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The Prevention and Treatment of Isoniazid Toxicity
in the Therapy of Pulmonary Tuberculosis

2. An Assessment of the Prophylactic Effect of Pyridoxine in Low Dosage *
TUBERCULOSIS CHEMOTHERAPY CENTRE, MADRAS 1

A recent report from the Tuberculosis Chemotherapy Centre, Madras, showed that a
vitamin-B-complex preparation containing a small amount ofpyridoxine (as well as aneurine
hydrochloride, riboflavine, nicotinamide, panthenol and cyanocobalamin) was effective in
the treatment ofperipheral neuropathy caused by daily high-dosage (12.5-15.2 mg/kg body-
weight) isoniazid therapy ofpulmonary tuberculosis. The present report gives results which
show that the B-complex preparation is fully effective in preventing peripheral neuropathy
in patients receiving the same high dosage of isoniazid, and that this is due to the small
pyridoxine content ofonly 6 mg daily, and not to any ofits other constituents. The low cost of
this small dose of pyridoxine makes high-dosage isoniazid therapy, given in combination
with other drugs or alone, a possible proposition in developing countries.

Studies in the Centre have produced clear evidence that there is an increase in the
frequency of peripheral neuropathy when the dosage of isoniazid is increased from 7.8-
9.6 mg/kg body-weight to 12.5-15.6 mg/kg daily, and that its incidence is higher among slow
than among rapid inactivators of isoniazid.

The studies also show that increasing the dosage of isoniazid when given alone from a
moderate daily dosage of 7.8-9.6 mg/kg to the high daily dosage of 12.5-15.6 mg/kg has
not materially altered the radiographic or the bacteriological response to treatment.

I. INTRODUCTION

Previous reports from the Tuberculosis Chemo-
therapy Centre, Madras (Devadatta et al., 1960;
Tuberculosis Chemotherapy Centre, 1963a) showed
that a vitamin-B-complex preparation which pro-

vided a daily dosage of 60 mg of aneurine hydro-
chloride, 30 mg of riboflavine, 300 mg of nicotin-
amide, 6 mg of pyridoxine, 18 mg of panthenol and
6 ,ug of cyanocobalamin was effective in the treatment

*This paper is also being published in the Indian Journal
of Tuberculosis.

1 The Centre is under the joint auspices of the Indian
Council of Medical Research (ICMR), the Madras State
Government, the World Health Organization (WHO) and
the Medical Research Council of Great Britain (MRC).
The members of the scientific staff of the Centre with major
responsibility for the work reported here are: Dr Hugh
Stott (WHO), Senior Medical Officer; Dr S. R. Kamat
(ICMR), Dr C. V. Ramakrishnan (ICMR) and Dr S. Velu
(Madras Government), Medical Officers; Dr S. Devadatta
(ICMR), Assistant Medical Officer; Dr J. J. Y. Dawson
(WHO), Medical Officer; Dr J. B. Selkon (WHO), succeeded
by Dr E. M. Mackay-Scollay (WHO), and Dr S. P. Tripathy
(ICMR), Bacteriologists; Dr P. R. J. Gangadharam (ICMR)
and Mr C. Narayanan Nair (ICMR), Assistant Bacterio-
logists; Mr D. V. Krishnamurthy (ICMR), Biochemist;
Mr C. V. Jacob (ICMR) and Miss S. Joseph (ICMR),
Laboratory Research Assistants; Mr K. L. Thomas (WHO),
succeeded by Mr P. M. Hinchliffe (WHO), Laboratory Tech-
nician; Mr S. Radhakrishna (Madras Government), Senior
Statistician; Mr K. Ramachandran (ICMR) and Mr P. R.
Somasundaram (ICMR), Statisticians; and Mr B. Janar-

dhanam (ICMR) and Mr N. Nataraja (ICMR), Senior
Assistant Statisticians.

The research of the Centre is guided by a Project Com-
mittee consisting of three ICMR representatives (Dr P. V.
Benjamin, Convenor, succeeded in July 1962 by Dr N. L.
Bordia, Dr J. Frim0dt-Moller and Dr K. S. Sanjivi), the
Director of the ICMR (Dr C. G. Pandit), the Director of
Medical Services, Madras State (Dr V. R. Thayumanaswamy,
succeeded in November 1961 by Dr A. B. Marikar), a WHO
representative (appointed for each meeting), an MRC
representative (appointed for each meeting) and the Senior
Medical Officer of the Centre. The joint secretaries are
Mr D. Chakravarti and Mr B. S. Verma, succeeded by
Mr V. S. Talwar. The MRC through its Tuberculosis
Research Unit is responsible for the scientific direction of
the research in accordance with plans prepared by the
Project Committee.

The patients in the present study were referred to the
Centre from the Government Tuberculosis Institute, Madras
(Director: Dr M. A. Hamid) and the Corporation Tuber-
culosis Clinic, Pulianthope (Medical Officer in Charge:
Dr V. S. Selvapathy).

1338 457

3



TUBERCULOSIS CHEMOTHERAPY CENTRE

of peripheral neuropathy due to isoniazid, even
when the isoniazid was continued in moderate
(7.8-9.6 mg/kg body-weight) or high (12.5-15.2 mg/kg
body-weight) dosage. This finding suggested that
the B-complex preparation might be used as a
substitute for pyridoxine in the prophylaxis of
isoniazid neuropathy.
However, to use either this preparation or pyri-

doxine alone in the dosage generally accepted would
considerably increase the cost of treatment, a factor
of major importance in developing countries. Since
the daily dosage of the B-complex preparation
contained only 6 mg of pyridoxine the present
investigation was designed to discover whether this
low dosage of pyridoxine or the remaining consti-
tuents in the B-complex preparation would prevent
the development of isoniazid neuropathy.

OBJECTS OF THE STUDY

1. To assess the effect in the prevention of toxicity
(particularly peripheral neuropathy) due to high-
dosage isoniazid therapy of:

(a) a vitamin-B-complex preparation containing
a small amount of pyridoxine (6 mg a day) and

previously reported on therapeutically from the
Centre (Tuberculosis Chemotherapy Centre, 1960,
1963a);
(b) the same vitamin-B-complex preparation but
containing no pyridoxine;

(c) pyridoxine alone (6 mg a day); and

(d) pyridoxine alone in a larger dosage (48 mg a
day).

2. To investigate the therapeutic effectiveness of
panthenol in patients developing peripheral neuro-
pathy.

3. To obtain information on the therapeutic
effectiveness of high-dosage isoniazid in patients with
pulmonary tuberculosis, in addition to that reported
previously (Tuberculosis Chemotherapy Centre,
1963a).
A further publication will report on the vitamin Bf

concentrations and the glutamic oxalacetic trans-
aminase (GOT) activity in whole blood of patients
on high-dosage isoniazid therapy in each of the four
supplement series and their relationship to the
development of toxic manifestations of isoniazid,
particularly peripheral neuropathy.

11. PLAN AND CONDUCT OF THE STUDY

The study was designed to assess the value of each
of the four supplements by comparing the frequency
of isoniazid neuropathy among the patients receiving
them. In order to eliminate the possibility of bias
in the diagnosis of peripheral neuropathy, the
investigation was conducted by the " double-blind "

method, neither the patients nor the clinicians nor the
health visitors being aware of the nature or number
of the supplements or of any subsequent change in
them.

PATIENTS

Patients were drawn from the same defined area
in Madras City as in previous investigations (Tuber-
culosis Chemotherapy Centre, 1960, 1963a). As
before, nearly all came from the poorest sections
of the population and were referred to the Centre
from local tuberculosis clinics where they had first
attended with symptoms. In a few instances they
were contacts of patients already under treatment at
the Centre.

All patients had bacteriologically confirmed pul-
monary tuberculosis. They were admitted to the

study on the same criteria as those applied in the
previous investigations (Tuberculosis Chemotherapy
Centre, 1959, 1960, 1963a); in particular, the patients
were aged 12 years or more, had, so far as was
known, either received no previous antituberculosis
chemotherapy or had received it only for a maximum
of two weeks, and did not have leprosy, diabetes or
peripheral neuropathy.

Examination on admission
The patients were examined clinically with special

attention to the central nervous system. Among
other pretreatment investigations were:

1. A full-plate postero-anterior chest radiograph.
2. An examination by direct smear and culture

of a minimum of four sputum specimens; two were
collected overnight in the home (collection speci-
mens) and two were expectorated under supervision
at the Centre (supervised spot specimens).

3. Tests of sensitivity to isoniazid and strepto-
mycin on two cultures.

4. The determination of the rate of inactivation of
isoniazid.
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FIG. 1

DIAGRAMMATIC REPRESENTATION OF THE ALLOCATION OF PROPHYLACTIC SUPPLEMENTS,
THE FREQUENCY OF PERIPHERAL NEUROPATHY AND THE SEQUENCE OF THERAPEUTIC SUPPLEMENTS

98 patients on isoniazid
(12.5-15.6mg/kg body-weight daily)

Randomly
allocated to

B - complex Pyridoxine - free Pyridoxine- 6 Pyridoxine -48
.(6 tablets a day) (6toblets a day) (6 mg a day) (48 mg a day)

Numbereof 24 24 26 24
patients

Prophylactic

Rate of lo Rapid Slow Rapid Sow Rapid Sow Rapi
inorwc*tCn 14 10 16 8 18 8 16 8

Comtmofm
perlphesal 0 G1

First change of supplement
(due to development of nouropathy)

Panthenol
(48mg a doy)

5 1> TherapeuticSecond change
(due to progression of neuropathy)

Pyridoxine
(6 mg a day)

*W 3412

a One patient had convulsions and his supplement was changed to 48 mg of pyridoxine a day; in another the peripheral neuro-
pathy was only confirmed in the thirteenth month.

REGIMENS

Chemotherapy

All the patients were prescribed high-dosage
isoniazid to be taken once daily (Table 1). The mean
daily dosage of isoniazid at the start of chemo-
therapy was 14.0 mg/kg body-weight (range, 12.5-
15.6 mg/kg body-weight). If the patient had gained
weight at a monthly examination and moved into a
higher weight category, the dosage was increased; if,
however, he lost weight the dosage was not reduced.

Allocation of prophylactic supplements

Each patient was allocated at random to one of
four prophylactic supplement series (Fig. 1). The
allocation was made by statisticians at the Centre
from a list which was based on random sampling
numbers and which had been incorporated in a series
of numbered sealed envelopes before the start of
the study. During the period 7 March l%l1 to

6 October 1961, 103 patients were admitted to the
study.

Prophylactic supplements
There were four prophylactic supplement series:1
(a) B-complex series. This series was prescribed a

vitamin-B-complex preparation as three yellow
tablets twice daily. Each tablet, weighing 0.25 g,
contained 10 mg of aneurine hydrochloride, 5 mg
of riboflavine, 50 mg of nicotinamide, 1 mg of
pyridoxine, 3 mg of panthenol and 1 ,ug of cyano-
cobalamin; in addition, an " overage " of 10% of
riboflavine, pyridoxine and panthenol, 33% of
aneurine hydrochloride and 50% of cyanocobalamin
had been added by the manufacturers.

