IsoN1AZID AND VITAMIN B¢ METABOLISM

cells shrink considerably. Erythrocytes show
a similar but smaller shift both of electrolytes
and water.

Indoleacetic acid also causes shrinkage of
the tumor cells, and loss of potassium chloride.
With erythrocytes the effect was quite small,
although definite shrinking was seen(3). In
correspondence the indoleacetate ion showed
a smaller effect than pyridoxal in the present
experiments (Fig. 1).

Evidence obtained with tumor cells from
pyridoxine-deficient mice implicates pyridoxal
in the normal process of amino acid accumu-
lation by these cells(3,4). A close relation-
ship to the transfer of potassium into cells is
also indicated(3).

Summary. Pretreatment of erythrocytes
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with 10 mM pyridoxal makes the cells subse-
quently more resistant to lysis by hypotonic
solutions. Indoleacetic acid shows the same
behavior to a smaller degree. These effects
are attributed to a net loss of cell solutes in
the form of potassium and chloride which the
agents produce.
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Peripheral neuritis occurs as a side-effect
of isoniazid (isonicotinic acid hydrazide,
INH) therapy in tuberculosis, particularly
when large doses are employed(1-6). This
usually consists of paresthesia and numbness
of the fingers and toes, advancing centri-
petally, with muscle soreness and weakness in
some cases if medication is not discontinued.
Vibratory sense may be impaired, and patchy
hypesthesia has been seen. Reflexes may be
diminished or exaggerated. The symptoms
usually disappear within a few weeks if INH
is promptly discontinued at the onset; how-
ever, late residuals such as burning feet,
atrophy, fasiculation, and paresthesia may
persist for months. In our experience, using
a dose of 20 mg/kg/day of INH, neuritis
has appeared in a predictable percentage of
patients within definable limits of time. The
similarity of this side effect to the neuritis
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induced by the vit. Bg antagonist, desoxypyri-
doxine(7), has led us to investigate vit. Bg
metabolism in patients who were receiving
INH for tuberculosis. The data to be re-
ported indicate that INH does interfere with
Bg metabolism, and that the neuritis may be
prevented with large doses of Bg.

Materials and methods. Subjects. All sub-
jects studied were adult patients with active
tuberculosis either on the wards of the Cin-
cinnati General Hospital, or at Dunham
Hospital, Cincinnati. During the study, all
were receiving streptomycin (SM), one g
daily or twice weekly.. All patients were
given the regular hospital diet. The various
aspects of the study were carried out con-
currently. Leading questions concerning
symptoms of neuritis were avoided in evalu-
ating the course of the patients, in order to
eliminate the factor of suggestion. Any re-
marks by the patient, on the other hand, pos-

" sibly connected with the onset of neuritis were

pursued carefully. Neurologic testing was
performed, but served no useful purpose in
detecting the onset of neuritis. Incidence of
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neuritis.  Thirty-six patients received 20
mg/kg/day of INH in order to establish the
incidence of neuritis at this dose level. This
is an extension of the previously reported
series(5), in which neuritis appeared in 5 of
12 (42%) cases. Effect of pyridoxine in pre-
venting and reversing INH neuritis. Twenty
patients were given 150-450 mg of pyridoxine
daily, beginning when INH therapy (20 mg/
kg/day) was started, and were observed for
at least 10 weeks on this regimen, Other pa-
tients were treated with 300-450 mg of pyri-
doxine daily, in addition to INH, at the onset
of INH neuritis. The effects of pyridoxine
50 mg and of a combination of thiamin 80
mg and niacin 200 mg in 2 groups of matched
cases of late residual INH neuritis were ob-
served. Effect of INH on Bgs metabolism.
Twenty-one patients were studied for the
effects of INH on B¢ metabolism. Following
admission to the hospital, these patients were
observed for a few days, and control samples
of urine were obtained. Twelve then re-
ceived 20 mg/kg/day of INH, 6 received
3-5 mg/kg/day, and one received no INH.
The latter case received instead p-amino-
salicylic acid, 12 g daily. Laboratory de-
terminations. Serial 24-hour urine samples
were analyzed for excretion of vit. B4(8,9),
pyridoxic acid(10), and N;methylnicotina-
mide(11). Xanthurenic acid (XA) excretion
was measured in 24-hour urine samples before
and after an oral test dose of 10 g of dl-tryp-
tophane(12). A rise in XA excretion to at
least 30 mg/24 hours after tryptophane was
accepted as indicating a deficiency or meta-
bolic block of Bg.

Results. Neuritis occurred in 14 of 36 pa-
tients (40%) receiving 20 mg/kg/day of
INH. Its rate of occurrence in the later cases
agreed with that of the earlier series pre-
viously reported(S). The length of time for
neuritis to appear in the 14 cases after the
start of therapy is indicated in Table I. The

TABLE I. Time of Onset of Neuritis after Start-
ing of INH (20 mg/kg/Day).

Wk of INH therapy
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FIG. 1. Effect of 20 mg/kg/day of INH on B,
excretion, INH was started on 10th day in this
patient.

20 patients who received pyridoxine from the
beginning of INH therapy did not develop
neuritis, after at least 10 weeks of treatment.
On 2 occasions, at the time of the onset of
neuritis, pyridoxine failed to reverse the
symptoms, after 3 and 16 days. Another case
responded to pyridoxine, and it and INH
(20 mg/kg/day) were continued for 9 weeks.
Neuritis reappeared when pyridoxine was in-
advertently discontinued. Late residual neu-
ritis in 22 patients did not respond either to
pyridoxine or to thiamine and niacin.

