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The importance of achieving concentrations of
both streptomycin and isoniazid adequate to steri-
lize all parent drug-susceptible organisms was
empasized by in vitro studies on the prevention
of emergence of mutants resistant to these drugs
(1). Many factors determine the concentrations
of these agents to which multiplying tubercle bacilli
are exposed in the human subject: dosage; ab-
sorption and excretion; metabolic alteration; bind-
ing to protein; and diffusion into lesions, tissues
and cells. Furthermore, with streptomycin the
problem is complicated by the presence of sub-
stances in the lesions which antagonize the anti-
bacterial action of the drug.

Metabolic alteration of isoniazid has been esti-
mated from serum levels of antimicrobially-active
drug collected at intervals following a test dose
(2, 3). Isoniazid is altered to derivatives such
as acetyl-isoniazid and isonicotinic acid which
have little or no antimicrobial activity (4, 5).
B6nicke and Reif (6), Cuthbertson, Ireland, Wolff
and Kuper (7), and Hughes, Schmidt and Biehl
(8) have found that the rate of metabolic altera-
tion of the isoniazid molecule varies widely in dif-
ferent individuals. Mandel, Cohn, Russell and
Middlebrook (9) demonstrated a significant rela-
tionship between this rate of metabolic alteration
of isoniazid and the bacteriologic response in iso-
niazid-treated tuberculous patients. The chemical
methods thus far described for the determination of
isoniazid (10-14) are not practical for the anti-
microbially-active moiety, as they are neither
sufficiently sensitive nor specific to permit meas-
urement of the low concentrations present in the
sera of many subjects receiving conventional
dosages of this drug.

Streptomycin serum concentrations have been

investigated, and apparently this drug is not sub-
ject to significant metabolic alteration (15).
There were differences between the serum con-
centrations of streptomycin achieved by four dif-
ferent subjects (16). Most studies have tended
to emphasize the uniformity of the handling of
streptomycin from subject to subject (17-20).
However, very few human subjects were used.

The purpose of this report (the second of a
series) is to present our experiences with specific
microbiologic assays for isoniazid and streptomy-
cin performed on sera from isoniazid- and strepto-
mycin-treated adult tuberculous patients, and to
discuss the clinical significance of the results.

MATERIALS AND METHODS

Microbiologic assay for serum isoniazid was performed
as previously described (2). Isoniazid was given in total
dosage of 8 to 16 mg. per Kg. daily for at least one day
prior to the test. The initial study in most patients con-

sisted of an assay on a blood specimen obtained by veni-
puncture at six hours after a 4 mg. per Kg. oral test or
loading dose of isoniazid (given at 9:00 a.m.). Strepto-
mycin (20 mg. per Kg.) was uniformly administered along
with isoniazid on this first test day. The patients were
not fasting, but this has not significantly modified the re-
sults of this assay as performed in our laboratory (2).
With the exception of insulin in the case of diabetics,
no other drugs were given on the test day. Para-amino-
salicylic acid (NaPAS) was not administered for at least
two days prior to the test.

A. Reproducibility of the microbiologic assay test for
isoniazid. The reproducibility of the microbiologic assay
test for isoniazid was investigated by performing the
serial twofold tube dilutions containing known concen-

trations of isoniazid, inoculating the tubes with suspen-
sions of dispersed, vigorously growing H37RvRSMor-

ganisms (RSM = resistant to 2.0 ,ig. streptomycin per
ml. and susceptible to isoniazid), incubating at 360 C. for
five days, and reading the results in terms of loss of acid-
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TABLE I

Effect of various drugs on antimicrobially-active serum isoniazid level at six hours
after a 4 to 8 mg. per Kg. test dose of isoniazid

