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The finding that some antibiotics are excreted at
levels of therapeutic value in the bile of animals and
man is considered a reasonable basis for suggesting
their possible usefulness in the treatment of the
infections of the biliary tree in man. On this basis the
excretion in bile of antibiotics has been a matter of
considerable interest in the past twenty years. A
review of the more relevant papers producing data
obtained in man shows that these studies have been
carried out according to different experimental
procedures, often leading to not comparable or even
to conflicting results.
Apart from the differences in dosage, in the time

intervals at which the measurements were made, and
in the duration of observation, the collection of bile
has been usually performed in three different ways,
namely, duodenal aspiration, peroperative collec-
tion, and biliary drainage.
The duodenal aspiration of bile has been employed

for studies on the excretion of penicillin G (Rammel-
kamp and Helm, 1943), tetracycline (Conti,
Cassano, Miano, Mazzeo, and Barletta, 1954), and
novobiocin (Conti, Cassano, Barletta, Mazzeo, and
Miano, 1957). This procedure can cause irregular
results due to dilution of bile by duodenal juice and
to periodic emission of concentrated bile from the
gall bladder. With some penicillins, furthermore, the
antibiotic can be inactivated by the passage of gastric
juice at low pH into the duodenum (Rammelkamp
and Helm, 1943).
The peroperative collection of the bile contained

in the gall bladder has been employed for studies on
penicillin and streptomycin (Zaslow, Counseller, and
Heilman, 1947a; Pulaski and Fusillo, 1955; Zoboli,
1955), tetracycline and oxytetracycline (Pulaski and
Fusillo, 1955; Zaslow, Cohn, and Ball, 1955; Twiss,
Gillette, Berger, Aronson, and Siegel, 1956a;
Lambrecht, 1958), tetracycline-l-methylenlisine
(Tolio, 1961), and erythromycin (Twiss, Berger,
Gillette, Aronson, and Siegel, 1956b). With this
mode of collection of bile it is possible to obtain a
single measure of the degree of excretion. The
results in this condition can be easily biased by the

occurrence of total or partial obstruction of the cystic
duct, causing difficulty in the penetration of bile, and
thus of the antibiotic contained in it, into the gall
bladder. Furthermore, even when the cystic duct is
patent, the possible presence of stones in the gall
bladder lumen can reduce to a considerable extent
the space available for bile coming from the liver. It
must be remembered that both these conditions are
in fact generally present as a cause of the removal of
the gall bladder. On the other hand, when the gall
bladder is removed in the absence of stones, the
influence of water absorption through the gall
bladder wall on the concentration of the antibiotic
cannot be evaluated.
The biliary drainage by T-tube or biliary fistula has

been employed for studies on penicillin and strepto-
mycin (Zaslow, Counseller, and Heilman, 1947b),
tetracycline, and oxytetracycline (Herrel, Heilman,
and Wellman, 1950; Danopoulos, Angelopoulos,
Zioudrou, and Amira, 1954; Maynard, Prigot, and
Andriola, 1954-55; Zaslow, Cohn, and Ball,
1954-55a and b; Twiss, Gillette, Berger, Aronson,
and Siegel, 1956a; Uberti, 1956), chlorte-
tracycline (Herrell and Heilman, 1949), demethyl-
chlortetracycline (Kunin and Finland, 1959),
chloramphenicol (Glazko, Wolf, Dill, and Bratton,
1949), erythromycin (Twiss et al, 1956b; Hammond
and Griffith, 1961), rifamycin SV and rifamide
(Fiuresz, Acocella, and Scotti, 1963; Lusena,
Acocella, Baroni, and Santilli, 1963; Acocella,
Lamarina, Tenconi, and Nicolis, 1966), novobiocin
(Martin, Heilman, Nichols, Wellman, and Geraci,
1955), and kanamycin (Preston, Silverman, Henegar,
and Neveril, 1959-60). The biliary drainage by
T-tube may not allow an accurate quantitative
evaluation of the recovery of the antibiotic excreted
in bile owing to the incomplete external drainage of
bile, although some authors maintain that the
drainage of bile through a T-tube in man is virtually
complete, provided that the vertical limb of the tube
remains unobstructed (Rundle, Cass, Robson, and
Middleton, 1955). The loss of antibiotic with the
drained bile may also lead to a further underestima-
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Biliary excretion of antibiotics in man

tion of the degree of excretion for those antibiotics
for which an entero-hepatic circulation can be dem-
onstrated.
However, these two possible sources of error seem

to be definitely minor with respect to those affecting
the other techniques of bile collection. In particular,
neither of them appears to be of any relevance in the
estimation of the peak concentration of an antibiotic
in the bile.

