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Rate of Inactivation of Isoniazid in South Indian
Patients with Pulmonary Tuberculosis *

3. Serum Concentrations of Isoniazid Produced by Three Regimens
of Isoniazid Alone and One of Isoniazid plus PAS

P. R. J. GANGADHARAM, S. DEVADATITA, WALLACE FOX,
C. NARAYANAN NAIR & J. B. SELKON

A series ofstudies on the rate of inactivation of isoniazid in Indian patients with pulmo-
nary tuberculosis in a 1-year comparison offour domiciliary chemotherapeutic regimens-
three ofisoniazid alone, either in moderate (HI-I and HI-2 regimens) or in low (H regimen)
dosage, and one of isoniazid in low dosage plus p-aminosalicylic acid (PAS) (PH regimen)
-has recently been undertaken by the Tuberculosis Chemotherapy Centre, Madras. This
paper-the third of the series-presents information on the length of time during which
inhibitory concentrations of isoniazid (0.2 tug/ml or more) were maintained in the serum
and on the estimated peak serum concentrations of isoniazidproduced by the four regimens
and relates these factors to the therapeutic effectiveness of the different regimens.

The results suggested that: (a) the therapeutic superiority of the PH regimen over the
isoniazid-alone regimens was only in part due to the effect ofPAS in enhancing the serum
levels of isoniazid; (b) the therapeutic superiority of the HI-I regimen (moderate dosage,
given in one dose a day) over the HI-2 andH regimens (moderate and low dosage, respect-
ively, given in two doses a day) was due to the higher peak serum concentration ofisoniazid
produced rather than to the period minimal inhibitory concentrations of isoniazid were
maintained in the serum; and (c) there was a possibility that raising the peak serum con-
centration of isoniazid above a critical concentration of about 3 ,ug/ml had a greater
therapeutic effect than similar proportional increases below this concentration. It also
appeared that the slightly better therapeutic response observed in the slow inactivators of
isoniazid than in the rapid inactivators was due to the higher peak serum concentrations of
isoniazid produced; the enhanced therapeutic effect was approximately the same as would
be expectedfrom a 50% increase in isoniazid dosage.

INTRODUCTION

A previous report from this Centre (Tuberculosis
Chemotherapy Centre, 1960) gave the results of a
controlled comparison of three different regimens of
isoniazid alone with a combination of isoniazid plus
p-aminosalicylic acid (PAS) in the domiciliary treat-
ment of pulmonary tuberculosis. This paper presents
information on the periods for which inhibitory
concentrations of isoniazid were maintained in the

* From the Tuberculosis Chemotherapy Centre, Madras,
India. The Centre is under the joint auspices of the Indian
Council of Medical Research, the Madras State Government,
the World Health Organization and the Medical Research
Council of Great Britain.

serum and on the peak serum concentrations of
isoniazid produced by these four chemotherapeutic
regimens and relates them to the therapeutic effect-
iveness of the four regimens.

METHODS

The chemotherapy study has been reported in
detail elsewhere (Tuberculosis Chemotherapy Centre,
1960). The chemotherapeutic regimens were as
follows:

HI-I. Isoniazid alone, 7.8-9.6 mg/kg body-weight
daily, in one dose by mouth-i.e., 400mg of isoniazid
a day for a patient weighing 100 lb. (45.4 kg).
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HI-2. Isoniazid alone, 7.8-9.6 mg/kg daily, divided
into two doses, by mouth-i.e., 400 mg of isoniazid a
day for a patient weighing 100 lb.
H. Isoniazid alone, 3.9-5.5 mg/kg daily, divided

into two doses, by mouth-i.e., 200 mg of isoniazid
a day for a patient weighing 100 lb.
PH. Isoniazid 3.9-5.5 mg/kg plus PAS (sodium)

0.2-0.3 g/kg body-weight daily, divided into two
doses, by mouth-i.e., 200 mg of isoniazid plus 10 g
of PAS (sodium) a day for a patient weighing 100 lb.
The present investigation was carried out on 74

(18 HI-1, 19 HI-2, 17 H, 20 PH) of the 341 patients
admitted to the chemotherapy study. Of the original
341 patients, 11 had died during the course of the
year and 38 had deteriorated and consequently
had their treatment changed (Tuberculosis Chemo-
therapy Centre, 1960). The 74 patients were selected
from those amongst the remaining 292 patients who
did not object to a series of venipunctures. They had
either completed or were approaching the end of
the 12 months of their prescribed chemotherapy.
Those patients who had had their treatment changed
because they had completed a year of treatment were
put back on their original regimen for at least one
week before the following investigation was carried
out.

Test procedure
The administration of the last dose of the chemo-

therapeutic regimen on the day prior to the following
investigation was supervised by a member of the
nursing staff. The investigation was started exactly
24 hours after this last dose for the patients receiving
one dose per day (HI-1) and 12 hours after this last
supervised dose for the patients receiving two doses
per day (HI-2, H and PH). At the start of the
investigation, the normal dose (test-dose) appro-
priate to the patient's body-weight was administered
orally. In order to avoid a series of more than five
venipunctures, the study of the serum concentrations
of isoniazid produced by these regimens was under-
taken in two stages.

In the first stage of the study, involving 29 of the
patients, the serum isoniazid concentration was
determined immediately before the test-dose was
administered and after one, two, six and 10 hours.
The mean test-dose of isoniazid administered in this
stage (and which was dependent on the patient's
weight) was 9.1 mg/kg body-weight for the six HI-i
patients, 3.9 mg/kg for the eight HI-2 patients,
2.0 mg/kg for the seven H patients and 2.1 mg/kg

for the eight PH patients, who in addition received,
on the average, 0.10 g/kg PAS.