Number of patients with
Dosage, and time
of administration No detectable

Drug Patients related to test dose Increase change

1. PAS 140 2.5 Gm. at 0 and 3 hrs. 116 24
5 1 Gm. at 0 and 3 hrs. 0 5
5 5 Gm. at 0 hrs. 2 3
5 2 Gm. at 0 hrs. 1 4

2. PABA 71 2.5 Gm. at 0 and 3 hrs. 65 6
3. Probenecid 5 2 Gm. daily for 2 days

500 mg. at 0 and 3 hrs. 0 5
4. Phenylbutazone 3 300 mg. at 0 and 3 hrs. 0 3

2 600 mg. at 0 hrs. 0 2
5. Barbituric acid 3 2.5 Gm. at 0 and 3 hrs. 0 3
6. Phenobarbital 2 60 mg. 2 hrs. before

60 mg. at 0 and 3 hrs. 0 2
7. Secobarbital 2 45 mg. 2 hrs. before

45 mg. at 0 and 3 hrs. 0 2
8. Amobarbital 2 90 mg. 2 hrs. before

90 mg. at 0 and 3 hrs. 0 2
9. Glucosamine 3 3.5 Gm. at 0 and 3 hrs. 0 3

10. Chlorpromazine 6 25 mg. at 0 and 3 hrs. 0 6
11. Prednisone 5 25 mg. at 0 and 3 hrs. 0 5
12. Sodium salicylate 5 2.5 Gm. at 0 and 3 hrs. 0 5
13. Pyridoxine 7 100 mg. daily for 5 days

100 mg. at 0 and 3 hrs. 0 7

fastness (2). Fifty such tests were performed by one in-
dividual during a four month period.

It should be noted that the microbiologic assay for
isoniazid, originally described by Mandel and associates
(2), and employed here, differs significantly from other
methods described in the literature (3, 21, 22). Not only
is it more specific for isoniazid by virtue of the fact that
the end-point is determined by loss of acid-fastness 1
rather than by gross evidence of inhibition of growth, but
it also requires a shorter period of time for its perform-
ance, i.e., five days versus the 10 days required for these
other methods.

B. Serum isoniazid levels at six hours after a single
loading dose. The initial microbiologic assay test was
performed on 254 hospitalized adult tuberculous patients.

C. Reproducibility of seruim level studies repeated on
the samtxe individuals. Isoniazid serum level studies were
repeated at least once on 163 patients. The interval be-
tween the first and subsequent studies was from one day
to six months. The greatest number of such studies re-
peated on any one individual was five.

D. Effect of increasing the loading dose of isoniazid
from 4 to 8 mg. per Kg. The effect of increasing the
loading dose of isoniazid from 4 to 8 mg. per Kg. was

1Following the report that streptomycin administered
first could prevent the isoniazid-produced loss of acid-
fastness, this was studied in the sera from some of our
patients. The presence or absence of streptomycin in the
serum did not alter the result of the microbiologic assay
for isoniazid, because a streptomycin-resistant strain was
employed.

studied in 54 patients whose initial serum levels had been
0.2 ,ug. or more of isoniazid per ml. of serum at six
hours following a 4 mg. per Kg. test dose.

E. Comparison of a "rapid" with a "slow" iniactivator
of isoniazid by both chemical and microbiologic methods.
Serum levels of antimicrobially-active isoniazid as well as
isoniazid plus its derivatives were determined on serial
specimens of sera from two patients: One achieved a lotw
and the other a high level following the 4 mg. per Kg.
test dose. The method of determination of isoniazid plus
its derivatives was based on assay for isonicotinic acid
after complete hydrolysis and oxidation, and was reported
as isoniazid equivalent (10). Blood was drawn for
analysis at zero, two, four, six and 24 hours following
an 8 mg. per Kg. test dose of isoniazid. The same study
was repeated with 2.5 Gm. of para-aminosalicylic acid
(2.85 Gm. NaPAS) added to the test dose of isoniazid.
Para-aminosalicylic acid, 2.5 Gm., was also given at three,
six and nine hours after the test dose.

