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NEUROBIOLOGY OF PYRIDOXINE

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

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

Pyridoxal 5'-phosphate (PLP) is the major coenzymatic
form of pyridoxine. There are over one hundred known pyri-
doxal 5'-phosphate-dependent reactions, most of which are
involved in the metabolism of various amino acids . Pyridox-
amine 5'-phosphate can function in aminotransf erase reac-
tions by the cyclic regeneration of the two active phosphate
forms. Pyridoxal 5'-phosphate-dependent reactions studied
in the nervous system are involved in the catabolism of var-
ious amino acids. The putative neurotransmitters , dopamine,
norepinephrine , serotonin , histamine , aminobutyric acid
and taurine , as well as the sphingoiipids and poly amines are
synthesized by PLP-dependent enzymes. Of these enzymes,
three ( glutamic acid decarboxylase , 5-hydroxytryptophan de-
carboxylase and crnithine decarboxylase) seem to have cru-

cial roles (Fig. '). 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 the development of the
central nervous system. We later 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)



100 / Dakshinamurti, Paulose, and Siow

z
U

M

< T

1/

<~ <

CL

z O
x = I

i

V)

_

c

m

d

o
v

0 a f o s

-< a Ex o
1 0 i s o

p ^ V o Y

U. Z

Ea)
}

00 U)
Zto >•
O>O

1 1- o, W

UI

J F M ,

CL Ln C p. 0
O

;

•
o V

N

Owm

d N H

L
a)

W *
J

Z r W ^, C '^^ I
i 0 y

<
Z Z rF+ L

>- O
Y

(5 d of ct
4-

V)Otn
Z r

a)
UO N

Z

Z
(2)

~ <

\ Z Z Z

- U-

z r z c*
a
v

cc 0 ,
< -.- t-- o

Z o==
z I _ 3. _O
0

w
II

0 , z

zz< Z u O
O:E 0 O 2

') O O oc
C W Z)

N

Z

F- OC

oc O

N
<

H

W

U.



Neurobiology / 101

of pyridoxine- deficient animals showed spike activity, pre-

sumably indicative of the existence of seizures in many of
the deficient 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/O
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 availability 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 abnormali-
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.

TAURINE

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
sulfinic acid decarboxylase activity in whole brain homoge-
nates of rat pups deficient in taurine or taurine and pyri-
doxine. The results (Table 2) indicate 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 I NATION
cofactor in one of the

Although a role for PLP as a hin osine was known
s leading to the synthesis of sp g uences of

step It was only much later that the go od of deve l op-
early in 12)th,e i rat on1 the critical pe The
py ridoxine deficiency during ids were investigated.

erebral lipids lipid classes
ment into
Incorporation of [ C]aceta aeCrasedl (13). The specific ra-
in brain was significantly

ivsties of purified cerebrosides and ufiifthd those of
pyridoxine-def 1 ci ent rat brain were only The fatty
pyri doxi ne-suPPl emented controls (14). An ad co a-

alactol ipids were examinaesigniiccu de-
position of brain g
ti on of stear 1 c acid and corn noPerna^n ands nervon i thecil long

found were
crease in the contents 119 In

ridoxine deficientchain (15,16). This was s rel atstemo is py
d in

fatty acid elongation sy ode ro i d i sm
rat brain, which was similar to that ridoxine-de pficient rats

y(17,18). Thus, the CNS myei i n of pyridoxine-deficient
is qualitatively and quantitatively different from that i not

pyridoxine-supplemented controls. The specific
a activity
marker enzyme

2+,31-cyclic nucleotide 3'-phosphohydrolase,
in was decreased in pyridoxine-deficient neonatal

for myel ,
rat brain (19).