An example of the effect of INH on the
daily excretion of B¢ can be seen in Fig. 1.
A control period of 9 days, during which the
patient received SM only, preceded the ad-
ministration of INH. On the day after INH
was added, there was a striking increase in
B; excretion. Fig. 2 shows the average Bs
excretion in all cases. Each patient receiving
INH exhibited significantly increased excre-
tion of Bg, the most striking elevations ap-
pearing in the 20 mg/kg/day group. No in-
crease was seen when PAS was used in place
of INH. Bg excretion would promptly fall to
normal if INH were stopped.

Excretion of pyridoxic acid and N;-methyl-
nicotinamide were normal.

XA excretion following tryptophane was
greatly increased, but in an irregular fashion,
in patients receiving 20 mg/kg/day, as is
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FIG. 2. Average values of B, excretion during
treatment with 20 mg/kg/day of INH, 3-5 mg/
kg/day of INH and no INH.

seen in Table II. If By were given when the
XA was elevated, a prompt fall to normal
would occur. Lower XA levels were observed
with the lower dose of INH, but even some
of these tended to be abnormally high while
INH was being given. The absence of pre-
treatment values in the latter group is unfor-
tunate, since abnormal values for XA excre-
tion after tryptophane may be present at the
time the patient is admitted to the hospital,
presumably due to relative malnutrition dur-
ing the toxic stage of tuberculosis. Such ele-
vations, however, fall rapidly to normal when
B is given and somewhat more slowly on the
hospital diet. These patients had been ob-
served in the hospital for from 3 to 6 weeks
before the tests were performed. By this time
XA levels are ordinarily normal.

Discussion. The incidence of neuritis, un-
der the conditions described; was 40%. It
usually appeared during the fifth to seventh
week. In only one patient did it appear as
late as the 17th week. In sharp contrast, none
of the 20 patients on pyridoxine and INH
developed neuritis while on treatment for over
10 weeks. On this basis, it would appear that
pyridoxine in large doses has prevented the
appearance of neuritis. It cannot be con-
cluded, however, that factors unrelated to
Bg may have played some part in producing
neuritis in our patients. The incidence of
neuritis in tuberculosis cases in general is
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considerable, and Bg abnormality may serve
only as a precipitating factor in the neuritis
associated with INH. Sufficient studies were
not permitted to determine whether large
doses of pyridoxine would reverse the neuritis
at its onset, even though INH was continued.
In one out of 3 cases this appears to have
happened.

Metabolic antagonism with nicotinic acid
has been suggested as a mechanism for the
production of this neuritis(1-3). If this were
the case, pellagra should be the clinical result,
and there is no clear cut evidence that INH
has induced this syndrome. Neuritis is not a
part of nicotinamide deficiency in human
beings(13), and in our cases normal Nymeth-
ylnicotinamide values were obtained in the
urines. On the other hand, neuritis has been
produced by pyridoxine deficiency in suckling
pigs(14) and by Bg antagonism in human
beings(7).

B deficiency has been demonstrated in our
series by the elevation that occurred in XA
excretion after tryptophane. At the same
time a sharp increase in Bg excretion has been
observed. The data do not support the thesis
of metabolic antagonism. They suggest either
a disorder in renal conservation of B¢, which
seems a remote possibility, or a chemical al-
teration of this vitamin by INH and its ex-
cretion. Mutual interference between pyri-
doxal and hydrazines or hydrazides has been
shown. Minute concentrations of hydrazine
(0.001 molar) completely inactivate amino
acid decarboxylases that are known to re-
quire pyridoxal phosphate as coenzyme,
whereas hydrazine is virtually ineffective
against those enzymes which do not require
pyridoxal(15). Pyridoxine has been claimed
to be an antidote to certain other toxic ef-
fects of INH and thiosemicarbazide(16,17).
“Metabolic antagonism” between INH and
pyridoxal has been thought to exist in the
case of colon bacillus tryptophanase and ar-
ginine decarboxylase(18,19), both of which
require pyridoxal phosphate as coenzyme.
The presence of the hydrazide moiety in each
of these Bg “antagonists’”, suggests that pyri-
doxal is inactivated by the formation of a
hydrazone. That pyridoxal isonicotinyl hy-
drazone may have been formed and excreted
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TABLE II. Excretion of Xanthurenic Acid (mg/24 Hr) following 10 g of DL-Tryptophane
before and during INH Therapy (20 mg/kg/Day), in 12 Patients.
Wk of INH therapy
Q 1 2 3 4 5 6 7 8 9 10 11 12
45 535 156 116 250 192 31F
3 16 150 95 81 21 22 52 66
18 24 68 11 63 34
29 21 11 11 17.5 11
87 57 72 24 40 94 13.5* 13* 13*
23 180 43
75 41 33 105
40 63 52
16 28 20 30 19 13* 13*
43 50 72 81 80 22 9 5 37
5.2 11 18 16 0
126 61 188 199 119 121 112 35 107
35 3 25

* Patients receiving pyridoxine at these times.

in our subjects, with re-hydrolysis into pyri-
doxal during the preparation of the filtrate
for Bg assay, appears to be the most likely
mechanism for explaining the phenomena we
have observed.

The influence of pyridoxine on the course
of the tuberculosis of the patients studied has
not been evaluated. So far, in vitro studies
have failed to demonstrate any effect of pyri-
doxine in altering the effectiveness of INH
against the H37Rv strain of M. tuberculosis.

Summary and conclusions. The excretion
of an excess of vit. B; has been demonstrated
in patients receiving isoniazid, with the ir-
regular appearance of abnormal amounts of
xanthurenic acid following a test dose of
tryptophane. The effect is more marked in
those getting a higher dose of INH. Such
laboratory evidence of B, abnormality pro-
vides a cause of peripheral neuritis. Pre-
liminary results suggest that the addition of
pyridoxine to the high dose of INH prevents
neuritis, which otherwise occurs in 40% of
the cases.
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