F. Effect of variotus drugs on the scrumit isoniazid level.
The effects of 13 different compounds on the antimicro-
bially-active serum isoniazid level were studied. De-
terminations were made on 160 serum specimens from 79
patients selected at random whose initial determinations
revealed active serum levels below 0.4 ,ug. per ml. At
the start of the drug testing program, the lowest dilution
of serum employed was one to 10, but one to five dilu-
tions were included later so that lower concentrations of
isoniazid could be detected. All drugs except isoniazid
were discontinued for at least one day prior to the test.
On the test day, the patient usually was given a 4 mg.
per Kg. dose of isoniazid plus one-half of the total dose
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of the other drug at zero time. The second portion of the
test drug was given three hours later (three hour time),
and the blood was drawn for analysis three hours later
(six hour time). This procedure varied slightly with
different drugs and in different subjects. Control de-
terminations without the administration of the test drug
were usually performed within one week of the test.
For comparative purposes, an attempt was made to use

various drugs in the same subj ect when it was found
that one drug increased the antimicrobially-active serum

level of isoniazid. The drugs used, the dosages given,
and the number of patients studied are listed in Tables I
and II.

G. Com.parison of isontiazid levels in serumt and in
cavity content. Surgical resections of closed cavities
filled with caseous necrotic debris were performed on five
patients. The specimens were removed approximately six
hours after a 4 mg. per Kg. oral loading dose of isoniazid.
At the same time blood was drawn so that a comparison
could be made between the antimicrobially-active drug
level in serum and in cavity content.

H. Microbiologic assay test for streptomycin. The
concentration of streptomycin in sera was determined
microbiologically by a filter-paper disc-seeded agar dif-
fusion method similar to that described by Forgacs,
Kornegay and Henley (23). Bacto antibiotic medium 5
(Difco Laboratories, Inc., Detroit, Mich.), pH 8, was

used as the test medium, and Bacillus subtilis "I" strain
(obtained from the Army Medical Department, Research
and Graduate School, Walter Reed Hospital, Washing-
ton, D.C.) was the test organism. An important modi-
fication of previously described filter-paper disc agar dif-
fusion methods was employed in this study: The final
seeded plate with test discs in place was stored at 40 C.
for 48 hours before incubation at 360 C. This greatly
improved the sensitivity and accuracy of the method and

permitted the use of undiluted sera for impregnation of
the filter-paper discs. It permitted estimation of strep-
tomycin concentrations between 5 and 50 ,ug. per ml. of
serum. For each series of assays, a standard curve was

obtained relating diameters of zones of growth inhibition
to known concentrations of streptomycin, 5.6, 11.2, 22.5
and 40 Ag. of streptomycin per ml. in duplicate.

I. Serum streptomycin levels at six hours after a singtle

intramuscular loading dose. Each of 116 patients was

given streptomycin sulfate, 20 mg. per Kg. of body
weight, intramuscularly, and six hours later blood was

drawn for testing. The venous blood sample was al-
lowed to clot at room temperature, the clot was separated
aseptically, and the serum stored at 40 C. until testing
(within one week).

J. Reproducibility of serumtt streptomycin level studies
on the same individuals. Repeat studies were performed
on 157 patients under the same conditions at intervals
of one day to seven months.

K. Correlation of in vitro druig resistantce with serumt
streptomycin levels achieved by patients excreting re-

sistant organtisms. The precise level of streptomycin re-

sistance manifested by tubercle bacilli recovered from the
sputum of 33 patients who were excreting organisms re-

sistant to streptomycin on admission was studied quan-

titatively. The populations of tubercle bacilli from 16 of
these patients were completely resistant to 2.0 ,ug. of
streptomycin per ml., but less than 50 per cent were re-

sistant to 10 Ag. of streptomycin per ml. It was consid-
ered possible that this low level of resistance might have
resulted from failure of these 16 patients to achieve suffi-
ciently high serum streptomycin levels during previous
treatment with this drug. The streptomycin serum levels
of these 33 patients at six hours after a 20 mg. per Kg.
intramuscular loading dose of streptomycin were deter-
mined and correlated with the bacterial resistance findings.

