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NEUROB IOLOGY OF PYRIDOXINE

K. Dakshinamurti, C.S. Paulose and Y.L, Siow

Department cf Biochemistry, Faculty of Medicine,
University of Manitoba,
Winnipeg, Canada R3E OW3

Pyridoxal 5'-phosphate (PLP) is +he major coenzymatic
form of pyridoxine. There are over one hundred kncwn pyri-
doxal 5'-phosphate-dependent reactions, most of which are
involved In *he metabolism of various amino acids. Pyridox-
amine 5'-phosphate can function In aminotransferase reac-
Tions by the cyclic regeneration of the two active phosphate
forms. Pyridoxal 5'-phcsphate-dependent reactions studied
in the nervous system are involved in the catabolism of var-
ious amino acids. The putative neurotransmitters, dopamine,
norepinephrine, serotonin, histamine, Y=aminobutyric acid
and taurine, as well as *he sphingolipids and polyamines are
synthesized by PLP-dependent enzymes. Of these enzymes,
three (glutamic acid decarboxy lase, 5-hydroxytryptophan de-
Carboxylase and ornithine decarboxylase) seem to have cru-
clal roles (Fig. 1). The clinical effects of pyridoxine de-
ficiency can be explained on the basis of the known de-
creases in the activities of these enzymes (1).

EXPERIMENTAL PYRIDOXINE DEFICIENCY IN THE NEONATE RAT

Dakshinamurti and Stephens (2) first reported the pro-
duction of congenital pyridoxine deficiency. Our observa-
tions extended the "chronic fetal distress™ hypothesis of
Gruenwald (3) to include effects on +he development of the
central nervous system. We |ater showed that a deficiency
of pyridoxine in rat pups could be produced by depriving the
dam of dietary pyridoxine during lactation (4). Such a de-
ficiency has been characterized using biochemical and elec-
trophysiological parameters. The electroencephalogram (EEG)
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of pyridoxine-deficient animals showed spike activity, pre=-
sumably Indicative of the existence of selzures in many of
the deficlent rats (Fig. 2). In a study of the oxidative
reactions, there was no difference between mitochondria pre-
pared from brains of pyridoxine-deficient and pyridoxine-
supplemented neonates in terms of oxygen consumption, ADP/0
and respiratory carriers (5). Rats fed the pyridoxine-defi-
cient diet exhibited significantly lower levels of PLP and
y-aminobutyric acid (GABA). The activities of glutamic acid
decarboxylase (GAD) In the presence or absence of exogen-
ously added PLP reflected the lack of avallability of PLP in
the deficient state (Table 1). The activity of GABA-trans-
aminase (GABA-T) was not different between pyridoxine~defi-
cient and pyridoxine-supplemented rat brains. This Is
ascribed to the greater affinity of GABA-T for PLP compared
with GAD. The bursts of high voltage spikes during spontan-
eous EEG activity reflect the decrease in cerebral GABA in
the deficient rats. Evoked potentials presented abnormal I-
ties In their latency, wave form and response to repetitive
stimuli and the extent to which they were affected depended
on the intensity of the deficiency. The changes observed In
the auditory evoked potentials in the deficient rats were
the result of retardation of normal ontogenetic development
of the central nervous system (CNS) of these animals.

TAUR INE

The distribution of taurine in the nervous system is
heterogeneous with high levels in the synaptic vesicles (6).
With the exception of kittens and the human infant, growing
animals of most species have the capacity to synthesize tau-
rine (7). Regardless of the synthetic pathway used, the
crucial decarboxylation reaction is catalyzed by a PLP-de-
pendent decarboxylase. In view of the demonstrated inhib-
itory effect of taurine on neuronal activity (8-10) and its
role in the visual system (11), we determined the cysteine
sul finic acid decarboxylase activity in whole brain homoge-
nates of rat pups deficient in taurine or taurine and pyri-
doxine. The results (Table 2) Iindicate a significant reduc-
tion In both glutamic acid decarboxylase and cysteine sulfi-
nic acid decarboxylase, due specifically to the decrease in
tissue PLP. It is significant that very high concentrations
of both apoenzymes are observed in the deficient rat brain.
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MYEL INATION