MONOAMiNES
Decarboxy i at i on of the precursor an i no acid is a neces

in the formation of the putative neurotransmitters
sary step 5-hydroxytrY ptam P is

inephrine, As PLPsuch as dopamine, norep ine
tonin), Y-arninobutyric acid (GABA) andwttaurine. ned the con-
the coenzyme of these decarboxylases, ridoxine-

dete

centration of various neurotransmitters in the pYne steady-

neph
the

def i ci ent rat brain. Th re was no change i Instate in pyri-
concentration of dopamine and norep
-deficient rat brain (20), an observation win striking

oxi necontrast to that of Shoemaker and Wurtman
j eresignificant decrease in brain catechol amines of rats sub
ected to undernutrition perinatally.

Inhibitorthe further metabolism of the onoamineaoxidase e treat-
ment of the animals with the m

line, we found (20) that the concentrationjofcb ainrats
5-hydroxytryptamine (serotonin) in py that

hywas significantly reduced (Table 3). The possibility
this decrease resulted from inanition 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 deficiency. In-
creased catabolism 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 Brain Monoamines

B-6 Deficient B-6 Supplemented

5-HT (nmoles/a)
Untreated 1.59 ± 0•07a 2.15 ± 0.08

Treated 3.34 + 0.11b 7.31 ± 0.28

NE (nmoles/g)
Untreated 2.14 ± 0.14 2.46 ± 0.08

Treated 3.91 ± 0.06 3.56 ± 0.14

DA (nmoles/a)
Untreated 2.92 ± 0.24 3.15 ± 0.05

Treated 4.09 ± 0.06 4.45 ± 0.22

yaalues are means + S.D. of 8 rats in each group.
P<0.01 and bP<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). Their data indicate that ten times
more antibody, prepared against 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 two reactions are distinct (Fig. 3).
The activity ratios of DOPA decarboxylase/5HTP decarboxy-
lase 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 Holoenzyme
Activity* Activity*

Brain
DOPA
decarb-

5HTP
decarb-

DOPA
decarb -

5HTP
decarb-

Regions oxylase oxylase oxylase oxylase

Cerebellum 53.7 34 . 5 23.7 0.0

Cerebral
Cortex 32 . 6 47.0 36.7 0.0

Corpus
Striatum 50 . 7 49.8 36.5 20.8

Hypothalamus 70.3 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 to 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 Decarboxylase

PLP
added
(mM)

DOPA
decarb-
oxylase
activity

%

5HTP
decarb-
oxylase
activity

%

Undialyzed whole 0 26 8
brain homogenate 0.025 89 -

0.050 92 -
0 125 100* 64. **
0.300 - 100

Homogenate dialyzed 0 31 0
against buffer 0.025 10i -

0.050 92 -
0.125 93 45
0.300 - 103

Homogenate dialyzed 0 26 0
against buffer 0.025 27 -
containing 0.050 36 -
hydroxylamine 0.125 65 0

0.150 - 14
0.300 - 69

jaiues represent the average of 3 separate experiments.
**Represents 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 implications of the significant de-
crease of brain 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 thermoregulation 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 Tunnicl iff 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 abolished.
REM sleep Is also affected in the same manner. These ani-
mals are in shallow slow-wave sleep (SWS 1). The effects of
pyridoxine deficiency on sleep parallel the effects of ex-
perimental serotonin deficiency in 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-
droxytryptam i ne bilaterally into rat dorsomedial mesencephal Ic
tegmentum close to serotonergic pathways and recorded EEG
and EMG continuously for 2 to 4 post-operative days i n order
to ascertain the time the animals spent awake and in differ-
ent stages of sleep. They also analyzed brain 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 seroton i n
stores and time spent in SWS 1. I t thus appears that func-
tional consequences ensue the significant decrease in brain
serotonin i n the pyridoxine-deficient rat.