In the second stage of the study, carried out on
the remaining 45 patients, a later period was
covered. Blood was collected at intervals from 10
to 26 hours after the appropriate test-dose ofthe HI-1
regimen (the regimen given in one dose a day), and
from 10 to 14 hours after the test-dose of the HI-2,
H and PH regimens (the regimens given in two doses
a day). The mean dosage of isoniazid was 9.0 mg/kg
body-weight for the 12 HI-i patients, 4.5 mg/kg for
the 11 HI-2 patients, 2.3 mg/kg for the 10 H patients
and 2.3 mg/kg for the 12 PH patients, who in addi-
tion received, on the average, 0.12 g/kg PAS.
The concentration of isoniazid in the serum was

determined by microbiological assay (Gangadharam
et al., 1961 1)

Classification of the patients as slow or as rapid
inactivators of isoniazid
The rate of inactivation of isoniazid had been

determined on an earlier occasion from the con-
centration of isoniazid in the serum of the patients
four-and-a-half hours after an intramuscular test-
dose of 3 mg/kg body-weight isoniazid. This con-
centration was determined by microbiological assay
and patients with serum concentrations of 0.58 ,ug/ml
isoniazid or more were classified as slow inactivators
and those with concentrations below 0.58 ,ug/ml
isoniazid as rapid inactivators (Gangadharam et al.,
1961 1).

RESULTS

The serum concentrations of isoniazid produced
by the HI-1 regimen up to 26 hours and by the HI-2,
H and PH regimens, up to 14 hours after administra-
tion of the test-dose are presented separately for
slow and rapid inactivators in Appendix Tables A-D.
They are also summarized in Tables 1-3 and the con-
centrations in the first 10 hours are illustrated gra-
phically in the accompanying figure. The results of
this investigation will be considered in four sections.
The first deals with the periods for which inhibitory
concentrations of isoniazid were maintained in the
serum; the second with the estimated peak serum
concentrations of isoniazid produced; the third with
the effect of the concomitant administration of PAS
with isoniazid on the serum concentrations of
isoniazid; and the fourth with the relationship

1 See article on page 765.
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MEAN SERIAL CONCENTRATIONS OF ISONIAZID PRODUCED IN
BY THE FOUR REGIMENS

THE SERUM FROM o a TO 10 HOURS

TIME IN HOURS

a The previous dose of the HI-i regimen had been administered
exactly 12 hours earlier.

between the response to treatment and the above
three factors.

Periods for which inhibitory concentrations of
isoniazid were maintained in the serum

As 0.2 ,ug/ml is the lowest concentration of iso-
niazid that could be measured by the microbiological
assay method and that regularly inhibits the growth
of isoniazid-sensitive tubercle bacilli in vitro (Mit-
chison, 1953; Mitchison & Selkon, 1957), the four
regimens have been compared in respect ofthe periods
for which they maintained concentrations of iso-
niazid in the serum at or above this level. The pro-
portions of patients in whom serum concentrations
of 0.2 ,tg/ml isoniazid or more were found at the
different times are set out in Table 1.

All four regimens produced such serum concentra-
tions in 75% or more of the slow inactivators for the
full period of time investigated-that is, for 26 hours
with the HI-I regimen (the single daily dose) and for
14 hours with the HI-2, H and PH regimens (two
doses a day). Since the latter three regimens were
administered twice a day, it can be concluded that
in slow inactivators all four regimens produced
inhibitory concentrations throughout the full 24
hours (Table 1, last column). Considering the rapid

TIME IN HOURS

exactly 24 hours earlier and that of the HI-2, H and PH regimens

inactivators, the HI-i regimen maintained inhibitory
levels in 75% or more of the patients for between 12
and 18 hours, so that for at least several hours in the
day the patients did not have an inhibitory con-
centration of isoniazid in the serum. The H regimen
maintained inhibitory levels for between two and six
hours (Table 1) following a single dose, so that there
was a coverage of between four and 12 hours during
the course of the 24 hours (Table 1, last column), and
the PH regimen maintained inhibitory levels for
between six and 10 hours after a single dose-that is,
12-20 hours' coverage in the course of a full day.
Only the HI-2 regimen, with a coverage of 12-24
hours after a single dose, gave inhibitory levels
throughout the 24 hours.

Estimatedpeak concentration ofisoniazid in the serum
The peak serum concentration of isoniazid pro-

duced by each of the four regimens in the slow and
the rapid inactivators was estimated from the mean
isoniazid concentrations present at 0, 1, 2 and 6
hours (Appendix Tables A-D). The mean isoniazid
concentrations were transformed into logarithmic
units and plotted against time; the peak concentra-
tion was then estimated by the point of intersection
of the extrapolated 0-1 hour ascending and 2-6 hours
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TABLE I
PERIOD FOR WHICH SERUM CONCENTRATIONS OF AT LEAST 0.2 Ag/mI ISONIAZID WERE MAINTAINED