Al though 3 role for PLP as @ cofactor in oné of the
steps leading to the synthesis of sphlngos‘ne was known
early (12), i+ was only much lafer that the consequences of
yridoxine deficiency during the critical period of develop~
ment in the rat on erebral |iplds were lnvesTlga*ed. The
i ncorporation of [‘ Clacetate into all major |1pid classes
in brain was significanf\y decreased (13)4. 108 speclfic ra-
diocactivities of purlfled cerebrosides and sul fatides from
yridoxine-deficienf rat braln were only one-f1fth fthose of
pyridoxine-supplemenfed controls (14). The fatty acid com”
position of brain galacfoliplds were examined. An accumul &
tion of stearic acid and correspondingly, 2 slgniflcan? de-
crease in the contents of | ignoceric and nervonic acids were
found (15,16). This was related to a defect in the long
chain fatty acid elongafion system in pyridoxine deficient
rat brain, which was similar 1O that seen In hypofhyroidlsm
(17,18). Thus, the CNS myellIn of pyridoxine—deflclen* rats
is qual!*aflve\y and quanfifaflvely di fferent from that In
pyridoxine—supp\emenfed controls. The specific activity of
2‘,3'-cyclic nucleotide 3‘-phosphohydrolase, a marker enzyme
for myelin, was decreased In pyridoxlne—deficienf neonatal
rat brain (19).

MONOAMINES

Decarboxy | ation of the precursor amino acid is a neces-
sary step in the formation of the putative neurofransmif*ers
such as dopamine, norepinephrine, 5—hydroxy+ryp+amine (sero=
tonin), y-aminobutyric acid (GABA) and taurine. As PLP is
t+he coenzyme of these decarboxy | ases, W€ determined the con-
centration of various neuro#ransmiffers in the pyridoxine-
deficient rat brain. There was no change in the steady-
state concentration of dopamine and noreplnephrine in pyri-
doxlne-deficlenf rat brain (20), an observation In striking
contrast to that of Shoemaker and Wurtman (21) who found
signlficanT decrease In brain catecholamines of rats sub-
jected 1o undernutrition perina*a\\y. In experiments where
the further metabol 1sm of monoamines Was reduced Dby treat-
ment of the animals with the monoam i ne oxidase inhibitor
pargyline, we found (20) that the concentration of brain
5—hydroxy+rypfamlne (serotonin) in pyrldox\ne—deficlenf rats
was slgnificantly reduced (Table Y. 1408 possibilify that
this decrease resulted from tnanition and the resultant mal-
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nutrition was ruled out by using pair-weighed pyridoxine-
supplemented controls. The level of brain tryptophan was
not affected by dietary deficiency. The activity of brain
tryptophan hydroxylase was not decreased in deficlency. In-
creased catabollsm of serotonin or transport to cerebro-
spinal fluid were ruled out by appropriate control experi-
ments. Our observation of non-parallel changes in brain
concentrations of catecholamines and serotonin, respective-
ly, would indicate the syntheses of the various monoamines
are regulated separately.

Table 3. Effect of Pargyline Treatment of Braln Monoamines

B-6 Deficient B-6 Supplemented
Untreated 1.59 + 0.07° 2.15 + 0.08
Treated 3.34 + 0.11b 7.31 + 0.28
Untreated 214 +0.14 2.46 + 0.08
Treated 3.91 + 0.06 206 014
Untreated 2.92 + 0.24 3,15 +0.05
Treated 4,09 + 0.06 d.45 +.0.27

galues are means + S.D. of 8 rats in each group.
P<0.01 and PP<0.005 with respect to +B-6 controls.
5=HT, 5-hydroxytryptamine; NE, norepinephrine; DA, dopamine.

The enzyme aromatic amino acid decarboxylase has been
reported (22) to be capable of decarboxylating a variety of
amino acids Including dihydroxyphenylalanine (DOPA) and 5-
hydroxytryptophan (5HTP). Immunological evidence has been
presented to suggest the identity of DOPA decarboxylase with
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5HTP decarboxylase (23). Thelir data indicate that ten times
more antibody, prepared agalnst the hog kidney decarboxy-
lase, per unit of enzyme activity was required for the com-
plete Inhibition of the decarboxylase activity of rat brain
as compared to the enzyme activity of hog kidney. Other
reports (24) have suggested that the optimal conditions for
the decarboxylations of DOPA and 5HTP, respectively, were
different.