NEUROTRANSMITTER RECEPTORS

Experimental conditions that increase intrasynaptic
neurotransmitter concentration decrease post-synaptic recep-
tor sensitivity and conversely experimental conditions that
decrease neurotransmitter concentration lead to enhanced
post-synaptic sensitivity (29). We have examined the ef-
fects of pyridoxine deficiency on dopamine, its high- of f i n-
ity D-1 and D-2 receptors in the corpus striatum and for
serotonin, its high affinity S-1 and S-2 receptors i n the
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cerebral cortex of rats. I n the cerebral cortex of pyri dox-

i ne-def i ci ent rats , a decrease of 54% i n PLP resulted i n 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 jo pyridoxine-supplemented rats. Scat-
chard analysis of [ H]-5-hydroxy try ptamine binding to mem-

brane preparations from cerebral cortex of deficient 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 B with a lowered binding affinity for the
S-2 receptors (TaRlxe 6 ). Although there i s a compensatory
increase in the number of S-1 and S-2 binding sites in the
cerebral cortex of the pyridoxine-deficient rat, serotoner-
gic neurotransmission and its physiological function seem to
be impaired in these animals in view of the low synaptic
concentration of the neurotransmitter. Membrane preparations
from corpus striatum of deficient and control at brains were
used to study the bindings, respectively, of [ H]fl uphenaz i ne

Table 6. [3H]-5-Hydroxy tryptamine and [3H]-Ketanserin
Binding in the Cerebral Cortex of 3-Week Old Rat

Experimental Pyridoxine-
Group Control deficient

[3H]-5-Hydroxy tryptamine
bindinga

Bmax
' fmol/mg protein 934 ± 44 1799 + 129b

Kd, nM 10.02 + 0.78 20.12 + 2.06c

[3H]-Ketanserin bindinga
d

Bmax , fmol/mg protein 217 ± 18 306 + 21

Kd, nM 0.69 ± 0.07 1.09 + 0.11d

aMeans ± S . E.M. were determined from 8 separate experiments
beach assa^ed in triplicate.
P<0.001, P<0.01, P<0.025 with respect to control.
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and [3H]spiroperidol. Scatchard analysis of the binding
data showed that there was no difference between pyridoxine-
deficient and pyridoxine-supplemented rats either In the re-
ceptor concentrations or in the receptor binding affinities
(Table 7). In both instances, receptor sensitivity seems to
correlate negatively with the corresponding neurotransmitter
concentrations in the pyridoxine-deficient rats (30).

Table 7. [3H]-Sp i roper i do l and [3H]-F l uphenaz i ne Binding
in the Corpus Striatum of 3-Week Old Rat

Experimental Pyridoxine-
Group Control deficient

[3H]-Sp I roper idol
bindinga

Bmax' fmo l / mg protein 126 ± 16 123 ± 14

Kd, nM 0.51 +0.05 0.57 +0.06

[3H]-F l uph enaz i ne bindinga
Bmax' fmol/mg protein 277 ± 14 287 ± 15

Kd, nM 0.98+0.07 1.05+0.07

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

The high affinity binding of [3H]-y-aminobutyric acid
to GABAA receptors and [ H]baclofen to GABAB receptors were
studied in membrane preparations from the cerebellum of
pyridoxine-deficient rats and compared to pyridoxine-sup-
plemented controls. Cerebellum was chosen for GABA binding
studies as this region contains at least four cell types
which utilize GABA as an Inhibitory transmitter (31). In
this brain region a 46% decrease in PLP resulted in a 56%
decrease in its GABA content. There was a significant

increase in the B x of both GABAA and GABAB receptors with
no significant diference in their binding affinities (Table
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8). The supersensitivity of the GABAA and GABAB receptors
seems to correlate negatively with the concentration of GABA
in the cerebellum. GABAergic neurotransmission is impaired
in spite of receptor supersensitivity because of the low
synaptic concentration of GABA.

Table 8. [3H] y-Aminobutyric Acid (GABA) and [3H]-Baclofen
Binding in the Cerebellum of 3-Week Old Rat

Experimental Pyridoxine-
Group Control deficient

13H]GABA bindings
Bmax , fmol/mg protein 961 ± 58 1728 + 62b

Kd, nM 10.01 ± 0.63 10.82 ± 0.83

[3H]Baclofen bindings
b

Bmax,
fmo l /mg protein 2.18 ± 0.13 3.52 ± 0.20

Kd, nM 66.67 + 7.74 73.73 + 9.25

aMeans + S .E.M. were determined from 8 separate experiments
each assayed in triplicate.
bP<0.001 with respect to control.

