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The Effect of Iso nico tinic Acid Hydra zide

and Vitamin B6 on Gluta mic-Oxala cetic

Tra nsa mina se Levels in Whole Blood

By MARTIN SAss, MS. AND GERALD T. MURPHY, M.D.

G ROUP A served as a control and was

selected at random from a large group

of medical and surgical patients. Selection of

patients was limited by the exclusion of cases

with myocardial infarction, cirrhosis of the

liver or hepatitis. Group B consisted of

patients from the Chest Service of this hospital,

all of whom had been receiving INH (300

mg/day) for at least 30 days. Group C

consisted of nine men and four women volun-

teers selected from laboratory and ward

personnel. All of these subjects were in good

health, of average income, with presumed

average dietary habits. In contrast to Group

A, Group C was not fed! from the hospital

kitchen. Two additional groups of patients

(D and E) who had never before received INH

were selected at random from the Chest

Service. Group D was placed on INH therapy

(500 mg/day) and Group E received INH

(300 mg/day) plus pyridoxine (25 mg/day).

Whole blood transaminase activity was

measured at the start and at suitable intervals

throughout the 6 to 12 week experimental

period. Complete hernatologic studies were

done on these patients at the start, middle and

end of the study. At the end of this experi-

mental period, three patients in each group,

D and E, received a tryptophan load test.”

The last group (Group F) consisted of

selected patients with the lowest blood trans-

aminase levels achieved after the administra-

tion of INH (500 mg/day) for 6 to 12 weeks.

These patients continued to receive the same

dose of INH plus supplementary multivitamin

tablets without pyridoxine. Blood trans-

aminase activity was measured at suitable

intervals.

Laboratory Methods: Blood was collected in

dry oxalate (Heller and Paul) and a 1:20

dilution was prepared in distilled water.

This dilution of hemolyzed blood was centri-

fuged at 2500 rpm for 15 minutes to remove cell

stroma. The clear supernatant was analyzed

on the same day. In several cases, when

necessary, the hemolysate was stored for 2 to 4

days at _200 C prior to analysis. The stability

of the transaminase enzyme under these

conditions is well established.

A modification6 of the spectrophotometric

procedure of Karmen and associates7 was used

for the estimation of glutamic-oxalacetic trans-

aminase. This procedure is much more

sensitive than that used by other investigators

and does not present any of the reported

difficulties3’4 encountered with the use of the

older procedure of Tonhazy, White and

Umbreit.’

For this assay 0.2 to 0.3 ml of a 1:20 dilution

of whole blood was analyzed. Readings were

taken in a Beckman DU spectrophotometer,

one unit representing a change in optical

density of 0.001 O.D. units per minute, in a

total volume of 3.0 ml under the conditions

specified. All operations were carried out at

room temperature. The temperature coeffi-

cients developed by Steinberg and Ostrowtm

were used to correct the values to a temperature

of 25#{176}C.

Lactic dehydrogenase (L.D.H.) levels were

determined by an enzymatic technic based on

the oxidation of reduced coenzyme I in the

interconversion of pyruvic to lactic acid.”
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The concentration of hemoglobin in the

dilution of blood analyzed was determined by

spectrophotometric estimation of oxyhemo-

globin at 540 mj� using a Beckman DU spectro-

photometer. This instrument was standardized

for hemoglobin determination by the

manometric procedure of Van ‘ ‘ All

other hematologic data were obtained by

standard technics.

Studies in the pyridoxine-deficient state

have been less revealing. In monkeys, vitamin

B6 deficiency produced through dietary re-

striction resulted in a reduction of blood

transaminase levels below those of control

animals.3 No such differences have been

reported in humans in whom pyridoxine

deficiency is not so easily established. In

one study of pregnant women whose response

to tryptophan loading was characteristic of

pyridoxine deficiency, blood transaminase values

did not differ from those of non-pregnant

controls.4 To our knowledge, no other studies

have been reported on this problem.

Recent reports indicate that the administra-

tion of isonicotinic acid hydrazide (INH) in

high doses can produce a syndrome in humans

suggestive of pyridoxine depletion.5 In animals,

INH has been used to produce a presumably

more severe pyridoxine deficiency than can be

produced by dietary means or by the adminis-

tration of desoxypyridoxine.2 These observa-

tions suggested the study of blood glutamic-

oxalacetic transarninase (G.O.T.) levels in

patients receiving INH in routine tuberculosis

therapy.

