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   The carbapenem antibiotics, which include the olivanie acids and the thienamycins, have 

a broad-spectrum of antibacterial activity but only thienamycin itself shows appreciable 

activity against Pseudomonas aeruginosa. The zwitterionic nature of thienamycin was repro-

duced in the olivanic acid series by preparing the deacetyl derivatives of MM 17880 and 

MM 22380 - compounds NA 26975 and NA 26978. The latter derivative showed anti-

pseudomonas activity and had an antibacterial spectrum similar to thienamycin itself. In 
contrast the 0-sulfated analogue, NA 26975, was no more active than the parent compound 

against P. aeruginosa. Both deacetyl compounds were more stable than the parent natural 

products to a mouse kidney enzyme preparation and gave higher urinary recoveries in the 
mouse. 

   Pharmacokinetic studies with MM 13902 in various animal species showed that the com-

pound was rapidly eliminated from the blood and gave only low urinary recoveries. Similar 
findings were observed also in human volunteers given MM 13902. The nephrotoxicity 

reported for thienamycin/MK 0787 in the rabbit was not seen with the olivanic acids MM 

13902, MM 17880, MM 22382 and MM 22383 when tested under the same conditions.

   Over thirty naturally occurring i-lactam compounds based on the carbapenem ring system have 

now been reported. These include the olivanic acids1,2), thienamycin and the epithienamycins3,4), the 

PS-5 series of compounds5,6), the carpetimycins7,8), and the asparenomycins9). As a rule the carba-

penems are broad-spectrum antibiotics that are stable to a wide range of bacterial i3-lactamases. How-

ever, as part of our evaluation programme, we have shown that most of the compounds are readily 

degraded by animal kidney homogenates, and recently, workers at Merck Sharp & Dohme have re-

ported that this degradation is caused by a kidney enzyme, renal dipeptidase-14). As a result of this 

metabolism, carbapenem antibiotics give only low urinary recoveries in vivo4,9). Further studies on 

thienamycin and its N-formimidoyi derivative have shown that the compounds are nephrotoxic in the 

rabbit and, like cephaloridine, large doses cause significant increases in levels of blood urea nitrogen 

(BUN) and serum creatinine10). 

   A previous publication", compared the properties of some of the carbapenem antibiotics in vitro 

with emphasis on the structure activity relationships between the olivanic acids and the thienamycins . 

Further studies on these compounds including their stability to a mouse kidney enzyme preparation; 

the urinary recovery obtained in the mouse and behaviour in the rabbit nephrotoxicity test are reported 

here. In addition some in vivo properties of MM 13902 in other animal species and the data obtained 

in human volunteers are described.

Materials and Methods

Compounds 

The naturally occurring olivanic acids were prepared by fermentation of Streptoimyces olivaccus
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Fig. 1. Structure of carbapenem antibiotics.
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                         thienamycin 
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           thienamycin 
                    (MK 0787)

ATCC 31365 as described previously1,2). Compounds NA 26975A and NA 26978A were prepared 

in our Research Laboratories from MM 17880 and MM 22380 respectively as described previously12,13).

Thienamycin was a gift from Dr. J. BIRNBAUM of Merck Sharp and Dohme Research Laboratories. 
The compounds described in this paper are shown in Fig. 1. 

   Minimum Inhibitory Concentrations (MIC) 

   The MIC values of the test compounds were determined in broth in microtitre trays as described 

previously"). 

   Crude Kidney Enzyme Preparation 

   Mouse kidneys were sliced into small pieces and suspended in 0.05 m 3-(N-morpholino)propane 

sulfonic acid (MOPS) buffer at pH 7.0. The suspension was homogenized for 3 periods of 30 seconds 
with 30-second intervals, using an IKA Ultra-Turrax TP 18/2 homogeniser (Janke and Kuntzel, IKA 
Products, Belmont, Surrey, England). The homogenate was submitted to ultrasonication using an 

MSE 100 watt Ultrasonic disintegrator (MSE Scientific Instruments, Crawley, Sussex, U.K.) for a total 
of 90 seconds in 3 equal periods with a 30-second interval between each treatment. Both the homo-

genization and ultrasonication were performed in iced water. The sonicated tissue was centrifuged 
at 2,200 x g for 15 minutes and the supernatant fluid used as the crude enzyme preparation and stored 
at -20'C. The concentration of kidney enzyme was adjusted to give a standard rate of degradation of 
MM 13902. 