HYPOTHALAMIC-PITUITARY-THYROID AXIS

The nature of the defect in myel ination in the pyridox-
ine-deficient rat closely parallels that seen in the hypo-
thyroid animal. The central regulation of thyroid hormone
secretion by monoam i ne neurotr ansm itters through the by po-
th a l am i c-p i to i tary pathway has been documented by many In-
vestigators (32-35). It 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 established by Smythe et
al. (37). In the pyridoxine-deficient animal we have an
animal model in which various areas of the brain have de-
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creased serotonin content with no change in the catechol-
amines

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

Table 9. Pyridoxal 51-phosphate,.Serotonin, Dopamine and

Noradrenaline Contents in Control and Pyridoxine-
Deficient Rat Hypothalamus

Animal
Status

Supplemented
(Control)

Pyridoxine-
Deficient

Py r i doxa l 51-
phosphate, nmol/g 2.71 ± 0.19 1.17 ± 0.07 a

Serotonin, nmol/g 1 .70 ± 0.20 1.00 ± 0.27b

Dopamine , nmol/g 1.18 ± 0.07 1.25 ± 0.10

Noradrenaline , nmol/g 2 .17 ± 0.09 2.01 ± 0.10

Mean ± S . EbM. of 8 separate determinations in each group.
a 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
thyroid status of pyridoxine-deficient rats was compared
with those of pair-weighed pyridoxine-supplemented controls
and ad libitum fed normal controls. The concentrations of
serum thyroid hormones (T3 and T4) of deficient rat pups
were significantly lower in comparison with both pyridoxine-
supplemented controls. There was no significant change from
normal in the concentration of TSH in the serum of the defi-
cient rats. However, pups in the deficient group had a sig-
nificantly lower concentraton of pituitary TSH expressed per
mg protein or per pituitary (Table 10). Daily intraperiton-
eal injection of thyrotropin-releasing hormone for one week
to the deficient rats resulted in an increase in pituitary
TSH concentration comparable to that seen in normal con-
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s trots. The fine structure of thyroid fol licular cells from
pyridoxine-deficient rats was simi lar 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 thyroglobul in. Thyrotroph cel Is from the
pituitary 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 deficient rats. These results are interpreted to
indicate a hypothyroid condition of hypothalamic origin in
the deficient rat, contributed by the decreased serotonergic
neurotransmission.

Table 10 . Serum Thyroxine (T4), Tri- lodothyronine (T3),
Thyroid Stimulating Hormone (TSH) and Pituitary
TSH i n Normal, Control and Pyridoxine -Deficient
3-Week Old Rat

Normal
(Group 1 )

87.52±3.76
(19)

1 .54±0.07
(20)

Serum TSH 2.63±0.15
(ug/I) (16)

Pituitary TSH 6.00±0.38
(ug/mg protein) (17)

Pituitary TSH 2.12±0.15
(u9/pituitary) (17)

Control
(Group 2)

82.98±1.88
(40)

1.40±0.06
(42)

2.75±0.16
(22)

8.21±0.39b
(41)

1 .80±0.12
(41)

Pyridoxine
Deficient
(Group 3)

58.39±2.66a
(41)

0.98+0.03a
(41)

2.45±0.18
(15)

4.68±0.32a
(38)

1 .05±0.05a
(38)

a P<0.01 compared with group 1 and 2, respectively.
b P<0.05 compared with group 1 (Duncan's multiple 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

(38). The interaction between serotonergic and noradrener-
gic neurotransmissions has been suggested In various stu-
dies. Studies with 5-hydroxytryptophan and serotonin also
indicate a depressor response for central serotonergic
transmission (39). It is 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 GAB Aergic transmission has
hypotensive effects (40-42). Endocrine abnormalities have
been Iinked with development 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). In view of the pro-
nounced hypothyroidism in pyridoxine-deficient rats, we ex-
amined arterial blood pressure in 12 week-old pyridoxine-
deficient rats and compared them with ad Iibitum fed as well
as pair-weighed pyridoxine-supplemented rats. There was a
considerable degree of hypertension in the deficient rats.
This was reversed by treatment of deficient rats with pyri-
doxine (Table 11). The hypertension of deficient rats was not
related to the generalized malnutrition and more likely was
related to the hypothyroid state of these animals.