Concerning the time course of the biliary excretion
of antibiotics, a survey of the available data shows
that only rarely have the estimations been made at
regular time intervals and for more than five hours.
More analytical data on this point are needed, not

only for establishing the pattern of the excretion of
the different antibiotics in bile, but also for a
rational assessment of the dosage schedule. In
particular, data obtained during a period of observa-
tion, more than five hours are needed after oral
administration of antibiotics, as in this case absorp-
tion, and biliary excretion in turn, may be delayed.

Further aspects of the biliary excretion of anti-
biotics, which have not been fully investigated in the
past and which appear to deserve further study,
include the possible interactions with the excretion of
physiological bile components, and the distribution
in the human gall bladder wall also in view of their
clinical significance.

In an attempt to approach this problem more
systematically, a study was undertaken in which the
biliary excretion in man of nine antibiotics was
evaluated in comparable experimental conditions,
employing the biliary drainage by T-tube in patients
having undergone surgical operations on the biliary
tract. In addition the effect of the treatment on bile
volume and on biliary excretion of bilirubin and
cholesterol was investigated, and for some antibiotics
the concentration in the human gall bladder wall was
also estimated.

MATERIAL AND METHODS

EXCRETION OF ANTIBIOTICS IN BILE AND EFFECT ON SOME
BILE VARIABLES Thirty-nine excretion curves were
studied in a group of 39 adult female subjects with
biliary drainage (T-tube) 7 to 9 days after operation. For
each antibiotic, the biliary excretion and the effect on the
bile variables were studied for a 12-hr period. The doses
of antibiotics chosen for this study were those more
commonly used in clinical practice. Each patient received
two doses of the compound under study (one dose every
six hours), except for penicillin G and the antibiotics
administered intravenously which were given in single
doses. Bile was collected hourly in tubes protected from
light by a wrapping of aluminium foil. The volume of bile
was measured and each sample assayed for antibiotic,
bilirubin, and cholesterol concentration. Nine experiments
were carried out.

Ampicillin' One 250 mg capsule was given every six
hours to three subjects (total dose 500 mg). Two 250 mg
capsules were given every six hours to three subjects
(total dose 1 g).

Cephaloridine2 Cephaloridine, 500 mg, was given
intramuscularly to three subjects every six hours (total
dose 1 g).

Erythromycin (Lauril sulphate propyonil ester)3 One
250 mg capsule was given every six hours to three subjects
(total dose 500 mg).

Novobiocin4 Novobiocin, 250 mg, was given intra-
muscularly every six hours to three subjects (total dose
500 mg). One 250 mg capsule was given every six hours to
three subjects (total dose 500 mg).

Penicillin G One dose of 1,000,000 units (correspond-
ing to 600 mg) was given intramuscularly to three
subjects.

Rifamide5 Rifamide, 150 mg, was given intramuscu-
larly to six subjects every six hours (total dose 300 mg).

Rifamycin SVs A single intravenous injection of 250
mg was given to two subjects.

Rolitetracycline7 (Pyrrolidine - methyl - tetracycline
(PMTC). PMTC, 275 mg, was given as single intravenous
injection to two subjects.

Tetracycline8 Tetracycline, 100 mg, was given intra-
muscularly every six hours to four subjects (total dose 200
mg). One 250 mg capsule of tetracycline was given every
six hours to four subjects (total dose 500 mg).

CONCENTRATION OF ANTIBIOTICS IN THE GALL BLADDER
WALL This study was carried out in a group of 18
patients who underwent cholecystectomy. Of these, six
were treated with ampicillin, six with novobiocin and
six with oxytetracycline9. A similar study had already
been carried out with refamide in 16 cases (Acocella,
Lamarina, Tenconi, and Nicolis, 1966); the results of that
study are also reported here for comparative purposes.

