
The Role of Antibiotics in Infections of the Biliary Tract
Studies in Sensitivity and Biliary Tract Excretion *

J. RuSSELL TWIss, M.D., LEE GiTi.rrE=, M.D., WILLIAM V. B_RGER, M.D.,
ALLAN R. ARONSON, M.D., Louis SIEGEL

New York, N. Y.

T iiPREvALENCE and tenacity of cholan-
gitis as a clinical entity has been well es-
tablished.6 Patients with this condition are
more susceptible to complications, such as
stone formation or pancreatitis, than pa-
tients with biliary tract disorders of a non-
infectious nature.
The purpose of the present investigation

was (1) to determine which antibacterial
agents are most effective against patho-
genic biliary tract organisms, and (2) to
ascertain whether bactericidal concentra-
tions of these agents can be obtained in the
biliary tract. Various strains of Escherichia
coli were selected for this study because
this organism is the most prevalent in bil-
iary tract infections and has proven to
be the one most resistant to antibiotics.
The study was divided into three parts:

(1) Testing the sensitivity of E. coli to
various antibacterial substances; (2) de-
termining the bacteriostatic and bacteri-
cidal levels of three selected antibiotics;
and (3) measuring the concentration of
Terramycin® and Achromycin® in the bi-
liary tract, after oral or intramuscular
administration.

IN VITRO SENSITIVITY OF ESCHERICHIA COLI
TO ANTIBIOTICS

Paper Disc Tests. Strains of E. coli were
tested by the standard paper disc method 4
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for sensitivity to 14 different antibacterial
agents. Standard discs of antibiotics, one-
half inch in size, in concentrations of 2, 4, 8,
and 16 gamma were used. The results of
these tests are listed in Table 1, and show
that agents Furadantin®, Achromycin@,
Aureomycin®, Terramycin® and Chloro-
mycetin®, listed as Group A, were most
effective. Our studies with Furadantin® and
erythromycin have been reported previ-
ously.7 8 E. coli proved to be highly or
moderately sensitive to these agents in 90
per cent of the 139 tests performed. Re-
sults for the less effective agents are listed
in Table 1 under Groups B and C. All the
tests were made independently in two dif-
ferent laboratories; identical results were
obtained in 95 per cent.

Serial Dilution Tests. Of this group,
Achromycin®, Terramycin® and Chloromy-
cetin® were tested further by the test-tube
dilution method,2 to determine what con-
centration of each was necessary to inhibit
growth of E. coli. Clinical observations
had suggested that the concomitant use of
Tween 80 with some of the antibiotics
might render them more effective against
E. coli. For this reason, bacteriostatic and
bactericidal tests were made by using two
sets of serial dilutions of standardized solu-
tions of the antibacterial agents. An equal
volume of sterile human bile was added to
each test tube, in order to simulate, as far
as possible, conditions in the biliary tract.
To one set of tubes, there was added one
ml. of 4 per cent Tween 80 in sterile solu-
tion; an equivalent amount of sterile water
was added to the other set, to provide a
control. Equal amounts of inoculated broth
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TABLE 1. Results of Paper Disc Sensitivity Tests* upon Escherichia coli Isolatedfrom a Series of
Patients with Chronic Cholangitis

Highly Moderately Slightly
Antibiotic No. Tests Sensitive Sensitive Sensitive Resistant

A. Antibiotics highly effective
Furadantin 10 10 0 0 0
Achromycin® 28 24 4 0 0
Aureomycin® 29 24 3 2 0
Terramycin 30 22 6 2 0
Chloromycetin ® 42 22 12 6 2

Total 139 102 25 10 2

B. Antibiotics generally ineffective
Dihydrostreptomycin 38 7 7 10 14
Penicillin 32 2 0 1 29
Bacitracin 22 1 0 3 18
PolymyxinB® 22 1 0 7 14
Erythromycin 21 0 0 4 17
Magnamycin® 21 0 1 2 18

Total 156 11 8 27 110

C. Sulfa compounds generally ineffective
Sulfadiazine 27 1 4 1 21
Gantrisin® 27 1 2 3 21
Triple Sulfas 20 0 0 2 18

Total 74 2 6 6 60

* 2" discs with 2, 4, 8, and 16 gamma of the various antibiotics were used.