The clinical effects of pyridoxine deficiency as they
pertain to nervous system function can be explained on the
basis of decreases in the activities of three enzymes (glu-
tamic acid decarboxylase, 5-hydroxytryptophan decarboxylase
and ornithine decarboxylase). The effects of the deficiency
are quite devastating in the growing animal during the crit-
ical period in the development of the nervous system. Defi-
ciency during the last week of gestation in the rat results in
pups that cannot thrive for more than two or three weeks.
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 decarboxylase might be responsible for
the impairment in protein synthesis. In addition, the

decreases in specific neurotransmitters - GABA and serotonin -
impair the normal neuroendocrine regulation. The hypothy-
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road 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 deficiency is induced in the adult rat, the
effects on the syntheses of neurotransmitters and their
consequences are quite significant. The hypothyroid status of
these animals and the consequent hypertension indicates the
effect of compromised serotonergic and GAB Aergic
neurotransmission on the hypothalamic-pituitary- thyroid axis.

Table 11. Systolic Blood Pressure in Experimental Groups

Group Animal Weight
Systolic

Blood Pressure
No. Status (g) (mm Hg)

1 Pyridoxine-supplemented 472 ± 25 143 + 7

2

(ad libitum fed; n=10)

Pyridoxine-supplemented 146 ± 9 110 + 3

3

(pair weighed; n=6)

Pyridoxine-deficient 149 + 15 185 + 13

4

(ad libitum fed; n=15)

Pyridoxine-deficient rats 172 ± 20 157 ± 11

5

fed pyridoxine-supplemented
diet for 3 days (n=6)

Pyridoxine-deficient rats 220 ± 31 149 + 8
fed pyridoxine-supplemented
diet for 6 days following
10 mg pyridoxine i.p. (n=6)

ACKNOWLEDGMENT

This work has been supported by the Medical Research
Council of Canada.



118 / Dakshinamurti, Paulose, and Siow

REFERENCES

1. Dakshinamurti K (1982). Neurobiology of pyridoxine.
In: Advances in Nutritional Research, Vol 4, (Draper
HH, ed), NY: Plenum Press, pp 143-179.

2. Dakshinamurti K, Stephens MC (1969). Pyridoxine def i-
ciency in the neonatal rat. J Neurochem 16:1515-1522.

3. Gruenwald P (1963). Chronic fetal distress and placen-
tal insufficiency. Biol Neonat (Basel) 5:215-265.

4. Stephens MC, Hav i icek V, Dakshinamurti K (1971). Pyri-
doxine deficiency and development of the central
nervous system in the rat. J Neurochem 18:2407-2416.

5. Bhuvaneswaran C, Dakshinamurti K (1972). Oxidative
phosphory l ation by pyridoxine deficient rat brain
mitochondria. J Neurochem 19:149-156.

6 . DeBel l eroche JS, Bradford HF (1973). Amino acids I n
synaptic vesicles from mammal !an cerebral cortex: A
reappraisal. J Neurochem 21: 441-451.

7 . Sturman JA, Rassi n DK, GauI I GE ( 1978) . Taurine i n the
development of the central nervous system. In: Taurine
and Neurological Disorders, (Barbeau A, Huxtable RJ,
eds), NY: Raven Press, pp 49-71.

8. Krenjevic K, Puil E (1976). Electrophysiological stu-
dies on action of taur i ne. In: Taur i ne, (Huxtab l e RJ,
Barbeau A, eds), NY: Raven Press, pp 179-190.