Ampicillin, novobiocin, and oxytetracycline were given
orally at total doses of 2-2 and 1 g, respectively, the last
dose being usually given one to four hours before surgery.
Rifamide was administered at doses of 150 mg eight
hourly intramuscularly during one to eight days before
operation. At operation gall bladders were collected and
kept in sterile tubes. They were cut, washed with saline,
weighed and crushed with quartz grains in a mortar. A
homogenate, 1:10 w/v with saline, was prepared and
centrifuged. Centrifugation resulted in the separation of
the material in two phases, a liquid and a solid one. Micro-
scopical examination of the two phases showed that the
liquid one was composed of cellular residues, small
fragments of cellular organelles, basophilic granules,
some microorganisms in the upper part, and of bigger
cellular fragments (cellular membranes) and some fibrous
residue in the lower part. The solid phase was composed
of some cellular residues and almost entirely of quartz
grains of different size. There was strong evidence of
almost complete homogenization of the gall bladder wall.
The microbiological assay was carried out on the upper,

'Amplital, Farmitalia. 'Ceporin, Glaxo. 'Ilosone, Upjohn. Vulca-
mycin, Lepetit. 5Rifocin M, Lepetit. 'Rifocin, Lepetit. 7Reverin,
Hoechst. 'Ambramycin, Lepetit. 'Terramycin, Lederle.
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liquid phase. A preliminary investigation showed that no
microbiological activity was present in the solid phase.
The concentration of antibiotic in the gall bladder homo-
genate was carried out according to the method described
for the assay in bile.

METHODS OF ASSAY

ANTIBIOTICS Unless otherwise stated, the agar plate
method according to Grove and Randall (1955) was used
for the assay of all the antibiotics. Antibiotic concentra-
tions were expressed in terms of ,ug/ml or U/ml of bile or
ug/ml of gall bladder homogenate. The test micro-
organism and the lower limit of sensitivity of the standard
curve (LLS) for the different antibiotics were as follows:

Ampicillin Sarcina lutea ATCC 9341, LLS 0.09 ,ug/ml;
cephaloridine B.subtilis ATCC 6633, LLS 3 ug/ml;
erythromycin Sarcina lutea ATCC 9341, LLS 0.15 ,ug/ml;
novobiocin S.aureus ATCC 6538 on Jonagar medium,
LLS 1-5 gg/ml; oxytetracycline B.cereus var. mycoides
ATCC 9364, LLS 0.60 ,ug/ml; penicillin G S.aureus
ATCC 6538, LLS 045 U/mil; rifamide S.aureus ATCC
6538, LLS 0-12 ,ug/ml; rifamycin SV Sarcina lutea ATCC
9341, LLS 0.09 ,ug/ml.
The test microorganisms for rolitetracycline and

tetracycline were those used in testing oxytetracycline.

BILIRUBIN Bile samples diluted 1:20 were analysed for
bilirubin content by the method of Malloy and Evelyn
(1937). The concentration of bilirubin was expressed in
terms of mg/100 ml.

CHOLESTEROL The assay was carried out by the method
of Sperry and Webb after extraction of cholesterol carried
out according to the method of Foldes (1943). The
concentration of cholesterol was expressed in terms of
mg/100 ml.
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RESULTS

EXCRETION OF ANTIBIOTICS IN BILE The concentrations
of the different antibiotics in the bile collected during
each hour for a 12-hr period in each individual
subject are reported in Figs. 1 to 3 and 5 to 12; Fig.
4 gives the mean values obtained from six subjects
with their standard errors. Only the values higher
than the lower limit of sensitivity (LLS) of the
method of assay are represented in the figures; ab-
sence of values at a specified time interval indicates
therefore that the concentrations were lower than
the lower limits of sensitivity.

ANTIBIOTICS ADMINISTERED INTRAMUSCULARLY
Cephaloridine (Fig. 1) In one of three subjects

studied, microbiological activity lower than the LLS
was found throughout the period of observation. In
the other two, peak levels of the order of 6 to 10
,ug/ml were found two to three hours from the first
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'ln one further subject no measurable antibiotic activity was found.
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administration; the recovery ranged from 0.66 to
1.6 mg.
Novobiocin (Fig. 2) The concentration of novo-

biocin in bile ranged from 5 to 12 ,ug/ml, the
recovery from 1.7 to 2-4 mg.

Penicillin G (Fig. 3) Peak concentrations of the
order of 10 to 20 U/mI occurred two to four hours
after administration. Penicillin was detectable in bile
one hour after administration at levels of 0.5 to 2-6
U/ml. At 12 hours, in two cases, the levels were of the
order of 1X6 and 1-8 U/mI, in the third case 0.5 U/ml
was found at nine hours. The recovery ranged from
690 to 900 U.