IN THE MAJORITY a OF PATIENTS BY THE FOUR REGIMENS

Rate of
Regimen inactivation

Regimen of
isoniazid

0 1

Slow 0/3 c 3/3
HI-i

Rapid 0/3 3/3

Slow 2/4 4/4
Hl-2

Rapid 3/4 414

Slow 3/3 3/3

H Rapid 1/4 3/4

Slow 3/4 4/4
PH

Rapid 2/4 4/4

Proportion of patients with serum concentration
Proportion of patients with serum concentration

of 0.2 Mg/ml isoniazid or more

Hours after administration of test-dose

2 6 8

3/3

3/3

4/4

4/4

3/3
2/2

4/4
4/4

3/3 3/3

3/4 4/8

4/4

4/4

10 12 14 18 24 26
=_

3/3 5/6 5/6
2/3 4/5 3/5 1/6 0/1

3/3
5/6

3/3
2/4 1/7

3/3

3/4

3/3

3/9

5/6

4/5

5/6

3/5

6/6 6/6

6/7

1/5

6/7

1/5

Period of coverage with at least
0.2 Ag/ml isoniazid (hours)

After one dose dAftes dosage b

26 or more

12-18

14 or more

12-14

14 or more

2-6

26 or more

12-18

26 or more

24-26

26 or more

4-12

14 or more 26 or more

6-10 12-20

a 75% or more of the patients.
b Calculated for the HI-2, H and PH regimens by adding the duration of coverage produced by the test-dose up to a maximum

of 12 hours (the interval between doses) to the full period of coverage produced by the test-dose.
c The numerator denotes the number of patients with a serum concentration of 0.2 Mg/ml isoniazid or more and the denominator

the total number of patients tested.

descending lines, and the values obtained are set out
in Table 2. In the slow inactivators the mean peak
concentrations produced were 6.6 /tg/ml for the

TABLE 2
ESTIMATED MEAN PEAK SERUM CONCENTRATIONS
OF ISONIAZID PRODUCED BY THE FOUR REGIMENS

Rate of
Regimen inactiva-

I tion
lof isoniazid

HI-I Slow

Rapid

Slow
HI-2

Rapid
.~~~~~

Slow
H

Rapid

Slow
PH

Rapid

Number
of patients

Estimated mean peak
serum concentration

of isoniazid

Concen- Tie
tration attained

(/Ag/mi) (to nearest

,5 minutes)

3 6.6

3 4.2

4 2.6

4 1.9
I_

3

4

4

4

60

60

65

90

1.2 75

0.7 75

2.6 65

1.8 70

HI-I regimen, 2.6 ,tg/ml for the HI-2 regimen,
1.2 Htg/ml for the H regimen and 2.6 Hug/ml for the
PH regimen. The corresponding mean peak con-
centrations in the rapid inactivators were 4.2 Mtg/ml,
1.9 Mg/m1, 0.7 ,ug/ml and 1.8 jug/ml. Thus, the
estimated peak concentrations produced by each of
the four regimens in slow inactivators were approxi-
mately one-and-a-half times those in the rapid
inactivators. Furthermore, the peak concentrations
achieved by the three regimens employing isoniazid
alone were roughly proportional to their mean
isoniazid dosages, which were 9.1, 3.9 and 2.0 mg/kg
body-weight for the HI-1, H1-2 and H regimens,
respectively. The mean dosage of isoniazid in the
PH regimen was 2.1 mg/kg, yet the estimated peak
concentrations were practically identical to those
in the HI-2 regimen, in which about twice this dose
of isoniazid was administered.
The estimatedpeak concentration of isoniazid in the

serum occurred on the average at 70 minutes, with a
range of 60-90 minutes. There was no difference be-
tween the slow and the rapid inactivators in this respect.

Effect ofPAS on the serum concentration of isoniazid
The mean concentrations of isoniazid in the

serum at 0, 1, 2, 6 and 10 hours in the slow and the
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TABLE 3
MEAN SERIAL CONCENTRATIONS OF ISONIAZID

IN THE SERUM FROM 0 TO 10 HOURS AFTER
ADMINISTRATION OF THE PH, H AND Hl-2 REGIMENS

l~______ __Mean serum concentration
Rate of Number of isoniazid (g/inl)

inactivation of Horuatebdmnitato
of IRegimen of Husatramntain

isoniazid patients of test-dose
_ _I oa 1 2 6 10

PH 4 0.4 2.0 2.1 1.1 0.6

Slow H 3 0.3 0.9 0.9 0.4 0.3

HI-2 4 0.3 1.9 2.3 1.6 0.7

PH 4 0.2 1.2 1.3 0.3 <0.2

Rapid H 4 <0.2 0.3 0.4 <0.2 <0.2

HI-2 4 0.2 0.8 1.6 0.4 0.2

a The previous dose had been administered exactly 12 hours
earlier.

rapid inactivators of isoniazid on the HI-2, H and
PH regimens (the three regimens given in two doses
per day) are shown in Table 3. The mean dosage of
isoniazid administered in the test-dose of the HI-2
regimen was 3.9 mg/kg body-weight and for the H
and PH regimens was 2.0 and 2.1 mg/kg, respec-
tively. The mean serum concentrations of isoniazid
for the patients on the PH regimen at 1, 2, 6 and 10
hours were about twice those for the slow inactiva-
tors and about three times those for the rapid
inactivators on the H regimen. The concentrations
produced by the PH regimen in both the slow and
the rapid inactivators were similar to those produced
by the HI-2 regimen. Since the dose of isoniazid in
the PH regimen was approximately half that given
in the HI-2 regimen, it can be concluded that the
administration of PAS concomitantly with isoniazid
appreciably increased the concentration of isoniazid
produced in the serum.

