

aceuticals, Boston, M
A

 U
SA

M
K

-2764 / PTK
 0796 is the first am

inom
ethylcycline to enter clinical developm

ent (Figure
1).  M

K
-2764 is currently in Phase 1 clinical developm

ent for both oral and intravenous
adm

inistration.  U
nderstanding the pharm

acodynam
ic drivers for efficacy is a key param

-
eter for selection of appropriate hum

an dosing.  Since M
K

-2764 is targeted for develop-
m

ent as a therapy for respiratory infections, this study w
as undertaken to evaluate and/or

define the pharm
acodynam

ic param
eters of M

K
-2764 in an experim

ental m
ouse pneum

o-
nia m

odel after infection w
ith Streptococcus pneum

oniae.

Table 2: Pharm
acokinetics of M

K
-2764 after subcutaneous dosing regi-

m
ens in SPN

-infected m
ice

A
ntibiotic com

pounds  M
K

-2764 w
as supplied by Paratek Pharm

aceuticals.  Both in
vitro and in vivo solutions w

ere prepared in sterile w
ater.

Pharm
acokinetic studies  N

eutropenic IC
R m

ice w
ere prepared as described below

for the lung infection m
odel and infected w

ith one of the SPN
 strains. M

K
-2764 w

as adm
in-

istered via subcutaneous injections to groups of 6 m
ice approxim

ately 12 hours after infec-
tion.  B

lood, bronchial alveolar lavage (BA
L) sam

ples and w
hole lung tissue sam

ples w
ere

collected from
 the sam

e anim
als from

 each regim
en. The BA

L sam
ples that w

ere obtained
sim

ultaneous to serum
 w

ere assayed for urea to allow
 for the determ

ination of drug levels in
epithelial lining fluid (ELF). A

nalysis for the concentrations of M
K

-2764 in m
urine serum

,
tissue, and BA

L w
as done by LC

/M
S/M

S.

PT
K

 0796 against S. pneum
oniae in a M

urine Pneum
onia M

odel

M
E

TH
O

D
S

Efficacy D
eterm

ination of M
K

-2764  in the m
urine pneum

onia m
odel

To establish neutropenia, cyclophospham
ide for injection (C

ytoxan®
, Bristol-M

yers Squibb,
Princeton, N

J) w
as adm

inistered on the fourth day prior and on the day before infection. The
initial dose w

as 150 m
g/kg, the second dose w

as 100 m
g/kg. A

dm
inistration of the solutions

w
as perform

ed by IP injection in 0.2 m
l volum

e per m
ouse.

A
 total of 6 m

ice per treatm
ent regim

en group w
ere infected w

ith a strain of SPN
.  Pneum

onia
w

as induced by instilling 0.05m
l of 10

8 C
FU

/m
l SPN

 suspended in 5%
 dextrose in norm

al
saline into the lungs by inhalation. D

osing com
m

enced 12-14 hours after lung inoculation
(i.e. study 0h) via subcutaneous injection of freshly prepared solutions.

Bacterial cultures of lung tissue w
ere prepared from

 five lobes of the lungs from
 each anim

al.
Sam

ples w
ere hom

ogenized, diluted in saline and plated onto agar m
edia plates (Trypticase

soy agar w
ith 5%

 sheep blood) for bacterial grow
th.

In vitro susceptibility of the SPN
 strains   The M

IC
s of the SPN

 isolates to the M
K

-
2764 are listed on Table 1. M

K
-2764 exhibited exceptional activity against both strains dem

-
onstrated by the low

 M
IC

 values.

Table 1:  Susceptibility characteristics of the S. pneum
oniae isolates

aSusceptibility interpretations according to C
linical and Laboratory Standards Institute

1:
S =

 susceptible; I =
 interm

ediate; R =
 resistant

The C
m

ax  and A
U

C
 values w

ere found to be linear betw
een the 0.5 m

g/kg and 10 m
g/kg

doses.  D
osing regim

ens used in the efficacy studies w
ere sim

ulated based on the follow
ing

average initial param
eters: V

_F (L/kg) 6.99; k01 (1/hr) 38.96; k10 (1/hr) 0.107.  Pharm
aco-

kinetic param
eters for calculations of PD

 w
ere adjusted to account for free drug fractions.

The ratios of M
K

-2764 concentration as m
easured by A

U
C

 over 24 hours in m
ice in epithelial

lining fluid and lung tissue versus serum
 are listed on Table 3.  M

K
-2764 ELF concentrations

w
ere slightly greater than in plasm

a.  M
K

-2764 accum
ulated in lung tissue to approxim

ately
tw

ice that in the ELF.

