
(5) and was relatively stable against hydrolysis by ICR
mouse, Sprague-Dawley rat, New Zealand white rabbit,
beagle dog and human renal dehydropeptidase I (DHP-I)
compared with imipenem and meropenem (6). Judging
from the maximum velocity-to-Michaelis-Menten constant
(Vmax/Km) ratios, DA-1131 showed relatively greater resis-
tance to mouse, rat, rabbit, dog and human renal DHP-I
than imipenem or meropenem; the ratios of DA-1131 for
resistance to DHP-1 were from 1.3-4.6 times higher than
those of imipenem and meropenem. DA-1131 is now
being evaluated in a preclinical study.

Earlier publications from our laboratories reported on
various aspects of DA-1131, including high-performance
liquid chromatographic (HPLC) analysis in biological
fluids (7, 8); stability, tissue metabolism, tissue distribu-
tion and blood partition between plasma and blood cells
(9); pharmacokinetics in mice, rats, rabbits and dogs (10);
interspecies pharmacokinetics scaling (11); pharmacoki-
netics in special animal populations such as rats with
uranyl nitrate-induced acute renal failure (12), rats with
alloxan-induced diabetes mellitus (13), rabbits with endo-
toxin-induced pyrexia (14), spontaneously hypertensive
rats and deoxycorticosterone acetate-salt-induced hyper-
tensive rats (15) and rats treated with cilastatin (16);
effect of probenecid on the renal excretion mechanism of
DA-1131 in rats, rabbits (17) and dogs (18); and nephro-
protective effect of betamipron in rabbits (19).

DA-1131 was unstable when incubated in a water-
bath shaker kept at 37 oC and at a rate of 50 oscillations
per min in various pH solutions, especially at low and high
pHs at a drug concentration of 10 µg/ml; the first-order
degradation half-lives of DA-1131 were 0.260, 1.23, 2.20,
7.16, 14.2, 10.5, 31.3, 21.3, 0.262, 0.241 and 1.45 h for
pH solutions of 1-11, respectively (9). DA-1131 was also
unstable after incubation in 5 human gastric juices (pHs
of 2.90, 6.98, 2.27, 6.93 and 1.21), whereas it appeared

C18H27N3O6S2 Mol wt: 445.5583

CAS: 169285-98-7

EN: 235904

Synthesis

The pyrrolidine derivative (VIII), which was synthe-
sized from hydroxy proline (I) through 12 steps (1), was
coupled with the enolphosphate intermediate (XI) (2)
available from acetoxyazetidinone (IX) (3). Deprotection
of the DA-1131 ester (XII) was performed with Pd(II) and
tin hydride reagents (2, 3). After work-up, the resulting
excess H2O was freeze-dried to afford the crude yellow-
ish solid which was further recrystallized in H2O/acetone
to give pure DA-1131 (3). Scheme 1.

Description

Light yellowish powder.

Introduction

DA-1131, a new anionic carbapenem antibiotic, has a
broad spectrum of activity against both Gram-positive and
Gram-negative organisms (4). The antibacterial activity of
DA-1131 was comparable or slightly superior to those of
imipenem-cilastatin and meropenem against both Gram-
positive and Gram-negative organisms. In particular,
DA-1131 was more active than other carbapenems
against Pseudomonas aeruginosa (4). DA-1131 was
resistant to degradation by various types of β-lactamases
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of DA-1131 in rabbits (9); therefore, blood samples should
be centrifuged immediately as soon as they are collected.
The plasma protein binding of DA-1131 in rats, rabbits
and dogs was less than 10% at drug plasma concentra-
tions ranging from 10-500 µg/ml using an ultrafiltration
method (10).