In examining the decarboxylations of DOPA and 5HTP by
brain homogenates using sensitive methods, we found that the
pH optima for these ftwo reactions are distinct (Fig. 3).

The activity ratios of DOPA decarboxylase/5HTP decarboxy-
|ase measured under optimal substrate and cofactor concen-
trations were different in the various brain areas studied.
In pyridoxine deficiency, there were no parallel decreases
of DOPA and 5HTP decarboxylase activities in various brain
regions (Table 4), Dialysis of brain homogenates, in the

Table 4. Distribution of DOPA Decarboxylase and 5HTP
Decarboxylase Activities in Pyridoxine-Deficient
Rat Brain Regions Relative to that in Pyridoxine-
Supplemented (Normal) Rats

Maximal Enzyme Hcloenzyme
Activity¥* Activity*
DOPA 5HTP DOPA 5HTP
Brain decarb- decarb- decarb- decarb-
Regions oxy | ase oxy | ase oxy |l ase oxy | ase
Cerebel lum 234 34,5 23.1 0.0
Cerebral
Cortex 32,5 47.0 36.7 0.0
Corpus
Striatum D07 49.8 36.5 20.8
Hypothal amus 0.3 49,3 68.8 12.9

* Of deficient rat brain as percent of normals.
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presence or absence of hydroxylamine, resulted in a total or
greater loss of 5HTP decarboxylase activity as compared to
DOPA decarboxylase activity (Table 5). |In addition fto dis-
tinct pH optima, there seems to be differences in the affi-
nity for PLP between DOPA and 5HTP decarboxylating enzymes.
These results are consistent with the suggestion that the
two enzyme activities are catalyzed by distinct protein
species.

Table 5. Effect of Dialysis on Whole Brain DOPA Decarb-
oxylase and 5-HTP Decarboxy | ase

DOPA 5HTP
decarb- decarb-
PLP oxy | ase oxy | ase
added activity ' activity
(mM) % %
Undialyzed whole 0 26 8
brain homogenate 0.025 89 -
0.050 92 -
0.125 100* 64,
0.300 - 100"
Homogenate dialyzed 0 34 0
against buffer 0.025 101 -
0.050 92 -
0.125 93 45
0.300 - 103
Homogenate dialyzed 0 26 0
agalnst buffer : 0:025 27 -
containing 0.050 36 -
hydroxy | amine 0.125 65 0
0.150 - 14
0.300 - 69

Values represent the average of 3 separate experiments.
xxepresents an activity of 1024 pmol/min/mg protein.

Represents an activity of 39.2 pmol/min/mg protein.
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CONSEQUENCES OF DECREASED BRAIN SEROTONIN

The physiological impl ications of the significant de-
Crease of braln serotonin In pyridoxine-deficient rats were
explored. There was a consistent decrease in deep body
temperature in the animals (20). Myers (25) has presented
evidence to support the view that a serotonergic mechanism
In the hypothalamus is involved in thermoregul ation In the
rat. Pyridoxine-deficient young rats also showed a signi-
ficant decrease in their motility (20). Similar results in
mice have been reported by Tunnicliff et al. (26). We also
found that pyridoxine deficiency affected sleep In rats in
two ways (1). The duration of deep slow-wave sleep 2 (SWS
2) is shortened and In some Instances completely abol ished.
REM sleep is also affected In the same manner. These anj-
mals are In shallow slow-wave sleep (SWS 1). The effects of
pyridoxine deficiency on sleep parallel the effects of ex-
perimental serotonin deficiency iIn animals and man, in keep-
Ing with the hypothesis of Jouvet (27) that serotonergic
neurons play a major role In maintenance of slow-wave sleep
2 and REM (paradoxical sleep) events. This is confirmed by
the work of Kiianmaa and Fuxe (28) who Injected 5,7-dihy~-
droxytryptamine bilaterally into rat dorsomedial mesencephal ic
tegmentum close to serotonergic pathways and recorded EEG
and EMG continuously for 2 to 4 post-operative days in order
to ascertain the time the animals spent awake and in differ-
ent stages of sleep. They also analyzed bralin serotonin and
found a significant positive correlation between cortical
serotonin and the time spent In SWS 2 and in REM, and a sig-
nificant negative correlation between cortical serotonin
stores and time spent in SWS 1. |+ thus appears that func-
tional consequences ensue the significant decrease in brain
serotonin In the pyridoxine-deficient rat.

