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Experimental Observations on the Antimycobacterial Activity
of Rifampin* (33868)

Grapys L. Hossy, Turita F. LENERT, AND JoYCE MAIER-ENGALLENA

Special Research Laboratory for the Study of Chronic Infectious Disease,
Veterans Administration Hospital, East Orange, New Jersey 07019

In a recent communication from this labor-
atory (1), data were presented which
confirmed the observations of Pallanza and
his associates (2) and called attention to the
remarkable iz vitro and in vivo antimycobac-
terial activity of rifampin, a new semisyn-
thetic antimicrobial agent. The present report
concerns subsequent studies conducted in
vitro to evaluate the effect of culture medium
on the degree of activity of the drug and in
vivo to evaluate its protective activity when
administered to experimentally infected tu-
berculous mice, either singly or in combina-
tion with one or more other antituberculosis
drugs. ‘

Methods. The methods employed in all in
vitro experiments have been described in de-
tail elsewhere (1). In those experiments con-
ducted in vivo, mice were challenged in-
travenously with approximately 1 X 10® mi-
crobial cell units of the JW3371 clone isolatel
from the H37Rv strain of M. tuberculosis.
Rifampin®, ethambutol, strephtomycin, and
isoniazid, each used singly, were compared

* Supported in part by the Infectious Disease
Research Imstitute, Newark, New Jersey, through
research grants from the New York Tuberculosis &
Health Association, Inc., the New Jersey Tubercu-
losis & Health Association, Inc., the Brookline Tu-
berculosis & Health Society, Inc., and Chas. Pfizer &
Co., Inc., New York, New York, and through Public
Health Service Research Grant No. AI-05662 from
the National Institute of Allergy and Infectious Dis-
ease.
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with (a) rifampin administered in combina-
tion with ethambutol, streptomycin, or isonia-
zid, and (b) ethambutol administered in
combination with streptomycin or isoniazid.
Further, each of these one- or two-drug regi-
mens was compared with a regimen contain-
ing streptomycin, isoniazid, and para-
aminosalicylic acid, and each was compared
also with a similar regimen in which para-
aminosalicylic acid was replaced by rifampin.
The drug dosages employed were 0.2 mg of
rifampin, 0.3 mg of ethambutol, 0.1 mg of
isoniazid, 2.0 mg of streptomycin and 4.0 mg
of para-aminosalicylic acid, administered
once daily 5 days/week, for a 3-week period
beginning 72 hr after challenge. Drugs used
in combination were administered simultane-
ously, with the exception of streptomycin
which was given subcutaneously within 1 hr
after oral administration of the other drug or
drugs. All animals were observed for a period
of 42 days, or until death, and were autop-
sied at the time of death or sacrifice; in all
instances the infecting organisms were recov-
ered at autopsy and tested for their suscepti-
bility to the drugs employed.

Results. In vitro observations. The suscep-
tibility of 20 strains of M. tuberculosis to
rifampin was compared to their susceptibility
to isoniazid, using initially a liquid Tween—
albumin medium. All were susceptible to
0.006 to 0.05 (mean 0.018) pg of rifam-
pin/ml of medium. The range of susceptibili-
ty to isoniazid was from = 0.04 to > 10
(mean >2.18) ug/ml of medium. Six of the
20 strains were resistant to at least 5 pg of
isoniazid/ml; one only of the 20 was inhi-
bited by <0.05 pg of isoniazid, the largest
amount of rifampin required to inhibit any of
the strains. When Tween 80 was eliminated
from the medium, it was apparent that, as
was reported previously with a smaller num-
ber of strains (1), the susceptibility to rifam-
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TABLE 1. The in Vitro Activity of Rifampin and
Isoniazid in a Liquid Medium.

Minimal inhibitory conc (ug/ml)

Rifampin Isoniazid
Strain of
M. tuber- Tween— Albu- Tween—  Albu-
culosis albumin min albumin min

PR-146° 0.006 0.20 0.08
PR-410 0.013 0.20 5.00 >5.00
PR-441 0.025 0.20 0.16
PR-503 0.006 0.05 5.00
PR-123 0.025 0.20 0.16
PR-131 0.025 0.20 0.63
PR-147 0.050 0.40 0.08
PR-589 0.025 0.20 >10. >10.
PR-629 0.006 0.10 0.31 0.63
PR-841 0.013 0.20 0.31
PR-1300 0.025 0.20 0.08 0.04
PR-1336 0.025 0.20 0.08
PR-1346 0.013 0.05 >10. >10.
PR-819 0.013 0.20 >10. >10.
PR-1233 0.006 0.05 =<0.04
PR-1282 0.013 0.20 0.31
PR-1859 0.006 0.10 10. >10.
PR-1870 0.006 0.10 0.63
PR-1499 0.013 0.10 0.63
H37Rv 0.050 0.20 0.08