Rifamide (Fig. 4) Peak levels of the order of 900
,ug/ml occurred four to five hours after each injection.
The lowest levels found after the second hour (a
second administration was carried out six hours
after the first) were of the order of 400 ,ug/ml. The
recovery ranged from 100 to 200 mg.

Tetracycline (Fig. 5) The concentrations ranged
from 0.4 to 3 ,ug/ml from the second hour after
administration onwards. The recovery ranged from
71 to 190 gg.
ANTIBIOTICS ADMINISTERED INTRAVENOUSLY

Rifamycin SV (Fig. 6) Peak levels occurred at
two to three hours with values of the order of 1,200
to 2,400 ,ug/ml. At the following time intervals the
concentrations decreased steadily, reaching at 12
hours values of 50 to 60 gg/ml in two subjects and of
10 ,ug/ml in one subject. The recovery ranged from
53 to 67 mg.

Rolitetracycline (Fig. 7) Peak concentrations
occurred at two to three hours with values of 45 and
310 ,ug/ml. In the following hours the levels de-
creased steadily, reaching values at 12 hours of 2-8
and 28 gg/ml. The recovery was 1.6 and 12 mg.
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ANTIBIOTICS ADMINISTERED ORALLY
Ampicillin When a dose of 250 mg was given

(Fig. 8), very irregular levels were observed. Peak
concentrations occurred in one case at three hours
(5 ,ug/ml) and in another case at six hours (1X8
,g/ml); in one case levels lower than the LLS of the
standard curve were observed throughout the period
of observation. The recovery was 110 and 220
,ug. Increasing the dose of ampicillin to 500 mg
(Fig. 9) did not result in a corresponding increase in
peak concentrations. In two subjects the levels
ranged from 1 to 4 ,ug/ml, and in one case the anti-
biotic was not detectable in bile until the tenth hour.
The recovery ranged from 340 to 450 ,ug.

Erythromycin (Fig. 10) Peak values were observed
at 12 hours with concentrations ranging from 2-4 to
5 ,ug/ml. In two cases erythromycin was detectable
in bile during the first hour of observation at levels
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Biliary excretion of antibiotics in man 541

TABLE I
BILE VOLUME AND BILIRUBIN AND CHOLESTEROL CONCENTRATIONS IN 32 PATIENTS TREATED WITH DIFFERENT ANTIBIOTICS

DURING 12 HOURS AFTER ADMINISTRATION

Hours after Administration

1 2 3 4 5 6 7 8 9 10 11 12

Volume (ml)

Bilirubin concentration
(mg/100 ml)
Cholesterol concentration
(mglloo ml)

Mean 14-05
SE 1-00
Mean 121-87
SE 12-81
Mean 68-9
SE 8-7

13-9
1.03

115-84
11-61
705
8-9

14-2
1-08

119-97
13-08
700
8-7

14-6
1-06

119-97
13-65
704
9-6

150
1-09

119-25
13-81
69-7
9-6

155
1-1

119-74
1439
66-7
8-6

14-4
1.0

120-25
13-88
65-8
9-2

149
1.0

127-85
17.97
64-9
8-2

14-7
09

122-00
16-85
61-8
8-9

145
1.0

122-84
17-97
64 1
8-8

15-4
1-1

119-64
16-45
63-9
8-3

164
1*4

12483
16-03
67.6
9.4

of 0.9 to 1.6 ,ug/ml; in one case the antibiotic was
detectable in the bile at levels higher than the LLS
only from the third hour onwards.

Novobiocin (Fig. 11) As compared with the levels
observed after intramuscular injection, those seen
after oral administration were higher but more
irregular and delayed. Peak levels of the order of 24
to 53 ,tg/ml were observed in two subjects; in one
subject levels lower than the LLS of the standard
curve were observed throughout the period of
observation. The recovery ranged from 2 to 5 mg.

Tetracycline (Fig. 12) A great scattering of the
concentration values was observed. Peak values
occurred in one case at seven hours, in a second case
at 12 hours, in the remaining two cases at 11 hours.
In two cases microbiological activity higher than the
LLS was found from the third hour, in one case from
the fifth hour, and in one case from the tenth hour
onwards. The recovery ranged from 0.3 to 2 mg.

