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It has long been recognized that only a few
compounds which exhibit antimicrobial activity
in vitro are capable of manifesting comparable ac-
tivity when introduced into mammalian hosts.
The different pharmacologic and microbiologic
factors which may be responsible for chemothera-
peutic failure have been reviewed elsewhere (1, 2).
In general, however, if a particular drug is capable
of exerting powerful antimicrobial action #n vivo
against certain pathogens, that drug will be simi-
larly effective against all pathogenic bacteria which
are inhibited by low concentrations of the drug in
vitro. Infections which have been notable excep-
tions to this generalization include typhoid fever,
brucellosis, and tuberculosis. Although the causa-
tive agents have been inhibited i vitro by low con-
centrations of a number of drugs of proved value in
other infections, only a few compounds have been
significantly effective against these diseases in hu-
mans or experimental animals. Streptomyecin, for
example, has inhibited Salmonella typhosa in vitro
in concentrations comparable on a weight basis to
those of chloramphenicol, yet the former drug has
been notably ineffective in the treatment of typhoid
fever (3). Similar results have been noted for
streptomycin in brucellosis (3) and for subtilin in
experimental infections with Mycobacterium tu-
berculosis (4).

A more recent example of pronounced disparity
of drug action #n witro and in vivo has been the
virtual ineffectiveness of chlortetracycline in the

1 This study was aided in part by grants from Chas.
Pfizer & Co., Brooklyn, N. Y.; the Lederle Laboratories
Division, American Cyanamid Co., Pearl River, N. Y.;
and the Division of Research Grants and Fellowships,
National Institutes of Health, U. S. Public Health Service.

2 Postdoctorate Research Fellow, National Institutes of
Health, U. S. Public Health Service during the period in
which this study was conducted.

treatment of typhoid fever in humans. Both
chlortetracycline and chloramphenicol have been
demonstrated to be highly active in relatively low
concentration against a wide spectrum of patho-
genic microorganisms including S. typhosa (5, 6),
and both drugs have been found to be effective in
the treatment of a large number of infections in-
cluding intracellular infections other than typhoid,
such as scrub and murine typhus and acute brucel-
losis (7-9). While chloramphenicol has been
highly successful in the treatment of typhoid,
chlortetracycline has been only negligibly effective
in this disease (10).

Possible explanations for this phenomenon have
been the following: (a) Conventional doses of
chlortetracycline have failed to provide sufficient
amounts of the drug or its active principle in the
tissue fluids; (b) Chlortetracycline is rendered in-
effective in the body because of the chemical or
anatomic nature of the lesion produced by S. #y-
phosa; and (c) Typhoid bacilli subsisting in the
host are less susceptible to the action of chlortetra-
cycline than typhoid bacilli growing ¢n vitro.

The purpose of the present study was to investi-
gate the suppressive effects of chlortetracycline and
chloramphenicol on S. typhosa localized within
experimental animals by means of small agar discs
and to compare the results with the antityphoidal
activities of the two compounds measured in vitro.

MATERIALS AND METHODS

Drug-susceptibility determinations in vitro. Two-fold
serial dilutions in infusion broth and in 20 per cent serum
broth, respectively, were made of standard solutions of
chlortetracycline 3 and chloramphenicol 4 having an ini-

8 Supplied as Aureomycin Hydrochloride by the Lederle
Laboratories Division, American Cyanamid Co., Pearl
River, N. Y.

4 Supplied as Chloromycetin® by Parke, Davis and Co.,
Detroit, Mich.
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tial concentration of 200 micrograms per ml. in distilled
water. To the 0.5 ml. contents of each tube in the dilu-
tion series was added an equal volume of 10°, 10° or 107
dilution of 18-hour culture of S. typhose in infusion
broth. The final concentrations of drug in each series of
tubes ranged from 1:2 through 1:1024 of the original
standard solution. Each series of tubes was incubated
24 hours at 37° C., and the end point was the concen-
tration of drug in the first tube in which there was no
visible bacterial growth. In order to determine whether
the drugs had rendered the culture sterile, the contents
of each tube showing no visible growth were subcultured
in agar and broth, respectively. Bacterial homogeneity
and density of the culture were determined by conventional
methods in each experiment.

