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OF AUREOMYCININ DIFFERENT PORTIONSOF THE

INTESTINAL TRACT
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(From the Division of Medicine of the University of Tennessee College of Medicine and the
John Gaston Hospital, Memphis, Tennessee)

(Submitted for publication July 23, 1951; accepted October 9, 1951)

Numerous investigations have been carried out
dealing with the absorption of aureomycin into the
blood stream, body fluids, and tissues (1, 2).
However, no determination of the concentration of
this antibiotic within the lumen of the intestine has
been reported. Likewise, there have been many
studies concerning the effect of oral aureomycin on
the intestinal bacterial flora, but these have relied
upon the examination of stool specimens (3). It
was believed that a determination of the concentra-
tion of aureomycin and its bacterial effect in vari-
ous portions of the intestine would be of value in
establishing more accurately the role of this antibi-
otic in intestinal disease.

For these reasons, it was decided to investigate
patients having a cecostomy, a transverse colostomy
or a sigmoid colostomy. In this manner, it was
possible to correlate oral dosage and intestinal
aureomycin levels as well as alterations in the
bacterial flora in different portions of the intestinal
tract. Similar studies were carried out using
stool specimens from a group of hospital patients
having no apparent intestinal disease. It was rec-
ognized that a comprehensive investigation of in-
testinal bacteria involving aerobic and anaerobic
studies would be an extensive project. A review
of the bacteriologic records of the John Gaston
Hospital for the five year period from January 1,
1945 to January 1, 1950 disclosed that eight patho-
genic organisms were most frequently isolated in
cases of peritonitis resulting from perforation of
the gastrointestinal tract: Escherichia coli, Strep-
tococcus anaerobius, Bacteroides organisms, Strep-
tococcus Pyogenes, Streptococcus viridans, Strep-
tococcus faecalis, Clostridium perfringens, and
Aerobacter aerogenes. It was decided to restrict
the bacteriologic studies to these eight organisms.

METHODS

Clinical methods. Nine patients having a cecostomy, a
transverse colostomy or a sigmoid colostomy were stud-
ied. Two of these patients had a cecostomy; three had
a transverse colostomy; and four had a sigmoid colostomy.
The following procedure was carried out in every case:
after obtaining two control specimens, each patient was
given 250 mg. of aureomycin orally at 10:00 a.m., 2:00
p.m., 6:00 p.m., and 10:00 p.m. for two days; then, four
days after the intestinal or fecal aureomycin had disap-
peared, this procedure was repeated using 500 mg. instead
of 250 mg. of aureomycin; again, after the aureomycin
level in the intestine or feces had been nil for four days,
750 mg. of aureomycin were administered four times a
day for two days. Medication was followed in every in-
stance with 100 cc. of milk. This particular regimen was
adopted because it corresponded to the routine anti-
amebic treatment employed at the John Gaston Hospital
(4). Intestinal specimens were obtained at approximately
the same period every 24 hours. One of the two cecostomy
patients was unable to remain in the hospital more than
10 days. Therefore, only the 2 gm. regimen was carried
out in that case.

In addition to the nine cecostomy and colostomy cases,
20 hospital patients having no apparent gastro-intestinal
disease were investigated following the oral administra-
tion of aureomycin as described above. Efforts were
made to obtain stool specimens daily for five days in each
of these cases. Four of these patients were subjected to
the 1 gm. regimen, nine to the 2 gm. regimen and seven to
the 3 gm. regimen. Attention was especially directed to-
ward the 2 gm. group because it corresponded to our rou-
tine anti-amebic therapy (4).