EFFECT OF ANTIBIOTICS ON SOME BILE VARIABLES

The bile volume and the bilirubin and cholesterol
concentrations in the bile showed only minor and
irregular variations after the administration of
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ampicillin, cephaloridine, erythromycin, novobiocin,
penicillin G, rolitetracycline, and tetracycline, the
results obtained have thus been pooled and are
summarized in Table I. As can be seen, the hourly
flow of bile ranged from 14.0 ± 1.0 ml to 16-4 ± 1.4
ml.
The concentration of bilirubin in bile ranged

between 115.8 ± 11.6 and 127 ± 17.9 mg/100 ml,
that of cholesterol between 61-8 + 8-9 and 70.5 +
8.9 mg/100 ml.
The only deviations from this general trend were

observed in connexion with administration of rifa-
mycin SV and rifamide, when a decrease in both
bilirubin and cholesterol concentrations was ob-
served. The data relative to these two compounds,
not included in Table I, are reported separately in
Figures 13 and 14. As can be seen from Fig. 13, after
the administration of rifamide the concentration of
bilirubin decreased from 110 mg/100 ml at one hour
to 65 mg/100 ml at three hours; then the values
remain almost constant until the end of the period of
observation. Cholesterol levels decreased steadily
from values of 45 mg/100 ml at one hour to about
20 mg/100 ml at 12 hours. A different trend was
observed with rifamycin SV. In fact, with this
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TABLE II
CONCENTRATION OF DIFFERENT ANTIBIOTICS IN THE HUMAN GALL BLADDER WALL AFTER ADMINISTRATION OF THERAPEUTIC

DOSES
No. of Total Dose Rogte
Cases (8)

Range of Concentration in the
Homogenate (gg/ml)

Estimated Range of Concentration in
the Tissue (Lgglg)

6 2 Oral
6 2 Oral
6 1 Oral
16 0.450 Intramuscular

antibiotic, bilirubin and cholesterol levels dropped
in a roughly similar way to more than one third of
the original value between the first and the third
hour, then increased again and reached, at 12 hours,
values similar to those seen at the first hour (Fig. 14).

CONCENTRATION OF ANTIBIOTICS IN THE GALL BLADDER
WALL

The data are reported in Table II.

AMPICILLIN In the six patients who had received 2 g
of antibiotic orally the concentration in the gall
bladder homogenate was always lower than the LLS
of the method used for the determination (0.20
KAg/ml).

NOVOBIOCIN In the six patients who had received
2 g of antibiotic orally, the concentration in the gall
bladder homogenate ranged between 1.4 and 4.0
,ug/ml, corresponding to a range of 14 to 40 ,ug/g of
tissue.

OXYTETRACYCLINE In the six patients who had
received 1 g of antibiotic orally, the concentration in
the gall bladder homogenate was always lower than
the LLS of the method used (0-60 ,ug/ml).

RIFAMIDE In 16 patients, the concentration in the
gall bladder homogenate ranged between 1.34 and
7 85 ,ug/ml, corresponding to a range of 14 to 78
,ug/g of tissue.

DISCUSSION AND CONCLUSIONS

When the levels obtained in the bile for the different
antibiotics given intramuscularly are compared, it
may be seen that, at the peak, the concentrations of
rifamide are about 20 times higher than those of
novobiocin, 400 times those of tetracycline, and
about 100 times those of penicillin G and cephalori-
dine.
For the antibiotics administered intravenously,

the peak levels of rifamycin SV are about six times as
high as those seen in one case with rolitetracycline

and 40 times those seen in the second patient treated
with this antibiotic.
For the oral route, the administration of novo-

biocin resulted in antibacterial activity in bile from
twice to 10 times higher than that seen with erythro-
mycin derivative, tetracycline, and ampicillin. Doub-
ling the dose of ampicillin did not result in a corres-
ponding increase in biliary excretion. Concerning the
excretion of erythromycin, it must be observed that
the derivative used by us (propyonil ester) shows a
degree of excretion much lower than the parent
antibiotic erythromycin (Hammond, 1960). With the
oral route, in two sessions no antibiotic activity was
detected in bile throughout the period ofobservation;
this was found in one case with novobiocin and in
one case with ampicillin. The time of appearance of
antibiotic activity in bile was delayed in one case with
erythromycin (third hour), novobiocin (fifth hour),
tetracycline (tenth hour), and ampicillin (tenth hour),
emphasizing the importance ofan adequate period of
observation in studies carried out with oral anti-
biotics. In general, after oral administration, very
irregular levels were observed as compared to those
seen after intramuscular administration, as shown,
in particular, by the comparison between the excre-
tion curves observed with the same dose of novo-
biocin given by oral and by intramuscular routes.
A point deserving discussion concerns the rela-

