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When ampicillin was injected into a healthy volunteer and experimental
animals, an unknown substance with an antimicrobial activity was recovered
in the urine together with unchanged ampicillin. This unknown substance
was also formed when ampicillin was incubated with urine, serum or homo-
genate of rat tissues. The causative agent responsible for this new transfor-
mation product seemed to be of low molecular weight and stable to heat.
This transformation product showed a lower antimicrobial activity than ampi-
cillin against some gram-negative bacteria. The concentrations of this product
in the serum and urine of a healthy volunteer receiving ampicillin intramus-
cularly were far lower than those of ampicillin.

Although a multitude of papers concerning the properties of ampicillin have so
far appeared1""0, few refer to its metabolism in the body. The present paper aims
to elucidate the presence of an unknown product, which probably is a transformation
product of ampicillin, recovered in the serum and urine of man and animals receiving
ampicillin.

Materials and Methods

1. Material : The ampicillin used was Penbritin (potency ; 832 mcg/mg), produced by

B

eecham Research Laboratories.

2. Subjects and dosages: Ampicillin was injected as a single intramuscular dose of
500 mg to a healthy volunteer (male adult weighing 60 kg), and was also administered to

r

atsof the Webster strain, albino rabbits and dogs of the Beagle strain as a single intra-
muscular dose of 50 mg/kg.

3. Separation and estimation method : In this experiment ampicillin and related sub-
stances were separated and assayed by a chromatographic method already reported by the
authors in a previous paper8).

Results

1. An unknown antimicrobial substance recovered in urine samples from
a volunteer and animals receiving ampicillin intramuscularly

An unknown antimicrobial substance was recovered in 3-hour urine samples from
a volunteer and animals receiving ampicillin by the intramuscular route. Thin-layer

chromatograms of the urine are shown in Fig. 1.
All the urine samples produced two spots alike: one remaining near the origin
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Fig. 1. Bioautogram of urine after intramuscular
administration of ampicillin.

0~3-hour Urine

D

ose: 50 mg/kg; Dog, rabbit and rat.
500 mg ; Human

Front

Origin

Rat Rabbit Dog Human Ad-PCPC-G

and being consistent with the
spot of ampicillin, and the

other, having an Rf value lower
than that of benzylpenicillin
(shown in the extreme right

hand). The spot of benzyl-
penicillin was detected in traces

by the formation of an inhibi-
tion zone when a chromatogram

of ampicillin at concentrations
higher than 2,000 mcg/ml was

autobiographed. The unknown

spot, with Rf lower than ben-

zylpenicillin when bioautographed, exhibited antimicrobial activity and, to our
interest, the same spot was also produced when sera of the test animals were chromato-

graphed, as described below.
These finding suggested to us that the spot of an unknown substance is a meta-

b

olite derived from ampicillin, or a transformation product.
2. Concentration of the unknown substance in serum and urine

of rats receiving ampicillin intramuscularly
Attempts were made to determine the concentrations of this unknown substance

inthe urine and serum of rats, prior to its identification.
Ampicillin was administered intramuscularly to

five rats at a dose of 100mg/kg. Their blood was
collected at 15 minutes, 30 minutes, 1 hour, and 2
hours, and urine samples were collected over three
consecutive periods of 0~3, 3~6, and 6~24 hours.

These specimens were chromatographed, and the
resultant spots were studied with the aid of bio-
autography. The sizes of the inhibition zones,

produced by ampicillin and the unknown substance,

were measured. Concentrations of the unknown
substance in the specimens, roughly estimated on
the basis of the standard line of ampicillin, turned
out to be lower than those of ampicillin, as shown

in Table 1. However, since the methods of separat-
ing and purifying this unknown substance are not
yet established, the absolute values in this table
may be uncertain.

Table1. Serum and urine concentra-
tions of unknown substance after
intramuscular administration of
ampicillin to healthy rats

Serum (mcg/ml)
T im e  A m p icillin

15 min.
8 0. 0 1. 6 5

3 0 m in. 82. 0 1. 6 0

1 h r. 7 6. 0 1. 2 0

2 h r. 1 2. 0

Urine (mcg/ml)
T im e A m p ic illin

U n k n o w n

s u b st a n ce

0 ~ 3  h r. 19, 0 0 0 8 1. 0

3 ~ 6  h r. 6, 6 0 0 54. 0

6 - 2 4  h r.
5 5 0 2 5 . 0

Dose: 100 mg/kg
The activity of the unknown sub-

stance was determined by using ampi-
cillin as the reference standard.