Mean  0.018 0.168 >2.18

@ All PR strains are wild strains of M. tubercu-
losis isolated from patients with newly diagnosed,
previously untreated tuberculosis.

pin is far greater in the presence than in the
absence of Tween. That this may not be due
entirely to the antimycobacterial activity of
Tween is suggested by the fact that the in-
creased effect with rifampin is greater than
with isoniazid (Table I). On 7HI10 agar, a
much higher concentration of rifampin, i.e.,
0.05-1.0 (mean 0.57) ug/ml of medium, was
required for inhibition of the growth of these
20 strains. But even on this medium, isonia-
zid-resistant strains were highly susceptible
to rifampin.

A comparison of the susceptibility of 11 of
these 20 strains, and 4 others in addition, to
rifampin, isoniazid, and ethambutol indicated
that all were considerably more susceptible
to rifampin than to either ethambutol or
isoniazid (Table II).

Three of four strains of M. kansasii and
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one of six strains of Group III mycobacteria
were susceptible to rifampin, although none
was susceptible to isoniazid. Those rapidly-
growing strains tested were as resistant to
rifampin as to isoniazid (Table III).

In vivo observations. In subsequent
studies, an attempt was made to evaluate the
activity of rifampin when administered singly
or in combination with one or more other
antituberculosis drugs. The regimens em-
ployed are shown in Table IV. The mean
survival time of animals treated on all regi-
mens except those consisting of rifampin or
ethambutol alone ranged from 40.2 to 42.0
days when evaluated at 42 days after chal-
lenge. The mean survival time of animals
treated with rifampin or ethambutol alone
was 34.1 and 31.6 days, respectively. Un-
treated animals showed a mean survival time
of 26.1 days when evaluated at 42 days after
challenge. M. tuberculosis was recovered
from the lungs and spleens of all animals at
the time of death or sacrifice; all isolates
were susceptible to 0.2 pug or less of isoniazid,
2.5 pug or less of streptomycin, 5.0 ug or less

‘TABLE II. The in Viiro Activity of Rifampin,
Ethambutol and Isoniazid (7HI10 agar medium
with OADC enrichment).

Minimal inhibitory conc (ug/ml)

Strain of M.

tuberculosis  Rifampin Ethambutol  Isoniazid
PR-118¢ 0.05 10.0 5.0
PR-146 0.05 10.0 =02
PR-326 0.02 5.0 =02
PR-410 0.05 5.0 5.0
PR-441 0.10 5.0 =0.2
PR-492 0.05 5.0 1.0
PR-503 0.05 5.0 1.0
PR-581 0.05 5.0 5.0
PR-819 0.05 10.0 >10.0
PR-1233 0.05 10.0 =02
PR-1282 0.20 5.0 =02
PR-1359 0.10 5.0 >10.0
PR-1370 0.05 10.0 =0.2
PR-1499 0.05 5.0 1.0
H37Rv 0.05 5.0 =02

Mean 0.06 6.56

e All PR strains are wild strains of M. tubercu-
losis isolated from patients with newly diagnosed,
previously untreated tuberculosis.
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TABLE III. The in Vitro Activity of Rifampin and
Isoniazid against Mycobacteria other than Tubercle
Bacilli (7H10 agar medium with OADC enrichment

added).
Minimal inhibitory conc (ug/ml)
Mycobacterial
strain® Rifampin Isoniazid

M. kansasii®

P1 0.1 1.0

P4 0.1 1.0

P24 1.0 >5.0

V132 0.1 1.0
Group IIT?

V34 0.05 5.0

V37 5.0 >5.0

P39 5.0 5.0

P40 5.0 >5.0

P45 : 5.0 >5.0

P54 5.0 5.0
M. phlei 1.0 >5.0
M. fortuitum

Penso-NYH60 >5.0 >5.0

No. 226 >5.0 >5.0

- No. 335B >5.0 >5.0

Kirchberg (avian) >5.0 >5.0

e Strains P1, P4, P24, P39, no. 226, no. 335B were
received through the courtesy of Dr. Ernest Runyon,
Salt Lake City (Utah) Veterans Administration Hos-
pital. Strains V-132, V34, V-37, P40, P45, P54 were
received from Dr. Daniel Jenkins, Baylor University
Medical School, Houston, Texas. All other strains
were received from Dr. Walsh McDermott, Cornell
University Medical College.