NEUROTRANSMI TTER RECEPTORS

Experimental conditions that Increase Intrasynaptic
neurotransmitter concentration decrease post-synaptic recep-
tor sensitivity and conversely experimental conditions that
decrease neurotransmitter concentration |ead to enhanced
post=synaptic sensitivity (29). We have examined the ef-
fects of pyridoxine deficiency on dopamine, its high-affin-
ity D-1 and D-2 receptors in the corpus striatum and for
serotonin, Its high affinity S=1 and $-2 receptors In the
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cerebral cortex of rats. In the cerebral cortex of pyridox-
Ine-deficient rats, a decrease of 54% In PLP resulted in a
47% decrease in serotonin content. In the same animals,
there was a 71% decrease In the PLP content of the corpus
striatum with no significant difference In Its dopamine con-
tent when compared $o pyridoxine-supplemented rats. Scat-
chard analysls of ["H]-5-hydroxytryptamine binding to mem-
brane preparations from cerebral cortex of deflicient and sup-
plemented rats Indicates a significant Increase In serotonin
S-1 receptor concentration with a significantly degreased
binding affinity (Table 6). Similar analysis of [“H]-ketan-
serin binding to cerebral cortex membrane preparations shows
an Increase In Bm with a lowered binding affinity for the
S=2 receptors (Table 6). Al though there Is a compensatory
increase In the number of S-1 and S-2 binding sites In the
cerebral cortex of the pyrlidoxline-deflicient rat, serotoner-
gic neurotransmission and its physiologlical function seem fo
be Impaired In these animals in view of the low synaptic
concentration of the neurotransmitfter. Membrane preparations
from corpus striatum of deficient and control 5a+ brains were
used to study the bindings, respectively, of [ H]fluphenaz ine

Table 6. [3H]-5-Hydroxy+ryp+amine and [SH]-KeTanserin
Binding in the Cerebral Cortex of 3-Week Old Rat

Experimental Pyridoxine-
Group Control deficient

EBH]-S-HydroxyfrypTamine

binding® b
Bhax» fmol/mg protein 934 + 44 1799 + 129
Kgs DM 10.02 + 0.78 20.12 + 2.06°
= K : a
[“H]-Ketanserin binding q
Bhax» fmol/mg protein 217+ .18 306 + 21
Ky 0M A R PN R

Means + S.E.M. were determined from 8 separate experiments
beach assa%ed in Tréplicafe.
P<0.001, “P<0.01, “P<0.025 with respect to control.
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and [3H]splroperidol. Scatchard analysis of the binding
data showed that there was no difference between pyridoxine=-
deficlent and pyridoxine-supplemented rats elther in the re-
ceptor concentrations or In the receptor binding affinities
(Table 7). In both [nstances, receptor sensitivity seems to
correl ate negatively with the corresponding neurotransmitter
concentrations In the pyridoxine-deficient rats (30).

Table 7. [>HI-Spiroperidol and [2HI-Fluphenaz Ine Binding
In the Corpus Striatum of 3-Week Old Rat

Experimental Pyridoxine~
Group Control deflicient

ESH]-SpIroperidol

blndlnga
Bax? fmol/mg protein 126+ 16 125 + 14
Kd, nM 0851 % 0.05 .57 +0.06

[3H]-Fluphenazine binding®

Bhax» fmol/mg protein 277 + 14 281 %15

Kd’ nM 0.98 + 0,07 1.85 + 0.07

Means + S.E.M. were determined from 8 separate experiments
each assayed in triplicate.

The high affinity binding of EBH]-Y-aminobUTyrIc acld
to GABA, receptors and [“Hlbaclofen to GAB receptors were
studied In membrane preparations from the cerebel lum of
pyridoxine-deflcient rats and compared to pyridoxlne-sup-
plemented controls. Cerebellum was chosen for GABA binding
studies as this region contalns at |east four cell types
which utilize GABA as an Inhibitory transmitter (31). |In
this braln region a 46% decrease In PLP resulted in a 56%
decrease In Its GABA content. There was a significant
Increase In the B of both GABA, and GABA receptors with
no significant di¥ference In thelr binding affinities (Table
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8). The supersensitivity of the GABA, and GABA, receptors
seems to correlate negatively with the concentration of GABA
in the cerebellum. GABAergic neurotransmission Is Impalred
in spite of receptor supersensitivity because of the low
synaptic concentration of GABA.