3. Antimicrobial activity of the transformation product
At this stage of the work we were unable to obtain this unknown substance in a

satisfactorily pure form, which is essential for the determination of the antimicrobial
activity. With a view to estimating the antimicrobial activity of this substance, the
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Table 2. Antimicrobial activities of ampicillin (A)
and unknown substance (B)

O r g a n i s m  A r v , r > , V ; i l , 'r U nknow n B /A     (B )

S t a p h . a u r e u s F D A 2 0 9 P  3 6 . 0  1 9 . 3 s t . h e m o l y t i c u s A - S - 8  2 2 . 0  9 . 3 B . s u b t i l i s A T C C 6 6 3 3  2 8 . 5  1 9 . 0  0 . 5 4 0.420.66

�����������������������������������������������������������������������

Rat kidney-homogenate 30% 1 ml "I _ - ,
Ampicillin 500mcg/ml 1mlJ 1' hOur

Developed in TLC (gram-positive 5 [A, gram-negative 20 fiY),
and placed on six agar plates each seeded with different test

organisms.

following experiment was con-
ducted.

One ml of ampicillin solu-
tion (500 mcg/ml) was incubated
with an equal volume of 30-
percent kidney homogenate of
rats at 37°C for 1 hour. With-

out delay, two different volumes
of the mixture 5 jul (for use
against gram-positive bacteria)
and 20 jul (against gram-nega-
tive bacteria) were spotted
on thin layers, and developed
in the usual manner. Each

sheet was then placed on an agar plate previously seeded with a test organism. The
results are shown in Table 2. Diameters of inhibition zones produced by ampicillin

were compared with those produced by the substance with the use of three test orga-
nisms. The ratios of the former to the latter were as follows: 0.66 (28.5mm/19.0mm)
for Bacillus subtilis ATCC-6633, 0.54 for Staphylococcus aureus FDA 209P, and 0.40

for Streptococcus hemolyticus A-S-8. The unknown substance, though displayed a

considerable antimicrobial activity against these gram-positive bacteria, failed to
exhibit any inhibition against gram-negative bacteria of Salmonella enteritidis, Proteus
vulgaris IAM-1025 and Escherichia coli NIHJ under the same test conditions.

4. Formation of the unknown substance after incubation of the serum,
urine and tissue homogenates of rats with ampicillin

An attempt to produce the unknown substance in vitro followed the estimation
of its antimicrobial activity.

One ml of an ampicillin solution (2mg/ml) was mixed with an equal volume of
the serum, urine or 30-percent liver or kidney homogenate of rats, and incubated at
37°C for 1 hour. The mixture was then subjected to thin-layer chromatography.

Fig. 2. Formation of unknown substance by rat tissue components.
Ampicillin lml1 ,, 1

S erum, urine, 30% homogenate 1 ml J '
Front * '-^~~ ~~ ' . "å .:. - -" ^~*~-'~~-~

UrineLiver

KidneyAmpiciliinPenicillinG
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As Fig. 2 shows, these mixture produced a commonspot, the Rf value of which was

somewhat smaller than that of benzylpenicillin. Furthermore, this spot was consistent
with that obtained from the urine samples. These findings indicated that this sub-

stance was formed by some mechanism other than enzymatic reactions. Furthermore,
the fact that the sizes of the inhibition zones were reduced with the prolongation of
incubation period indicated instability of the product.

5. Formation of the substance in fractions of rat kidney homogenate
With the aim of determining whether or not the transformation was of enzymatic

origin, the following experiment was conducted.
First of all, in an attempt to determine chromatographically whether the suspected

transforming activity depended on the supernatant fluid or on the sediment, rat
kidney homogenate was centrifuged at 1,500xg for 20 minutes. The sediment thus
obtained was suspended in 1/15m phosphate buffer (pH 7.0) in a volume equal to the
supernatant fluid. One ml of this suspension was incubated with 1 ml of ampicillin
solution (500 mcg/ml) at 37°C for 30 minutes. As Fig. 3 shows, the spot corresponding
to the unknown substance was not obtained with the sediment, but was obtained with
supernatant fluid. Subsequently, the supernatant fluid was salted out with ammonium

sulfate at various concentrations range to give separate fraction, which were then
allowed to react with ampicillin. None of these fraction, however, gave rise to the
unknown substance.

Fig. 3. Formation of the substance in fractions of rat
kidney homogenate.