TABLE 2. Effect of Antibacterial Agents upon Escherichia coli

Bacteriostatic Level Bactericidal Level

With Tween 80 M With Tween 80
Standard Added Standard Added

Terramycin ® 7 mcgm./ml. 7 mcgm./ml. 10 mcgm./ml. 7 mcgm./ml.
Achromycin® 14 mcgm./ml. 7 mcgm./ml. 20 mcgm./ml. 10 mcgm./ml.
Chloromycetin® 28 mcgm./ml. 7 mcgm./ml. 28 mcgm./ml. 20 mcgm./ml.

were then added to all tubes, with aseptic
precautions.

After 24 hours of incubation at 370 C.,
the tubes were examined for growth (tur-
bidity). The lowest antibiotic concentration
that remained clear was designated as the
bacteriostatic level. All tubes without tur-
bidity were then subcultured into fresh
sterile Pennassay or nutrient broth without
bile, and incubated for 24 hours at 370 C.
The concentration of antibiotic that gave

clear transplants was designated as the
bactericidal level.
From the results shown in Table 2, it can

be seen that the bacteriostatic and bacteri-
cidal levels for Achromycin®g and Chloro-
mycetin® were lower in the presence of
Tween 80®. However, there was little or no

difference in the levels for Terramycin®.
Excretion of Antibiotics in the Biliary

Tract. Terramycin® (Oxytetracycine) and
Achromycin® (Tetracycline) have both
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TABLE 3. Concentration of Terramycin in Bilefrom T-Tube Drainage Following
Intramuscular or Oral Administration

Concentration in Bile (mcgm./ml.)
No. Days No. of Hours after Admin. of Drug

after
Patient Operation Dosage 2 4 6

E. A. 21 100 mg., I.M. 2.7 2.5
A.K. 8 100mg.,I.M. 5 8
L. S. 63 100mg., I.M. 15 10

E.A. 48 250mg., P.O. 32 24
E. R. 9 250 mg., P.O. 5.6 4.9 7.0
L. S. 79 250 mg., P.O. 23 21

E. A. 41 500 mg., P.O. 32 20
L. S. 77 500mg., P.O. 30 48
J. B. Operative 500 mg., P.O. 34.5
F. B. (portal cirrhosis) 36 500 mg., P.O. 0 0.28

been reported by other investigators as be-
ing excreted in the bile.1' 3, 5,9, 10 We wished
to determine whether in the human a suffi-
cient concentration of these antibiotics is
excreted in the biliary tract to exert a bac-
teriostatic or bactericidal effect on Escheri-
chia coli. For this purpose, the concentra-
tion of each agent was determined in the
gallbladder or common duct bile, following
its oral or intramuscular administration.

Terramycin® (Oxytetracycine). The bil-
iary excretion of this agent in humans has
been studied by Pulaski and Fusillo,5 Her-
rell and Heilman,3 and Zaslow and Rosen-
thal.9 These authors note in their reports
that various levels of Terramycin® could be
found in bile from the gallbladder and
from T-tube drainage, following oral and
intravenous administration. They also point
out that obstruction of the cystic duct pre-

vented the appearance of the antibiotic in
bile from the gallbladder, and that im-
paired hepatic function interfered with the
accumulation of adequate concentrations
in bile in the T-tube. However, bactericidal
figures for Terramycin® in bile, that could
be used for a comparison with the actual
levels reported, were not determined.

Terramycin@' in Gallbladder Bile. High
concentrations of Terramycin® have been

reported in gallbladders with a patent cystic
duct.5 10 These findings have been con-
firmed by our investigations. Following oral
dosage of 500 mg., a level in the gallbladder
bile of 76 mcgm./ml. was obtained.

Terramycin® in Bile from the Common
Duct. Table 3 shows Terramycin® concen-

trations obtained in the common duct bile
two to six hours after Terramycin® was ad-
ministered to ten patients, who had T-tube
drainage following cholecystectomy. The
first three were given a single intramuscular
injection of 100 mg., and in two of these
patients, a bacteriostatic level of Terramy-
cinm for E. coli was obtained.

In the next series, three patients were

given 250 mg. of Terramycin® by mouth,
four times on the day preceding the test, and
once on the morning of the test. As indi-
cated in Table 3, all three patients attained
a bacteriostatic level of Terramycin® and
two attained bactericidal levels. The con-

centration in these two cases was far higher
than after a single intramuscular injection.
Four patients were given oral doses of

500 mg. of Terramycin® which resulted in
each case in bactericidal levels in the bile,
equal to or higher than those produced by
a dose of 250 mg. The fourth patient given
500 mg. doses demonstrated practically no
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TABLE 4. Concentrations of Achromycin® in the Common Bile Duct Obtained by T-Tube Drainage in Post-

Cholecystectomy Patients FoUowing Oral Administration

Achromycin® Concentration (Second Day)
Mcgm./ml.