EXPERIMENT

Subjects: Six groups of patients were studied

in all. Three of these (Groups A, B and C)

were studied to determine whether differences

in whole blood G.O.T. levels existed in indi-

viduals receiving INH as compared with indi-

viduals not receiving this drug.

Pyridoxine or its metabolites are known to

act as a prosthetic group for transaminase

enzymes in animals.”2 While this relationship

is presumably true in humans, evidence for

this is indirect. Recent investigations in

normal subjects3 and in pregnant women4 have

indicated that supplementation with pyridoxine

results in a significant elevation of blood

transaminase activity. When supplementation

is discontinued there is a slow return of blood

enzyme activity to pre-administration levels.

RESULTS

The data in Table I indicate that the mean

whole blood G.O.T. level of patients receiving

300 mg INH per day (Group B) is lower than

that of the control series of hospital patients

(Group A). Surprisingly enough, the mean

blood transaminase level in non-hospitalized

volunteers (Group C) is almost identical with

that of Group B rather than with that of

Group A, as might be expected.

TABLE I

Glutamic-Oxalacetic Transaminase and Lactic 1)e-

hydrogenase Activity in the Blood of Patients with

and without Prolonged I NH Therapy * (Mean ± S. E.)

Group

A (Control)

B (I NH)*

C (Volunteers)

GOT.

Units/mi

723 ± 25

(23)

550 ± 38

(19)

590 ± 29

(13)

Units/lOP
mg Hb

526 ± 20

390 ± 26

420 ± 6

L.D.H.

Units/mg
Hh

154 ± 3. 1

(12)

152 ± 1 .0

(16)

157 ± 1 .7

(13)

Significance (P)

B

A vs. C

B vs. C

<0.01

<0.01

0.57

<0.01

<0.01

0.62

(1.62

0.69

0,48

*INH therapy consists of 30() ing/day for a period

of at least 30 days (numbers iii parentheses refer to

number of patients).

“P” values (Table I) indicate that the dif-

ferences between Groups A and B and Groups

A and C are highly significant. These dif-

ferences did not change appreciably when the

transaminase units were calculated on the

basis of hemoglobin content indicating that

variations in cell count, as reflected by hemo-

globin content, did not account for the dif-

ferences observed. All subsequent G.O.T.

values are reported in units per 100 mg hemo-

globin.

Blood lactic dehydrogenase levels (L.D.H.)

of the three groups were also studied to

 by guest on June 5, 2011
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org/


IA-WITH B6

:- Patient 9

I B WITHOUT B6

+�+ Patient 4

L�’’A Patient 2

.0 .

U,
�

0

�

�8O0�-

i.�200�-

0

c-O Patient 8

,r_*..#-p........

j:�/�’�
F
Li_ � � J� �

0 20 30 40 50 60 70

.Q
U,

0
�

�,8O0

l�200

0

TIME IN DAYS

0 20 30 40 50 60

TIME IN DAYS

TABLE II

Change in Transamninase Activity in \Vhole Blood of

Patients on INH Therapy with and without Vitamin

B6* (units/100 mg Hemoglobin)

Patient

2

:3

4

,.)

(I

8

9

10

11

Group I)

INH

therapy

Group E

I NH amid

vitamin

B6 ther-

apy

Pre-
therapy

625

510

:375

605

360

:385

Meami 475

510

:305

475

495

375

Mean 432

Post-
therapy

435

210

280

345
315

380

:330

750

705

8:30

655

610

71(1

Per cent
change

-:31

-59

-25

-43

-12

-31

+47

+ 1:30
+75

+32

+62

+69
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* Generously supplied by Merck, Sharpe & Dohme,

Inc.

Fig. 1. Blood GOT. levels during INH therapy.

determine the specificity of the presumed

effect of INH administration (Table I). The

high “P” values indicate that there are no

significant differences among the three groups.

