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result was indicated by the appearance of a blue
colour within 30 minutes. All reagents were freshly
prepared. The whole procedure was carried out in a
fume-cabinet and, by using automatic pipettes,
samples could be reacted in batches of up to 16.

In order to evaluate the sensitivity of the isoni-
cotinic acid method and to compare it with the
acetylisoniazid method of Eidus and Hamilton
(1964), urine samples were collected from 56 volun-
teers before ingestion of 50 mg isoniazid and further
samples were then collected 23-24 hours and 47-48
hours later. The subjects then swallowed a 100 mg
dose of isoniazid and further urine samples were
collected 23-24 hours and 47-48 hours later.

Known concentrations of isoniazid metabolites
were also added to a duplicate set of portions of the
56 pretreatment urine samples. Since isonicotinic
acid and isonicotinylglycine give purple and blue
colours, respectively, when reacted by the isoni-
cotinic acid method, and since similar amounts of
both compounds are excreted in the urine after in-
gestion of isoniazid (Ellard and Gammon, 1976),
equal amounts of the two compounds were added to
the pretreatment urine samples so that the shades of
the colour obtained would match those of the post-
treatment urine samples as closely as possible. The
final concentrations of added isonicotinic acid and
isonicotinylglycine were 0-5, 0-75, 1, 1'5 or 2 pg/ml.
In order to evaluate the sensitivity of the acetyl-
isoniazid method, acetylisoniazid was added to
portions of the 56 pretreatment urine samples to
give final concentrations of 10, 15, 20, 30 or 40
pg/ml. All the 366 urine samples (56 pretreatment,
56 with added metabolites, and 224 post-treatment)
were then coded and randomised before testing by
both the isonicotinic acid and acetylisoniazid
methods.

The reacted urine samples were read by six
observers. Three of the observers read the first half
of the reacted samples directly without reference to
an appropriate standard, grading the results as
either positive (blue for the isonicotinic acid method
or pink for the acetylisoniazid method), negative, or
doubtful. The observers then read the second half of
the samples by comparison with reacted standards,
samples being considered positive if their colour
appeared to be deeper than that given by 0-5 ug/ml
isonicotinic acid plus 0-5 pg/ml isonicotinylglycine,
or 15 pg/ml acetylisoniazid in normal urine, re-
spectively. The reverse procedure was followed by
the other three observers, the first half of the samples
being read against a standard and the second half
without. Thus for each of the 366 urine samples
tested, six readings were obtained, three direct and
three standardised. Urine samples were then classi-
fied positive if they were read as positive by at least

two of the three observers in any given procedure.
Results

In order to obtain an estimate of the relative con-
centrations of the metabolites in the urine samples,
pools were prepared by mixing equal volumes of the
four sets of urine samples that had been collected 24
or 48 hours after dosage with 50 or 100 mg isoniazid.
The concentrations of isonicotinic acid and isoni-
cotinylglycine were then estimated colorimetrically,
while acetylisoniazid was determined fluorimetri-
cally (Ellard et al., 1972). In the pool prepared from
the urine samples collected 24 hours after dosage
with 100 mg isoniazid the concentrations of these
three metabolites were about 4, 4, and 7 pg/ml, re-
spectively. By 48 hours the concentrations of the
three metabolites had fallen to about one-seventh of
their 24-hour values. The concentrations of the meta-
bolites excreted after dosage with 50 mg isoniazid
averaged about 409, of those after 100 mg of the
drug.

The percentages of urine samples classified as
positive using the isonicotinic acid and acetyl-
isoniazid methods are summarised in Tables 1 and 2.
The specificity of each method was excellent, not a
single false-positive result being obtained. Very
similar results were obtained with the isonicotinic
acid method whether the samples were read directly
without a standard or by comparison with a standard
containing 0-5 ug/ml isonicotinic acid plus 0-5 pg/ml
isonicotinylglycine (Table 1). With the acetyliso-
niazid method a smaller proportion of the samples
were classified as positive when read against a
standard containing 15 pg/ml acetylisoniazid.
Whether or not a standard was employed, the sensi-
tivity of the acetylisoniazid procedure was inade-
quate for monitoring the ingestion of either 50 or 100
mg isoniazid utilising urine samples collected at 24
hours. Thus only five (13 %) of the samples obtained
24 hours after dosage with 100 mg isoniazid were
classified as positive and by 48 hours all the samples
were negative. By contrast, approximately 909, of
the urine samples obtained 24 hours after ingestion of
50 mg isoniazid were classified as positive using the
isonicotinic acid method, and after giving 100 mg
isoniazid the proportion of positive results rose to
959%. Furthermore, about a third of the samples
obtained 48 hours after ingestion of 100 mg iso-
niazid gave positive results.