Drug-parasite reactions in vivo. Triple layer discs of
3 per cent unenriched agar were constructed under sterile
conditions in which the central layer was completely en-
cased by transparent agar and consisted of approxi-
mately 0.3 ml. of a 10" dilution of 18-hour culture of
S. typhosa. Preliminary dilutions of culture were made
in 0.85 per cent sterile saline, and the final dilution was
made in agar at 45 to 50° C. in a water bath. Additional
discs containing 4 or 5 ml. of sterile agar were used in
assaying drug content of agar in vivo. This method has
been described in detail (11).

Mongrel cats were weighed and were anesthetized with
intravenous sodium pentobarbital. The abdomen was
shaved and cleansed with tincture of iodine and alcohol,
and a laparotomy incision was carried out using aseptic
technic. Two freshly prepared discs containing typhoid
bacilli and 6 or 7 discs of plain agar were inserted into
the peritoneal cavity and were placed so that the discs
were in close contact with the peritoneal surfaces but
were not in apposition to each other. The wound edges
were approximated with long silk sutures so that the in-
cision could be reopened to remove the discs and closed
again at intervals as desired.

After the discs had remained in vivo for three or four
hours and bacterial multiplication within the agar had en-
tered the logarithmic phase, the animals were given single
doses of chlortetracycline either intravenously or orally, or
single oral doses of chloramphenicol, respectively. Ani-
mals receiving drug orally had been fasted for 18 hours
previously. Blood specimens were withdrawn under
sterile precautions from an exposed femoral artery or by
cardiac puncture and uninoculated discs were removed
from the peritoneal cavity simultaneously at 1, 2, 4, 6, 24,
and 48 hours after administration of drug. Additional
specimens were taken 15 minutes after intravenous doses.
Microbiologic assay of the blood serum and agar discs
for drug content was carried out using a conventional two-
fold serial dilution technic. Standard solutions of each
drug were assayed concomitantly with the unknown speci-
mens. The details and validity of this method and the
penetrability of agar by the two drugs have been demon-
strated in a previous study (11).

After the necessary specimens had been obtained at six
hours, the wounds were sutured and the animals were al-

CHARLES A, WERNER AND WALSH MCDERMOTT

lowed to regain consciousness. Fifty ml. of dextrose
solution was given by stomach tube at this time to prevent
dehydration. The cats were reanesthetized and new in-
cisions were made to recover the agar discs at 24 and 48
hours. At these times the discs which had been inoculated
with typhoid bacilli were also removed and were examined
for colony formation in the depths of the agar. If no
colonies were visible at 24 hours the discs were reinserted
and were examined again at 48 hours. If no colonies
were visible at 48 hours the discs were transferred to deep
petri dishes containing infusion broth and were incu-
bated in vitro 24 to 48 hours to determine whether sterili-
zation had occurred.

Discs which were removed from the cats and found to
contain visible colonies were opened with a sterile spatula
and the organisms were subcultured on agar. Identity of
the bacteria was confirmed by morphologic study, gram
staining and agglutination in S. typhose anti-serum. All
animals were sacrificed after 48 hours. Other discs in-
oculated with typhoid bacilli were introduced into cats
which did not receive antimicrobial drug and were incu-
bated in infusion broth or sterile saline in large petri
dishes to serve as controls of the ability of S. typhosa to
grow in unenriched agar in animals and in vitro.

RESULTS
Drug-susceptibility of S. typhosa in vitro

Parallel determinations were made of the mini-
mum inhibitory concentrations of chlortetracycline
and chloramphenicol for different sized inocula of
S. typhosa in infusion broth and in 20 per cent
serum broth, respectively. The results have been
shown in Table I. The minimum inhibitory con-
centrations of chlortetracycline ranged from 0.4 to
12.5 micrograms per ml. while those of chloram-
phenicol ranged from 0.4 to 6.2 micrograms per
ml. These concentrations were proportional to
the size of the inoculum, but there was seldom more
than a two-fold increase in the quantity of drug re-
quired as the inoculum size increased ten-fold.
The median minimal inhibitory concentrations of
chlortetracycline at 24 hours were two to four times
as high as those of chloramphenicol on a weight-
volume basis. Inhibition of S. typhosa by both
compounds was reversible and nonsterilizing as
demonstrated by the fact that typhoid bacilli grew
readily when subcultured from the tubes which
showed no visible bacterial growth in the dilution
series.