TABLE II

The effect of para-aminosalicylic acid (PAS) and para-aminobenzoic acid (PA BA) on the
antimicrobially-active serum isoniazid kvel in nine patients

Time of determination
after 4 mg. per Kg.

Patients test dose of isoniazid Isoniazid alone Isoniazid with PAS Isoniazid with PABA

hrs. 'gg./ml. ugg/ml. Pgg.ml.
L.S.* 3 0.8 2.4 3.2

6 0.4 0.6 3.2
D.P.t 3 0.8 1.6 1.6

6 0.4 0.4 0.8
F.H.f 3 0.8 0.8 0.8

6 0.2 0.4 1.6
P.Y.t 3 0.6 0.8 2.4

6 0.2 0.2 0.6
A.S.f 3 0.8 1.2 1.6

6 0.2 0.4 1.6
M.S.* 6 0.4 0.4 1.2
E.C.* 6 0.4 0.8 1.6
O.R.f 6 0.4 1.2 1.6
A.P.f 6 0.2 0.2 0.4

* Five Gm. PAS or PABAgiven with test dose.
t Two and five-tenths Gm. of PAS of PABAgiven with test dose and three hours later.
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FIG. 1. SERUMISONIAZID LEVELS
At six hours after 4 mg. isoniazid per Kg.

RESULTS

A. Reproducibility of the microbiologic assay test
for isoniazid

Analysis of 50 consecutive microbiologic assay

tests with the test strain of H37RvRSMemployed
throughout these studies, and with known con-

centrations of isoniazid, gave a mean value of
0.037 ,ug. isoniazid per ml. of test medium as the
minimal concentration of isoniazid causing 50 per

cent loss of acid-fastness under the conditions de-
scribed. These results were obtained by the same

individual over a period of four months. The
standard deviation of the results of this series
provides an estimation of the accuracy of the
microbiologic assay method: + 0.007 jug. isoniazid
per ml. (± 20 per cent).

B. Serum isoniazid levels at six hours after a

single loading dose

The distribution of values for antimicrobially-
active levels of serum isoniazid at six hours after-

an oral test dose of 4 mg. isoniazid per Kg. of
body weight in 254 hospitalized adult tuberculous
patients is presented in Figure 1. The distribu-
tion curve of results has a clear-cut bimodal char-
acter: Approximately 55 per cent of these patients
had levels above 0.6 pg. isoniazid per ml. of serum

with a peak between 1.2 and 1.6 ,ug. per ml., and
45 per cent, lower than this value, with a peak
near 0.2 jg. per ml. About 10 per cent of these
patients were very rapid "inactivators" of the drug,
having levels less than the minimum detectable
level of 0.2 ,g. per ml.

C. Reproducibility of serum level studies re-

peated on the same individuals

Isoniazid serum level studies at six hours after
loading dosage of 4 mg. isoniazid per Kg. were

repeated once on 163 patients after one day to six
month intervals. The standard deviation from
the mean of the isoniazid serum level results of
the two studies on each patient was 28 per cent
throughout the range 0.2 to 4.8 pg. isoniazid per
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FIG. 2. CHEMICALLY DETERMINED SERUMISONIAZID PLUS DERIVATIVES
COMPAREDWITH ANTIMICROBIALLY-ACTIVE SERUMISONIAZID BOTHWITH AND

WITHOUTPARA-AMINOSALICYLIC ACID IN A PATIENT WHOINACTIVATED ISO-
NIAZID RAPIDLY

ml. of serum. This can be compared with the
standard deviation from the mean which is in-
herent in the microbiologic testing procedure itself,
+ 20 per cent.

D. Effect of increasing the loading dose of ison-
iazid from 4 to 8 mg. per Kg.

Isoniazid serum levels were obtained at six
hours after a 4 mg. per Kg. loading dose and
after an 8 mg. per Kg. loading dose in each of 54
patients. Only those individuals were included in
this study whose serum levels after the 4 mg.

per Kg. loading dose were 0.2 ug. or more iso-
niazid per ml. of serum. Fifty-one of these pa-

tients had serum level increases, and the average

increase was 125 per cent, or somewhat more

than doubling of the serum level after doubling
the loading- dose of drug in this dosage range.