   Stability Assay 

   Reaction mixtures containing 0.2 ml of test compound (or MM 13902) at 200 / tg/ml and 0.2 ml 
kidney enzyme preparation (or MOPS buffer alone) were prepared. Samples (20 111) were removed 
at time 0 and at frequent intervals during incubation at 37°C and assayed without further treatment 

for residual antibiotic by high performance liquid chromatography (HPLC). The HPLC was carried 
out using a Waters 6000A pump, U6K injector and reverse phase C18 !-Bondapak Column (Waters 
Associates Ltd., Northwich, U.K.). A guard column packed with CO-pell ODS (Whatman Chemical 

Separation Division, Maidstone, Kent, U.K.) was included to prolong column life. The compounds 
were detected at 300 nm by a Cecil 212 UV spectrophotometer (Cecil Instruments, Cambridge, U.K.) 
using an 8 1d flow cell with a 10-mm path length which was linked to a potentiometric chart recorder.
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The column eluant was based on 0.05 M ammonium dihydrogen phosphate buffer (pH 4.7) containing 
from 3~10%acetonitrile and pumped at 1.5-2 ml/minute. The concentration of acetonitrile in the 
mobile phase and the flow rate were adjusted to give a retention time for the test compound of about 4 
minutes. At the wavelength used there was little interference from other UV-absorbing components 
in the kidney preparation. 
   The stability of MM 13902 was arbitrarily assigned the value 1.0 and the stability of the test com-

pound was expressed as the rate of inactivation of test compound (g/ml/minute) divided by the rate 
of inactivation of MM 13902 (f(g/ml/minute). Thus, compounds having a stability figure of> 1.0 
were proportionally more stable than MM 13902 and rice versa. 

    Plasma Levels and Urinary Recoveries in Animals 

    Mice: MM 13902 was dosed subcutaneously at 50 mg/kg to groups of five male MF-1 strain albino 
mice (1921 g). Blood was collected in heparinised tubes at various time intervals after dosing and 
centrifuged at 12,000*g for 1 minute. Antibiotic concentrations were determined by microbiological 
assay using Bacillus subtilis against standards prepared in normal mouse plasma. To determine urinary 
recovery, six groups of five mice were dosed orally with 1 ml water and given 50 mg/kg of test compound 
by subcutaneous injection. Urine was collected over 0- 1 hour, 1 ~ 2 hour and 2~ 4 hour periods and 
assayed against standards prepared in 0.05 M phosphate buffer. 

   Rats: MM 13902 was administered subcutaneously at 100 mg/kg to six male Sprague-Dawley 
rats (130 - 150 g). Blood was collected from the tail vein and treated as described above. Six rats were 

given 5 ml water orally and a dose of MM 13902 subcutaneously for the urinary recovery experiment. 
   Rabbits: MM 13902 was dosed subcutaneously at 100 mg/kg to five New Zealand White rabbits 
(2.1~2.5 kg). Blood was collected from the marginal ear vein and treated as described previously. 
To determine urinary recovery three rabbits were dosed orally with 20 ml water followed by a subcut-
aneous injection of MM 13902. 

   Dogs: MM 13902 was administered intramuscularly at 50 mg/kg to one male and one female 
beagle (9.5 kg). Blood was collected from a leg vein and treated as described previously. Urinary 
recovery was determined in I beagle dog which was given 300 ml water orally prior to an intramuscular 
injection of MM 13902. Urine was collected by catheterization at 1 hour and 2 hours after dosing. 