Bile Blood Serum

Days Hours after Hours after
after Before Morning Dose Morning Dose
Chole- Morning r i_ --

Patient cystectomy Dosage Dose i2 4 6 2 4

1. M. M. 8 250 mg. 200 226 270 - 8 8.6
2. S. S. 9 250 mg. 72 70 - 15.5 13.5
3. M. A. 34 250 mg. 48 20 -
4. E. S. 70 250mg. 20 20 -

5. M. K. 5 500 mg. - - 36 9
6. M.K. 9 500mg. 48 15 35 1.5 3.5
7. C. B. 7 500mg. 80 70 90 - 14 12
8. F.B. (portalcirrhosis) 30 500 mg. 5 - - -

9. E. C. 12 500mg. 1.5

biliary excretion of terramycin. This patient
had been found at operation to have a
severe portal cirrhosis.
Achromycin@ (Tetracycline). Determina-

tions of this antibiotic in human bile have
also been reported. Readings of 50 to 100
mcgm./ml. in bile in the T-tube were found
postoperatively in patients without jaun-
dice.9 Lower figures were obtained when
jaundice had been present before operation.
Achromycin® in Gallbladder Bile. Pulaski

and Fusillo 5 not only reported good con-
centrations in bile in the gallbladder in the
presence of a patent cystic duct, but were
also able to obtain concentrations of 10 to
80 mcgm./ml. in gallbladders with ob-
structed cystic ducts, after repeated intra-
venous injections of tetracycline.

In our own experience, oral administra-
tion of 500 mg. doses of Achromycin® has
given bactericidal levels of 22 mcgm./ml.
to 250 mcgm./ml. in the gallbladder bile
obtained at operation.
Achromycins in Bile from the Common

Duct. Seven tests were made for the con-
centration of Achromycin® in bile from
the common duct, obtained by T-tube

drainage following cholecystectomy (Ta-
ble 4). In cases 1, 2, 3, and 4, a dose of
250 mg. of Achromycin) was given orally
four times on the day preceding the test
and once on the morning of the test. In
all these patients bactericidal levels were
obtained in the bile (Table 2). In cases 5,
6, and 7, the tests were made with a dose
of 500 mg. of Achromycin® by the same
technic and the antibiotic likewise attained
bactericidal levels. These results indicate
that a dosage of 250 mg. of Achromycin@,
given four times daily, is adequate in at-
taining bactericidal levels in the bile.
The same procedures, with a dosage of

500 mg., were followed in two patients
(8 and 9, on Table 2) with T-tube drain-
age, each having a known impairment of
hepatic function. In one patient (8) with
portal cirrhosis the maximum concentration
of Achromycin® obtained was 5 mcgm./ml.
in bile from the common duct. The other
patient (9), recently operated upon for an
echinococcus cyst of the liver, had a max-
imum concentration of 1.5 mcgm./ml.
Achromycins and terramycin have also

been found to give successful results in the
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treatment of infections of the biliary tract;
this clinical application will be discussed
in a later communication.

SUMMARY

1. An investigation has been made of
certain factors involved in the treatment
of infections of the biliary tract, especially
those due to Escherichia coli.

2. Sensitivity tests of the Escherichia coil
have shown (a) a high degree susceptibil-
ity to Achromycin®, Aureomycin®, Chloro-
myceting, Furadantin®, and Terramycin®.
When the paper disc method of testing
was employed; and (b) bacteriostatic and
bactericidal levels for Terramycin® and
Achromycin® were obtained in the pres-
ence of hepatic bile. These tests were done
by the serial dilution method.

3. The effect of a surface wetting agent
(Tween 80) on the bactericidal and bac-
teriostatic levels of antibiotics for Esch-
erichia coli has been examined. The effect
of Achromycin® and Chloromycetin® was
apparently enhanced by the addition of
Tween 80.

4. Following oral administration, inhibi-
tory levels of Achromycin® and Terra-
mycin® were obtained in the gallbladder
and bile from the common duct, provided
there was no impairment in hepatic func-
tion and no extrahepatic obstructive lesions.
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