Only three patients had no demonstrable increase.

E. Comparison of a "rapid" with a "slow" inacti-
vator

The results of the determinations of isoniazid
plus all its derivatives in a "rapid" and a "slow"
inactivator are presented in Figures 2 and 3. It

will be noted that at six hours after the loading
dose of isoniazid approximately 56 per cent of the
total serum isoniazid was in an antimicrobially-
active form in the "slow" inactivator, whereas
only 5 per cent was in this form in the "rapid"
inactivator. Over the 24 hour period, the "slow"
inactivator had approximately five times more

antimicrobially-active drug in the serum, ex-

pressed as ug. hours per ml. of serum, than did
the "rapid" inactivator.

F. Effect of various drugs on the isoniazid level

The effect of the drugs tested is presented in
Tables I, II and III. The original observation on

the effect of administration of para-aminosalicylic
acid (PAS) on the metabolism of isoniazid in hu-
man subjects was reported elsewhere by us (2).
This observation has been confirmed by Morse
and co-workers (3) and by Bell and Mitchell
(22). Dosages of para-aminosalicylic acid of 2.5
Gm. given at the zero and three hour times were

more effective than the other dosage schedules
studied.

The effects of para-aminosalicylic acid on the
antimicrobially-active serum isoniazid level in a

"rapid" and a "slow" inactivator have been shown
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in Figures 2 and 3. The antimicrobially active
level was increased in each instance, whereas
there was no significant change in the level of iso-
niazid plus all its derivatives.

It has been demonstrated that: 1) The addi-
tion of para-aminosalicylic acid (1,000 ,ug. per ml.)
to the microbiologic assay medium does not modify
the antimicrobial activity of isoniazid; 2) The
addition of para-aminosalicylic acid to serum

from patients receiving isoniazid does not alter
the results of this test for antimicrobially-active
isoniazid; and 3) The antimicrobial activity of

isoniazid is not modified in vitro by serum (Table
III) from patients receiving large oral doses of
para-aminosalicylic acid. Therefore, the method of
microbiologic assay prevents the in vitro antimi-
crobial action of para-aminosalicylic acid.

It is clear (Tables I and II) that the addition
of para-aminobenzoic acid which has no direct
antimycobacterial action led to a detectable in-
crease in the antimicrobially-active serum isoniazid
level in the 71 subjects tested, and that this in-
crease was generally higher and more sustained
than that achieved by para-aminosalicylic acid.

TABLE III

Effect of orally administered para-aminosalicylic acid (PAS) on results of microbiologic assay for
isoniazid (INH) in serum

INH administered orally
18 hours previously INH 8 mg./Kg. administered

orally 6 hours previously
No addition of INH INH, 0.4 pg. added

to serum per ml. of serum With
oral PAS,

Without With Without With Without 2.5 Gm. at
Subject oral PAS oral PAS* oral PAS oral PAS* oral PAS 0 and 3 hrs.

A.L. <0.2t <0.2 0.4 0.6 0.4 1.2
O.D. 0.2 0.2 0.6 0.8 0.8 3.2
O.R. 0.2 0.2 0.8 0.8 0.8 2.4
E.G. 0.4 0.4 0.8 0.8 4.8 4.8
S.K. 0.4 0.4 0.8 0.8 3.2 6.4
W.B. 0.4 0.4 0.8 0.8 1.6 3.2
W.R. <0.2 <0.2t 0.2 0.4t 2.4 4.8

* PAS, 10 Gm. orally in one dose; blood collected at two and one-half hours.
t Micrograms INH per ml. of serum specimen, by microbiologic assay.
t Special dosage; PAS, 24 Gm. (30 Gm. NaPAS), taken 12 Gm. at zero hour and 12 Gm. at three hours; blood

collected at six hours.
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Under the test conditions, the following drugs
had no effect on the antimicrobially-active serum

isoniazid level: probenecid, phenylbutazone, bar-
bituric acid, other barbiturates, glucosamine, chlor-
promazine hydrochloride, prednisone, sodium sali-
cylate and pyridoxine. Those investigations which
have shown that pyridoxine can antagonize the
chemotherapeutic activity of isoniazid in mice were

carried out with much larger ratios of pyridoxine
to isoniazid than have been employed in human
beings (21 ).