Assay methods. The method employed for determin-
ing aureomycin concentration in feces and intestinal ma-
terial was suggested by Dornbush (5). Four gm. of
intestinal material or feces were placed in a large centri-
fuge.tube; then, 100 cc. of acid acetone were added and,
after mixing well, this combination was allowed to stand
for 10 minutes. Following this, centrifugation was car-
ried out for 10 minutes at 15,000 r.p.m. Thereafter, 1 cc.
of the supernatant was withdrawn and used for serial
twofold dilutions in Penassay broth. Twenty tubes were
employed for each determination. The first tube con-
tained 0.5 cc. of undiluted supernatant, tubes 2 through 19
contained 0.5 cc. of serial dilutions of the supernatant, and
the last tube contained broth alone as a bacterial control.
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When a high concentration of aureomycin was suspected,
a 1: 10 dilution of the original extraction material was
prepared and 1 cc. of this was treated exactly as was the
undiluted material. After carrying out the above pro-
cedure, 1.5 cc. of a 1: 100 dilution of an overnight Penas-
say broth (Difco) culture of Bacillus cereus was added
to each tube and the contents were mixed. Following
this, the tubes were incubated at 37° C. for four hours
and 10 minutes. The additional 10 minutes were allowed
for heating the tubes initially to 370 C. This entire process
was carried out in duplicate.

After incubation, the tubes were read for the amount
of aureomycin as is described below. In every instance,
two control series were carried out. The first of these
utilized crystalline aureomycin in 2 mcg. per cc. concen-
tration. This portion of the determination was con-
ducted exactly as above except that 1 cc. of Penassay
broth (Difco) containing 2 mcg. of aureomycin was em-
ployed instead of the extraction material. The aureomy-
cin control usually revealed absence of growth through
tube 8, so that inhibition through tube 7 in the assay de-
termination represented 1 mcg. of aureomycin per cc. of
the extraction material (or 1 mcg. of aureomycin per
0.04 gm. of intestinal or fecal material). In rare in-
stances, there was a variation of one tube in the aureo-
mycin control determination. The tests were read as fol-
lows (for this illustration, it is assumed that inhibition in
the aureomycin control series extended through tube 8):

Tube: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Growth: + (1 mcg. aureomycin per 0.04 gm. of

intestinal or fecal material; that is,
1 mcg. per cc. of extraction ma-
terial)

++ (0.5 mcg. of aureomycin per 0.04
gm. of fecal or intestinal material)

+++ (0.25 mcg. of aureomycin per 0.04
gm. of fecal or intestinal material).

The second control was performed exactly as the first ex-
cept that 1 cc. of acid acetone was employed, instead of 2
mcg. of crystalline aureomycin in 1 cc. of Penassay broth.
Inhibition in this control series varied from tubes 1 to 4.
Therefore, whenever in the assay of intestinal or fecal
material, inhibition was the same in the test series and in
the acid acetone control, the aureomycin concentration
was read as 0. In early determinations, it was found
that no difference in levels occurred when the crystalline
aureomycin was dissolved in Penassay broth or acid ace-
tone. The acid acetone employed in extracting aureomycin
from fecal or intestinal material was prepared as follows:
1 part of 4 N hydrochloric acid, 6 parts of water and 13
parts of acetone.

In most instances, aureomycin assay determinations
were carried out within one hour of the receipt of the in-
testinal or fecal specimens; in no case was there an in-
terval exceeding two hours. Prior to this procedure the
material was maintained at -20° C. Two intestinal or
fecal specimens were obtained in each case as controls
before the initial aureomycin regimen was instituted. No
evidence of aureomycin was noted in any of the pre-treat-
ment control specimens. While no history of the recent

use of antibiotics or chemotherapeutic agents could be
obtained in any patient selected for this investigation,
these control specimens provided additional protection
against such a possibility.

Bacteriologic methods. Stool and intestinal specimens
were collected at approximately the same period every
24 hours in autoclaved dry containers. Cultures were
made within one to two hours after the collection of
specimens. The following procedure was employed for
this purpose: approximately 1 gm. of feces or intestinal
material was transferred aseptically to 10 cc. of sterile sa-
line and thoroughly mixed. One cc. of this material was
transferred to a tube containing 9 cc. of sterile physiologi-
cal saline and the contents again were thoroughly mixed.
This procedure was carried out through five tubes with
the tubes being numbered 1 through 5 consecutively.
Fourteen blood agar plates were used for each specimen.
These were divided into two sets of seven plates. In each
set, the plates were numbered 1 through 7. Two drops
of the contents of tube 2 were transferred aseptically to
the first blood agar plate and one drop was similarly placed
on the second plate. The material was spread evenly on
the first plate with a sterile glass spreader. A second
spreader was utilized to distribute the material on plate 2
and dilution was then obtained by using the same spreader
for the third plate. This procedure was carried out in du-
plicate. The same method was employed for inoculating
three eosin methylene blue plates (Difco). In a similar
manner, two drops of the contents of tube 5 were placed
on the fourth blood agar plate and the material was then
diluted by using the same spreader for the fifth plate.
This procedure was also carried out in duplicate. Tube 1
was heated in a water bath at 80° C. for 15 minutes, af-
ter which two drops of its contents were placed on the
sixth blood agar plate and were subsequently diluted on
the seventh plate by using the same glass spreader. One
set of blood agar plates and the three eosin methylene
blue plates were incubated aerobically at 37° C. for 24
hours. The remaining set of blood agar plates was incu-
bated anaerobically at 370 C. for 48 hours.