Serial Studies: The blood G.O.T. levels

during the experimental period of INH and

vitamin B6 administration are presented in

Figure 1 for two representative patients in

each of groups D and E. The increase in

G.O.T. level during INH plus vitamin B6

therapy (Fig. 1A) is marked beginning within

10-IS days after the start of pyridoxine

administration. The decrease in G.O.T. activ-

ity observed during INH therapy alone, on

the other hand, is limited and does not occur

until 20-25 days of INH therapy at a level of

500 mg/day.

The transaminase values for each patient in

groups D and E at the beginning and end of

the experiment are presented in Table II.

The differences between the mean pre- and

post-therapy values for each group have been

found to be statistically significant in contrast

to the difference between the mean G.O.T.

values for the two groups at the start of therapy.

Plasma G.O.T. levels in all patients were

within the normal range and could not in-

fluence whole blood transaminase levels signifi-

cantly.

At the end of this experimental period three

patients in each group were selected for a
tryptophan load! test. Twenty-four-hour urine

specimens were collected on each patient for

control levels. At the end of this period,

* Therapy: 25 mg vitamin B6/day and/or 500 mg

INH/day over a period of from 5 to 11 weeks.

10 g DL�tryptophan* were administered by

mouth and another 24-hour-urine collection

was obtained. All urines were analyzed for

xanthurenic acid’2 and the results are presented

in Table III. They indicate that none of the

patients in either group exhibited the marked

increase in xanthurenic acid excretion indica-

tive of pyridoxine deficiency.’3

The mean hematologic values for each of the

two groups at the beginning and end of the
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TABLE III

Xanthurenic Acid Excretion after Tryptophan Load

Test

Xanthurenic acid
mg/24 hours

TABLE V

Transaminase Activity in the Blood of Patients on

INH before and after Multivitamin Therapy* (Units!

100 mg Hemoglobin)

Hematologic Indices before and after Experimental

Period

RBC
MCV MCH MCHC mill/

�s’ ��sg % mm’

102 :31.6 :31.3 4.79

102 30.9 30.8 5.07

101 29. 1 28.9 4.66

100 30.2 30.4 4.70

Hb
g/lOO

ml

15. 1

15. �3

1:3.5

14.2

MC� = mean corpuscular volume
MCH = mean corpuscular hemoglobin
MCHC = mean corpuscular hemoglobin concentration
RBC = red blood cells
Hb = hemoglobin
Hct = hemocrit

Vitamin A - 5,0()() U

Vitamin D - 450 U

Thiamine - 2 mg

Riboflavin - 3 mg

Nicotimiamide --20 mg

Ascorbic acid - 75 mug
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Patient Therapy Control*
Post-trypto-

phane

2 INH 29.8 48.0

3 INH 20.4 55.0

4 INH 28.8 34.4

8 INHandB6 - 30.4

10 INH and B6 16.4 1.9

11 INH and B6 25.0 27.0

* 24-hour urine collection prior to administration of

10 g DL-tryptophan.

experiment are presented in Table IV. Since

the hemoglobin content of the blood was used

as a reference in calculating the G.O.T. level,

any changes in the hemoglobin concentration

per red cell (MCHC) could exaggerate changes

in G.O.T. These changes did not occur. The

significance of the apparent macrocytosis

indicated by the elevated mean corpuscular

volumes (MCV) is not apparent at the present

time.

In order to evaluate the effect of vitamins

other than pyridoxine, four additional patients

(Group F) were studied. This group of

patients had been receiving INH (500 mg/day)

Group D

Pre-ther-

apy

Group D

Post-ther-

apy

Group E
Pre-ther-

apy

Group E

Post-tlser-

apy

TABLE IV

Pre- Post-
Patient therapyf therapy % Change

2 210 210 0

4. 280 200 -29

5 280 240 -16

6a 200 190 -5

Mean -12.5

* Two multivitamnin tablets/day plus 500 mg INH/

day for 6’/2 weeks.

t Mean of two determinations one week apart.

for 6 to 12 weeks and were selected on the

basis of low whole blood G.O.T. levels. They

were continued on the same INH therapy and

were given, in addition, a daily dose of two

nlultivitamin* tablets without pyridoxine.

G. 0. T. levels were measured at intervals. The

results (Table V) indicate that the administra-

tion of vitamins other than B6 did not increase

blood G.O.T. levels in the dosages employed.