(b) Pyridoxine-fi ,e series. This series was pres-
cribed the above preparation without pyridoxine as
three yellow tablets, each weighing 0.25 g, twice

1 All the supplements for the present study were manu-
factured specially by Vitamins Ltd, London.
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TABLE 1
DAILY DOSAGE OF ISONIAZID IN RELATION TO

BODY-WEIGHT

Body-weight a

(lb) (kg)

22.5-26.9

27.0-31.5

31 .6-36.0

36.140.6

40.7-45.1

45.2-49.7

49.8-54.2

Amount Number of
of iso- Daily dosage patients
niazld (mg/kg body- (on admis-
given weight) sion to

daily treatment)

(mg)

350

400

450

550

600

650

700

15.6-13.0

14.8-12.7

14.2-12.5

15.2-13.5

14.7-13.3

14.4-13.1

14.1-12.9

4

11

16

33

20

9

0

& The weight was recorded to the nearest lb.

daily; in addition, an overage of 10O% of riboflavine
and panthenol, 33% of aneurine hydrochloride and
50% of cyanocobalamin had been added by the
manufacturers.

(c) Pyridoxine-6 series. This series was prescribed
pyridoxine alone, 6 mg a day, as three white tablets
twice daily. Each tablet, weighing 0.25 g, con-

tained 1 mg of pyridoxine plus an overage of not
more than 10%.

(d) Pyridoxine-48 series. This series was pres-

cribed pyridoxine alone, 48 mg a day, as three white
tablets twice daily. Each tablet, weighing 0.25 g,

contained 8 mg of pyridoxine plus an overage of not
more than 10%.

Method of dispensing the isoniazid and supplements
The morning dose, consisting of isoniazid plus

supplement, was dispensed in a pink envelope and
the evening dose, consisting of supplement only, in a

white envelope. The patients received a 7-day
supply of packets at each weekly visit to the Centre.
Because the B-complex and pyridoxine-free tablets
softened in the humid conditions of Madras, both
the morning and evening doses of these supplements
were sealed in small polyethylene bags before being
placed in their envelopes.

Prescribed duration of treatment
Both the isoniazid and supplements were provi-

sionally prescribed for a period of 12 months.

GENERAL MANAGEMENT

The patients were treated at home and attended
the Centre each week for a supply of medicine. The
general management was the same as described
elsewhere (Tuberculosis Chemotherapy Centre,
1963a). In brief, a surprise visit was paid twice
weekly by a health visitor to the patient's home
when the regularity of drug taking was checked by
counting the stock of packets and by collecting a
specimen of urine for testing for isoniazid by the
combined naphthoquinone-mercuric chloride test
(Gangadharam et al., 1958). A specimen of urine to
test for isoniazid was also collected at the Centre
from the patients at each weekly routine attendance.

ASSESSMENT AND MANAGEMENT OF PERIPHERAL
NEUROPATHY

Assessment
The diagnosis of peripheral neuropathy and assess-

ment of its progress was undertaken as in a previous
study (Tuberculosis Chemotherapy Centre, 1963a).
Patients were not asked leading questions about
the occurrence of symptoms, but any spontaneous
complaint suggestive of neuropathy was recorded,
and if the patient complained again a full neurolo-
gical examination was carried out; the examination
was repeated at intervals, depending on the severity
of the symptoms. When two of the Centre's doctors
agreed that one or more physical signs of neuropathy
were present, the patient was examined by an
independent assessor (Dr S. Janaki, Dr K. V. Mathai
or Dr G. M. Taori of the Christian Medical College,
Vellore). If the assessor diagnosed peripheral
neuropathy a change of supplement, in accordance
with the protocol (see below), was made but the
dosage of isoniazid remained the same. The patient
was then re-examined neurologically at intervals of
two weeks at the Centre. If there was an increase
in the severity of symptoms and the development of
fresh physical signs, confirmed by at least two of the
Centre's physicians, the peripheral neuropathy was
deemed to have progressed and the supplement was
changed again, but without recourse to an outside
assessor. The same dosage of isoniazid was
continued.
Therapeutic supplements for isoniazid neuropathy
The changes of supplements for patients who

developed peripheral neuropathy are set out in
Fig. 1.

(a) Panthenol, in a dosage of 48 mg a day, was
given as a therapeutic supplement to all patients

50-59

60-69

70-79

80-89

90-99

100-109

110-119

-
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who developed peripheral neuropathy. This was
prescribed as three white tablets twice daily. Each
tablet weighed 0.5 g and contained 8 mg of panthenol
plus an overage of not more than 10 %.

(b) If the neuropathy advanced in spite of this
change, the original four prophylactic supplements
were to be investigated in a therapeutic role. In the
event, however, peripheral neuropathy occurred
only among patients in the pyridoxine-free series,
who were scheduled to receive at the second change a
daily dosage of 6 mg of pyridoxine, prescribed as
three tablets twice daily each containing 1 mg.

MANAGEMENT OF PULMONARY TUBERCULOSIS

Routine assessments during treatment
Assessments made at monthly intervals after the

star-t of chemotherapy included (a) measurement of
the weight, (b) a postero-anterior chest radiograph,
(c) from the third month onwards, the examination
of two overnight collection specimens of sputum and
one supervised spot specimen by smear and culture,
and (d) tests of sensitivity to isoniazid on one positive
culture from the third to the twelfth month, inclusive.
Tomograms were taken at the end of the year.

Radiographic or clinical deterioration warranting a
change of antituberculosis chemotherapy
Radiographic deterioration was assessed as des-

cribed previously (Tuberculosis Chemotherapy
Centre, 1960). In brief, the full radiographic series
of any sputum-positive patient who was considered
by the Centre's medical staff to have a definite radio-
graphic extension of the tuberculous lesion subse-
quent to the first monthly examination was shown to
an independent assessor, Dr K. S. Sanjivi, who was
unaware of the treatment the patient was receiving.
He decided whether or not the deterioration war-
ranted a change of chemotherapy. Serious clinical
deterioration was regarded as a ground for changing
the chemotherapy without recourse to the indepen-
dent assessor.

Change of antituberculosis chemotherapy
If the pulmonary tuberculosis progressed to an

extent which warranted a change of chemotherapy,
I g of streptomycin was given daily intramuscularly
for 6 days a week plus 1.0-1.5 g of pyrazinamide
(approximately 30 mg/kg body-weight) daily on all
seven days by mouth, in addition to the isoniazid and
supplements.

III. BACTERIOLOGICAL AND ASSAY PROCEDURES

EXAMINATION OF SPUTUM SPECIMENS,
AND SENSITIVITY TESTS

The methods used for examining sputum speci-
mens and for determining the sensitivity of cultures
to isoniazid and streptomycin were similar to those
described in detail elsewhere (Tuberculosis Chemo-
therapy Centre, 1959). In brief, sputum smears
were examined by fluorescence microscopy and were
graded as 3-plus, 2-plus, 1-plus or negative. Sputum
specimens were cultured, after treatment with 4%
NaOH, on Lowenstein-Jensen medium which did
not contain potato starch (Jensen, 1955). Tests
of sensitivity to isoniazid were performed by inocul-
ating a suspension of growth on to slopes of Lowen-
stein-Jensen medium containing 0.2, 1,5 and 50,ug/ml
of isoniazid as well as on to a control slope con-
taining no isoniazid. The standard sensitive strain,
H37Rv, was set up with each batch of tests as a
control.

DEFINITIONS OF BACTERIAL RESISTANCE TO ISONIAZID

In the following definitions of isoniazid resistance,
growth has been defined as 20 or more colonies.

Pretreatment tests
Resistance was defined as:
(a) growth on 1 tLg/ml or a higher concentration

even if the result of a test on a second culture was
sensitive; or

(b) growth on 0.2Htg/ml, followed by growth on the
same or a higher concentration at a repeat test on the
same culture, even if the result of a test on a second
culture was sensitive; or

(c) growth on 0.2 ,g/ml for separate cultures,
irrespective of the results of repeat tests.

Tests during treatment
Cultures isolated during treatment were regarded

as resistant if growth occurred on 0.2 utg/ml or a
higher concentration of isoniazid, irrespective of the
result of repeat tests, which have been shown pre-
viously not to affect the final classification materially
(Tuberculosis Chemotherapy Centre, 1960).

SERUM ISONIAZID ASSAYS

The rate of inactivation of isoniazid was determin-
ed for each patient before treatment. A test dose of
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3 mg/lkg body-weight of isoniazid was given intra-
muscularly, and four-and-a-half hours later a sample
of blood was taken; the concentration of isoniazid
in the serum was measured by microbiological assay

(Gangadharam et al., 1961). Patients with serum
concentrations of 0.58 ,ug/ml or more were classified
as slow inactivators and those with concentrations
below 0.58 ,tg/ml were classified as rapid inactivators.

IV. PATIENTS ADMITTED TO THE STUDY

One hundred and three patients were admitted to
the study, 101 being allocated at random to one of
the four supplementary regimens; the remaining two
were contacts of two of these patients and were pres-

cribed high-dosage isoniazid and the same supple-
ment as their respective index cases. There were 66
(64%) slow and 37 (36%/) rapid inactivators of
isoniazid.

V. ISONIAZID TOXICITY

This section describes the toxic effects of high-
dosage isoniazid. Five patients have been excluded:
three (one B-complex, rapid inactivator; one pyri-
doxine-6, slow inactivator; one pyridoxine-48, rapid
inactivator) because they had previously been treated
with isoniazid for one month, seven weeks and two
months, respectively; one (B-complex, rapid inactiva-
tor) because one day after starting treatment he
was found to have neural leprosy; and one (pyri-
doxine-free, slow inactivator) because he died 32
days after the start of treatment-probably too short
a period for the development of peripheral neuro-
pathy (see below). The progress of these five
patients is described below.
Of the remaining 98 patients, 24 were in the

B-complex series, 24 in the pyridoxine-free series,
26 in the pyridoxine-6 series and 24 in the pyri-
doxine48 series.