The gross appearance of all bacterial colonies was re-
corded. The first plate was used to determine the num-
ber of each type of colony except when it was overgrown.
When the first plate could not be employed, the fourth
plate was utilized for this purpose; and the number of
colonies counted was multiplied by the dilution factor.
The amount of growth was recorded as follows:

Negative-no growth
1 +-from 1 to 15 colonies
2 +-from 16 to 50 colonies
3 +-from 51 to 100 colonies
4 +-more than 100 colonies.

RESULTS

Assay results. Using 1 gm. of oral aureomycin
daily for two days, intestinal and fecal concentra-
tions of at least 1,000 mcg. per gm. of material
were obtained for varying periods in every case
except one. In three instances maximumaureomy-
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cin concentrations ranged from 51,200 to 102,400
mcg. per gm. Fecal aureomycin levels in four pa-

tients, having no cecostomy or colostomy, receiv-
ing 1 gm. daily for two days, varied from' 3,200
to 51,200 mcg. per gm. of material.

With 2 gm. of oral aureomycin daily, higher con-

centrations were obtained in the intestine and
stool than in the preceding series. Maximal con-

centrations ranging from 25,600 to 102,400 mcg.

per gm. of intestinal material were obtained in
seven -of the nine cecostomy and colostomy pa-
tients. Stool aureomycin levels reaching 25,000
to 50,000 mcg. per gm. of wet material were ob-
tained in every instance (Table I).

With 3 gm. of oral aureomycin daily for two
days, persistently higher concentrations were ob-
tained in the intestine and feces than in either of
the two preceding groups. Of importance is the
fact that significant aureomycin intestinal levels
were rapidly attained and were then maintained
for two and three days after medication was discon-
tinued. With the exception of the cecostomy case,

every patient in this series disclosed intestinal or

fecal concentrations of aureomycin reaching 51,-
600 to 128,000 mcg. per gmi. of wet material. Since
only graded quantitative differences were noted in

the results obtained with 1 gm., 2 gm. and 3 gm.
of aureomycin, the concentrations demonstrated in
the 2 gm. series alone are recorded in Table I.

The effect of diarrhea on aureomycin intestinal
levels is of obvious practical importance in the
treatment of intestinal disease, for example, human
amebic dysentery. The rapid decrease in the au-

reomycin level in patient 3 in the 2 gm. series
(Table I) was associated with a painless diarrhea
of five to seven liquid stools per day. Additional
evidence of the effect of diarrhea in reducing aureo-

mycin intestinal levels was observed in the two
cecostomy patients in this series (Table I). Pa-
tient 1 had a persistent, moderately severe diarrhea
throughout this investigation; while the second pa-

tient noted no side effects. Concentrations ob-
tained in the latter case were four to 12.5 times
greater than in the first patient.