Antimicrobial Activity

The in vitro activity of DA-1131 was confirmed by
susceptibility testing using an agar dilution method

to be stable in human plasma for up to 12 h storage at
�20 oC (9). Although whole blood and plasma concentra-
tions decreased with increasing incubation time, the plas-
ma-to-blood cell concentration ratios of DA-1131 were
independent of its blood concentrations when rabbit
whole blood was incubated for up to 2 h; the mean values
were 5.56 ± 1.47, 5.80 ± 2.19 and 4.61 ± 1.82 at drug
blood concentrations of 2, 10 and 20 µg/ml, respectively,
in 3 rabbits (9). There was also considerable �blood stor-
age effect� (the change in plasma concentration of drug
due to the time elapsed between collection and centrifu-
gation of the blood sample) in the plasma concentration
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1) allylchloroformate, NaOH

2) MeOH, H2SO4

3) MsCl, Et3N

4) NaBH4

5) Swern oxidation
(I) (II)

TMPA, NaOMe

(III)

DIBAL-H

(IV)(V)

phthalimide

PPh3, DIAD

(VI)

1) MsCl, Et3N

2) KSAc

(VII)

hydrazine

(IX)
(X)

(XI)

4 steps

conc.HCl, MeOH

(VIII)

1) rhodium acetate

2) ClPO(OPh)2, DIPEA

DIPEA

(XII)

Pd(II), (n-Bu)3SnH

Scheme 1: Synthesis of DA-1131



Pharmacokinetics

After intravenous administration of DA-1131 to mice
(20, 50, 100 and 200 mg/kg), rats (50, 100, 200 and 500
mg/kg), rabbits (20, 50, 100 and 200 mg/kg) and dogs
(10, 20, 50, 100 and 200 mg/kg), the pharmacokinetic
parameters were independent of dose ranges studied in
all four animal species (10). However, after i.v. adminis-
tration, renal clearance was significantly slower and
amount of DA-1131 excreted in 24-h urine as unchanged
drug decreased significantly in rabbits (at 200 mg/kg) and
dogs (at 100 and 200 mg/kg) due to drug-induced
impaired kidney function (10).

In order to reduce the nephrotoxicity of DA-1131 in
rabbits, betamipron (200 mg/kg i.v.) was coadministered
with the 200 mg/kg dose of DA-1131. Extensive tubular
necrosis was observed without betamipron but was not
observed with betamipron 8 h after i.v. administration of
DA-1131 as shown on kidney microscopy (19). In rabbits
treated with betamipron, the amounts and tissue-to-plas-
ma ratios of DA-1131 in renal cortex and whole kidney
decreased significantly (65-91% decrease) at both 30 min
and 2 h after DA-1131 administration, indicating that the
accumulation of DA-1131 in rabbit renal cortex and whole
kidney was inhibited by betamipron (19).

The total body and renal clearances and apparent vol-
ume of distribution at steady state of DA-1131 based on
the above animal data at 50 mg/kg were analyzed as a
function of species body weight using the allometric
equation for interspecies scaling, and were used to pre-
dict these parameters in humans. Significant linear rela-
tionships were obtained between log of the above men-

recommended by the Japan Society of Chemotherapy.
DA-1131 inhibited methicillin-susceptible Staphylococcus
aureus, Streptococcus pyogenes, Streptococcus pneu-
moniae and Enterrococcus faecalis at respective MIC90
values of 0.05, ≤ 0.025, ≤ 0.025 and 6.25 µg/ml (Table I).
The MIC90 values of DA-1131 for Escherichia coli,
Klebsiella pneumoniae, Citrobacter freundii, Enterobacter
aerogenes, Entero-bacter cloacae, Serratia marcescens,
Branhamella catarrhalis, Neisseria gonorrhoeae, Proteus
mirabilis, Proteus vulgaris, Providencia stuartii,
Morganella morganii and Haemophilus influenzae were
0.05-0.78 µg/ml. DA-1131 was 2- to 4-fold more active
than imipenem and meropenem against Pseudomonas
aeruginosa, with MIC50 and MIC90 values of 0.2 and 1.56
µg/ml, respectively (Table II). DA-1131 showed a well-bal-
anced and potent antibacterial spectrum against both
Gram-positive and Gram-negative bacteria, in particular
against Pseudomonas aeruginosa. In addition, DA-1131
inhibited ceftazidime-resistant Gram-negative bacteria,
including broad spectrum β-lactamase producing iso-
lates. The MBC values of DA-1131 were similar to the
MIC values against various bacterial species tested.