PERIPHERAL NEUROPATHY

Prevention and treatment

Pretreatment comparison of the four supplement
series. The four series were compared in respect of
rate of inactivation of isoniazid and of age and sex
distributions at the start of treatment and were found
to be reasonably similar. The number of slow in-
activators of isoniazid was 14 (58%) in the B-com-
plex series, 16 (67%) in the pyridoxine-free series,
18 (69%) in the pyridoxine-6 series, and 16 (67%) in
the pyridoxine-48 series. The proportions of males
in the four series were 58%, 75%, 42% and 54%,
respectively. The proportions of patients aged
35 years or more were 33%, 29%, 54% and 46%,

respectively; these differences are not statistically
significant. There was no history of exposure to
neurotoxic substances other than isoniazid in any
of these patients and in particular there was no
evidence that any patient consumed alcohol. (The
consumption of alcohol has been prohibited by law
in Madras State since 1948.)

Prophylactic effect of the four supplements. Peri-
pheral neuropathy occurred in seven (29 %) (six slow
and one rapid inactivator) of 24 patients in the
pyridoxine-free series, whereas it did not occur in
any of the 24 in the B-complex series, of the 26 in the
pyridoxine-6 series or of the 24 in the pyridoxine-48
series. Thus it did not occur among any of the 74
patients who were given pyridoxine either by itself or
with other B vitamins. The difference in the fre-
quency of peripheral neuropathy between the pyri-
doxine-free series and the other three series combined
is statistically highly significant (P<0.001).

Therapeutic effect of panthenol and pyridoxine-6.
The seven patients who developed peripheral neuro-
pathy were due for a change of supplement to pan-
thenol in a daily dosage of 48 mg, given in two equal
doses (Fig. 1). This change of supplement was car-
ried out in five patients; the remaining two patients,
who also had convulsions, did not undergo the
change; their progress is described below.

(a) Panthenol: Of the five patients with peripheral
neuropathy who were given panthenol as the first
change, two showed subjective improvement. A
third had some progression of his symptoms, fol-
lowed by considerable amelioration, which coincided
with extreme irregularity in taking both isoniazid
and supplement. The remaining two patients
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showed progression of the signs and symptoms of
the neuropathy necessitating a change of supplement
to 6 mg of pyridoxine daily, after seven and 19 weeks,
respectively.

(b) Pyridoxine: The two patients who were given
a daily dosage of 6 mg of pyridoxine as a second
change of supplement showed little, if any, improve-
ment in symptoms and signs up to the end of the
year, that is, over the four and six months, respec-
tively, during which they were receiving it. There is
evidence from examination of the clinic urine
specimens and from packet counts that both took
their isoniazid and supplement very regularly.

Clinical features
The clinical features of peripheral neuropathy

were similar to those previously described (Gammon,
Burge& King, 1953; Biehl & Nimitz, 1954; Devadatta
et al., 1960; Tuberculosis Chemotherapy Centre,
1963a). In brief, the earliest complaints were numb-
ness and pricking sensations in the feet and fre-
quently also the hands; the earliest signs were loss
of ankle jerks and of vibration sense in the lower
extremities.
Of the seven patients who developed peripheral

neuropathy six were slow inactivators and one a
rapid inactivator of isoniazid; three (including the
rapid inactivator) first complained of symptoms in
the second month, one in the third, two in the fourth
and one in the fifth month of treatment. As all the
cases of neuropathy arose among patients in the
pyridoxine-free series, the frequency by age, sex and
rate of inactivation of isoniazid has been con-
sidered only among the 24 patients in this series.
Peripheral neuropathy occurred in three (43 %) of the
seven patients aged 35 or more and in four (24%) of
the 17 under 35 years of age. It occurred in six
(33%Y.) of the 18 males and in one (17%) of the six
females. Six (38%) of the 16 slow inactivators of
isoniazid. as compared with one (12%) of the eight

rapid inactivators, developed peripheral neuropathy.
None of these differences is statistically significant.

OTHER TOXIC EFFECTS

Only two patients, both slow inactivators and with
peripheral neuropathy, manifested other major toxic
effects; both suffered from fits, although neither of
them gave a history of epilepsy. One, a male aged 43,
had four convulsions in one week in the fourth
month of treatment and became mentally disorien-
tated. His supplement was therefore changed to
48 mg of pyridoxine daily, given in two doses, and he
was admitted to a sanatorium for six weeks. His
mental condition improved and he had no further
fits. The first symptoms of peripheral neuropathy
had occurred in the third month. The other patient
had recurring convulsions from the eighth month
onwards; his supplement was not changed because
initially there was doubt about the cause of the fits.
This patient also complained of symptoms of peri-
pheral neuropathy in the fourth month, but the
diagnosis was not made by the independent assessor
until two weeks after he had completed one year of
treatment.

THE FIVE PATIENTS NOT INCLUDED IN THE ANALYSIS OF
THE EFFECT OF SUPPLEMENTS

As mentioned earlier, five patients, all of whom
were treated on high-dosage isoniazid plus the al-
located prophylactic supplement, were excluded from
the analysis of the effect of supplements (page 462).
Apart from the early death and the case of leprosy,
three patients were excluded because they had
previously had chemotherapy with isoniazid so
that there was the remote possibility that they might
be predisposed to the development of peripheral
neuropathy under further isoniazid treatment. None
of these three developed peripheral neuropathy
during the year of treatment.

VI. PROGRESS OF PULMONARY TUBERCULOSIS TREATED WITH
HIGH-DOSAGE ISONIAZID

Of the 103 patients with pulmonary tuberculosis and four rapid inactivators) because a pretreatment
admitted to the study, 10 have been excluded from culture of Mycobacterium tuberculosis was found to
the analysis of the response to treatment with be resistant to isoniazid (two of these admitted on
isoniazid as they did not conform to the criteria of further interrogation to having received previous
the protocol. One patient (rapid inactivator) was treatment with isoniazid); the tenth (rapid inac-
excluded because he had leprosy and eight (four slow tivator) was excluded because he had previously been
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treated with isoniazid for one month. There were
thus 93 patients in the main analysis.
The results of assessments of the radiographic and

bacteriological condition of the patients on admission
to treatment are given in Table 2. Moderate or exten-
sive cavitation was present in 44 (47%Y.) of the 93
patients; 21 (23 %) had extensive or gross disease
(for definition, see Tuberculosis Chemotherapy
Centre, 1960) and 73 (78 Y.) had more than three lung
zones involved in disease. The first or only collec-

TABLE 2
RADIOGRAPHIC AND BACTERIOLOGICAL CONDITION

ON ADMISSION

Rate of inactivation
of isoniazid All

Condition on admission patients
to treatment Slow Rapid

No. % No. % No. %

Extent of cavitation:

Nil 15 24 12 39 27 29

Slight 14 23 8 26 22 24

Moderate 27 44 10 32 37 40

Extensive 6 10 1 3 7 8

Total extent of disease:

Trivial or slight 0 0 0 0 0 0

Limited 18 29 10 32 28 30

Moderate 30 48 14 45 44 47

Extensive or gross 14 23 7 23 21 23

Number of lung zones
involved in disease:

1, 2 or 3 13 21 7 23 20 22

4, 5 or 6 49 79 24 77 73 78

Bacterial content of
sputum: a

Direct smear negative 3 5 1 3 4 4

Direct smear positive:

1-plus (scanty) 11 18 8 26 19 20

2-plus (moderate) 37b 60 18 58 55 59

3-plus (heavy) 11 18 4 13 15 16

Total patients 62 100 31 100 93 100

a First or only collection specimen.
b Including two patients for whom estimates were made

from results of the spot specimen.

tion specimen of sputum was positive by smear in 89
(96 Y.) of the patients.

DEATHS

Three (all slow inactivators) of the 93 patients died
during the year. Death was due to pulmonary
tuberculosis in two of these. One (pyridoxine-free),
a male aged 42 years, was irregular in taking his
tablets from the beginning of treatment, and, as his
clinical condition deteriorated, he was admitted to
sanatorium 13 days after the start of treatment;
there, in addition to the high-dosage isoniazid, he
was given 1 g of streptomycin plus 1.5 g of pyrazina-
mide daily and 5 mg of prednisone three times daily.
He died 32 days after the start of treatment, being
sputum-positive on smear and culture. The second
patient (pyridoxine-free), a female aged 30 years,
became irregular in taking drugs in the second
month; she remained smear- and culture-positive and
died suddenly at home in the fourth month, having
swelling of the legs and slight puffiness of the face.
Her death was attributed to pulmonary tuberculosis.
The third patient (pyridoxine-48), a male aged 33
years,showed a favourable radiographic and bacterio-
logical response with all sputum smears and cul-
tures negative at the third and fourth months. He
died suddenly in the fifth month while bicycling in
the street and the death was not attributed to
tuberculosis. Permission for autopsy was refused for
all three patients.

CHANGE OF CHEMOTHERAPY DUE TO RADIOGRAPHIC OR

CLINICAL DETERIORATION

During the 12 months seven patients had a change
of chemotherapy (three in the sixth, two in the
eighth and two in the tenth month) because they
showed a clear-cut radiographic deterioration (con-
firmed by the independent assessor) associated with
a positive sputum. Two others (in addition to the
patient who died) had a change of chemotherapy for
serious clinical deterioration, one in the first and
one in the second month.

PRESENTATION OF THE RESULTS FOR THE PATIENTS WHO
DIED OR WHOSE CHEMOTHERAPY WAS CHANGED

Patients who died of tuberculosis or whose chemo-
therapy was changed on account of deterioration of
their disease remain in the analysis for the rest of the
year, whereas the patient who died from a non-
tuberculous cause does not appear in the tabulations
after his death.
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UNCOOPERATIVE PATIENTS

Three patients (all slow inactivators) who proved
very uncooperative in attending the Centre and
taking their treatment have been included in the
analyses. One refused to attend the Centre after
completing six months of chemotherapy; she had
had one positive culture (1 colony) in the third
month and had been consistently culture-negative
from the fourth to the sixth month. She has been
classified as having quiescent disease at one year.
The other two patients had both been culture-
positive, with isoniazid-resistant organisms, for at
least four months before they refused treatment
(one in the seventh and one in the eighth month).
Both attended for some routine monthly examina-
tions after refusing treatment, 1 at 10, 11 and 12
months and the other at 10 and 12 months; at each
of these monthly examinations at least one isoniazid-
resistant culture was obtained. Both patients have
been classified as having active disease at one year.