Table 8. [°H] y=Aminobutyric Acid (GABA) and [°H]-Bacl ofen
Binding In the Cerebellum of 3-Week Old Rat

Exper imental Pyridoxine=-
Group Control deficient

[3H16ABA binding?

b
Bmax’ fmol/mg proteln 961 + 58 1728 + 62
Kd, nM 10,074 0063 10,82 + 0.85
[SH]Baclofen binding® b
S fmol/mg protein b L. ol g e *02 0.0
Kd’ nM 66.67 % 7.74 73,13 £ 9.25

%Means + S.E.M. were determined from 8 separate experiments
beach assayed in friplicate.
P<0.001 with respect to control.

HYPOTHALAMI C-PITUITARY-THYROID AXIS

The nature of the defect in myelInation In the pyridox-
ine-deficient rat closely parallels that seen In the hypo-
thyroid animal. The central regulation of thyroid hormone
secretion by monoamine neurotransmitters through the hypo-
thal amic-pituitary pathway has been documented by many In-
vestigators (32-35). |t Is generally accepted that dopamine
and serotonin have antagonistic effects (36). A direct re-
lationship between serotonin turnover and thyroid-stimulat-
Ing hormone (TSH) release has been establ Ished by Smythe et
al. (37). In the pyridoxine-deficient animal we have an
animal mode! In which various areas of the bralin have de-
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Creased serotonin content with no change in the catecho|-

amines. Both serotonergic and GABAergic neurotransmissions
are compromised. In view of this, we investigated the neu-
rofransmitter concentrations in the hypothalamus of the de-
ficient rat. The results, given in Table 9 Indicate that a

Table 9. Pyridoxal 5'-phosphaTe,,SeroTonIn, Dopamine and
Noradrenal ine Contents in Control and Pyridoxine-
Deficlent Rat Hypothal amus

Animal Supplemented Pyridoxine-
Status (Control) Deflicient
Pyridoxal 5'- .
phosphate, nmol/g 2.1 £0.19 117 % 0.07
Serotonin, nmol/q 1.70 + 0.20 1.00 + 0.27P
Dopamine, nmol/g 1.18 +.0.07 128 £ 0.1D
Noradrenal Ine, nmol/g 2.17 % 0.09 201 * 0,10

Mean + S.EbM. of 8 separate determinations in each group.
P<0.001, “P<0.01 compared with controls. (Student's
unpaired t-test).

57% decrease in PLP in rat hypothalamus results in a 40%
reduction in the hypothalamic serotonin with no significant
change In the contents of dopamine and norepinephrine. The
thyrold status of pyridoxine-deficient rats was compared
with those of palr-weighed Pyridoxine-supplemented controls
and ad |ibitum fed normaj controls. The concentrations of
serum thyroid hormones (T, and T,) of deficient rat pups
were significantly |ower Tn comparison with both pyridoxine-
supplemented controls. There Was no significant change from
normal in the concentration of TSH in the serum of the def -
cient rats. However, pups In the deficient group had a sig-
nificantly lower concentraton of pitultary TSH expressed per
mg profein or per pituitary (Table 10). Dally Intraperiton-
eal Injection of Thyrofropin-releasing hormone for one week
to the deficient rats resulted in an increase In pitultary
TSH concentration comparable to that seen In normal con-
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trols. The fine structure of thyroid follicular cells from
pyridoxine-deficient rats was similar to those seen In the
control animals with the exception that the rough-surfaced
endoplasmic reticulum was far less frequently observed in
the markedly dilated form Indicating perhaps a decrease In
the synthesis of thyroglobulin. Thyrotroph cells from the
pitultary of deficient rats were similar in fine structural
appearance to those from control rats. Morphometric analy-
sis of the numbers of secretory granules however, indicated
a significant decrease in secretory granules In the thyro-
trophs of deficlent rats. These results are Interpreted to
Indicate a hypothyrold condition of hypothalamic origin iIn

the deficient rat, contributed by the decreased serotonergic
neurotransmission.