The potent in vitro activity of DA-1131 against a wide
range of bacteria was confirmed in lethal systemic
infection models. DA-1131 was highly efficacious against
systemic infections in mice due to S. aureus, K. pneumo-
niae, E. cloacae, P. mirabilis and P. aeruginosa, as well
as lethal systemic neutropenia in mice due to P. aerugi-
nosa. DA-1131 also demonstrated potent therapeutic
effects in local infections such as pneumonia due to K.
pneumo-niae and ascending pyelonephritis due to
P. mirabilis.
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Table I: Antibacterial activity of DA-1131 and reference antibiotics against Gram-positive clinical isolates.

MIC range MIC50 MIC90

Organism Drug (µg/ml) (µg/ml) (µg/ml)

S. aureus (MSSA, 20) DA-1131 0.025 - 0.05 0.025 0.05
IPM/CS 0.025 - 0.025 0.025
MEPM 0.1 - 0.2 0.2 0.2

S. aureus (MRSA, 18) DA-1131 6.25 - 25 12.5 25
IPM/CS 6.25 - 100 50 100
MEPM 12.5 - 50 50 50

S. epidermidis (32) DA-1131 0.025 - 0.2 0.05 0.1
IPM/CS 0.025 - 0.05 0.025 0.05
MEPM 0.05 - 0.39 0.1 0.2

S. pyogenes (27) DA-1131 ≤ 0.025 - ≤ 0.025 ≤ 0.025
IPM/CS ≤ 0.025 - ≤ 0.025 ≤ 0.025
MEPM ≤ 0.025 - ≤ 0.025 ≤ 0.025

S. pneumoniae (30) DA-1131 ≤ 0.025 - ≤ 0.025 ≤ 0.025
IPM/CS ≤ 0.025 - ≤ 0.025 ≤ 0.025
MEPM ≤ 0.025 - 0.1 ≤ 0.025 ≤ 0.025

E. faecalis (20) DA-1131 3.13 - 6.25 3.13 6.25
IPM/CS 0.78 - 1.56 1.56 1.56
MEPM 6.25 - 12.5 6.25 12.5

MSSA: methicillin susceptible S. aureus; MRSA: methicillin resistant S. aureus; IMP/CS: imipenem-cilastatin; MEPM: meropenem.



(10 mg/kg) with or without 50 mg/kg of probenecid (17,
18). The renal clearance of DA-1131 was significantly
slower in probenecid-treated rabbits compared to non-
treated controls, and in rats values were comparable
between treated and nontreated animals (17). In dogs,
however, renal clearance was not significantly affected by
treatment with probenecid, suggesting that the tubular
reabsorption of DA-1131 was not inhibited by probene-
cid (18).

Since the structure of DA-1131 resembles a dipeptide,
DA-1131 is metabolized by renal DHP-I, located on the

tioned parameters and log body weight. The DA-1131
data obtained from laboratory animals was used to gen-
erate preliminary estimates of the drug�s pharmacokinet-
ic parameters in humans (11).

Active renal secretion of DA-1131 was observed in
rabbits and in rats, while renal reabsorption of the drug
was observed in dogs (10). Similar results were found in
studies with probenecid, an anion transport inhibitor. The
effects of probenecid on the renal excretion of
DA-1131were investigated after a 1-min i.v. infusion of
DA-1131 to rabbits (100 mg/kg), rats (50 mg/kg) and dogs
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Table II: Antibacterial activity of DA-1131 and reference antibiotics against Gram-negative clinical isolates.

MIC range MIC50 MIC90
Organism Drug (µg/ml) (µg/ml) (µg/ml)