A mpicillin 500 mcg/ml 30 % kidney homogenate

1ml1m:1J37°C, 30minutes

Front

Origin-

AmpicWm Orrgmat Precipi- Super-
fate natant

HomogenafeInnerFiltrate

solution(NH4)2 S04 fraction Ultra filtration 0-30% 30-60% 60*100% precipitate f

An ultrafiltrate of the supernatant fluid, containing neither protein nor other high
molecular weight substances, was prepared by the centrifugal ultra filtration technique
using cellulose tubing9) (Visking Company : size 8/32), and this ultrafiltrate was incubat-
ed with ampicillin at 37°C for 1 hour. As Fig. 3 shows, the filtrate obtained under

such conditions produced inhibition zones that were similar in size to those produced
by the inner solution of ultra filtration containing both low arid ,high molecular
substances.Futhermore, this experiment showed that-the interaction of ampicillin with

the supernatant fluid was quite rapid and that the product was unstable enough to
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cause the reduction of the size of the inhibition zone when the mixture was incubated
at 37°G for 2 hours or more.

These results convinced us that the unknown substance was a transformation
product formed by a non enzymatic interaction of ampicillin with low molecular
substances existing in the homogenate.

6. Influence of pH and temperature on the transformation

in rat kidney homogenate
With a view to examining the influence of pH and temperature on the transfor-

mation, the homogenate was incubated with ampicillin under various conditions. The
resultant spots were bioautographed for comparison. As Fig. 4 shows, the optimum

pH range for the transformation was between 7 and 8. At a lower pH of 5, only
traces of the product were formed and, at pH 9, the size of the inhibition zone was.
reduced owing to the reduced transformation, or owing to instability of the product

at this pH range.

Fig. 4. Influence of pH and heat on the transformation
in rat kidney homogenate.

Fron t - : --

00oo00o

PH5 pH7 PH8 pH9 PHl0 Cont l00OC /20<C
. pH 7 5 mm. lo min.

The stability of low-molecular substances in the homogenate was examined as
follows : the homogenate was treated at 100°C for 5 minutes or at 120°G for 10 minutes
and subjected to incubation with ampicillin. As shown in the right hand of Fig. 4,

the amount of the transformation product was reduced after heat treatment at 120°C
for 10 minutes, but was not altered after heating at 100°C for 5 minutes.

Discussion

An unknown antimicrobial substance, believed to be a transformation product of am-
picillin, was recovered in the body of a man and animals receiving ampicillin. This

unknown substance was separated and estimated by the authors' method. Studies showed
that the transformation product was produced not by an enzymatic reaction but by a low
molecular substance in the body. Furthermore, it became clear that only a small propor-

tion of the ampicillin administered was transformed to the product, and that the anti-
microbial activity of this product affect significantly the bioassay of ampicillin in the body.
We hope to clarify in a later paper the properties of the low molecular substance which
causes the formation of the transformation product.



à¬46 THE JOURNAL OF ANTIBIOTICS SEPT. 1971

Bibliography

1) Rolinson, G. N. & S. Stevens : Microbiological studies on a new broad-spectrum penicillin,
"Penbritin". Brit. Med. J. 1961-2 : 191-196, 1961

2) Rutenburg,A. M.; H. L. Greenberg, F. B. Schweinburg & M. A. Perreault: Studies on a-

amino benzyl penicillin. Antimicr. Agents & Chemoth.-1961 : 748-756, 1962
3) Bunn, P. A. : Some miscellany about J-alpha-aminobenzyl penicillin. Antimicr. Agents &

Chemoth.-1961 : 739-747, 1962
4) Quinn, E. L.; J. M. Colville, L. Ballard, D. Jones & F. Debnam : Ampicillin : antimicrobial

activity and pharmacological behavior with reference to certain gram-positive cocci. Antimicr.
Agents & Chemoth.-1962 : 339-349, 1963

5) Barnett, J. A.; J. P. Sanford, R. A. Ferguson & N. E. Perry : In vitro evaluation of <#-amino-
benzyl penicillin (ampicillin). Antimicr. Agents & Chemoth.-1962 : 350-353, 1963

6) Beargie, R. A. & H. D. Riley, Jr. : Ampicillin : clinical and laboratory evaluation in children.
Antimicr. Agents & Chemoth.-1963 : 331-334, 1964

7) Anderson, K. N.; R. P. Kennedy, J. J. JPlorde, J. A. Shulman & R. G. Petersdorf : Evaluation
of ampicillin in gram-negative infections. Antimicr. Agents & Chemoth.-1963 : 325-330, 1964

8) Murakawa, T.; Y.Wakai, M. Nishida, R. Fujii, M. Konno, K. Okada, S. Kuwahara & S. Goto :
Chromatographic assay of mixed penicillins, ampicillin and cloxacillin in body fluids. J. Anti-
biotics 23 : 250-251, 1970

9) Murakawa, T.; Y. Wakai & M. Nishida : Studies on the relationship of protein binding and
gel-affinity of antibiotics including penicillin. J. Antibiotics 23 : 481-487, 1970