Response to treatment in the four series related to
the period inhibitory concentrations of isoniazid
were maintained in the serum and to the estimated
peak concentration of isoniazid

In all, 315 patients were included in the main
analysis of the chemotherapy study (Tuberculosis
Chemotherapy Centre, 1960). On admission, these
patients had organisms sensitive to isoniazid and had
not previously received more than two weeks of
antituberculosis chemotherapy (96.5% had received

none). All of them completed 12 months of their
allocated regimen of treatment, except those whose
chemotherapy was changed on account of serious
deterioration or drug toxicity, including peripheral
neuritis due to isoniazid. Of the 315 patients, the
rate of inactivation of isoniazid was determined in
299 and they were classified as either slow or rapid
inactivators.

Patients were classified as having attained bacterio-
logical quiescence if all their sputum specimens and
laryngeal swabs taken at 10, 11 and 12 months after
the start of chemotherapy were negative on culture
(Tuberculosis Chemotherapy Centre, 1960). In-
cluded in this category in the present report are also
those few patients in whom a period of three months
of culture negativity was followed by a single positive
culture at 10, 11 or 12 months. For the reasons
given by Selkon et al. (1961),1 five of the six patients
who had their treatment changed because of peri-
pheral neuritis have been regarded as having had
bacteriologically active disease at 12 months.
The percentages of the patients attaining quies-

cence among the slow and the rapid inactivators in
each of the four treatment series are related to the
estimated peak serum concentrations of isoniazid
and the period inhibitory concentrations of isoniazid
were maintained in the serum (period of coverage)
in Table 4. Before examining these relationships it is
necessary to compare the condition of the patients in
the eight sub-groups on admission to the study.
Analyses (not tabulated here) showed that their
radiographic and bacteriological conditions on
admission were fairly similar. There were differences
in the virulence in the guinea-pig of the pretreatment
cultures from the eight sub-groups (Ramakrishnan
et al., 1961) but the influence of these differences was
examined and was found to be small.
The percentages of slow and rapid inactivators

attaining bacteriological quiescence on the three
regimens of isoniazid alone (HI-I, HI-2 and H)
decreased, in the order shown in the last column of
Table 4, from 72% of the HI-1 series slow inactiva-
tors to 44% of the H series rapid inactivators. The
order of these percentages was the same as the order
of the estimated peak serum concentrations of iso-
niazid, which were highest (6.6 ,g/ml) in the slow
inactivators in the HI-I series and lowest (0.7 ,ug/ml)
in the rapid inactivators in the H series. In contrast,
there was no apparent relationship between the
percentages of patients attaining bacteriological

1 See article on page 779.
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TABLE 4
RESPONSE TO TREATMENT IN THE FOUR SERIES RELATED TO THE

ESTIMATED PEAK CONCENTRATION OF ISONIAZID PRODUCED AND TO THE PERIOD
MINIMAL CONCENTRATIONS OF ISONIAZID WERE MAINTAINED IN THE SERUM

PeriodEstimated of coverage Percentage
Rate peak serum with 0.2 gg/ml of patients

Regimen of Inactivation concentration isoniazid after Number with quiescent
of isoniazid of isoniazid one full day's of patients disease

dosage at 12 months(ILgf ml) (hours)

Slow 6.6 26 or more 36 72
HI-I

Rapid 4.2 12-18 32 66

Slow 2.6 26 or more 39 59
HI-2

Rapid 1.9 24-26 27 56

Slow 1.2 26 or more 46 48
H

Rapid 0.7 4-12 36 44

Slow 2.6 26 or more 57 95
PH

Rapid 1.8 12-20 26 85

quiescence and the period of coverage with 0.2 ,ug/ml
isoniazid. For example, the rapid inactivators in the
HI-1 series had coverage for 12-18 hours and 66% of
them attained quiescence, whereas the slow inacti-
vators in the H series had coverage for at least 26
hours and only 48% of them had quiescent disease
at 12 months. These findings suggest that the
differences in therapeutic efficacy of the three
regimens were due to the differences in peak con-
centrations of isoniazid produced, and not to the
period for which they maintained levels of 0.2 ,ug/ml
isoniazid in the serum. Further analyses (not
tabulated here) were also undertaken in which the
percentages of patients attaining quiescence in each
of the six groups were related to the serum con-
centrations at six hours, to the period for which a
serum concentration of 1 ,ug/ml or more was main-
tained and to the areas bounded by the serum-
concentration/time curves (above 0.2 ,ug/ml). None
of these associations was as close as that obtained
with the estimated peak serum concentration.

In both slow and rapid inactivators, the PH regi-
men produced peak serum concentrations which
were less than half of those produced by the HI-I
regimen and about the same as those produced by
the HI-2 regimen. Nevertheless, the PH regimen was
clearly more effective therapeutically than either of
the two high-dosage isoniazid regimens. Thus, 95%

of the slow and 85% of the rapid inactivators in the
PH series had bacteriologically quiescent disease at
12 months, as compared with 72% of the slow and
66% of the rapid inactivators in the HI-I series and
with 59% of the slow and 56% of the rapid inacti-
vators in the HI-2 series.
The slow inactivators fared slightly better than the

rapid inactivators in each treatment series, a finding
described in greater detail by Selkon et al. (1961).'
The close association between the estimated peak
serum concentrations and the percentages of patients
with quiescent disease in the six groups treated with
the three regimens of isoniazid alone suggests that
the difference between the progress of the slow and
the rapid inactivators is more likely to be due to the
differences in the peak serum concentrations attained
than to the period of coverage. It will be recalled
(and is evident from Table 4) that the estimated peak
serum concentrations were approximately propor-
tional to the dosage of isoniazid in each inactivator
group, and that the estimated peaks in slow inacti-
vators were approximately one-and-a-half times
those in rapid inactivators. Consequently the better
response in the slow inactivators appears to be about
equal to that to be expected from a 50% increase in
isoniazid dosage.