Bacteriologic results. To promote cohesion in
discussion and representation, the bacteriologic
studies involving the various portions of the in-
testine-cecum, transverse colon and sigmoid colon
-were grouped together as intestinal effects.
Whena reduction of one of the eight bacteria stud-
ied was observed from 4 + or 3 + to 1 + or 0 (as
previously explained), it was regarded as evidence

TABLE I

Aweomycin intestinal and stool levels

2 Gm. of Oral Aureomycin Daily for 2 Days
Source of Case Mcg of Aureomycin per Gm. of Wet Material

I DAY 2 DAYS 3 DAYS 4 DAYS 5 DAYS
Material No. After Treotiaect Seoee After Ireetmeet Began After Treetmeet Began After Treatment Began After Treatment Segl

l 1600 6400 2000 1600 eoo
Cecostomyt

2 _+ 5 200 25 600 1 2800 3200

3 102400 64000 200 6 0
Transverse

4 25600 64000 3200
Colostomy

____________ 5 102400 51200 51200 400 200

6 400 6400 o800

SiOmoid 7 25600 51200 51200 12800 6400
Colostomy 8 800 3200 25600 51200 12800

9 51200 102400 102400 225

10 - 51200 51200 64000 51200

l l 50 25600 1600 1600

12 25600 25600 1600

13 25600 25600 25

Stool 14 6400 102400 51200 6400

15 - 64000 1600 800
16 25600 102400 51200 -

17 102400 51200 6400
18 12800 6400 6400

+ Indicates "C" specimens were not obtained.
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TABLE II

Bacteriologic effects

2 OIL OF ORAL AUREOMYCIN DAILY FOR 2 DAYS

ALTERATIONS IN INTESTINAL BACTERIAL FLORA ALTERATIONS IN FECAL BACTERIAL FLORA

ORGANISMS NO I DAY 2 DAYS 3 DAYS 4 DAYS 5 DAYS No I DAY 2 DAYS 3 DAYS 4 DAYS 5 DAYS
doe. hoto &FTC& &FTC. AFTm Aes. Acues. cle. apegs F1IS.S,AT0191.. "Caftwe" -st.ee"Im.Z.STUDIED F OF.

cspuatcHI
8 2 6 0 a 0 8 2 6 3 5 15 7 a 5 10 2 13 3 12 4 II

MIAETOV a
0 3 0 3 3 3 2 I 5 4 0 5 0 5 0 5 4

SUTCROISKS 5 0 5 0 5 0 5 2 3 4 5 0 5 0 5 0 5 0 5 2 3

6T soe eetn3 2 0 3 0 3 3 2 I 4 I 3 0 4 0 4 0 4 3
YIROANS

STRTococus _ 0 0 I 0 0 I 0 2 0 2 0 2 0 2 I

STREPTOCOCCUS 6 2 4 3 3 3 3 6 0 6 0 5 3 2 4 5 0 5 0 5 0
PECALIS

CLOST01rO" 6 0 6 0 6 0 6 I 5 3 3 9 a 0 9 0_ _

AIRoGACTCR 8 2 6 7 6 2 6 5 3 6 3 3 I 5 0 6 0 6 4 2*egROERES

+ ..INDICAIES GLINT OR NO INHIBITION.
4 -INDICATES MARKED OR COMPLETEICNHIITION.

of marked or complete inhibition. If reduction was
only in the range of 4 + to 3 + or 3 + to 2 + or
2 + to 1 + or 1 + to 0 or if there was no de-
crease, it was regarded as slight or no inhibition.
This method was employed with both intestinal
and fecal specimens.

Even such a minimal amount of oral aureomy-
cin as 1 gm. daily for two days, produced a rapid
intestinal effect. Seven of the eight bacteria stud-
ied were markedly or completely inhibited in 24
to 48 hours and definite reduction of these organ-
isms persisted for two days after this small amount
of medication was discontinued. Only Streptococ-
cus faecalis was not uniformly responsive.

Using 2 and 3 gm. of aureomycin daily for two
days, a more rapid and marked reduction of bac-
teria occurred. While 1 gm. resulted in the com-
plete inhibition of two of the eight bacteria in the
intestine in 24 hours, 2 gm. completely inhibited
three of these organisms (Table II), and 3 gm.
caused the complete inhibition of six. Similar ef-
fects were noted in the fecal specimens. Only
Streptococcus faecalis was not uniformly reduced
to a significant degree. However, when 3 gm.
were administered daily for two days, three of five
intestinal cases revealed complete or marked in-
hibition of this organism, though only one of five
of the stool specimens disclosed this degree of re-
duction. In all cases, the effect on Streptococcus
faecalis was brief. A definite inhibition of the

other seven bacteria in the intestine and stool was
evident for 48 and 72 hours after aureomycin was
discontinued.