   Squirrel Monkeys: Two male and two female squirrel monkeys (600- 1,000 g) were dosed sub-
cutaneously with MM 13902 at 25 mg/kg. Blood was collected from a leg vein and treated as described 

previously. Urinary recovery was determined in three male and three female monkeys which were 
given 10 nil water orally followed by a subcutaneous injection of MM 13902. Urine was collected at 
0 - 1 hour, 1 - 3 hours and 3 - 5 hours after dosing. 

    Human Volunteer Studies 
   Doses of MM 13902 of 25 mg, 50 mg, 125 mg and 250 mg were injected intramuscularly into 
the outer quadrant of the gluteus maximus to groups of three healthy volunteers. All the people 

participating in the studies were male, aged between 18 and 45 years. Any people with known peni-
cillin hypersensitivity or who had receised medication within the previous seven days were excluded 
from the study. The concentrations of MM 13902 in serum and urine samples were determined by 
microbiological assay against B. suhtilis ATCC 6633. 

   Serum Binding Determination 

   Solutions of MM 13902 (10 pg/ml) were prepared in sterile serum from various animal species 
and also in pooled human serum. These solutions were subjected to centrifugal ultrafiltration through 
Amicon Centriflo CF50A membrane cones (Amicon Ltd., Woking, Surrey, U.K., and the concen-
tration of antibiotic in the ultrafiltrate determined by bioassay. 

   Nephrotoxicity Studies 

   The olivanic acids MM 13902, MM 17880, MM 22382 and MM 22383, and cephaloridine were 
administered subcutaneously at 180 mg/kg to groups of four New Zealand White rabbits (1.5-2.9 
kg). Blood was removed from the marginal ear vein immediately prior to closing and again after 48 
hours. The samples were centrifuged at 1,700* g for 15 minutes, and the concentrations of urea and
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creatinine in the sera were examined using the appropriate test kits (Boehringer Corporation (London) 

Ltd., Lewes, Sussex, U.K.).

Results 

Activity In Vitro 

The activity of the naturally occurring carbapenems MM 17880 and MM 22380 and the cor-

responding deacetyl derivatives NA 26975 and NA 26978 are shown in Table 1. The results show 

that deacetylation of MM 22380 led to improved activity against Pseudonionas aeruginosa, a strain of 

Escherichia coli producing R-TEM 3-lactamase and the Gram-positive cocci tested. Indeed the anti-

bacterial spectrum and potency of NA 26978 closely resembled that of thienamycin. In contrast com-

pound NA 26975 (deacetyl MM 17880) was not active against P. aeruginosa although it showed slightly 

improved Gram-positive activity compared to the parent compound. 

Table 1. Activity in vitro of some naturally occurring carbapenems and their deacetyl analogues .

Organism

Escherichia coli (amps-sensitive) 

E. coli (amp-resistant, R-TEM) 

Klebsiella pneuntoniae 

Proteus mirabilis 

Pseudonronas aeruginosa 

Staphylococcus aureus 

Streptococcus faecalis

MIC (11g/ml)

M M 17880 

0.2

0.8

0.4

0.4

100

1.6

6.2

NA 26975 

0.2

0.4

0.4

0.8

100

0.4

3.1

MM 22380

0.2

25

0.8

0.8

>100

0.4

1.6

NA26978

0.4

0.8

0.4

1.6

3.1

0.08

0.8

Thienamycin

0.2

0.4

0.4

3.1

3.1

0.04

1.6

a Ampicillin. 

Stability to a Mouse Kidney Preparation and Recovery in Mouse Urine 

The rate of degradation of MM 13902 in the presence of mouse kidney was determined by HPLC. 

It was found that a 100 lrg/ml solution lost potency at a rate of 1.5 /rg/ml/minute when incubated in a

Table 2. Stability of carbapenems in mouse kidney 

homogenate and percentage recovered in mouse 

urine.

1 % crude enzyme preparation at 37'C. This rate 

of degradation was assigned as arbitrary value of 

1.0 and the stability of other carbapenem anti-

biotics relative to MM 13902 is shown in Table 

2. It will be seen that the other sulfated deri-

vatives, MM 4550 and MM 17880, and the (6S, 

8S)-hydroxyl compounds, MM 22381 and MM 

22383, were either similar to or slightly more stable 

than MM 13902 whereas the (6R, 8S)-hydroxyl 

compounds, MM 22380 and MM 22382, were less 

stable. The deacetyl analogues NA 26975, NA 
26978 and thienamycin on the other hand were 

from five to seven-fold more stable than MM 

13902. 