1 See article on page 779.
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DISCUSSION

The serum isoniazid concentrations have been
measured at intervals for a number of hours after a
normal dose of the four chemotherapeutic regimens
studied in a controlled comparison (Tuberculosis
Chemotherapy Centre, 1960). These regimens were

one of isoniazid plus PAS (PH) and three of isoniazid
alone. One of the three isoniazid-alone regimens (H)
was a daily dosage of isoniazid in the same amount
as in the PH regimen (an average of 4.5 mg/kg
body-weight daily) given in two doses a day. The
other two regimens were a daily dosage, on the
average, of 8.7 mg/kg isoniazid, given either as two
doses a day (HI-2) or as one dose a day (HI-1).
Approximately equal numbers of slow and rapid
inactivators of isoniazid were examined for each of
the four treatment series. In the eight sub-groups of
patients so formed, two extreme measures of the
curves relating the serum concentrations of isoniazid
to the period after a dose have been estimated-
namely, (a) the period for which the minimal
inhibitory concentration of isoniazid was main-
tained in the serum (the period of coverage) and
(b) the peak concentrations of isoniazid attained.
The period of coverage in the eight sub-groups

was found to be related more closely to the rate of
inactivation of isoniazid than to the dosage of iso-
niazid in the chemotherapeutic regimens. Thus, the
slow inactivators in all four treatment series main-
tained uninterrupted coverage throughout the 24 hours
of the day, whereas there were periods during which
isoniazid could not be detected in the serum among

the rapid inactivators in the PH, H and HI-l series.
In contrast, the dosage of isoniazid in the regimen
was more important than the rate of inactivation of
isoniazid in determining the peak serum concentra-
tion. Thus, whereas the estimated peak concentra-
tions were approximately proportional to the indi-
vidual doses of isoniazid, the concentrations were

only about 50% greater in the slow inactivators than
in the rapid inactivators. Under these circumstances
it was important to see which of the two measures-

the period of coverage or the peak serum concentra-
tion attained-was better related to the response to
treatment of the patients in the three isoniazid-alone
series. The percentage of patients whose disease
attained bacteriological quiescence was taken as the
best measure of response (Tuberculosis Chemo-
therapy Centre, 1960). In the patients receiving
isoniazid alone, the order of these percentages was
the same as the order of the estimated peak serum

concentrations and there was no apparent relation-
ship between the percentages and the period of
coverage.
A serum concentration of 0.2 fig/ml isoniazid was

used for determining the period of coverage, partly
because it was the lowest concentration measurable
by the microbiological assay method and partly
because it has been found to be the minimal in-
hibitory concentration of isoniazid in vitro (Mitchi-
son, 1953; Mitchison & Selkon, 1957). Periods of
coverage with concentrations of up to 1 ,ug/ml
isoniazid were also studied and these also demon-
strated a lack of association between coverage and
the attainment of bacteriologically quiescent disease.

Barclay, Koch-Weser & Ebert (1954) reported that
isoniazid-sensitive tubercle bacilli bound radio-
active-labelled isoniazid in increasing amounts to
reach a maximum after 16-24 hours. Since this
binding was by simple physical adsorption, exposure
to a high concentration of isoniazid for only a short
period would result in the binding of a larger amount
of isoniazid than exposure to a low concentration for
a considerably longer period. This may explain why
the estimated peak serum concentration of isoniazid
was more closely related to response to treatment
than the period of coverage. It must be emphasized
that, although we have used the word peak con-
centration, we are not implying that it is the momen-
tarily maintained peak concentration which was the
responsible factor. It could well have been some
other high concentration of isoniazid near the peak
which was maintained for a longer period of time.
This seems much the likelier possibility for two
reasons. First, although isoniazid diffuses freely into
caseous lesions (Barclay et al., 1953; Mandel et al.,
1959) and cells (Mackaness & Smith, 1952), the peaks
in the lesions are likely to be somewhat lower and
flatter than in the serum, as a result of the process of
diffusion. Secondly, as stated above, although it has
been shown that tubercle bacilli bind isoniazid
rapidly, the binding is not complete within a few
minutes, but continues progressively for up to
16-24 hours before saturation is reached.
Bigger (1944) has suggested that, in the treatment

of staphylococcal infections, intermittent chemo-
therapy with penicillin would be more efficient than
continuous chemotherapy in the eradication of
resting organisms (persisters). Unfortunately, little
evidence has been reported on the relationship
between the concentrations of isoniazid in the serum
and those in tuberculous tissue. Consequently it is
not known whether the continuous maintenance of
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inhibitory concentrations of isoniazid in the serum
means that there are correspondingly continuous
inhibitory levels in the lesions or, conversely, whether
intermittency of bacteriostatic concentrations in the
serum necessarily implies corresponding inter-
mittency in the lesions. In the absence of such in-
formation, it is not possible to formulate acceptable
hypotheses from the present data.
Although an association existed between the

response of the patients and serum concentrations of
isoniazid at or near their peaks, no association was
found between response and the serum concentration
at six hours. This finding provides no support for
the contention of Middlebrook et al. (1960) that the
dosage of isoniazid (albeit in combined chemo-
therapy) should be adjusted according to the 6-hour
serum concentration. These authors stated that
" the delivery of adequate concentrations of this
antimicrobial agent (isoniazid) to a patient's bacilli
will require different dosage for different patients. A
rapid inactivator may need as much as four times
the amount needed by a slow inactivator in order to
achieve the same minimal level, consistent with
adequate bactericidal effect ". The findings reported
here suggest that an equal therapeutic response
would be obtained in groups of rapid and slow
inactivators if the rapid inactivators were given a
dosage only one-and-a-half times as large as that
given to the slow inactivators. It should be added
that there is a possibility that increasing the dosage
of isoniazid in rapid inactivators by as much as four
times (up to 16 mg/kg), as suggested by Middle-
brook et al. (1960), might well produce cases of
peripheral neuritis. Thus, Devadatta et al. (1960),
investigating the frequency of peripheral neuritis in
the main chemotherapy study referred to in the
present report, found that although peripheral
neuritis usually occurred in slow inactivators of
isoniazid, two cases were also encountered amongst
the 60 rapid inactivators who received an average
of 8.7 mg/kg isoniazid.