tionship between the amount of antibiotic adminis-
tered and that recovered in bile. Within each group
of antibiotics (in terms of route of administration) a
different dosage schedule was used. In the first group
(intramuscular route), the range is quite a wide one,
including tetracycline which was given at a total dose
per experiment of 200 mg, and cephaloridine which
was given at a dose of 1,000 mg. Intermediate doses
were thoseof rifamide (300 mg),novobiocin (500 mg),
and penicillin G (600 mg). In the second group
(intravenous route), the doses were very similar,
being 275 and 250 mg respectively for PMTC and
rifamycin SV. In the third group (oral route) the
doses were the same for all the antibiotics (500 mg);
ampicillin was also given at a double dose (1,000 mg).
The estimates of the 12-hr recovery in bile of the
different antibiotics calculated on the basis of the

Ampicillin
Novobiocin
Oxytetracycline
Rifamide

<0-20
1-40-3.99
< 060

1-34- 785

14-40

14-78
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TABLE III
BILE RECOVERY IN 12 HOURS OF DIFFERENT ANTIBIOTICS AS PERCENTAGES OF ADMINISTERED DOSE

Route of Administration

Oral
Intramuscular
Intramuscular
Intramuscular
Oral
Intravenous
Intramuscular
Oral
Intravenous
Oral
Intramuscular

Dose (mg) Percentage Recovery in Bile
(mean values)

500
1000
600
200
500
275
500
500
250
500
300

003
006
008
008
0.14
0.18
040
080
2500
0-04
3400

TABLE IV
BILE LEVELS OF DIFFERENT ANTIBIOTICS RELATED TO INHIBITING ACTIVITY ON Ecoli PROTEUS, AND Klebsiella-Aerobacter

GROUP

Antibiotic Route of Dose MIC (tig/ml) (Majority
Admini- (mg) or Range)
stration

Ecoli Proteus Klebsiella
Aerobacter

Peak Levels in Relation to Duration ofLevels Higher Time ofAppearance oJLevels
MIC than MIC (hr) Higher than MIC (hr)

E.coli Proteus Klebsiella E.coli Proteus Klebsiella E.coli Proteus Klebsiella
Aerobacter Aerobacter Aerobacter

Ampicillin os

Cephaloridine im
Erythromycin os
Novobiocin os

im
Penicillin G im
Rifamycin SV iv
Rifamide im
Rolitetracycline iv
Tetracycline os

im

250
500
500
250
250
250
600
250
150
275
250
100

8 4-Rl 1 6-R'

8-R' 8-R' 8-Rl
100 > 250 > 200
50 10 10

250
50
20
5
S

250
SO
20
125
125

250
100
20
25
25 <

> a

- < 1P < 12 < 1' <

10-11 10-11
> 10 > 10
5-10 33
8'

7-8
> 10
1-10

1-2
2
2

4'

1-2
2
28

1-2
2
2

'Resistant 2Two out of three cases "One out of two cases 'One out of four cases

volumes of the bile drained at hourly intervals and of
their antibiotic content may be less accurate than
those of the concentrations, owing to the possibility
of incomplete drainage of the bile. However, this
possible error may be assumed to be randomly
distributed and is likely not to be very relevant for
the purposes of a rough comparison. This may be
carried out on the 12-hour mean percentage recovery
figures, reported in Table III.

If all the compounds of each group had the same
degree of affinity for the bile, we would expect
the dose and recovery in bile to be correlated. The
values reported in the table do not provide any
evidence suggesting that this correlation takes place.
Some correlation seems to exist, on the contrary,
between the percentage recoveries and the molecular
weights reported in the same table, in agreement with
some data of Williams, Smith, and Hillburn (1964)
concerning the biliary exctetion of large foreign
compounds in the rat. The only clear deviation from
this hypothesis, given by the erythromycin deriva-
tive, might be connected with the modifications

purposefully carried out in the molecule of this ester,
which lead to a remarkable decrease of biliary
excretion as compared to that of the parent com-

pound (Hammond and Griffith, 1960).
A further point which merits discussion concerns