G. Comparison of isoniazid levels in serum and in
ca-vity content

Obstructed tuberculous cavities, filled with case-

ous necrotic debris, were removed from five pa-

tients. Blood samples were collected at the same

time. In each of these patients the serum level
of antimicrobially-active isoniazid at six hours was

the same, within the limits of error, as the level in
the cavity content.

H. Reproducibility of the microbiologic assay test
for streptomycin

Analysis of the duplicate results of 23 consecu-

tive microbiologic assays for known concentra-
tions of streptomycin sulfate gave the following
results: mean, 5.6 ,ug. per ml. (standard devia-
tion, + 6 per cent) ; mean, 11.2 jug. per ml. (stand-
ard deviation, 7 per cent); mean, 22.5 ug. per

ml. (standard deviation, + 8.5 per cent ); mean,

45 ,ug. per ml. (standard deviation, + 11 per cent).
These results were obtained by the same individual
over a period of seven months.

I. Serum streptomycin levels at six hours after a

single intramuscular loading dose

The distribution of values for antimicrobially-
active levels of serum streptomycin at six hours
after an intramuscular test dose of 20 mg. strep-
tomycin sulfate per Kg. of body weight in 166
hospitalized adult tuberculous patients are pres-

ented in Table IV.

J. Reproducibility of serum streptomycin level
studies on the same individuals

Among the 157 patients who received loading
dosage of 20 mg. streptomycin per Kg. of body
weight on two different occasions, the standard

TABLE IV

Serum streptomycin levels* at six hours after 20 mg.
streptomycin per Kg. (166 patients)

<10 pg. 10-19 pg. 20-29 pg. 30 or >pg.
per ml. per ml. per ml. per ml.

6 72 58 30
4% 43% 35% 18%

* Filter-paper disc - agar diffusion method using
B. subtilis.

deviation from the mean of the results of the two
studies was + 12 per cent. All patients had levels
between 5 and 48 KIg. streptomycin per ml. of
serum at six hours after the 20 mg. per Kg. of
body weight dosage.

K. Correlation of in vitro drug resistance with
serum streptomycin levels achieved by patients
excreting resistant organisms

The results of this study are presented in Table
V. Statistical analysis of the difference between
the two groups shows that it is highly significant
(p < 0.01).

TABLE V

Correlation of streptomycin serum levels and levels of
streptomycin resistance of tubercle bacilli recovered

from 33 tuberculosis patients previously treated
with streptomycin

Group 1* Group 2t

Streptomycin Streptomycin
Patient serum levelt Patient serum levelt

,ug./ml. ;pg./m1.
L.A. 5 B.S. 15
R.W. 5 F.B. 20
L.W. 9 R.E. 20
M.B. 10 D.G. 20
K.C. 10 E.M. 20
I.G. 10 F.N. 20
B.L. 10 O.R. 20
L.S. 10 G.S. 20
W.A. 15 G.B. 30
R.N.B. 15 G.O. 30
M.M. 15 G.S. 30
H.S. 15 H.W. 30
R.B. 20 M.S. 35
W.R. 20 G.C. 40
G.W. 20 J.H. 40
C.B. 30 G.M. 40

P.H. 50

* Excreting populations resistant to 2 ,ug. streptomycin
per ml. and less than 50 per cent resistant to 10 ,ug. strep-
tomycin per ml.

t Excreting populations resistant to 2 ,ug. streptomycin
per ml. and more than 50 per cent resistant to 10 ,ug.
streptomycin per ml.

t At six hours after a loading does of 20 mg. streptomycin
sulfate per Kg. of body weight.
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DISCUSSION

A wide variety of factors determine the effec-
tiveness of chemotherapy of any infectious process.