E. coli (19) DA-1131 0.025 - 0.05 0.05 0.05
IPM/CS 0.1 - 0.2 0.2 0.2
MEPM 0.025 - 0.025 0.025

K. pneumoniae (17) DA-1131 0.05 - 0.2 0.05 0.1
IPM/CS 0.1 - 0.39 0.2 0.39
MEPM 0.025 - 0.2 0.05 0.05

C. freundii (15) DA-1131 0.05 - 0.1 0.05 0.05
IPM/CS 0.2 - 0.78 0.39 0.78
MEPM 0.025 - 0.05 0.025 0.05

E. aerogenes (10) DA-1131 0.05 - 0.1 0.05 0.1
IPM/CS 0.39 - 1.56 0.78 1.56
MEPM 0.025 - 0.1 0.05 0.1

E. cloacae (23) DA-1131 0.025 - 0.2 0.05 0.2
IPM/CS 0.1 - 0.78 0.39 0.78
MEPM 0.025 - 0.2 0.05 0.1

S. marcescens (21) DA-1131 0.1 - 0.39 0.1 0.2
IPM/CS 0.39 - 3.13 0.39 0.78
MEPM 0.05 - 0.2 0.05 0.1

P. mirabilis (7) DA-1131 0.05 - 0.39 0.2 0.39
IPM/CS 0.39 - 6.25 1.56 3.13
MEPM 0.05 - 0.2 0.1 0.1

P. vulgaris (39) DA-1131 0.05 - 1.56 0.39 0.78
IPM/CS 0.78 - 6.25 3.13 3.13
MEPM 0.1 - 0.39 0.2 0.2

P. stuartii (18) DA-1131 0.025 - 0.39 0.2 0.39
IPM/CS 0.2 - 3.13 1.56 1.56
MEPM 0.025 - 0.39 0.025 0.05

M. morganii (20) DA-1131 0.1 - 0.39 0.2 0.39
IPM/CS 1.56 - 3.13 3.13 3.13
MEPM 0.05 - 0.2 0.1 0.1

B. catarrhalis (32) DA-1131 ≤ 0.025 - ≤ 0.025 ≤ 0.025
IPM/CS ≤ 0.025 - 0.1 0.05 0.1
MEPM ≤ 0.025 - ≤ 0.025 ≤ 0.025

N. gonorrhoeae (15) DA-1131 ≤ 0.025 - 0.05 ≤ 0.025 0.05
IPM/CS 0.05 - 0.2 0.1 0.1
MEPM ≤ 0.025 - 0.05 ≤ 0.025 ≤ 0.025

H. influenzae (28) DA-1131 0.1 - 0.78 0.2 0.39
IPM/CS 0.39 - 3.13 1.56 3.13
MEPM ≤ 0.025 - 0.1 0.05 0.1

P. aeruginosa (17) DA-1131 0.05 - 1.56 0.2 1.56
IPM/CS 0.39 - 3.13 0.78 3.13
MEPM 0.2 - 3.13 0.78 3.13

IPM/CS: imipenem-cilastatin; MEPM: meropenem.



highest nonlethal i.v. dose of DA-1131 in mice and rats
was considered to be 3000 mg/kg in both species. A
2-week i.v. dose-finding study of DA-1131 was also con-
ducted in rats. At the high dose of 2000 mg/kg, the ani-
mals showed enlargement of cecum and mild biochemi-
cal changes. No signs of nephrotoxicity were observed
after single and repeated i.v. administration of DA-1131 in
rodents. In rabbits, however, a single i.v. dose of DA-1131
at 100 mg/kg or above induced tubular degeneration and
focal necrosis accompanied by dose-related elevation of
blood urea and creatinine levels. Repeated i.v. doses of
DA-1131 for 7 days in cynomolgus monkeys induced
clear signs of nephrotoxicity both clinically and histo-
pathologically at 500 mg/kg/day, whereas the same dose
of meropenem did not induce any signs of nephrotoxicity.
However, no renal changes were seen in monkeys
receiving DA-1131 at 500 mg/kg/day and concomitant
dose of benzoyltaurine, a nephroprotectant, at 500
mg/kg/day or above. As mentioned earlier, renal toxicity
of DA-1131 was attenuated or disappeared by adminis-
tration of betamipron in rabbits (19).

DA-1131 was not antigenic in acute systemic anaphy-
laxis and passive cutaneous anaphylaxis studies in
guinea pigs. In addition, DA-1131 did not show clasto-
genic potential in the rodent micronucleus test. Neuro-
toxic potential of DA-1131 was evaluated using pentyl-
enetetrazole-induced convulsion model in mice. Intra-
venous administration of imipenem (400 mg/kg) to pentyl-
enetetrazole-pretreated mice induced severe tonic con-
vulsion and death. However, DA-1131 did not show pro-
convulsive potential up to the highest dose of 800 mg/kg.
DA-1131 showed less inhibition on γ-aminobutyric acid
receptor than imipenem and meropenem.

Manufacturer

Dong-A Pharmaceutical Co., Ltd. (KR).
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