the clinical relevance of the concentrations attained
by the antibiotics in bile. The inferences which may
be drawn from the results of experiments such as the
present ones in terms of clinical use of the different
antibiotics are clearly only orientative, with the
possible exception of a more direct application in
those cases in which a postoperative antibiotic
'coverage' is considered necessary. Nevertheless, it
appears that some useful information can be
obtained by the evaluation of the relationship
between concentrations in bile and in vitro activity of
the antibiotics against those microorganisms which
are more frequently encountered as causative agents
of the infections of the biliary tree in man (Furesz,
Acocella, and Scotti, 1963).
For the purposes of this study it seemed reasonable

to take into consideration, as a term of reference, the

Antibiotic Molecular Weight

543

Ampicillin
Cephaloridine
Penicillin G
Tetracycline

Rolitetracycline
Novobiocin

Rifamycin SV
Erythromycin
Rifamide

300.00
351.41
356.39
444.43

527.56
61265

699.77
733.92
819.95
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minimal inhibitory concentrations (MIC) of the
antibiotics studied against E.coli, Proteus, and
Klebsiella aerobacter, these bacteria being in fact
those most frequently found, alone or in association,
in the course of infections of the biliary tree. The
sensitivity data were those reported for penicillin G,
erythromycin, novobiocin, and tetracycline by Welch
(1959), for ampicillin by Barber and Garrod (1963),
for cephaloridine by Murdoch, Speirs, Geddes, and
Wallace (1964), for rifamycin SV by Bergamini and
Fowst (1965), and for rifamide by Pallanza, Furesz,
Timbal, and Carniti (1966). Taking into considera-
tion these data, the results concerning the different
antibiotics we studied have been arranged in Table
IV according to the following criteria: whether the
antibiotics attain in the bile concentrations higher
than their MICs against the bacteria selected for the
comparison; for how long these levels are main-
tained; how long it takes from the time of
administration for the antibiotics to reach levels
fulfilling the above mentioned requirements.

It is evident that only tetracycline, rifamycin SV,
and rifamide show levels higher than the MICs for
the bacteria; such levels appear within one to four
hours after administration and last eight to twelve
hours.

Concerning the effects on bile variables, no
evidence has been obtained of any effect of the anti-
biotic treatment on the volume of bile drained. In all
experiments, in fact, the volume of bile did not show
appreciable variations.
The concentration of bilirubin in bile was of the

order of 120 mg/100 ml, in good agreement with the
data obtained by With (1945). In one case values of
20 mg/100 ml were observed, while in another levels
of 300 to 500 mg/100 ml were found, the mean
volume of bile being in both these cases 10 ml/hr.

Decrease in bilirubin concentration was observed
in connexion with the administration of rifamycin SV
and rifamide. For rifamycin SV the hypothesis of a
process of competition for excretion between the two
substances has been put forward in studies carried
out in animals and in man (Acocella and Billing,
1965; Acocella, Nicolis, and Tenconi, 1965). The
reduction of bilirubin excretion could therefore be
interpreted on the same basis. It seems doubtful
whether the observed decrease of bilirubin excretion
during rifamide treatment can be interpreted on the
same basis or on the basis of spontaneous fluctua-
tions of bilirubin concentrations. Decrease in chol-
esterol was observed in connexion with treatment
with rifamycin SV, ampicillin, and rifamide, the
reason for this being, at the moment, obscure.
As far as the concentrations in the gall bladder

wall of the four antibiotics tested from this point of
view are concerned, ampicillin and oxytetracycline

failed to be detected in the gall bladder wall. Rifa-
mide and novobiocin showed, on the contrary, a
degree of diffusion similar for the two compounds.
The concentrations achieved seem, for both, higher
than the MIC against Gram-positive organisms and
for rifamide also against the more sensitive strains of
Gram-negative bacteria.

In conclusion, the results of this study provide
comparable data concerning the biliary excretion of
nine antibiotics. They show that intramuscular
administration is generally followed by more
constant concentrations in bile. Oral administration
is likely to produce very irregular levels. With this
route, the appearance of antibacterial activity in bile
can be delayed and the probability of the antibiotic
not being present in bile seems to be higher.
Among the antibiotics studied, the rifamycins are

those with the highest degree of affinity for biliary
excretion.

We wish to thank Professor B. Austoni for his supervision,
Sister Elvira for her collaboration in this investigation and
Miss E. Mapelli for her technical assistance.
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