RADIOGRAPHIC CHANGES

As in an earlier study (Tuberculosis Chemo-
therapy Centre, 1960) the radiographic changes were
evaluated by an independent assessor, Dr Raj
Narain, who was unaware of the treatment which
any patient had received. In brief, the changes
were assessed for the first six months and for the'
12-month period separately, and four grades were
used to classify improvement-namely, exceptional,
considerable, moderate and slight. The findings are
set out in Table 3. During the first six months 75%

of 92 patients showed moderate or greater improve-
ment. Over the full 12 months 74% of 91 patients
showed moderate or greater improvement, 1 % had
a radiographic deterioration and 12% had either
had a change of chemotherapy on account of deteri-
oration or had died of tuberculosis. The changes in
cavitation for the 12-month period were assessed
on the postero-anterior films. Of 64 patients with
initial cavitation, the cavitation disappeared in 69%
and became less extensive in 8 %. None of the
27 patients without initial cavitation developed a
cavity.

SMEAR AND CULTURE RESULTS

The smear and culture results (at 3-monthly
intervals) of the first or only sputum collection
specimen are shown in Table 4. At three months
60% of 89 patients assessed had a negative culture;
the corresponding proportions at six, nine and
12 months were 63%, 69% and 73%, respectively.
The average number of culture results for each

patient ranged from 2.6 to 2.8 each month. The
proportion of patients with at least one positive
culture result at each month is shown in Fig. 2.

ISONIAZID SENSITIVITY

Tests of sensitivity to isoniazid were carried out
on one positive culture each month from the third
month onwards. At three months 27 (75%) of
36 positive cultures were resistant; at six months 27

TABLE 3
CHANGES IN RADIOGRAPHIC APPEARANCES IN THE 12-MONTH PERIOD a

Period
Total

patients b

No. %

Improvement

Exceptional Considerable! Moderate

No change

Slight

No. % No. % No. % No. % No. %

Change of
chemotherapy

Deteriora- due to
tion deterioration,

or tuberculous
death

No. % No. %

0-6 months 92 99 3 3 27 29 39 42 11 12 3 3 2 2 7 8

0-12months 91C 99 4 4 33 36 30 33 8 9 4 4 1 1 11 12

a Two separate assessments on standard radiographs.
b Excluding one patient who died in the fifth month of a non-tuberculous condition.
c Excluding one uncooperative patient who absconded in the seventh month.

1- .
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TABLE 4
PRESENCE OF TUBERCLE BACILLI IN SINGLE COLLECTION SPECIMENS OF SPUTUM

TAKEN FROM PATIENTS AT 3-MONTHLY INTERVALS

a The patient who died of a non-tuberculous condition is excluded after his death and the
three patients who discharged themselves from treatment have been excluded thereafter.

b Even if the smear was positive.
c Both the collection specimens of two patients were contaminated.

(87%Y.) of 31, at nine months 20 (95%) of 21 and at
12 months all (100%) of 13 positive cultures were
resistant.

RESPONSE TO TREATMENT DURING THE 12 MONTHS

Table 5 presents a classification of all the patients
at 12 months based primarily on the bacteriological
response to treatment. At one year 63% of 92
patients had bacteriologically quiescent disease;
2% had disease of doubtful bacteriological status,

FIG. 2

PERCENTAGE OF PATIENTS EACH MONTH WITH
AT LEAST ONE POSITIVE CULTURE RESULT FROM

MULTIPLE BACTERIOLOGICAL SPECIMENS

which is also regarded as equivalent to quiescent
disease (Velu et al., 1960, 1961); and 35% showed
an unfavourable response, that is, bacteriological
relapse, active disease including change of chemo-
therapy due to deterioration, or death from tuber-
culosis.

PATIENTS NOT INCLUDED IN THE MAIN ANALYSIS
OF THE RESPONSE TO TREATMENT

Ten patients were excluded from the main ana-
lysis; they were also treated with isoniazid in a
dosage of 12.5-15.6 mg/kg body-weight. One patient
(rapid inactivator) was excluded because he had
leprosy; his tuberculosis responded unfavourably to
chemotherapy and his treatment had to be changed
in the eleventh month, because he had radiographic
deterioration with a positive sputum.

Six patients were excluded because they were
excreting isoniazid-resistant organisms initially, and
were presumed to have been infected with isoniazid-
resistant strains. Three of these (all slow inactiva-
tors) showed a favourable response (quiescent
disease) to treatment at one year (the minimal in-
hibitory concentrations (MIC) of the two resistant
pretreatment cultures were 1 ,g/ml and 50 ,ug/ml,
1 ,ug/ml and 1 ,ug/ml, and < 0.2 ug/ml and > 1 but
< 50 ,ug/ml). The other three (all rapid inactivators)
showed an unfavourable response to treatment; one
(MIC of both the resistant pretreatment cultures
50 ,ug/ml) had a change of treatment because ofradio-
graphic deterioration with positive sputum in the
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TABLE 5

CLASSIFICATION OF ALL THE PATIENTS AT THE END OF 12 MONTHS
ACCORDING TO THEIR RESPONSE TO TREATMENT

Classification at the end of 12 montl

PaUents wlth bacteriologically quiescent disease:

that is, patients whose cultures were all negative for at
last three monthly examinations-i.e., at 10, 11 and 12 mc

First month
of persisting

culture
negativity

1-3
4
5
6
7
8
9

10

-~~~~~~~~~~~~~~~~~~~~~l

Rate of inactivation
of isoniazid

Slow Rapid

No. % No. %

29
4
1
1
2
0

1
2

11
0
1
2
1
2
0
1

Total patients with bacteriologically quiescent disease . . . . 40 66

Patients with disease of bacteriologically doubtful status:

that is, patients whose cultures were all negative at three or more consecutive
monthly examinations, but who produced a single positive culture at one of the
last three monthly examinations-i.e., at 10, 11 or 12 months.

Patients with bacteriologically relapsed disease:

that is, patients whose cultures were all negative at three or more consecutive
monthly examinations, but who produced two or more positive cultures in the
last three monthly examinations-i.e., at 10, 11 and 12 months.

Patients with bacteriologically active disease:

that is, (a) patients whose cultures were never all negative at three consecutive
monthly examinations ........................

or (b) patients who deteriorated and had their chemotherapy changed

13 21

5 8

1) Q

6 19

4 13

A AI ULCIU IUUbu uuo usa|| . . . . . . . . . . . . . . . . . . j1E1 < vvt

Total patients with unfavourable response . . . . . . . . . . . . . . 21 34 11 35 32 35

Total ..... . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 61 100 31 9992100

Non-tuberculous death .1 - 0 - 1 -

All patients .62 - 31 - 93 -

fifth month, and two (MIC of the two resistant
pretreatment cultures 0.2 jug/ml, and 1 jug/ml fol-
lowed by 1 ,ug/ml on a repeat test, and 5 jug/ml and
5 ,ug/ml, respectively) had bacteriologically active
disease at one year.

Two further patients (one slow and one rapid
inactivator) who had isoniazid-resistant organisms

initially admitted, on re-interrogation, to previous
chemotherapy with isoniazid for seven weeks and
two months, respectively. One (MIC of both the
resistant pretreatment cultures 50 ,ug/ml) had
her treatment changed on account of radiographic
deterioration in the ninth month, and the other
(MIC of the two resistant pretreatment cultures

All
patients

No. %

40
4
2
3
3
2
1
3

19 21

9 10

0 2
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1 ,ug/ml and 50 ,ug/ml) had bacteriologically active
disease at one year.
The remaining patient (rapid inactivator) had had

previous chemotherapy with isoniazid for one month

and had organisms sensitive to isoniazid initially.
This patient had his first resistant strain at seven
months and showed a radiographic deterioration in
the eleventh month, when his treatment was changed.

VII. RESPONSE TO TREATMENT RELATED TO VARIOUS FACTORS
ON ADMISSION TO TREATMENT

With regard to prognostic factors, an unfavour-
able response to treatment occurred in six (86 %) of
seven patients with extensive cavitation, in 14 (38 %)
of 37 patients with moderate cavitation, and in 12
(25%) of 48 patients with slight or no cavitation;
the difference between those with extensive cavitation
and the rest attained statistical significance (P 0.02).
Eleven (55%.) of 20 patients with disease graded as
gross or extensive showed an unfavourable res-
ponse, as compared with 21 (29%.) of 72 with
disease of moderate or lesser extent-a difference
bordering on statistical significance (P 0.06). Of
the 72 patients with more than three lung zones in-
volved, 28 (39 %) showed an unfavourable response,
as compared with four (20%) of 20 with three or
less zones involved-a non-significant difference.
With regard to the bacterial content of the first or

only collection specimen of sputum, 27 (39%) of
69 patients with 2-plus or 3-plus smears showed an
unfavourable response, as compared with five
(22%) of 23 with 1-plus or negative smears-also a
non-significant difference. Thus the patients with
gross or extensive radiographic disease and those
with extensive cavitation more frequently showed
an unfavourable response to treatment than the
patients with less serious disease.

The development of peripheral neuropathy did
not appear to be associated with the response to
treatment with isoniazid. Of the seven patients who
developed neuropathy, three (43 %) showed an un-
favourable response to treatment, as compared with
29 (35 Y.) of the 84 patients who did not develop the
neuropathy.

VIII. SELF-ADMINISTRATION OF ISONIAZID AND THE SUPPLEMENTS

The importance of taking the tablets regularly
was emphasized both before the start of treatment
and throughout the 12 months. Two methods were
used to assess the regularity with which the patients
took their tablets:

1. Specimens of urine to test for the presence of
isoniazid were obtained from patients at their rou-
tine weekly visits to the Centre and also at surprise
visits made by the health visitors to the homes.

2. The packets containing the tablets were
counted at surprise visits to the patients' homes.

ASSESSMENT OF REGULARITY OF TAKING THE TABLETS

It was found in a previous study (Tuberculosis
Chemotherapy Centre, 1960) that there were certain
factors which introduced bias in the assessment of
the regularity of self-administration of the drugs
from surprise visits to the home, whether from urine
tests or from counts of the stock of tablets. These

factors were principally two: first, the ill patients
were more likely to be found at home and, secondly,
more frequent visits were often requested by the
doctors for patients who, showed evidence of irregu-
larity in taking the isoniazid. For this reason, only
the clinic urine specimens (taken weekly at the Centre
from each patient) have been used in this study to
assess theregularityofself-administration ofisoniazid.
The sensitivity of the combined N-M test for

approximately the same dosage range of isoniazid as
used in the present study was previously investigated
at the Centre (Tuberculosis Chemotherapy Centre,
1963a). It was concluded that a negative result in-
dicated, in a large proportion of patients, that no
isoniazid had been taken for at least the previous
24 hours.
Counts of the stock of tablets made at surprise

visits to the home were used for assessing the regu-
larity with which the supplements were taken, this
being the only type of check available for these
supplements.
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TABLE 6
PERIPHERAL NEUROPATHY RELATED TO THE PROPORTION OF NEGATIVE TEST
RESULTS ON URINE SPECIMENS OBTAINED AT ROUTINE VISITS TO THE CENTRE

a Excluding one patient who had her chemotherapy changed owing to deterioriation.