Drug-susceptibility of S. typhosa in vivo

The relationship between serum concentrations
of drug and the suppressive effects on typhoid ba-
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TABLE I
Parallel determinations of susceptibility of S. typhosa to chlortetracycline and
chloramphenicol
MINIMAL INHIBITORY CONCENTRATION
MICROGRAMS PER ML
CHLORTETRACYCLINE CHLORAMPHENICOL
INFUSION BROTH | 20% SERUM BROTH J INFUSION BROTH | 20% SERUM BROTH
DAY m"f.":f;;‘: m:cuu-;:a suﬁ: :ocutn:u s:z-e’ n::)cm.?:a suzj :tocm._u:u suz:'
CULTURE x 10°f 10 10 10 10 10 10 10 10 10 10 10 10
| 470 62| 62| 3.1 16| 16/08
2 810 j125/ 62|62 16| 16] 16
3 180 62]6.2| 3.1] 3.1 |.§ 16 J16/08/08| 16/08] 08
‘4 660 3.113.1/16]62| 16/ 04 | 1.6/ 08/ 0.8/ 08/08| 04
5 600 6.2/ 3.1108/6.2] 3.1 08 ]6.2|-16/08/08/08| 04
6 550 12.5| 6.2 6.2]i12.5/ 3.1] 16 J 16| 16/08| 16| 16| 16
7 600 12.5/12.5{12.5 16] 16] 16
8 630 311 16| 16 3.1108/08
9 820 3.113.1116]62] 16/ 04 | 16| 16/08| 16/08]| 04
10 580 3:0[31]16/62/3.1] 16 | 16| 16]08| 1.6/08]| 04
H 740 125/ 3.1 08 16/08| 04
MEDIAN 1621 3.11 1662/ 31108 § 16] 16]08[ 1.6 08 04
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cilli in intraperitoneal agar discs in ten cats re-
ceiving chlortetracycline and chloramphenicol have
been shown graphically in Figure 1. The curves
of the serum concentrations can be divided into
two groups with respect to the duration of anti-
typhoidal effect. Concentrations of either drug of
6 to 100 micrograms per ml. for 24 hours in the
serum of the animals completely inhibited the for-
mation of grossly visible colonies of S. typhosa in
the agar discs for 48 hours. The corresponding
concentrations of drug in the agar discs were 2.6
to 20 micrograms per ml. for chlortetracycline and
less than 6.2 to 50 micrograms per ml. for chloram-
phenicol. In order to produce these high serum
concentrations, intravenous doses of chlortetra-
cycline of 50 to 75 mg. per Kg. or oral doses of
chloramphenicol of 100 to 200 mg. per Kg. were
required.

Although no visible colonies were detected in
the discs removed from these cats at 48 hours, 20
to 30 large colonies of typhoid bacilli regularly
appeared in each disc after a further period of in-

cubation for 24 hours in broth. Equal numbers of
large colonies appeared within 12 to 24 hours in
control discs which were incubated in cats which
had received no antimicrobial drug and in infusion
broth in vitro. No colonies were observed in con-
trol discs incubated in saline for 48 hours.

Lower concentrations of the two drugs were less
effective in suppressing the growth of S. typhosa.
Thus, serum concentrations of 0.8 to 25 micro-
grams per ml. of either drug maintained for 24
hours were effective in preventing the appearance
of visible colonies at 24 hours, but after 48 hours
20 to 30 large colonies were present in the depths of
the agar. The corresponding concentration of
chlortetracycline in the agar discs was 0.6 to 5
micrograms, while chloramphenicol could not be
measured. These serum and agar concentrations
followed doses of chlortetracycline of 100 mg. per
Kg. orally or 10 to 20 mg. per Kg. intravenously
and doses of chloramphenicol of 25 to 50 mg. per

Kg. orally.
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DISCUSSION

The results of the present investigation indicate
that one explanation for the difference of chemo-
therapeutic effect between chlortetracycline and
chloramphenicol in typhoid fever may be a simple
difference in the drug-host relationships of the two
compounds. Equal serum concentrations of the
two drugs exhibited equal effect in suppressing
the growth of typhoid bacilli i vivo, but the doses
of chlortetracycline which were required to produce
these concentrations were much higher than those
of chloramphenicol. Intravenous doses of chlor-
tetracycline of 50 and 75 mg. per Kg., for example,
are equivalent to oral doses of 250 and 375 mg. per
Kg. and are very much larger than the conven-
tional doses used in clinical practice. In a previous
study in humans it was shown that oral doses of
chloramphenicol of 50 to 100 mg. per Kg. yielded
serum concentrations which were well in excess of
the minimum inhibitory concentrations of this drug
for S. typhosa, whereas the same doses of chlor-
tetracycline were inadequate in this respect (12).