The situation is particularly complex when prob-
lems such as diffusion through host tissues and into
phagocytes, antagonism, and metabolic alteration
of the agent to inactive derivatives by chemical
components of the inflammatory or necrotic lesion
are involved. Delivery of antimicrobially-effective
concentrations of the various agents to the multi-
plying parasites is of prime importance. Drug
serum levels may serve as a reliable means of esti-
mating such delivery.

In the absence of a satisfactory method for the
chemical determination of free, antimicrobially-ac-
tive isoniazid, the microbiologic assay method em-

ployed here is shown by these studies to be suf-
ficiently accurate, simple and reproducible for
clinical purposes. The wide variations in the rate
and degree of biochemical alteration of the iso-
niazid molecule in different subjects, and the rela-
tive constancy for a given individual, as previously
reported (3, 9, 22), have been confirmed. Also,
there is no doubt that higher dosages of isoniazid
lead to higher serum levels of antimicrobially-ac-
tive drug.

Certain clinical observations (24) suggested that
daily dosages of isoniazid higher than 3 to 5 mg.

per Kg. of body weight should result in better
chemotherapeutic response. However, there was

no experimental evidence of a relationship be-
tween serum levels of this drug and response of
human beings to treatment until our demonstra-
tion (9) of a highly significant relationship be-
tween serum isoniazid levels and the catalase ac-

tivities of drug-resistant tubercle bacilli from iso-
niazid-treated patients. Then, it became evident
that the serum level of antimicrobially-active iso-
niazid achieved in an individual depends on

whether the subject is a "slow" or "rapid" inacti-
vator as well as on the dosage of drug that he
receives.

Approximately 45 per cent of the 254 subjects
tested failed to achieve a level of at least 0.8 ug.

per ml. at six hours after a 4 mg. per Kg. dose.
Inasmuch as a high proportion of the patients
studied were known drug treatment failures on ad-
mission to National Jewish Hospital, and failure
can be a consequence of inadequate delivery of at

least one of the drugs to the multiplying tubercle

bacilli in vivo, this percentage may be higher than
might be found in an unselected population of
tuberculous patients.

The studies described here comparing the anti-
microbially-active isoniazid level of serum with
that of cavity content provide evidence that the se-
rum level can be used fairly as a basis for esti-
mating the concentration of isoniazid delivered to
the multiplying bacilli in cavities. They also show
that there is no important physicochemical barrier
which interferes with the movement of antimicrobi-
ally-active isoniazid through cavity walls.

The results of previous studies have shown (9,
25) that the dosage of isoniazid which avoids the
emergence of catalase-positive, weakly isoniazid-
resistant mutants is one which provides an anti-
microbially-active isoniazid serum level of at least
0.4 ,ug. per ml. at six hours following one-half of
the total daily dose. As previously indicated (1),
this dosage yields drug levels in vivo which are
much higher than necessary to avoid the emergence
of any drug-resistant mutants when a second drug
is employed, such as streptomycin, also in ade-
quate dosage on combined drug treatment. There-
fore, an optimal chemotherapeutic response may
be anticipated (and with a wide margin of safety)
in original treatment patients excreting drug-sus-
ceptible populations of tubercle bacilli if one-half
of the total daily dose of isoniazid gives a serum
level of at least 0.4 Mug. per ml.