RELATION BETWEEN REGULARITY OF SELF-
ADMNISTRATION OF ISONIAZID AND DEVELOPMENT

OF PERIPHERAL NEUROPATHY

It is important to know whether differences in the
regularity with which isoniazid was taken could have
affected the frequency of peripheral neuropathy.
In this analysis the results of clinic urine tests
of patients developing peripheral neuropathy have
been included only up to the time of onset of symp-
toms, and as all of them developed symptoms
within the first six months, only the tests during this
period have been included for those who did not
develop neuropathy.

Considering first the patients in the pyridoxine-
free series-the only series in which peripheral
neuropathy occurred-it can be seen in Table 6 that
six (50%) of 12 patients who had no negative urine
test results developed peripheral neuropathy, as com-
pared with one (8%) of 12 who had one or more
negative test results (P 0.07). This suggests that
patients who took isoniazid regularly were more
prone to develop peripheral neuropathy than those
who took it less regularly.
Comparing the regularity of self-administration of

isoniazid in the four series (Table 6), the proportions
of patients with no negative urine test results were 12
(50%/) of 24 in the pyridoxine-free series, as com-
pared with 11 (46%) of 24, 17 (68%) of 25 and 10
(42%) of 24 in the B-complex, pyridoxine-6 and
pyridoxine-48 series, respectively; the proportions

with 20% or more negative test results were 17%,
8 %, 0% and 8 %, respectively; none of these differen-
ces attains statistical significance. As there is a strong
relationship between slow inactivation of isoniazid
and the frequency of peripheral neuropathy (Deva-
datta et al., 1960; Tuberculosis Chemotherapy
Centre, 1963a), it is necessary to consider the dis-
tribution of slow inactivators among those patients
who were most regular in taking isoniazid; there
were nine slow inactivators (five of whom de-
veloped neuropathy) among the 12 patients who had
no negative urine tests in the pyridoxine-free series,
as compared with seven of 11, 10 of 17 and six of 10
in the B-complex, pyridoxine-6 and pyridoxine-48
series, respectively; none of these differences is statis-
tically significant.

It may be concluded from the proportion of
patients who had no negative urine test results in the
four series, and especially the proportion of slow in-
activators among them, that there was no evidence
that differences of regularity in taking isoniazid
between the four series materially influenced the
frequency of peripheral neuropathy.

REGULARITY OF SELF-ADMINISTRATION OF

THE SUPPLEMENTS

An analysis (not tabulated here) of the number of
occasions on which surplus packets were found at
surprise visits to the home was carried out. It was
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found that the patients in the four series took their
supplements with similar degrees of regularity and
that in the pyridoxine-free series the development of
peripheral neuropathy was not associated with the
regularity of self-administration.

RELATION BETWEEN REGULARITY OF SELF-
ADMINISTRATION OF ISONIAZID AND RESPONSE TO

TREATMENT OF PULMONARY TUBERCULOSIS

There are 93 patients in the main analysis of the
response to treatment with isoniazid; three of these
have been excluded from the analysis of regularity of
self-administration of isoniazid in relation to res-
ponse to treatment, one because he died from a non-
tuberculous cause and the other two because no
clinic urine test results were available, since one
patient died of pulmonary tuberculosis in the sana-
torium 32 days after the start of treatment and the
other had a change of chemotherapy in the first
month because of clinical deterioration. For the
remaining 90 patients, the average number of clinic
specimens of urine collected per patient per month
was 4.0.
Table 7 relates the percentage of negative urine test

results in clinic specimens to the frequency of un-
favourable response to treatment. The numbers
showing unfavourable response were 10 (40%) of
25 patients with no negative results, as compared
with 20 (31 %) of 65 patients with one or more
negative results. Of the latter, 17 (33 %) of 52 with
1-19% negative urine test results had an unfavour-
able response, as compared with three (23Y) of 13
with 20% or more negative results. Analyses (not
tabulated here) were undertaken and showed the
same lack of association between unfavourable

TABLE 7
UNFAVOURABLE RESPONSE TO TREATMENT
RELATED TO THE PROPORTION OF NEGATIVE

TEST RESULTS ON URINE SPECIMENS OBTAINED AT
ROUTINE VISITS TO THE CENTRE

Percentage of Unfavourable
test results Total responseb
which were patients a
negative No. %

0 25 10 40

1-9 39 14 36

10-19 13 3 (23) c

20-49 8 1 (12)

50 or more 5 2 (40)

Total 90 30 33

a Excluding two patients for whom no results were available
and one patient who died from a non-tuberculous cause.

b Defined as tuberculous death; bacteriologically active
disease at 12 months, including change of chemotherapy
owing to deterioration; or bacteriologically relapsed disease
at 12 months.

c The parentheses indicate percentages based on fewer
than 25 observations.

response and irregularity of drug-taking during the
first three months and the first six months. Further,
it was shown that this lack of association could not be
accounted for by patients with more serious disease
(and therefore possibly a poorer prognosis) taking
their drugs more regularly than those with less
extensive disease.
There was no evidence that the degree of irregu-

larity in taking isoniazid encountered in this study,
as measured by the results of urine tests, affected the
response to treatment.

IX. COMPARISON OF RESPONSE TO TREATMENT WITH HIGH AND MODERATE
DOSAGE OF ISONIAZID

In a previous report (Tuberculosis Chemotherapy
Centre, 1963a) it was found that there was little
difference in the response to treatment between 54
patients who received the high daily dosage of
12.5-15.2 mg/kg body-weight of isoniazid alone in
one dose and 70 patients in a previous investigation
(Tuberculosis Chemotherapy Centre, 1960) who
received the moderate daily dosage of 7.8-9.6 mg/kg
body-weight of isoniazid alone in one dose (HI-1
series). In the present study a further group of
93 patients was treated with a daily dosage of

12.5-15.6 mg/kg body,-weight of isoniazid alone in
one dose. The patients in all three studies were
drawn from the same poor urban community and
the same criteria of eligibility for admission were
followed. The radiographs were read by the same
independent assessor and the same bacteriological
procedures were followed, with only minor modifica-
tions.

In all, therefore, there were 147 patients treated
with the high dosage of 12.5-15.6 mg/kg body-
weight (high-dosage series) and 70 patients treated
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TABLE 8
RADIOGRAPHIC AND BACTERIOLOGICAL CONDITION

ON ADMISSION TO TREATMENT OF PATIENTS
ON HIGH-DOSAGE (12.5-15.6 mg/kg) AND MODERATE

DOSAGE (7.8-9.6 mg/kg) ISONIAZID

Con on admission |High dosage a ModerateCondition onamsindosage b
to treatment

No. % No. %

Extent of cavitation:

Nil 33 22 1 1

Slight 34 23 26 37

Moderate 66 45 36 51

Extensive 14 10 7 10

Total extent of disease:

Trivial or slight 3 2 4 6

Limited 53 36 20 29

Moderate 57 39 29 41

Extensive or gross 34 23 17 24

Number of lung zones
involved in disease:

1, 2 or 3 40 27 26 37

4, 5 or 6 107 73 44 63

Bacterial content of sputum : C

Direct smear negative 13 9 6 9

Direct smear positive:

1-plus (scanty) 28 19 19 27

2-plus (moderate) 83d 56 17 24

3-plus (heavy) 23 16 28 40

Total patients 147 100 70 100

a Present study and a previous study (Tuberculosis Chemo-
therapy Centre, 1963a) combined.

b Tuberculosis Chemotherapy Centre, 1960 (HI-I series).
c First or only collection specimen.
d Including two patients for whom estimates were made

from results of the spot specimen.

with the moderate dosage of 7.8-9.6 mg/kg body-
weight (moderate-dosage series). An analysis (not
tabulated here) showed that there were no important

differences between the two series in respect of age,
general condition and weight. Table 8 presents a
comparison of the radiographic and bacteriological
status on admission to treatment. Considering the
extent of cavitation, 22% of the 147 patients in the
high-dosage series had no cavitation, as compared
with 1 % of the 70 patients in the moderate-dosage
series-a highly significant difference (P<0.001);
23% and 37%, respectively, had slight cavitation
and 10% in each series had extensive cavitation.
With regard to radiographic extent of disease, 2%
of the patients in the high-dosage series, as com-
pared with 6% of those in the moderate-dosage
series, had trivial or slight disease and 23 %, as
compared with 24%, respectively, had extensive or
gross disease; four or more lung zones were in-
volved in 73 % and 63% of the patients, respectively.
The first or only collection specimen of sputum was
smear-negative in 9% of the patients in each series;
it was 3-plus positive in 16% and 40 %, respectively.
The proportion of slow inactivators was 56%
in the high-dosage and 53% in the moderate-dosage
series.

In summary, the patients in the high-dosage
series were at an advantage over the patients in the
moderate-dosage series in respect of extent of cavita-
tion and the bacterial content of sputum.

RESULTS AT 12 MONTHS

Three patients (all high-dosage) who died from
tuberculosis and 17 patients (12 high-dosage, five
moderate-dosage) who deteriorated and had their
chemotherapy changed remain in the analyses
throughout the year. For five patients (all moderate-
dosage) who had a change of chemotherapy on
account of toxicity, the bacteriological status at
12 months has been inferred from their disease
status at the time treatment was changed (Selkon et
al., 1961). The bacteriological status at 12 months
has also been inferred for three uncooperative
patients (all high-dosage) (see page 465).
Four patients (three high-dosage, one moderate-

dosage) who died from non-tuberculous causes do
not appear in the tabulations after their death. One
patient (high-dosage), whose chemotherapy was
changed on account of toxicity in the third month,
has been excluded from the tabulations after this
time at it was too early in his treatment to infer the
response at one year. Finally, one patient (moderate-
dosage), whose rate of inactivation of isoniazid could
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TABLE 9
RADIOGRAPHIC RESPONSE IN THE HIGH-DOSAGE (12.5-15.6 mg/kg) AND THE MODERATE-DOSAGE (7.8-9.6 mg/kg)

SERIES ACCORDING TO THE RATE OF INACTIVATION OF ISONIAZID

Change of
Radiographic response chemotherapy

Rate of Total ______ ______ due to
Period Treatment series inactivation patients deterioration,

of isonlazid Improvement No change Deterioration or tuberculous
death

No. % No. % No. % No. % No. %

Slow 81 99 70 86 4 5 2 2 5 6

High-dosage Rapid 63 100 56 89 2 3 2 3 3 5
series a

Total 144 101 126 88 6 4 44 3 8 6
0-6

months
Slow 34 100 32 94 2 6 0 0 0 0

Moderate-dosage Rapid 32 99 26 81 1 3 4 12 1 *
series b

Total 66 101 58 88 3 5 4 6 1t

Slow 80 100 66 82 3 4 3 4 [ 8 10

High-dosage Rapid 62 100 54 87 1 2 0 0 7 11
seriesCc____________ _____ _____ ____