The urinary recoveries of the test compounds 

after subcutaneous administration to mice are

Compound 

M M 13902 

M M 4550 

M M 17880 

NA 26975 

M M 22380 

NA 26978 

M M 22381 

M M 22382 

M M 22383 

Thienamycin

Stability relative 
to MM 13902 in 

1 % mouse kidney

1.0

1.2

1.7

5.0

0.5

7.2

1.4

0.1

1.9

6.7

Urinary
recovery

0-4 hours

1.3

0.9

1.9

8.0

0.7

10.2

0.7

0.2

0.7

25'

a Value reported in the reference 4.
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Table 3. Some pharmacokinetic parameters of MM 13902 in animal species and in human volunteers,

 Species

Mouse

Rat

Rabbit

Dog

Squirrel
monkey

Human
volun-
teers

Dose
(mg/kg)

and
route

50s.c.

100s.c.

100s.c.

50i.m.

25s.c.

250,i.m

Mean concentration (pg/ml) at minutes after dose

5

9.2

24.2

15

2.4

8.9

30

13.3

38.8

5.4

30

<0.3

2.4

16

10.6

23.5

6.2

45

1.9

10.4

7.8

12.0

4.6

60

<1.0

7.5

4.9

5.2

3.7

90

3.6

2.1

1.0

1.8

120

2.1

1.0

0.6

1.2

T,/_,%

(min-
utes)

4.5

10.6

31

27

16.5

40.7

Un-
bound

in
serum/
plasma

60

43

43

53

53

41

Urinary
recovery

1.3

7.2

3.5

0.3

1.7

1.8

  a Administered as a single 250 mg dose. 

also shown in Table 2. Only 1 % or less of the iV-acetylated compounds was recovered in the urine 

whereas 8 - 10 % of the dose of the deacetyl derivatives, NA 26975 and NA 26978, was obtained.

Pharmacokinetic Properties of MM 13902 

The pharmacokinetic properties of MM 13902 have been studied in various animal species and 

the results obtained are shown in Table 3. It can be seen that in the mouse the compound produced 

low levels and was rapidly eliminated (t,,,.=4.5 minutes). Somewhat higher and more persistent levels 

were found in the rat, rabbit, dog and squirrel monkey, and in these species the elimination half-lives 

were of the order 11 - 30 minutes. The urinary recovery of MM 13902 in animals was low and ranged 

from 0.3 % in the dog to 7 % in the rat. The binding of MM 13902 to serum proteins of the test species 

was about 50'11,'. 

Single doses of MM 13902 of 25 mg, 50 mg, 125 mg and 250 mg were administered intramuscularly 

to human volunteers and the serum levels obtained at the top dose are shown in Table 3. The peak 

level (6.0 jig/ml) occurred at 30 minutes, thereafter the levels decreased to 1.2 jg/ml at 2 hours. The

elimination half-life at this dose was 40 minutes. 

As was found in experimental animals, the per-

centage urinary recovery in man was low. The 

mean value obtained during the study was 1.8,a 

with a range of between 0.1 % and 5.3 

 Nephrotoxicity Studies 

The effects of a large intravenous dose of the 

olivanic acids or of cephaloridine on kidney func-

tion as estimated by the levels of blood urea ni-

trogen and serum creatinine in the rabbit are 

illustrated in Table 4. The results show that ce-

phaloridine gave significant evidence of nephro-
toxicity whereas the olivanic acids MM 13902, 

M M 17880, M M 22382 and M M 22383 gave no 

such effects.

Table 4. Effects of olivanic acids or cephaloridine on 

rabbit BUN or serum creatinine levels.