In the three isoniazid-alone series the percentages
of patients with quiescent disease at one year gave
evidence of a proportional relationship between the
therapeutic response and the peak serum con-
centration of isoniazid. However, the difference
between the proportions of patients with quiescent
disease in the HI-2 and the H series may give an
incomplete picture for the following reasons.
Adjustment for pretreatment differences in virulence
in the guinea-pig results in a decrease in the difference
in the proportions of patients with quiescent disease

in the two series; although undertaken it has not
been presented because pretreatment guinea-pig
virulence tests and the determinations of the iso-
niazid inactivation rate were not available on all
patients. Furthermore, radiographic deterioration
leading to a change of chemotherapy, or tuberculous
death, occurred in 23% of the HI-2 series and 21 % of
the H series. This finding also suggests that the
response of the two series was more closely similar
than is indicated by the percentages in Table 4. The
possibility therefore exists that there is an increase
in therapeutic efficacy starting above a critical peak
concentration of about 3 jtg/ml isoniazid.
A comparison of the mean serial serum con-

centrations of isoniazid produced by the PH and H
regimens confirms the previous reports of the eleva-
tion of the serum isoniazid concentration by con-
comitant administration of PAS (Mandel et al.,
1956; Morse et al., 1956; Bell, Riemensnider &
Mitchell, 1957; Grosset et al., 1958; Mandel et al.,
1959). On the other hand, Peters (1958, 1960), using
a chemical method for estimating isoniazid, was
unable to confirm this effect of PAS and has suggest-
ed that the values of isoniazid obtained with the
microbiological assay method in patients receiving
isoniazid plus PAS could be a spurious finding due to
the bacteriostatic action of the PAS. In this study,
however, as in the studies of Mandel et al. (1956,
1959), the end-point used in the assay procedure was
the loss of acid-fastness of Mycobacterium tuber-
culosis, strain H37Rv, an end-point which is not
affected by the presence of PAS (Mandel et al., 1956;
Varma, 1961).
Although the concomitant administration of PAS

with isoniazid increased the concentration of iso-
niazid in the serum, the PH regimen produced a
coverage of 0.2 ,g/ml isoniazid in rapid inactivators
for a shorter period than the HI-2 regimen and
produced lower peak serum concentrations of
isoniazid in both slow and rapid inactivators than
the HI-i regimen. The clearly superior therapeutic
efficacy of the PH regimen over the HI-i and HI-2
regimens cannot, therefore, be attributed to the
enhanced serum concentration of isoniazid produced
by the concomitant administration of PAS. Since
PAS only slightly increases the bactericidal action of
isoniazid (Singh & Mitchison, 1955), the greater
therapeutic efficacy of the PH regimen is presumably
due to its being a two-drug regimen with a conse-
quent lower probability for the emergence of drug-
resistant organisms, as has been shown for Bacillus
megatherium (Szybalski & Bryson, 1953).
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SUMMARY

1. Four treatment regimens, three of isoniazid
alone and one of isoniazid plus PAS, have been used
in a controlled chemotherapy study carried out at
the Tuberculosis Chemotherapy Centre, Madras.
These regimens have been compared in respect of
the period for which they maintained a minimal
inhibitory concentration of isoniazid (0.2 ,g/ml) in
the serum in the majority of patients and in respect
of the estimated peak serum concentrations of iso-
niazid they produced.

2. All four regimens maintained serum concentra-
tions of 0.2 ,ug/ml isoniazid or more in the majority
of slow inactivators of isoniazid for more than
24 hours, but only one regimen (HI-2; isoniazid
7.8-9.6 mg/kg body-weight daily, divided into two
doses) maintained a similar level of isoniazid for the
full 24 hours in rapid inactivators.

3. The estimated peak concentration of isoniazid
produced by the three regimens of isoniazid alone
was approximately proportional to the dosage of
the drug.

4. Comparison of the differences between the four
regimens in respect of the period they maintained
concentrations of 0.2 ,ug/ml isoniazid or more in the
serum and in respect of the estimated peak serum
concentration of isoniazid they produced with the
differences in their therapeutic efficacies suggested
that:

(a) The therapeutic superiority of isoniazid plus
PAS over the isoniazid-alone regimens was not
due to the effect of PAS in enhancing the serum
levels of isoniazid.
(b) The therapeutic superiority of the moderate
dosage of isoniazid (7.8-9.6 mg/kg body-weight)
given in one dose per day over the other isoniazid-
alone regimens was due to the higher peak serum
concentration of isoniazid produced rather than
to differences in the period minimal inhibitory
concentrations of isoniazid were maintained in the
serum.
(c) There was a possibility that raising the peak
serum concentration of isoniazid above a critical
concentration of about 3 ,ug/ml had a greater
therapeutic effect than similar proportional in-
creases below this concentration.
5. The slightly better therapeutic response ob-

tained in slow inactivators of isoniazid than in rapid
inactivators appeared to be due to the higher peak
serum concentrations of isoniazid produced, and was
approximately equal to that to be expected from a
50% increase in the dosage of isoniazid.