0-12 1 |Total 142 101 120 85 4 3 3 2 15 11

months
Slow 31 100 30 97 1 3 0 0 0 0

Moderate-dosage Rapid 32 100 24 75 3 9 0 0 5 16
seriesd_ __I_ I__

Total 163 100 54 86 4 6 0 0 5 8

a Present study and a previous study (Tuberculosis Chemotherapy Centre, 1963a) combined; excluding two patients (one
slow and one rapid inactivator) who died of non-tuberculous conditions and one patient (slow inactivator) who had his chemo-
therapy changed on account of peripheral neuropathy.

b Hl-1 series (Tuberculosis Chemotherapy Centre, 1960); excluding two patients (both slow Inactivators) who had their chemo-
therapy changed on account of peripheral neuropathy, one patient who died of a non-tuberculous condition and one whose rate
of Inactivation could not be determined because of contamination.

c Excluding three patients (one slow and two rapid Inactivators) who died of non-tuberculous conditions, one patient (slow
inactivator) who had his chemotherapy changed on account of peripheral neuropathy and one uncooperative patient (slow In-
activator) who absconded in the seventh month.

d Excluding five patients (all slow inactivators) who had their chemotherapy changed on account of peripheral neuropathy,
one patient who died of a non-tuberculous condition and one whose rate of inactivation could not be determined because of
contamination.

not be determined because of contamination, has
been excluded from all analyses.

Radiographic changes
Considering the radiographic changes during the

12 months, 85% of 142 patients in the high-dosage
series, as compared with 86% of 63 in the moderate-
dosage series, showed radiographic improvement
(Table 9). Cavitation disappeared in 68% of 109
patients with initial cavitation in the high-dosage
series and in 61 % of 62 patients in the moderate-
dosage series.

Response to treatment during the 12 months

The response to treatment is based primarily on
the bacteriological status at 12 months. Table 10
shows that 68% of the 143 patients in the high-
dosage series attained bacteriologically quiescent
disease, as compared with 69% of the 68 patients in
the moderate-dosage series.
Thus the patients in the high-dosage series res-

ponded to treatment no better than those in the
moderate-dosage series, in spite of being at an ad-
vantage in respect of cavitation and bacterial content
of sputum on admission to treatment.
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4 TABLE 10
STATUS AT 12 MONTHS IN THE HIGH-DOSAGE (12.5-15.6 mg/kg) AND THE
MODERATE-DOSAGE (7.8-9.6 mg/kg) SERIES ACCORDING TO THE RATE OF

INACTIVATION OF ISONIAZID

Bacteriological status at 12 months

Rate of Total chemotherapyTreatment inactivation of patients Quiescent a Relapsed hoatnge or
series isoniazid or active oration, or

tuberculous
death

No. % No. % No. % No. %

Slow 81 100 56 69 17 21 8 10

High-dosage Rapid 62 100 41 66 14 23 7 11
series

Total 143 b 100 97 68 31 22 15 10

Slow 36 100 26 72 10 28 0 0
Moderate-
dosage Rapid 32 101 21 66 6 19 5 16
series

Total 68 c 100 47 69 16 24 5 7

a Including disease of bacteriologically doubtful status.
b Excluding three patients (one slow and two rapid inactivators) who died of non-tuberculous

conditions and one patient (slow inactivator) who had a change of chemotherapy in the third month
on account of peripheral neuropathy.

c Excluding one patient who died of a non-tuberculous condition before his rate of inactivation
could be determined and one whose-rate of inactivation could not be determined because of con-
tamination.

X. RESPONSE OF SLOW AND RAPID INACTIVATORS TO TREATMENT
WITH HIGH-DOSAGE ISONIAZID

A comparison of the response of slow and rapid
inactivators to treatment with a single daily dosage of
12.5-15.6 mg/kg body-weight of isoniazid is pre-
sented below by combining the results of the present
study with those of a previous study (Tuberculosis
Chemotherapy Centre, 1963a) in which a similar high
dosage of isoniazid was used. There is no reason to
suppose that the different proportions (see below) of
slow inactivators in the two studies should invalidate
the amalgamation.

PRETREATMENT COMPARISON OF SLOW AND RAPID

INACTIVATORS

In the two studies a total of 147 patients received
high-dosage isoniazid; there were 62 (67%) slow
and 31 (33 %) rapid inactivators in the present
study (Table 2), and 21 (39%) and 33 (61 %), res-
pectively, in the previous study. The status of
disease was similar in the two series before treatment.

Thus, 54% of the 83 slow and 55% of the 64 rapid
inactivators had moderate or extensive cavitation,
and 20% and 25 %, respectively, had no cavitation.
In 22% of the slow and 25% of the rapid inactivators
the radiographic extent of disease was classified as
extensive or gross, while 77 % and 72 %, respectively,
had limited or moderate disease; and more than
three lung zones were involved in 77% and 67 %,
respectively. Considering the first collection speci-
men, 76% of the slow and 67% of the rapid in-
activators had a 2-plus or 3-plus smear and 7% and
11 %, respectively, had a negative smear result.

RESULTS AT 12 MONTHS

There were six deaths among the 147 patients,
three (one slow and two rapid inactivators) from non-
tuberculous conditions and three (two slow and one
rapid inactivator) from pulmonary tuberculosis.
Twelve patients (six slow and six rapid inactivators)

4
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deteriorated and had their chemotherapy changed
and one (slow inactivator) had a change of chemo-
therapy on account of toxicity. Three patients (all
slow inactivators) proved uncooperative, refusing to
take their treatment from the seventh, seventh and
eighth month onwards, respectively.

Patients who died of tuberculosis or whose chemo-
therapy was changed on account of deterioration of
their disease remain in the analyses for the year.
For the three uncooperative patients the response to
treatment at 12 months was inferred from their
disease status at the time they stopped treatment
(page 465). Patients who died from non-tuberculous
causes do not appear in the tabulations after their
death and the patient whose chemotherapy was
changed on account of toxicity in the third month
has also been excluded after that time as it was too
early in his treatment to infer his response at one
year.

Radiographic changes
The radiographic changes in both studies are

set out in Table 9. Considering the changes over the
first six months 86% of 81 slow inactivators, as com-
pared with 89% of 63 rapid inactivators, showed
improvement. The proportions of patients who
showed radiographic deterioration but continued
on the initially allocated chemotherapy, who deteri-
orated and had their chemotherapy changed during
the period or who died of tuberculosis were 9% and
8%, respectively. Over the full 12 months, 82% of
80 slow inactivators, as compared with 87% of
62 rapid inactivators, showed improvement. The
proportions of patients who showed radiographic
deterioration, who deteriorated and had their chemo-
therapy changed during the period, or who died
of tuberculosis were 14% and 11 %, respectively.
Cavitation disappeared in 68% of 63 slow inactiva-
tors and in 67% of 46 rapid inactivators with initial
cavitation. Thus the radiographic response was very
similar for the slow and the rapid inactivators.

Culture results

The proportions of slow and rapid inactivators of
isoniazid for whom both collection specimens of
sputum were negative on culture have been compared
at each month from the third onwards in Fig. 3.
There was little difference in the proportions of
patients whose sputum became culture-negative.

FIG. 3

PERCENTAGE OF SLOW AND RAPID INACTIVATORS
EACH MONTH WHOSE COLLECTION SPECIMENS
OF SPUTUM WERE NEGATIVE ON CULTURE
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Thus at three months 57% of 77 slow inactivators,
as compared with 61% of 61 rapid inactivators,
were culture-negative; at six, nine and 12 months
the proportions were 65% and 66%, 71 % and 69%,
and 74% and 70 %, respectively.

Sensitivity tests
The results of tests of sensitivity to isoniazid at

three, six, nine and 12 months are set out in Table 11.
At three months the proportion of positive cultures
tested which were resistant was 71 % for the slow
inactivators, as compared with 88% for the rapid
inactivators; at six, nine and 12 months the proporz-
tions resistant were 86% and 95%, 89% and 100%,
and 89% and 100%, respectively. No patient in
either group remained consistently bacteriologically
positive with isoniazid-sensitive organisms through-
out the 12 months.

Response to treatment during the 12 months
The top half of Table 10 presents a classification

based primarily on the bacteriological response to
treatment. At 12 months 69% of 81 slow inactiva-
tors, as compared with 66% of 62 rapid inactivators,
had bacteriologically quiescent disease.

In summary, there was little difference between the
slow and rapid inactivators in either their radiogra-
phic or their bacteriological response to treatment.
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XI. DISCUSSION

Peripheral neuropathy, a well-known complication
of isoniazid therapy, rarely occurs when small
dosages of the drug are used (Medical Research
Council, 1952, 1953a, 1953b, 1955; Mount, Jenkins
& Ferebee, 1953; Tuberculosis Chemotherapy
Centre, 1959) although Money (1959) encountered a
high frequency in malnourished tuberculous patients
in Africa on 4-6 mg/kg body-weight daily. The com-
plication is more frequently encountered with larger
doses of isoniazid (Gammon, Burge & King, 1953;
United States Public Health Service, 1954; Biehl &
Nimitz, 1954; Wood, 1955; Tchertkoff et al., 1956;
Tuberculosis Chemotherapy Centre, 1960), but can be
prevented by the concurrent administration of pyri-
doxine which has been used with success in a
daily dosage varying from 25 mg (Oestreicher,
Dressler & Middlebrook, 1954) to 300 mg (East
African/British Medical Research Council Isoniazid
Investigation, 1960). In many developing areas
isoniazid may be used in such large doses, either
alone or in combination with other drugs, as to run
the iisk of peripheral neuropathy which can be
removed by administration of pyridoxine. It would
therefore be a considerable advantage, particularly
for countries with limited resoiurces, if a much smal-
ler daily dosage of pyridoxine was known to be an
effective prophylactic. Small doses of pyridoxine
would also obviate the possible interference of high
doses of this vitamin with the antituberculosis action
of isoniazid (McCune, Deuschle & McDermott,
1957; East African/British Medical Research
Council Isoniazid Investigation, 1960).