*Data on strains of M. kansasii and on Group III
and avian mycobacteria represent readings made
after 21 days’ incubation. Data on strains of M.
phlei and M. fortuitum represent readings made
after 7 days’ incubation at 37°.

of ethambutol, and 0.05 pg or less of rifam-
pin.

Discussion. The data presented herein
clearly establish that rifampin is a highly
active antimicrobial agent, effective in wvitro
against many strains of M. fuberculosis and
against some strains at least of M. kansasii.
It is more effective against organisms growing
in liquid than on solid media, and apparent-
ly more effective in the presence than in the
absence of Tween.

Of interest is the fact that rifampin is not
only active against isoniazid-resistant strains
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of M. tuberculosis but at least as active as
isoniazid against isoniazid-susceptible strains.
Yet in vivo, in the experimental system em-
ployed in the present study, rifampin admin-
istered in a dosage equivalent to approx-
imately 16 mg/kg per day was less effective
than isoniazid in a dosage equivalent to ap-
proximately 8 mg/kg per day. That this is
not due to the emergence of rifampin-
resistant mycobacterial cells during the
course of therapy is indicated by our failure
to recover drug-resistant organisms from any
of the 240 animals employed in the study.
More probably, therefore, the difference is
due to differences in the absorption, distribu-
tion, and excretion of these two drugs, at
least in mice.

Although not demonstrated in the present
study, there is no doubt, however, that myco-
bacterial cells resistant to rifampin will at

TABLE IV. The in Vitro Activity of Rifampin

Alone and in Combination with Other Antituber-

culosis Drugs against Experimental Tuberculous
Infections in Mice.

No. of survivors/ Mean survival

Drug regimens® total no. time (days)®
RMP 4 EMB 14/16 40.2
RMP 4 SM 19/20 410
RMP - INH 19/20 41.0
RMP alone 9/19 34.1
EMB alone 7/18 31.6
SM alone 18/19 414
INH alone 19/19 42.0
EMB 4 SM 18/19 405
EMB 4 INH 20/20 42.0
SM - INH - RMP 19/19 42.0
SM 4 INH 4} PAS 19/20 40.8
Controls (no therapy) 5/19 26.1

¢ Rifampin (RMP) 0.2 mg/mouse per day; etham-
butol (EMB) 0.3 mg/mouse per day; streptomycin
(SM) 2.0 mg/mouse per day; Isoniazid (INH) 0.1
mg/mouse per day; para-aminosalicylic acid (PAS)
4.0 mg/mouse per day. Streptomycin was adminis-
tered subcutaneously; all other drugs were admin-
istered orally. All animals were infected intra-
venously with M. tuberculosis and treated once
daily, 5 days/week for 3 weeks beginning 72 hr
after challenge.

® Calculated at 42 days after challenge.



326

times emerge during the course of therapy.
This is clearly apparent from observations on
the rate of emergence of drug-resistant cells
within strains of M. tuberculosis, reported
elsewhere by Hobby et al. (3, 4), and from
observations on E. coli and Stephylococcus
aureus recently reported by Kunin ef al. (5).
Further, it is apparent from the data
presented by Grumbach and Rist (6) who
observed a frequent emergence of drug-
resistant cells during the course of long-term
treatment of experimentally infected tubercu-
lous mice.

In the treatment of tuberculosis in hu-
mans, the emergence of drug resistance has
occurred frequently with other antimicrobial
agents, but generally has been controllable
by the use of appropriate combinations of
drugs. The data presented herein suggest that
rifampin too may be used effectively in vive
in combination with streptomycin, isoniazid,
or ethambutol and perhaps may be used
effectively in place of para-aminosalicylic
acid in multiple drug regimens. Too few dos-
age regimens have been used to indicate if
antagonism can be demonstrated. The dos-
ages employed in man however are generally
in excess; antagonism has been observed only
rarely in vivo and generally has occurred
only when one drug or the other has been em-
ployed in minimal amounts.
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Summary. Experimental studies in wvitro
and én vivo indicated that rifampin is highly
active against both isoniazid-susceptible and
isoniazid-resistant strains of M. tuberculosis.
Although less active iz vivo than isoniazid, at
least in the dosages employed, it was highly
active in combination with streptomycin,
isoniazid, or ethambutol, or in combination
with both streptomycin and isoniazid, against
experimental tuberculosis in mice produced
by intravenous challenge with the H37Rv
strain of M. tuberculosis. Emergence of mi-
crobial resistance to rifampin was not ob-
served during a 3-week course of treatment
nor during a 3-week followup period after
cessation of therapy. Antagonism, moreover,
between rifampin and streptomycin, isonia-
zid, or ethambutol was not observed.
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