6. Considering all the regimens, the average time
for the attainment of the estimated peak serum con-
centration of isoniazid after oral administration of
the test-dose was 70 minutes.

7. The concomitant administration of PAS with
isoniazid had the same effect on the serum levels as
doubling the oral dosage of isoniazid.

ACKNOWLEDGEMENTS

We are grateful to the public health nursing staff of
the Centre for their assistance in carrying out this
investigation and to Dr D. A. Mitchison (Postgraduate
Medical School of London), Mr S. Radhakrishna

(Tuberculosis Chemotherapy Centre, Madras), and
Dr Ian Sutherland (Statistical Research Unit, Medical
Research Council of Great Britain) for their valuable
advice.

RItSUMI

Quatre regimes therapeutiques, trois comportant de
l'isoniazide seulement et un de l'isoniazide + PAS, ont
ete appliques dans une etude de chimiotherapie contr6lee,
effectuee au Centre de Madras. On a compar6 ces regimes,
en fonction du temps durant lequel ils assuraient dans le
serum un niveau inhibiteur minimum d'isoniazide de
0,2 ,ig/ml chez la majorite des malades, et en fonction
des concentrations maximums d'isoniazide qu'ils pro-
duisent, telles qu'on les evalue dans le serum.

Ces quatre r6gimes ont assure la persistance dans le
serum de concentrations d'isoniazide 6gales ou sup6-
rieures a 0,2 fAg/ml pendant plus de 24 heures, chez les
inactivateurs lents; mais un regime seulement, regime
HI-2 (7,8-9,6 mg/kg de poids corporel en deux doses), a
permis d'obtenir le meme resultat pendant 24 heures
chez les inactivateurs rapides.
La concentration maximum dans le serum, produite

par les trois regimes d'isoniazide seul, telle qu'elle a 6t6
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evaluee, etait a peu pres proportionnelle au dosage du
m6dicament.
La comparaison des differences entre les quatre r6gimes

therapeutiques, quant a la duree de l'isoniazid6mie de
0,2 ug/ml qu'ils assurent et a la concentration maximum
qu'ils produisent, avec les diffrences de leur efficacite
th6rapeutique permet de suggerer que a) la superiorit6 the-
rapeutique de l'isoniazide + PAS sur l'isoniazide seul
n'est due que partiellement au role joue par le PAS dans
1'el6vation de la concentration du s6rum en isoniazide;
b) que la sup6riorite th6rapeutique sur les autres r6gimes
d'un dosage mod6r6 d'isoniazide (7,8-9,6 mg/kg de poids
corporel) administr6 en une dose, 6tait due a la concentra-
tion superieure maximum ainsi produite, plutot qu'a la
prolongation de concentrations inhibitrices minimums
dans le serum; c) que l'elevation de la concentration au-

dessus de la concentration critique d'environ 3 jug/ml a un
effet therapeutique superieur a celui d'augmentations pro-
portionnelles analogues en-dessous de cette concentration.
La reponse th6rapeutique l6gerement meilleure obtenue

chez les inactivateurs lents que chez les inactivateurs
rapides semble due au fait que la concentration maximum
atteinte dans le serum etait elle-meme superieure, et
qu'elle correspondait a peu pres i celle qu'aurait donn6e
une augmentation de 50% du dosage de l'isoniazide.
Dans l'ensemble des r6gimes, 70 minutes se sont

6coulees entre 1'administration par voie buccale de la
dose-test et l'apparition dans le s6rum de la concentration
maximum d'isoniazide.

L'administration de PAS avec l'isoniazide a eu le meme
effet sur l'isoniazidemie que l'administration d'une dose
double d'isoniazide.
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APPENDIX TABLE A

SERUM CONCENTRATIONS OF ISONIAZID AFTER ORAL ADMINISTRATION OF THE HI-i REGIMEN

Rate of inactivation
of isoniazid

Patient
number Concentra-

Group tion a -
_|(g/ml)

1 1.1

2 1.0

3 0.6

4 2.0

5 Slow 1.4

6 1.2

7 1.1

8 1.1

9 0.6

10

11

12

13

14

15

16

17

18

Geometric mean

Rapid

0.3

0.3

<0.2

0.5

0.5

0.4

0.4

0.3

0.3

Geometric mean

Serum concentration of isoniazid (mg/ml)

Hours after administration of test-dose

0 1 2 6 10 12 18 24 26

<0.2 8.4 5.6 1.0 1.0

<0.2 4.2 4.2 2.1 1.0

<0.2 5.6 5.6 2.1 1.2

<0.2 <0.2

0.3 0.4

0.5 0.5

0.6 0.5

0.7 0.4

0.6 0.5

<0.2 5.8 5.0 1.6 1.1 0.4b 0.3b

<0.2 2.1 2.3 - c 0.3

<0.2 8.4 4.2 0.6 0.3

<0.2 0.5 2.1 0.5 <0.2

<0.2 <0.2

0.4 0.2 0.2

0.4 0.2 <0.2

0.3 0.2 <0.2

0.2 <0.2 <0.2

<0.2 <0.2 <0.2

<0.2 2.1 2.7 0.6 0.2 b 0.2 b <0.2 b <02b
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a The serum concentration of isoniazid four-and-a-half hours after an intramuscular injection of 3 mg/kg isoniazid.
b For determining this mean concentration, values of <0.2 ,ig/mi have been considered as 0.1 tsg/mi.
C Result not available.
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APPENDIX TABLE B