DISCUSSION

In an effort to evaluate more exactly the role of
aureomycin in intestinal disease, material from
various portions of the intestine was examined fol-
lowing the administration of therapeutic amounts
of this antibiotic. Each specimen was studied to
determine the concentration of aureomycin and
its effect on eight pathogenic organisms. Using
2 to 3 gm. of oral aureomycin daily, intestinal con-
centrations of this agent were obtained which
reached 51,200 to 128,000 mcg. per gm. of wet
material.

These initial aureomycin intestinal levels are
quite suggestive as regards the mode of action of
this antibiotic in human amebiasis. In 1949, it was
demonstrated that aureomycin is amebicidal in
vitro (6). Further evidence indicating a direct
effect by this antibiotic on E. histolytica in the
test tube was presented by Hewitt and his associ-
ates who described the complete destruction of
amebae by aureomycin in concentrations of 1,000
mcg. per cc. with only 10 minutes of contact (7).
More recently, Hall reported that aureomycin
destroyed E. histolytica trophozoites in vitro in
concentrations of 50 mcg. per cc. (8).

After in vitro studies, more than 100 cases of
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amebiasis were successfully treated at the John
Gaston Hospital with oral aureomycin. How-
ever, the exact mode of action of this antibiotic in
the body was not clear. There remained the pos-

sibility that aureomycin exerted its effect in the
body primarily through an indirect action on

amebae by altering the intestinal bacterial flora.
That this antibiotic has a broad antibacterial spec-

trum of activity is well established.
The results of the present studies indicate that

the oral administration of therapeutic amounts of
aureomycin produces intestinal concentrations
which are 50 to 100 times greater than established
amebicidal levels in vitro (51,200 to 128,000 mcg.

per gm. of wet material). These first aureomycin

intestinal levels suggest, therefore, that this agent
exerts its major therapeutic effect in human
amebiasis through a direct action on E. histolytica.
It is generally recognized that the eradication of
amebic infections requires the destruction of
amebae in tissue as well as in the intestinal lumen.
In view of the high concentration of aureomycin
obtained within the lumen of the colon, it appears

probable that amebicidal amounts penetrate the in-
testinal wall via the vascular system. It is ap-

parent from the present investigation that while
diarrhea causes a reduction in the intestinal con-

centration of aureomycin, levels are still present
which are amebicidal in vitro. The alteration of
the intestinal bacterial flora may play a part .in
the destruction of E. histolytica in the body, but
this would appear to be of secondary importance.

Bacteriologic studies restricted' to eight com-

mon pathogenic organisms revealed that 2 to 3 gm.
of oral aureomycin daily for two days resulted in
a rapid and marked inhibition of seven of these
bacteria. This effect persisted for 48 to 72 hours
after medication was discontinued. Streptococ-
cus faecalis alone was not uniformly responsive;
though when 3 gm. were administered daily, this
organism was markedly reduced in more than half
of the cases revealing its presence. While the in-
testinal antibacterial spectrum of aureomycin has
been extensively investigated (3), it is believed
that information derived from this study of ma-

terial from different portions of the intestine may

be of value in determining more exactly its role
in intestinal surgery. In view of the rapid attain-
ment and subsequent maintenance of significant
intestinal levels together with its bacterial effects,

it appears that aureomycin should be an excellent
agent for the preoperative preparation of the in-
testine. Clinical reports substantiate this view
(9, 10).

SUMMARY

1. The oral administration of therapeutic
amounts of aureomycin results in the rapid, attain-
ment and rather prolonged maintenance of signifi-
cant intestinal concentrations of this antibiotic.

2. These first aureomycin intestinal levels indi-
cate that this antibiotic probably exerts its major
therapeutic effect in human amebiasis by a direct
action on E. histolytica; though there may be a
minimal indirect action on amebae resulting from
alteration of the intestinal bacterial flora.

3. The studies reported in this paper dealing
with the concentration of aureomycin and its bac-
teriologic action in various portions of the intestine
indicate that this antibiotic should be an effective
agent for preoperative preparation of the intestine.
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