The minimum inhibitory concentrations of the
two drugs in vitro were not greatly different from
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each other and were of the same magnitude as those
found by other investigators (5, 6). Although the
inhibitory concentrations of chlortetracycline in the
serial dilution method were two to four times
greater than those of chloramphenicol on a weight-
volume basis, a two-fold difference by this method
is within the normal range of error. Moreover,
no correction was made for the deterioration of
chlortetracycline which may occur at incubator
temperatures and which would have the effect of
increasing the concentration of this drug required
for suppression of bacterial growth (13). Chlor-
amphenicol, on the other hand, has been found to
be markedly stable to heat and does not lose po-
tency under these conditions (14). The molar
concentrations of the two compounds required to
inhibit S. typhosa are more nearly equal than the
weight-volume concentrations, for the molecular
weight of chlortetracycline is almost twice that of
chloramphenicol, 508 and 310, respectively (15,
16). Serum concentrations two or more times the
minimum inhibitory concentrations in vitro were
required for both drugs to prevent the growth of
typhoid bacilli #n viwo, and when the serum concen-
trations fell below these values bacterial colonies
became visible in the depths of the agar. The bac-
teriostatic action of the two drugs as opposed to a
sterilizing action was confirmed both in vitro and
in vivo,

Certain clinical data have also supported the
notion that the irregular effect of chlortetracycline
in typhoid may be due, at least in part, to a drug-
host factor and that this may be overcome under
certain circumstances. In a study by other in-
vestigators (10) two patients with typhoid who re-
ceived very large doses of chlortetracycline, 350
and 500 mg. per Kg., orally, showed a very prompt
recovery within 72 hours, and 12 other patients
treated with large doses improved more rapidly
than untreated controls. In general, however, in
the doses ordinarily used in clinical practice chlor-
tetracycline has been relatively ineffective in ty-
phoid fever while chloramphenicol has had a regu-
lar and predictable beneficial effect (10, 17). This
has been in contrast to the high order of thera-
peutic effectiveness of both drugs in other pre-
dominantly intracellular infections such as acute
brucellosis and rickettsial infections.

The conditions under which typhoid bacilli exist
in agar discs in animals are obviously not the same
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as those in the lesions of typhoid fever. Since the
agar was impervious to inflammatory cells of the
host in these experiments (11), the bacilli were
not situated intracellularly. It was impossible,
therefore, by the present method to assay other
variables such as intracellular parasitism which con-
ceivably might influence the antityphoidal activity
of chlortetracycline and chloramphenicol in vivo.
In studies with other microorganisms, however, the
tetracycline drugs have been shown to be active
in the same concentrations on bacteria situated
within monocytes as on bacteria in the extracel-
lular environment (18, 19). Whether the other
types of host cell parasitized by typhoid bacilli
(e.g., plasma cells) (20) are as easily penetrated
by the tetracyclines as the monocyte, has not yet
been established.

SUMMARY

A study has been made of the comparative anti-
typhoidal activities of chlortetracycline and chlor-
amphenicol to explain the difference of therapeutic
effect of these two compounds in typhoid fever.
The in vitro minimum inhibitory concentrations
of the two drugs for S. typhosa were determined
in parallel by the conventional serial dilution
method. The 1 vivo studies were carried out in
cats, and the serum concentrations after various
oral and intravenous doses of the two drugs were
correlated with the suppression of growth of ty-
phoid bacilli encased in triple layered agar discs
which were inserted into the peritoneal cavities of
the animals. In this way the bacilli were found to
be subsisting directly on nutriments supplied by the
host in a state more closely approximating true
parasitism than is possible in vitro. The agar discs
were readily penetrated by both drugs from the
extracellular fluid of the peritoneal cavity.

Essentially equivalent concentrations of the two
compounds exerted comparable bacteriostatic effect
on typhoid bacilli both i vitro and i vivo. The
doses of chlortetracycline required to provide con-
centrations in the extracellular fluid which were
inhibitory for S. typhosa were found to be signifi-
cantly greater than those of chloramphenicol and
were greater than those doses ordinarily employed
in clinical practice. The results of the study indi-
cate, therefore, that one explanation for the dif-
ference in the therapeutic activities of chlortetra-
cycline and chloramphenicol in typhoid fever may
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be the difference in the drug-host, rather than the
drug-parasite, relationships of the two compounds.
This drug-host difference may be a critical factor
in the chemotherapy of typhoid fever in contrast
to the treatment of other susceptible intracellular
infections in which a more uniform response to
these compounds has been noted.
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