Test 
compound*

Saline 

(Control) 

Cephalori-
dine 

M M 13902 

M M 17880 

M M 22382 

M M 22383

Mean values after 48 hours

No. of 
animals

6 

4 

4 

4 

3 

4

  BUN 
(mg/ 100 ml)

20.1 

82.5s 

14.5 NS 

31.2 NS 

19.1 NS 

20.5 NS

Creatinine 
(mg/ 100 ml)

1.2 

3.7 s 

1.1 NS 

1.5 NS

1.O NS

1.4 NS

 s=Statistically significantly different (p= <0.05) 
from control. 
 NS =Not significantly different from control. 
* Dosed intravenously at 180 mg/kg .
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Discussion

Of the large number of naturally occurring carbapenem antibiotics that have now been reported, 
only thienamycin has appreciable activity against P. aeruginosa. The structural feature of thienamycin 
conferring anti-pseudomonas activity is the aminoethyl side chain which is acetylated in the other com-

pounds. The aminoethyl analogue of MM 22380 has been prepared (NA 26978) and, like thienamycin, 
the compound was active against P. aeruginosa. However, when other ionic functions were present 
in NA 26978, for example the O-sulfate grouping (as in NA 26975) then anti-pseudomonas activity 
was no longer observed. Both deacetyl derivatives were more active than corresponding N-acetylated 
compounds, MM 22380 and MM 17880, against Gram-positive bacteria.

In addition to showing improved antibacterial activities, compounds with an aminoethylthio C-3 
substituent were more stable than the corresponding N-acyl analogues to the renal dipeptidase enzyme. 
The improved tissue stability values could be correlated with a greater urinary recovery in the mouse. 
For example, 8-10% of a dose of NA 26975 or NA 26978 was recovered in the urine whereas only 
1 % or less of the N-acetylated parents was obtained. The results obtained with MM 22380 and NA 
26978 in vitro and in vivo agree with those reported by STAPLEY et al.') for epithienamycin A and its
deacetyl derivative. These workers showed also that thienamycin itself gave a mouse urinary recovery 
of 25 % which is in keeping with the tissue stability value that we obtained for the compound (Table 2). 

The peak blood levels of MM 13902 in the various animal species were low and the compound was 
rapidly eliminated. In addition only low urinary recoveries were obtained suggesting that the antibiotic 
is extensively metabolised in vivo. This pattern of rapid elimination and extensive metabolism in ani-
mals has been reported previously for thienamycin, however with this compound the corresponding 
urinary recovery values were higher than those obtained for MM 13902114).

As was found in experimental animals, blood levels of MM 13902 in human volunteers were low 
and of short duration. These pharmacokinetic parameters are perhaps disappointing compared with 
many currently available ;3-lactam antibiotics but are similar to those reported for intramuscular cefoxi-
tin15). The low urinary recovery of MM 13902 in man was also predictable from the animal experi-
ments. The only other carbapenem antibiotic for which human data are available is the thienamycin 
derivative MK 0787. Pharmacokinetic studies have been reported following intravenous administra-
tion and show that MK 0787 was eliminated slightly less rapidly than MM 13902 (t1/2=1.0 hour) and 
was less extensively degraded with 6- 31 % of the dose being recovered in the urine16).

A recent Merck patent10) has reported that large doses of thienamycin and MK 0787 cause kidney 
damage in the rabbit and claim that this nephrotoxicity is significantly reduced when the compounds 
are co-administered with a renal dipeptidase inhibitor. The effect may not be associated with all carba-

penem compounds as the olivanic acids MM 13902, MM 17880, MM 22382 and MM 22383 do not 
cause signs of acute nephrotoxicity under the same conditions. It is of some interest that MM 22383, 
the (8S)-isomer of N-acetyldehydrothienamycin gave a negative result, as this would indicate that the 
toxicity of MK 0787/thienamycin is possibly associated with either the (8R)-hydroxyethyl moiety or 
the basic nature of the amino/amidine C-3 substituent.

Previous studies11) showed that the antibacterial spectrum of MM 13902 in vitro compared favour-
ably with the third generation cephalosporins. These data on the other hand show that the pharmaco-
kinetic properties of the compound are less attractive.
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