In 1960, Devadatta et al. reported from the Centre
that an expensive vitamin-B-complex preparation
containing thiamine, riboflavine, pyridoxine, nicotin-
amide, panthenol and cyanocobalamin, and which
provided a total of 6 mg of pyridoxine a day, was of
therapeutic benefit in peripheral neuropathy resulting
from a moderate daily dosage of isoniazid (7.8-
9.6 mg/kg), even though this dosage of isoniazid was
continued. In a subsequent study, in view of the
claims ofTurner (1961), Tab. Aneurin. Co., a cheaper
vitamin-B preparation which contains thiamine,
nicotinamide and riboflavine, but no pyridoxine, was
investigated in patients receiving 12.5-15.2 mg/kg of
isoniazid a day, but was found toibe unsatisfactory
both prophylactically and therapeutically (Tuber-
culosis Chemotherapy Centre, 1963a). This in-
vestigation, however, provided further evidence of
the therapeutic value of the B-complex preparation

containing a daily dosage of 6 mg of pyridoxine, even
though the large daily dosage of isoniazid was con-
tinued. The present investigation was therefore plan-
ned to discover whether a daily dosage of 6 mg pyri-
doxine would by itself be prophylactic and whether
any contribution was made by the other constituents
of the B-complex preparation. Four supplements
were studied in patients all receiving a daily dosage
of 12.5-15.6 mg/kg isoniazid-namely, 6 mg of pyri-
doxine a day; the therapeutically effective B-complex
preparation used by Devadatta et al. (1960), which
also provided 6 mg of pyridoxine a day; 48 mg of
pyridoxine a day; and a specially manufactured
B-complex preparation which differed from that of
Devadatta et al. (1960) only in that it contained no
pyridoxine. This was included in order to study
whether the other B vitamins could together prevent
peripheral neuropathy.
No peripheral neuropathy occurred among the

26 patients receiving the daily dosage of 6 mg pyri-
doxine, among the 24 patients receiving the pyri-
doxine-containing B-complex preparation, or among
the 24 patients receiving a daily dosage of 48 mg
pyridoxine. In contrast, seven cases developed
among the 24 patients receiving the B-complex pre-
paration which contained no pyridoxine. The fre-
quency of peripheral neuropathy among patients on
this supplement was of the same order as that found
in a previous study (Tuberculosis Chemotherapy
Centre, 1963a) in which six cases occurred among
18 patients who received a daily dosage of 12.5-15.2
mg/kg of isoniazid without any vitamin supplement.
Thus the B-complex preparation which contained no
pyridoxine was for practical purposes ineffective in
preventing peripheral neuropathy. It can also be
concluded that pyridoxine in as small a daily dosage
as 6 mg is effective in the prevention of peripheral
neuropathy during high-dosage isoniazid therapy,
and that the B-complex preparation which contained
a daily dosage of 6 mg of pyridoxine was effective
because of its pyridoxine content and not because of
any of its other constituents.

Convulsions and mental disturbance are well-
recognized occasional complications of isoniazid
therapy (Tchertkoff et al., 1956; Organick, 1959;
Turner, 1961). The possible therapeutic benefit of
the pyridoxine-containing vitamin-B-complex pre-
paration for these complications was reported in an
earlier study (Tuberculosis Chemotherapy Centre,
1963a). In the present study two patients had con-
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vulsions, one of them also being mentally disorien-
tated. Both were receiving the pyridoxine-free
B-complex preparation. No convulsions or mental
changes occurred in any of the patients receiving
6 mg of pyridoxine a day, whether alone or incor-
porated in the B-complex preparation-a finding
which suggests that 6 mg of pyridoxine a day may
also prevent cerebral complications (nor did they
occur among the patients receiving the dosage of
48 mg pyridoxine a day).

Since the occurrence of peripheral neuropathy is
related to the rate of inactivation of isoniazid, being
much more frequent in slow inactivators of the drug
than in rapid inactivators (Biehl & Skavlem, 1953;
Hughes et al., 1954; Devadatta et al., 1960; Tuber-
culosis Chemotherapy Centre, 1963a), and since
it must be related to the regularity with which
patients take their isoniazid, the possible influence of
these factors on the above findings was studied.
There were no major differences in the propor-
tions of slow inactivators or in the degree of irregular-
ity of drug-taking in the series which could account
for the occurrence of peripheral neuropathy (and of
convulsions) in only the patients who had received no
pyridoxine.
Gopalan (1946) reported on the success of panto-

thenic acid in the treatment of the burning-feet
syndrome, a condition whose symptomatology
closely simulates isoniazid neuropathy. This raised
the possibility that the 18 mg of panthenol a day
that was included in the therapeutically effective
B-complex preparation studied by Devadatta et al.
(1960) might have been partly responsible for this
effectiveness. In the present study panthediol in a
larger dosage (48 mg daily) was therefore tested in a
therapeutic role in five patients with neuropathy who
continued on high-dosage isoniazid. Two of the five
patients showed some improvement in their symp-
toms, but not in the signs, while the other three
patients had a progression of symptoms and two of
them showed an increase in signs that called for a
change of supplement. Panthenol in a daily dosage
of 48 mg is thus relatively ineffective in the therapy of
peripheral neuropathy due to isoniazid. It remains
uncertain whether it might have a prophylactic effect
in this high dosage. However, this is clearly no longer
an issue of clinical importance, since the effectiveness
of a daily dosage of 6 mg pyridoxine has been
demonstrated.
By considering the three investigations of chemo-

therapy with isoniazid alone undertaken in the Centre
(Tuberculosis Chemotherapy Centre, 1960, 1963a

and the present investigation), it is possible to build
up a picture of the parts played by the dosage of
isoniazid, the rhythm of its administration and the
rate of its inactivation in the occurrence of peripheral
neuropathy. The findings in patients who received
either no prophylactic supplement or ineffective sup-
plements (Tab. Aneurin. Co. and the B-complex pre-
paration without pyridoxine) are summarized in
Table 12. The rate of inactivation of isoniazid is
an important factor, for peripheral neuropathy oc-
curred in 20Y of 164 slow inactivators and in 40% of
126 rapid inactivators-a statistically highly signifi-
cant difference (P < 0.001). Considering dosage, no
case occurred in 87 patients receiving 3.9-5.5 mg/kg
body-weight of isoniazid a day. When the daily
dosage was 7.8-9.6 mg/kg, 17 (20%) cases occurred
among 83 slow inactivators and two (3 %) among 60
rapid inactivators. With a daily dosage of 12.5-15.6
mg/kg, 50% of 30 slow inactivators and 10% of the
same number of rapid inactivators developed peri-
pheral neuropathy. Thus, there is clear evidence that
with increasing dosages of isoniazid the frequency of
peripheral neuropathy is also increased. There was
also a suggestion that when the 7.8-9.6 mg/kg
dosage of isoniazid a day was given in one dose, the
frequency of peripheral neuropathy was higher than
when it was given in two doses, although the differen-
ces between the 1-dose and 2-dose series do not attain
statistical significance. It may be concluded that the
dosage of isoniazid and the rate of inactivation are
clearly important factors in the development of
peripheral neuropathy, and that it is possible that the
rhythm of administration of isoniazid also plays a
part.

It was also found that the time of onset of the
neuropathy was related to the dosage and probably to
the rhythm; thus all 18 patients who developed peri-
pheral neuropathy when receiving the single daily
dose of 12.5-15.6 mg/kg isoniazid first complained of
symptoms within six months, as compared with nine
of 13 on the moderate-dosage regimen given in one
dose and two of six on the same regimen given in two
doses. These observations confirm the findings of
Biehl & Nimitz (1954).

It is also possible, from the same three investiga-
tions, to compare the therapeutic effect on the pul-
monary tuberculosis of different dosages of isoniazid.
In the first investigation (Tuberculosis Chemo-
therapy Centre, 1960) it was found that 7.8-9.6 mg/kg
isoniazid given in one dose a day was therapeutically
more effective than the same dosage given in tWo
doses a day and than 3.9-5.5 mg/kg body-weight daily,
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TABLE 12
FREQUENCY OF PERIPHERAL NEUROPATHY AMONG SLOW AND RAPID INACTIVATORS

TREATED WITH VARIOUS DOSAGES OF ISONIAZID ALONE

Total. . 164 32 20 126 5 4

a Patients In the calcium and Aneurin. Co. series in Tuberculosis Chemotherapy Centre (1963a) and those in the pyridoxine-free
series in the present study.

also given in two doses. This finding raised the pos-
sibility that an even higher daily dosage of isoniazid
prescribed in one dose might approach the effec-
tiveness of combined chemotherapy, and a dosage of
12.5-15.6 mg/kg was therefore investigated as being
the highest which could be given without the risk of
acute toxic manifestations. Unfortunately, increas-
ing the dosage has not materially altered the res-
ponse, for 69% of 68 patients receiving 7.8-9.6 mg/kg
in one dose a day attained bacteriologically quiescent
disease, as compared with 68% of 143 patients who
received 12.5-15.6 mg/kg. Although the investiga-
tions were not concurrent, the patients were drawn
from the same population and were admitted accord-
ing to the same criteria of suitability. It may be con-
cluded that no further therapeutic benefit is likely to
result from giving isoniazid alone in a daily dosage
greater than in the 7.8-9.6 mg/kg range, and that this
dosage should be given in a single dose.
A further point of interest is the relationship

between the rate of inactivation of isoniazid and the
therapeutic response. It was shown earlier (Selkon
et al., 1961) in the pooled results of patients receiving
isoniazid (alone or with p-aminosalicylic acid) in a
dosage ranging from 3.9 to 9.6 mg/kg daily that the
slow inactivators responded slightly more favourably
to treatment than the rapid inactivators on the
same dosage, in terms of (a) the occurrence of
negative cultures throughout the 12-month period,
(b) the attainment of bacteriologically quiescent

disease at 12 months and (c) the absence of radio-
graphic deterioration at six months. There was
also evidence that (d) serious deteriorations occurred
later in slow than in rapid inactivators, and (e) for
the patients who attained quiescent disease at
12 months, the speed of conversion to bacteriological
negativity was greater in the slow than in the rapid
inactivators. None of these differences between slow
and rapid inactivators was, however, large. With the
high daily dosage of isoniazid (12.5-15.6 mg/kg) these
small differences in response between slow and rapid
inactivAtors have largely disappeared.

Previous reports from the Centre have shown that
many patients who are irregular in self-administering
their oral antituberculosis drugs still attain quiescence
of their disease (Tuberculosis Chemotherapy Centre,
1959, 1960, 1963a). This observation has been
confirmed in the present investigation. Thus, there
is evidence that a degree, somqtimzs considerable, of
irregularity in the self-administration of antituber-
culosis drugs may not necessarily lead to an un-
favourable response. For example, combining the
results of the present study and a previous study
(Tuberculosis Chemotherapy Centre, 1963a) in which
patients were treated with the same high dosage of
isoniazid, six of nine patients who had negative
urine test results for isoniazid on at least 50% of
occasions attained quiescence of their disease, as did
69% of 132 who had a smaller proportion of negative
test results. On the other hand, 56% of 32 patients
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all of whose urine tests were positive attained
quiescent disease. In all probability, therefore, many
patients receive more chemotherapy for their
pulmonary tuberculosis than is strictly required, and
although this may compensate for irregularity in
the self-administration of drugs, it adds to the cost
and can be expected to increase the risk of toxicity
in patients who take their chemotherapy regularly.