Table 3:  The A
U

C
24  ratio of M

K
-2764 in epithelial lining fluid (ELF)

(m
g/L) or lung tissue (m

g/g) and serum

•
M

K
-2764 exhibited activity both in vitro and in vivo against the tw

o SPN
 isolates. The

presence on m
efA genotype and penicillin resistance in SPN

 100 did not appear to lim
it or

alter the activity of M
K

-2764 w
hether in vitro or in vivo versus SPN

 22 w
hich is an antibi-

otic susceptible strain.

•
The pharm

acokinetics after single subcutaneous M
K

-2764 doses of 0.5, 5 and 10 m
g/kg

w
ere linear and w

ere satisfactorily exem
plified using a nonlinear one com

partm
ent m

odel.

•
M

K
-2764 appears to concentrate at the site of infection in this m

odel as dem
onstrated by

the am
ount of drug entry and accum

ulation in the extravascular com
partm

ent of relevance.

•
M

K
-2764 produced an overall dose-dependent killing effect. O

n an exposure basis, the
bacterial density decreased proportionally w

ith an increase of A
U

C
/M

IC
 and a potential

im
pact of C

m
ax /M

IC
. This relationship w

as found to be favorably correlated for both SPN
isolates. The m

axim
um

 bacterial kill w
as observed after doses of approxim

ately 10 m
g/kg

and approached bactericidal activity (i.e. 2.4-2.7 logs).

Efficacy of M
K

-2764 against SPN
 strains 100 and 22   A dose-dependent re-

sponse w
as noted over the range of M

K
-2764 doses betw

een 0.25 and 10 m
g/kg or 0.25 and

50 m
g/kg against SPN

 22 or 100, respectively, w
ith as m

uch as -2.7 log change at the high
doses.   (Figure 1 and Table 4) The M

K
-2764 dose of 1 m

g/kg resulted in a net static effect
against both SPN

 100 and 22. A high correlation (r 2 = 0.904, 0.699) w
as identified betw

een the
A

U
C

/M
IC

 and log
10  C

FU
/m

l against both SPN
 22 and SPN

 100.

A
nim

als  Specific-pathogen-free, fem
ale IC

R (C
D

-1) m
ice, w

eighing betw
een 18-20 gram

s,
w

ere obtained from
 H

arlan Laboratories (Indianapolis, Indiana) and utilized throughout the
experim

ent. A
nim

als w
ere allow

ed to acclim
ate approxim

ately one w
eek before experim

en-
tation.

Bacteria  A penicillin-resistant, m
efA

 positive Streptococcus pneum
oniae (SPN

) strain
designated #100 and a penicillin-susceptible SPN

 strain designated #22 w
ere utilized in

these in vivo experim
ents.

A
ntim

icrobial Susceptibility Testing  The m
inim

al inhibitory concentration (M
IC

)
of M

K
-2764 w

as determ
ined for both bacterial isolates by broth m

icrodilution m
ethods

perform
ed according to C

LSI standards (using 5%
 lysed horse blood in C

ation-adjusted
M

ueller H
inton broth).

Pharm
acokinetics of M

K
-2764 in SPN

-infected m
ice

  Individual pharm
aco-

kinetic param
eters for the 0.5, 5, 10, 50 and 100 m

g/kg doses are recorded on Table 2.

Figure 1:  C
hange in SPN

 22 log
10 C

FU
 for M

K
-2764 after subcutaneous

dosing regim
ens versus initial bacterial density

A
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Table 4:  C
orrelation of PK

 to Efficacy

G
raphs of the fractionated total daily doses of 3 and 8 m

g/kg/day versus the change in log
1

0
C

FU
/m

l of SPN
 100 after 24 hours are illustrated in Figure 2.  A

 significant reduction in C
FU

/
m

l w
ith increasing exposure as m

easured by A
U

C
/M

IC
 w

hereas a relationship to C
m

ax /M
IC

 or
%

Tim
e>M

IC
 w

as not readily apparent. A
s a result it appears from

 the dose fractionation stud-
ies and evaluation of the com

posite curve exposures used to evaluate the m
agnitude of the

pharm
acodynam

ic param
eters relative to reduction in C

FU
 that the A

U
C

/M
IC

 is the param
eter

that best expresses the relationship betw
een a PD

 param
eter and efficacy.

Figure 2:  D
ose fractionation effects on efficacy
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