The proportions of positive results given by the
pretreatment urines to which various concentrations
of metabolites had been added are summarised in
Table 2. The results shown are those that were
obtained when the tests were read directly without a
standard for comparison. Using the isonicotinic acid
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Table 1 Percentages of positive readings when urine samples were reacted by the isonicotinic acid and acetylisoniazid

urine-test methods

Urine samples Isonicotinic acid method Acetylisoniazid method
Direct Standardised Direct Standardised
Pretreatment 0 0 0 0
Isoniazid dose Interval after dose
(nig) (hr)
50 23-24 88 93 2 0

47-48 11 13 2 2
100 23-24 96 95 13 5

47-48 34 30 0 V]

Each group consisted of 56 samples.

Table 2 Proportions of positive readings given by pretreatment urine samples containing added isonicotinic acid

plus isonicotinylglycine or acetylisoniazid

No. of samples Isonicotinic acid method

Acetylisoniazid method

Added Positive % Added Positive %

metabolites metabolites

(ug/ml) (ug/ml)
56 0 0 0 0 0 0
12 05 11 92 10 3 25
11 075 11 100 15 7 64
11 1-0 11 100 20 8 73
11 1-5 11 100 30 9 82
11 20 11 100 40 10 91

method positive readings were given by all but one
of the samples containing 0-5 pg/ml isonicotinic acid
plus 0-5 ug/ml isonicotinylglycine, and by all of the
samples containing 0-75 pg/ml or more of these two
metabolites. By contrast, using the acetylisoniazid
method only about a quarter of the samples contain-
ing 10 ug/ml acetylisoniazid were classified as posi-
tive and relatively reliably positive results were
obtained only with samples containing 30 or 40
pg/ml acetylisoniazid.

The observers found the colours obtained using
the isonicotinic acid method with moderately or
weakly positive urine samples (blue/green) easier to
distinguish than the orange/pink colours given by
the acetylisoniazid method. Differences were noted
between the proportions of urine samples design-
ated as positive by the six different observers, and
these differences were somewhat reduced when the
results were read against the reacted isonicotinic
acid plus isonicotinylglycine or acetylisoniazid
standards. However, there did not appear to be
significant differences between the observers in their
ability to discriminate between pretreatment urine
samples and those containing isoniazid metabolites.
It was therefore concluded that the benefit gained by
reading test samples against a reacted standard would
be outweighed in normal practice by the complica-
tion of having to set up the standard, particularly
since isonicotinylglycine is not readily available.
Furthermore, in most situations a single observer

would be likely to read all the urine-tests from a
given investigation.

Discussion

Although the new isonicotinic acid method is slightly
more elaborate than the Eidus and Hamilton (1964)
acetylisoniazid procedure, a single person could use
it to test between two and three hundred urine
samples per day. A comparison of the results set out
in Table 2 indicated that the new isonicotinic acid
method could detect concentrations of isonicotinic
acid and isonicotinylglycine about 80 times less than
the acetylisoniazid concentrations detected by the
Eidus and Hamilton method. From the relative
amounts of isonicotinic acid, isonicotinylglycine, and
acetylisoniazid excreted after ingestion of isoniazid in
the current study it was calculated that the isoni-
cotinic acid method should be capable of detecting
the ingestion of isoniazid doses approximately 40
times smaller than those detectable by the acetyl-
isoniazid method. The new isonicotinic acid method,
which reliably detected concentrations of 0-75 ug/ml
isonicotinic acid and isonicotinylglycine in the urine,
is also much more sensitive than the former method
of Kasik et al. (1962) which was only capable of
detecting concentrations down to 10-25 ug/ml
isonicotinic acid.

The sensitivity of the new isonicotinic acid method
should therefore permit greater flexibility in the
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collection of urine samples for monitoring the
regularity with which tuberculosis patients self-
administer therapeutic doses of isoniazid (about
300 mg a day), since urine samples should give
reliably positive results for up to 24 hours or more
with the new method as compared to only about 12
hours with the acetylisoniazid method.

A recent investigation has demonstrated the
suitability of using isoniazid as a marker to monitor
the regularity of the self-administration of other
drugs (Stark et al., 1975). In this investigation
volunteers were allocated to five weeks’ self-
administered treatment with a synthetic isoquinoline
compound or a matching placebo in a trial of chemo-
prophylaxis against natural influenza infection. Five
marker tablets containing isoniazid (150 mg) were
incorporated into each regimen and their ingestion
was monitored by testing for acetylisoniazid in the
urine by the Eidus and Hamilton (1964) procedure.
The increased sensitivity of the isonicotinic acid
method for monitoring isoniazid ingestion should
permit the use of smaller doses of isoniazid for
monitoring the self-administration of other medica-
ments. Thus evidence from the amounts of isoni-
cotinic acid and isonicotinylglycine excreted during
the period immediately after dosage with 50 mg
isoniazid indicated that positive results would be
reliably obtained with the isonicotinic acid method
on urine samples voided within one hour of inges-
tion (Ellard and Gammon, 1976). Furthermore,
from the relationship demonstrated in the current
study between the positivity of the isonicotinic acid
method and the mean urinary concentrations of
isonicotinic acid and isonicotinylglycine, it was con-
cluded that 12 hours after dosage with 50 mg iso-
niazid at least 95 %, of urine samples should still give
positive results.

We are grateful to LEPRA for financial assistance
and to the observers for their help in reading the
urine-tests.
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