DISCUSSION

In animals, INH has been demonstrated to

produce a pyridoxine deficiency that is more

severe than can be evoked by dietary restric-

tion or by the administration of desoxypyri-

doxine.2 In humans, peripheral neuropathy

has been noted after doses of INH ranging

from 24 mg per kg per day to as low as 3 to 5

mg per kg per day)4 These toxic manifesta-

tions, amenable to pyridoxine therapy, are

H�t presumably due to the formation of an INH--� pyridoxine complex,5 effectively removing pyri-

� doxine from the available pooi for tissue

utilization. The relative infrequency of overt

� clinical signs of toxicity at lower doses of INH,

however, is no assurance that more subtle

biochemical changes do not occur.

Our studies indicate that the administration

47 * Each tablet contains time following vitamnins:
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of INH results in a drop in blood transaminase

activity despite the absence of clinical signs of

toxicity. The mean G.0.T. activity in the

blood of patients receiving 300 mg INH per

day for a period averaging approximately

four months (Table I, Group B) was found to

be significantly lower than that of a control

group on the same diet (Table I, Grouk A).

This dosage level constitutes the usual regimen

in the therapy of tuberculosis. More recently,

some investigators have concluded that this

dose is inadequate therapy and have suggested

the use of a minimum of S mg per kg per

day.tm5’8 At approximately this level (500 mg

per day) INH has been shown to depress
blood transaminase activity within a period

of from 6 to 11 weeks (Fig. 1B; Table II,

Group D). This effect could be reversed by

the administration of 25 ing pyridoxine per

clay (Fig. lA; Table II Group E). Vitamins

A and D, thiamine, riboflavin, nicotinamide

amid ascorbic acid were ineffective in the doses

employed (Table V).

The significance of measurements of blood

transamninase activity is certainly unclear at

present. High doses of I NH have already been
shown to produce metabolic alterations indica-

tive of pyridoxine deficiency.5 With the dose

used in this study (500 mg per day), tryptophan

load tests at the end of the period of therapy

were normal (Table III) in agreement with a

previous report.5 It is difficult, therefore, to

avoid the suggestion that blood transamninase

levels may serve as a more sensitive indicator

of the adequacy or inadequacy of pyridoxine

intake. The surprising finding that the mean

G.0.T. activity of hospitalized control patients

(Table I, Group A) exceeded that of non-hos-

pitalized volunteers (Table I, Group C) could
be a reflection of this relationship. It is

certainly conceivable that the vitamin B6

content of the routine, well-controlled hospital

diet received by Group A was greater than that

of the uncontrolled, non-institutional diet

chosen by Group C. Unfortunately, no such

measurements could be made.

Until further information becomnes available

on the meaning of the observed changes in

transaminase activity during INH therapy, it

would seem prudent to prevent their occurrence

by the administration of small doses of pyri-

doxine whenever long-term INH therapy is

necessary. The minimal dose of pyridoxine

adequate to accomplish this has not as yet been

determined. The amount used in this study

has already been found to be effective in pre-

venting peripheral neuritis in patients receiv-

ing S mg INH per kg per day.tm7”8 This is

probably in excess of that required to prevent

changes in blood G.0.T. activity. It is ex-

pected that further study with smaller doses

will indicate more precisely the amount of

vitamin B6 required to “neutralize” the effects

of known amounts of INH.

SUMMARY AND CONCLUSIONS

The effect of INH and pyridoxine on whole

blood glutanmic-oxalacetic transaminase

(G.O.T.) levels has been investigated. The

mean blood G.0.T. activity of patients

receiving 300 mg IN H per day has been shown

to be lower than that of control hospital

patients but not significantly different from

the mean of a group of normal, non-hospitalized

subjects.

Serial studies at higher doses (500 mg IN H

per day) indicated that a significant drop in

blood transaminase activity occurred after

6 to 11 weeks of therapy. At this time,

tryptophan load tests were normal. These

changes in blood transaminase activity were

reversed by the administration of 25 mug pyri-

doxine per day and not by a group of other

vitamins.

In view of these findings, it is suggested that

blood G.O.T. activity may reflect the level

of pyridoxine intake even before tryptophan

metabolism becomnes markedly abnormal. Until

the actual significance of these changes be-

comes more clearly defined,- it would seem

advisable to combine the admninistration of

pyridoximie with INH to prevent a depression

in blood transaminase activity. -
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