An increase in the level of antimicrobially-active
drug to insure that all patients will maintain ade-
quate serum levels of isoniazid may be accomp-
lished either by increasing the dosage of isoniazid
or by employing drugs which apparently prevent
rapid inactivation of the drug. An increase in dos-
age of isoniazid to 16 to 24 mg. per Kg. daily with-
out pyridoxine has led to a prohibitive increase in
isoniazid neuropathy (24). The simultaneous ad-
ministration of pyridoxine with isoniazid has re-
duced but not completely prevented toxicity due to
isoniazid (24, 26). Some few subjects inactivate
isoniazid so rapidly that dosages of 16 to 20 mg.
per Kg. per day are insufficient to maintain ade-
quate, antimicrobially-active, serum isoniazid levels.
It is in these patients that high dosage plus the con-
comitant administration of drugs such as para-
aminosalicylic acid or para-aminobenzoic acid may
be employed. A decrease in the rate of metabolic
alteration of isoniazid by these drugs has been at-
tributed to competition for the biochemical proc-
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ess of acetylation (27, 28). The action of para-
aminosalicylic acid on the antimicrobially-active
serum isoniazid level suggests that the effective-
ness of combined therapy employing isoniazid and
para-aminosalicylic acid (29) is due not only to
the antimicrobial activity of each drug, but also to
the resulting elevation of the antimicrobially-active
serum isoniazid level.

It seems fair to conclude that to achieve optimal
therapeutic results and to reduce the incidence and
severity of the toxic effects of the drug, serum
levels of antimicrobially-active isoniazid should be
known. The dosage of isoniazid which should be
employed is clearly related to the rate at which
the patient inactivates the drug; and it would seem
that this can be measured satisfactorily by the
microbiologic assay method.

While streptomycin does not appear to be sub-
ject to metabolic alteration in man (15), the prob-
lem of adequate delivery of the drug to multiply-
ing tubercle bacilli is very complicated (30). Not
all intramuscular injections (as routinely admin-
istered) are actually into muscle tissue. Absorp-
tion from such an "intramuscular" depot is influ-
enced by factors such as inflammatory response
and blood supply. Some subjects excrete strep-
tomycin more rapidly than others. All other fac-
tors being equal (which they seldom are), heavy
subjects should achieve relatively lower tissue con-
centrations than light subjects on a conventional
1.0 Gm. dosage schedule. There are also chemical
components of inflammatory or necrotic tissue,
such as nucleic acids, which antagonize the anti-
microbial action of streptomycin (31-33). Fi-
nally, the activity of streptomycin is modified by
the concentration of viable tubercle bacilli ex-
posed to it. Such uncontrollable variables render
hazardous any attempt to correlate the concentra-
tion of streptomycin achieved in the serum with
the actual delivery of the drug in an active form
to tubercle bacilli in patients.

In spite of the uncontrollable modifying factors,
it was considered important to know that at least
the first step in the delivery of sufficient concen-
trations of streptomycin had been achieved. Ac-
cordingly, serum levels of antimicrobially-active
streptomycin sulfate were determined. These
confirmed previous reports that variations do ex-
ist between subjects (16, 34).

The results of the studies which relate the

levels of drug resistance of streptomycin-resist-
ant mutants excreted by patients previously
treated with streptomycin and the concentrations
of streptomycin which are found in their sera
after the standard test are significant. As in
previous similar studies with isoniazid (9), these
observations establish the six hour serum assay
for streptomycin as a reliable basis for estimating
the concentration of this drug delivered to mul-
tiplying tubercle bacilli in most patients. Thus,
in spite of the indeterminable local factors which
influence the antimicrobial activity of streptomy-
cin, humoral levels of the drug play an important
role.

SUMMARY

The results of microbiologic assays for anti-
microbially-active isoniazid in serum and tubercu-
lous cavity content are presented. Some effects
of change in dosage of isoniazid and of con-
comitant administration of various other drugs on
the antimicrobially-active serum isoniazid levels in
patients are reported. Para-aminosalicylic acid
and para-aminobenzoic acid were the only drugs
studied that significantly increased this level.

The results of application of a microbiologic
assay method for serum streptomycin are also
presented, and, as previously shown for isoniazid,
a significant relationship is demonstrated between
serum levels of streptomycin and certain aspects
of the microbiologic response in patients to strep-
tomycin treatment.

The clinical implications of the variations in
antimicrobially-active serum levels of both iso-
niazid and streptomycin achieved by different pa-
tients are discussed.
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