SERUM CONCENTRATIONS OF ISONIAZID AFTER ORAL ADMINISTRATION OF THE HI-2 REGIMEN

Rate of Inactivation Serum concentration of isoniazid (sgI/mI)of isoniazid
Patient
number Concen- Hours after administration of test-dose

Group tration a
(/ig/ml) 0 1 2 6 10 12 14

1 1.3 <0.2 2.8 2.4 1.3 0.4

2 1.1 1.4 1.9 1.9 2.1 1.4

3 1.0 1.0 4.2 2.8 2.1 0.7

4 1.0 <0.2 0.6 2.4 1.4 _b
5 1.1 1.0 1.0

Slow
6 1.1 1.0 0.7

7 1.0 0.7 0.7

8 1.0 1.2 1.0

9 1.0 1.0 0.6

10 0.7 <0.2 <0.2

Geometric mean 0.3 c 1.9 2.3 1.6 0.7 0.6 0.5 c

1 1 0.3 0.4 1.6 2.4 0.5 0.4

12 0.3 0.6 0.7 2.0 0.5 0.5

13 0.2 <0.2 1.8 1.4 0.3 0.2

14 <0.2 0.2 0.2 1.0 0.4 0.2

15 Rapid 0.4 <0.2 <0.2 <0.2

16 0.3 _b 0.3 0.3

17 0.3 0.2 0.2 0.2

18 0.2 0.3 0.3 <0.2

19 0.2 _.b 0.2 0.2

Geometric mean 0.2C 0.8 1.6 0.4 0.2 c 0.3 c 0.2 c

a The serum concentration of isoniazid four-and-a-half hours after an intramuscular injection of 3 mg/kg isoniazid.
b Result not available.
C For determining this mean concentration, values of <0.2 igl/ml have been considered as 0.1 ig/ml.
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APPENDIX TABLE C

SERUM CONCENTRATIONS OF ISONIAZID AFTER ORAL ADMINISTRATION OF THE H REGIMEN

Rate of inactivation Serum concentration of isonlazid (<Ag/ml)of isonlazid
Patient
number Concen- Hours after administration of test-dose

Group tration a
(Cg/ml) 0 1 2 6 8 10 12 14

1 1.4 0.3 1.0 1.4 0.5 0.3

2 1.0 <0.4 1.0 0.8 0.3 0.3

3 0.7 0.5 0.8 0.7 0.5 0.4

4 1.3 0.7 0.7

5 Slow 1.1 0.3 0.2

6 1.1 0.4 0.4

7 0.8 0.5 0.4

8 0.7 0.4 0.4

9 0.6 0.6 0.4

Geometric mean 0.3b 0.9 0.9 0.4 0.3 0.5 0.4

10 0.3 <0.2 <0.2 <0.2 0.3 <0.2

11 0.3 <0.4 1.0 0.5 0.3 <0.2

12 0.3 <0.2 0.7 1.0 0.3 <0.2

13 0.2 <0.2 0.2 0.6 <0.2 - c
Rapid

14 0.5 0.2 0.2 0.2

15 0.3 <0.2 0.2 <0.2

16 0.3 <0.2 <0.2 <0.2

17 0.3 <0.2 <0.2 <0.2

Geometric mean <0.2b 0.3d 0.4d <0.2d <0.2d <o.2d

a The serum concentration of isoniazid four-and-a-half hours after an intramuscular injection of 3 mglkg isonlazid.
b For determining this mean concentration, values of <0.4 ,&g/ml have been considered as 02 ug/ml.
c Result not available.
d For determining this mean concentration, values of <0.2 iAg/ml have been considered as 0.1 ug/lmI.
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APPENDIX TABLE D

SERUM CONCENTRATIONS OF ISONIAZID AFTER ORAL ADMINISTRATION OF THE PH REGIMEN

Rate of inactivation
of isoniazid

Concen-
Group tration a

(4g/ml)

1.5

1.2

1.2

1.1

1.4

Slow 1.4

1.2

1.2

1.0

1.0

0.7

Geometric mean

Rapid

0.4

0.3

0.3

<0.2

0.3

0.3

0.2

0.2

<0.2

Serum concentration of isoniazid (Mg/mi)

Hours after administration of test-dose

0 1 2 6 10 12

1.0 2.4 1.9 1.4 _ b

0.5 2.6 2.1 1.0 0.5

<0.2 1.0 1.6 1.0 0.4

0.5 2.8 2.8 _ b 1.0

14

0.4 0.4

0.2 0.2

0.7 0.5

1.0 0.5

0.5 0.4

0.5 0.5

<0.2 <0.2

0.4 c 2.0 2.1 1.1 0.6 0.4 c 0.3 c

0.1

<0.2

0.6

<0.2

1.9

1.0

2.1

0.5

Geometric mean 0.2 C 1.2

1.0 0.4 <0.2

1.4 <0.2 <0.2

2.4 1.0 0.5

1.0 0.3 <0.2

<0.2 <0.2 <0.2

<0.2 <0.2 <0.2

0.2 <0.2 <0.2

0.3 0.2 0.2

<0.2 <0.2 <0.2

1.3 0.3 c <0.2 c <0.2c <0.2c

Patient
number

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

a The serum concentration of isoniazid four-and-a-half hours after an intramuscular injection of 3 mg/kg isoniazid.
b Result not available.
c For determining this mean concentration, values of <0.2 Mg/ml have been considered as 0.1 Ag/mI.
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