Table 10. Serum Thyroxine (T,), Tri-lodothyronine (Tg),
Thyroid Stimulating Hormone (TSH) and PITu?Tary
TSH In Normal, Control and Pyridoxine-Deficient
3-Week 0ld Rat

Pyridoxine

Normal Control Deficient
(Group 1) (Group 2) (Group 3)
T# (nM) 8752435 ,76 82.98+1.88 58.39i_2.66a
(19) (40) (41)
T5 (nM) 1.5440.07 1.40+0.06 0.98+0.03°
(20) (42) (41)
Serum TSH 2.65¢0,15 2.15+0.16 2,45+0.18
(nug/1) (16) (.Z2) (15)
Pituitary TSH 6.00+0.38 8.2140.39®  4.68+0.32°
(ug/mg protein) {174 (41) (38)
Pitultary TSH A W 1.8040.12 1.051_0.05a
(ug/pitul tary) (17) (41) (38)

s P<0.01 compared with group 1 and 2, respectively.
P<0.05 compared with group 1 (Duncan's mul tiple range test).
(N) number of experiments. Values represent mean + S.E.M.
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BLOOD PRESSURE REGULATION

Catecholamines acting directly on the periphery have a
pressor effect. However, some a-adrenergic pathways In the
CNS reduce the sympathetic tone and decrease blood pressure

indicate a depressor response for central serotonergic
transmission (39). |+ I's not clear whether serotonergic
transmission alters blood pressure by modulating hypothal-
amic adrenergic blood pressure mechanisms or has a direct
effect on brain stem autonomic centers. Various studies
strongly suggest that central GABAergic transmission has
hypotensive effects (40-42). Endocrine abnormal ities have
been |inked with devel opment of hypertension In spontaneous-
ly hypertensive rats. The most convincing correlation be-
tween hypothyroidism and hypertension has come from thyroid
replacement studies in humans (43,44), |n view of the pro-
nounced hypothyroidism in pyridoxine-deficient rats, we ex-
amined arterial b|ood pressure in 12 week-ol|d pyridoxine-
deficient rats ang compared them with ad |ibj+um fed as wel |
@s pair-weighed pyridoxine-supplemented rats. There was 3

doxine (Table 11). The hypertension of deficjent rats was not
related to the general ized malnutrition and more |ikely was
related to the hypothyroid state of these animals.

The clinical effects of pyridoxine deficlency as they
pertain to nervous system function can be explained on the
basis of decreases In the activities of three enzymes (glu=
tamic acid decarboxy | ase, 5—hydroxyfryp+ophan decarboxy | ase
and ornithine decarboxylase). The effects of the deficiency
are quite devastating in the growing animal during the crit-
fcal period In the development of the nervous system. Defi-

Even a moderate degree of maternal pyridoxine deficiency
during the lactation period affects the neurological devel-
opment of the pups drastical ly. Maturation of the nervous
system Is Impaired. Decreases In polyamines resulting from
the decreased ornithine decarboxy | ase might be responsible for
the impairment in protein synthesis. |[n addition, the
decreases in specific neurotransmitters - GABA and serotonin -
Impalr the norma| neuroendocrine regulation. The hypothy-
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rold condition of the young animal affects growth severely.
Much of our evidence was obtained from studies on rat pups
where deficiency was Induced during the lactation period.
During this period the syntheses of neurotransmitters as well
as the formation of neuronal structures are affected. Even
when pyridoxine deficlency Is iInduced in the adult rat, the
effects on the syntheses of neurotransmitters and thelr
consequences are quite significant. The hypothyrolid status of
these animals and the consequent hypertension indicates the
effect of compromised serotonergic and GABAergic
neurotransmission on the hypothalamic-pituitary- thyroid axis.

Table 11. Systolic Blood Pressure In Experimental Groups

Systolic
Group Animal Weight Blood Pressure
No. Status (g) (mm Hg)
1 Pyridoxine-supplemented 412425 145 4 7
(ad libitum fed; n=10)
2  Pyridoxine-supplemented 146 + 9 1H10x 3
(palr welghed; n=6)
3 Pyridoxine-deficient 149 + 15 185 313
(ad libitum fed; n=15)
4 Pyridoxine-deficient rats Y12 5920 157 .11
fed pyridoxine-supplemented
diet for 3 days (n=6)
5 Pyridoxine-deficient rats 220: 4 31 149 + 8

fed pyridoxine-supplemented
diet for 6 days following
10 mg pyridoxine i.p. (n=6)
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