These findings, among others, have led to an in-
vestigation in the Centre of planned intermittent
combined chemotherapy on a twice-weekly basis
under direct supervision of the clinic staff. The pre-
liminary findings of this investigation have been
reported elsewhere (Tuberculosis Chemotherapy
Centre, 1963b).

XII. SUMMARY

1. A total of 103 South Indian patients with pul-
monary tuberculosis was admitted to a study
designed to investigate the prevention and treatment
of isoniazid toxicity and to obtain information on the
efficacy of treatment with isoniazid alone in high
dosage. The mean daily dosage of isoniazid at the
start of treatment was 14.0 mg/kg body-weight
(range, 12.5-15.6 mg/kg).

2. Each patient received one of four randomly
allocated supplements, namely:

(a} A vitamin-B-complex preparation in a daily
dosage of 60 mg of aneurine hydrochloride, 30 mg
of riboflavine, 300 mg of nicotinamide, 6 mg of
pyridoxine, 18 mg of panthenol and 6 [kg of
cyanocobalamin, prescribed as three tablets twice
daily (B-complex series, 26 patients).
(b) The same vitamin-B-complex preparation but
containing no pyridoxine, prescribed as three
tablets twice daily (pyridoxine-free series, 25
patients).
(c) Pyridoxine by itself in a daily dosage of 6 mg,
prescribed as three tablets twice daily (pyridoxine-
6 series, 27 patients).
(d) Pyridoxine by itself in a daily dosage of 48 mg,
prescribed as three tablets twice daily (pyridoxine-
48 series, 25 patients).

The study was conducted on a " double-blind"
basis, neither the patients nor the clinicians being
aware of the nature of the supplements given or of
any subsequent change in them.

3. The analysis in the toxicity section of this report
concerns 98 patients-namely 24 in the B-complex
series. 24 in the pyridoxine-free series, 26 in the
pyridoxine-6 series and 24 in the pyridoxine-48 series.

4. A total of seven patients, all in the pyridoxine-
free series, developed peripheral neuropathy; one
of these also had convulsions and another had

convulsions and mental disorientation. There was
no case in any of the other three prophylactic
supplement series.

5. Five of the patients with peripheral neuropathy
were treated with panthenol; two showed subjective
improvement, one had progression of symptoms
and two had progression of both the symptoms and
signs. The two last-mentioned patients were given
6 mg of pyridoxine daily, but there was little change
in their condition.

6. The response of pulmonary tuberculosis to
treatment was studied in 93 patients all of whom
had isoniazid-sensitive organisms on admission.

7. At the end of one year cavitation had disap-
peared in 69% of 64 patients with initial cavitation,
82% of 91 patients showed radiographic improve-
ment and 65% of 92 patients achieved bacterio-
logically quiescent disease.

8. There was no association between irregularity
in self-administration of isoniazid, as measured by
negative urine tests, and unfavourable response to
treatment, since 40% of 25 patients with no negative
urine test results showed an unfavourable response,
as compared with 31 % of 65 patients with one or
more negative test results during the year.

9. The response to treatment of 147 patients, 93
in the present study and 54 in a previous study
(Tuberculosis Chemotherapy Centre, 1963a), treated
with the high dosage of 12.5-15.6 mg/kg body-weight
of isoniazid in a single dose has been compared with
that of 70 patients from another previous study who
received the moderate daily dosage of 7.8-9.6 mg/kg
body-weight in a single dose (Tuberculosis Chemo-
therapy Centre, 1960).

10. During the year radiographic improvement
occurred in 85% of 142 patients in the high-dosage
series and in 86% of 63 patients in the moderate-
dosage series. Cavitation disappeared in 68% of 109
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patients and in 61 % of 62 patients with initial cavita-
tion, respectively, and 68% and 69%, respectively,
attained bacteriologically quiescent disease.

11. The responses of 83 slow and 64 rapid inactiva-
tors to treatment with a single high dose of isoniazid
of 12.5-15.6 mg/kg body-weight daily were compared
by amalgamating the results of the present series
with those of a previous series treated with a similar
dosage. During the year radiographic improvement
occurred in 82% of 80 slow and in 87% of 62 rapid
inactivators. Cavitation disappeared in 680% of 63
and 67% of 46, respectively, and 69% of 81 slow
inactivators, as compared with 66% of 62 rapid

inactivators, achieved bacteriologically quiescent
disease.

12. In conclusion, this study has shown: (a) that
the small dosage of 6 mg of pyridoxine daily can
prevent peripheral neuropathy in high-dosage
isoniazid therapy; (b) that aneurine hydrochloride,
nicotinamide, riboflavine, panthenol and cyanoco-
balamin given together did not have a prophylactic
effect; (c) that increasing the daily dosage of isoniazid
from 7.8-9.6 mg/kg body-weight in a single dose to
12.5-15.6 mg/kg body-weight in a single dose did not
improve the therapeutic response.
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RIESUMIl

Les recherches resumees dans cet article ont port6 sur
la prevention et le traitement des manifestations nevro-
pathiques peripheriques dues a la toxicit6 de l'isoniazide
et sur l'effet du traitement par l'isoniazide seul, chez des
tuberculeux pulmonaires. 103 malades de l'Inde meri-
dionale ont participe a cette etude. Le dosage moyen de
l'isoniazide au debut du traitement etait de 14,0 mg/kg
de poids corporel par jour (limites: 12,5 et 15,6 mg/kg).
Chaque malade a recu l'un des quatre compl6ments

suivants, distribues al6atoirement:

1. Une preparation du complexe vitaminique B, en une
posologie quotidienne correspondant a: 60 mg de chlorhy-
drate de thiamine, 30 mg de riboflavine, 300 mg de nico-
tinamide, 6 mg de pyridoxine, 18 mg de panthenol et
6 zg de cyanocobalamine, administree a raison de
3 comprimes deux fois par jour (26 malades, serie
complexe-B).

2. La meme preparation de complexe-B, mais sans
pyridoxine, a raison de 3 comprimes deux fois par jour
(25 malades, serie sans pyridoxine).

3. De la pyridoxine seule, a raison de 6 mg par jour,
administree en 3 comprimes deux fois par jour (27 mala-
des, serie pyridoxine-6).

4. De la pyridoxine seule, a raison de 48 mg, en 3 com-
primes deux fois parjour (25 malades, seriepyridoxine-48).

L'essai 6tait doublement anonyme, ni le malade ni le
medecin ne sachant quel etait le supplement ni quels
changements avaient pu lui etre apportes par la suite.

L'analyse de la toxicite, dans cet article, a porte sur
98 malades, soit 24 de la serie complexe-B, 24 de la serie
sans pyridoxine, 26 de la serie pyridoxine-6 et 24 de la
serie pyridoxine-48.

Sept malades, tous de la serie sans pyridoxine, ont pre-
sente une ndvropathie peripherique; l'un d'eux a eu en
outre des convulsions, un autre des convulsions et de la
confusion mentale. Aucun phenomene de toxicite n'a 6te
observe dans les trois autres s6ries.
Cinq des malades atteints de nevropathie peripherique

ont et6 traites par le panthenol; deux manifesterent une
amelioration subjective, un presenta une aggravation des
sympt6mes et deux pr6senterent une aggravation des
sympt6mes et des signes cliniques. L'administration a ces
deux derniers de 6 mg de pyridoxine par jour, ne changea
guere leur etat.
La reponse de la tuberculose pulmonaire au traitement

a 6t6 suivie chez 93 malades, qui tous avaient des bacilles
sensibles 'a l'isoniazide, a leur admission.
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A la fin de la premiere ann&e, les cavemes avaient
disparu chez 69% de 64 malades; 82% de 91 malades
montraient une amelioration a l'examen radiologique et
65% de 92 malades avaient atteint le stade de quiescence
bacteriologique.

L'irregularite dans la prise de l'isoniazide par les mala-
des se soignant eux-memes ne semble pas avoir affecte les
resultats du traitement, puisque 40% de 25 malades ayant
pris regulierement le medicament (comme le prouvaient
les tests urinaires) avaient des resultats defavorables,
contre 31 % de 65 malades ayant eu un test urinaire
negatif- ou plus.
La reponse au traitement par une dose unique elev6e

d'isoniazide - 12#5-15,6 mg/kg - a ete etudiee sur
147 malades (93 dans cet article, 54 dans l'une des etudes
anterieures). Elle a e comparee a la reponse de 70 mala-
des, examinee dans une autre des etudes anterieures, qui
avaient requ une dose quotidienne moyenne, soit 7,8-
9,6 mg/kg. La comparaison de l'etat initial des malades a
mis en evidence une difference significative en ce qui
conceme l'etendue des cavemes, en faveur de ceux qui ont
requ la dose elevee.
Au cours d'une annee, une amelioration visible a

l'examen radiologique survint chez 85 % de 142 malades
de la preminre serie, et chez 86% de 63 malades de la

deuxieme serie. Les cavemes disparurent chez 68% de
109 malades et chez 61 % de 62 malades respectivement;
68 % et 69% respectivement parvinrent au stade de
quiescence bacteriologique.
La comparaison de 1'etat initial de malades, rapides

inactivateurs d'une part et lents inactivateurs d'autre part,
ayant recu une dose d'isoniazide de 12,5-15,6 mg/kg, sur
ia base des donnees combinees de cette etude et d'une
etude anterieure, n'a pas mis en evidence de difference
appreciable entre les deux groupes.
Au cours de F'annee, une amelioration radiologique fut

visible chez 82% de 80 inactivateurs lents et chez 87% de
62 inactivateurs rapides. Les cavernes disparurent chez
68 % de 63 malades et chez 67 % de 46 autres respective-
ment; 69% de 81 inactivateurs lents et 66% de 62 inacti-
vateurs rapides parvinrent a la quiescence bacterio-
logique.

L'etude a donc montre qu'il suffit de 6 mg de pyri-
doxine par jour pour empecher les manifestations neuro-
pathiques peripheriques lors du traitement par des doses
elevees d'isoniazide; que tous les autres composants du
complexe-B sont sans effet a ce point de vue; que l'aug-
mentation de la dose d'isoniazide quotidienne de 7,8
9,6 mg/kg a 12,5-15,6 mg/kg, en dose unique, n'ameliore
pas la reponse au traitement.
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