9. Phi I i i s JW (1978). Overview of neurochemical and neu-
rophysiological actions of taurine. In: Taurine and
Neurological Disorders, (Barbeau A, Huxtable RJ, eds),
NY: Raven Press, pp 289-303.

10. Van Gel der NM (1978). Taurine, the compartmental !zed
metabolism of glutamic acid and the epilepsies. Can J
Physiol Pharmacol 56:362-374.

11. Mandel P, Pasantes-Morales H (1978). Taurine In the
nervous system. Rev Neurosci 3:158-193.

12. Braun P, SneII E (1968). Biosynthesis of sphingolipid
bases. II Keto-intermediates in synthesis of sphingos-
ine and dihydrosphingosine by cell-free extracts of
Hansenula Ciferri. J Biol Chem 243:3775-3783.

1 3 . Dakshinamurti K, Stephens MC ( 1 9 7 1 ). M y e l i n l i p i d s i n
pyridoxine deficiency. In: Proceedings, III
International Meeting, Budapest, International Society
for Neurochemistry, p 347.

14. Stephens MC, Dakshinamurti K (1975). Brain lipids in
pyridoxine-deficient young rats. Neurobiology
5:262-269.

15. Dakshinamurti K, Stephens MC, Mokash i S (1973). Cere-



Neurobiology / 119

brat fatty acids in pyridoxine-deficient young rats.
In: Proceedings, IV International Meeting, Tokyo,
International Society for Neurochemistry, p 423.

16. Stephens MC, Dakshinamurti K ( 1976) . Gal actol i p i d f at-
ty acids I n brain of pyridoxine-deficient young rats.
Exp Brain Res 25:465-468.

1 7. Ch auh an MS, Daksh i namurti K ( 1977) . The i n vitro elon-
gation of fatty acy i coenzyme A by rat brain sub-ceI I u-
lar fractions. In: Proceedings, VI International Meet-
ing, Copenhagen, International Society for Neuro-
chemistry, p 495.

18. Chauhan MS, Dakshinamurti K (1979). The elongation of
fatty acids by m i crosomes and m itochondria from normal
and pyridoxine-deficient rat brain. Exp Brain Res
36:265-273.

19. Moore DM, Kirksey A (1978). The effect of a dietary
deficiency of vitamin B6 on the specific activity
of 2',3'-cyclic nucleotide 3'-phosphohydrol ase of
neonatal rat brain. Brain Res 146:200-204.

20. Dakshinamurti K, LeBlancq WD, Herchl R, Havlicek V
(1976). Nonparallel changes in brain monoamines of
pyridoxine-deficient growing rats. Exp Brain Res
26:355-366.

21. Shoemaker WJ, Wurtman RJ (1971). Peri natal undernutri-
tion: Accumulation of catecholamines in rat brain.
Science 171:1017-1019.

22. Lovenberg W, Wei ssbach H, Udenfriend S (1962). Aroma-
tic L-aminoacid decarboxylase. J Biol Chem 237:89-93.

23. Christenson JG, Dairman W, Udenfriend S (1972). On the
identity of DOPA decarboxylase and 5-hydroxytryptophan
decarboxy I ase. Proc Natl Acad Sci USA 69:343-347.

24. Sims KL, Davis GA, Bloom FE (1973). Activities of 3,4-
di hydroxy-L-pheny I al ani ne and 5-hydroxy-L-tryptophan
decarboxylase in rat brain: assay characteristics and
distribution. J Neurochem 20:449-464.

25. Myers RD (1975). Impairment of thermoregulation, food
and water intake i n the rat after hypothalamic
injection of 5,6-dihydroxytryptamine. Brain Res
94:491-506.

26. TunniclIf f G, Wimer RE, Roberts E (1972). Pyridoxine
dietary levels and open field activity in inbred mice.
Brain Res 42:234-238.

27. Jouvet M (1972). The role of monoam i nes and acety l-
choline containing neurons in the regulation of
sleep-waking cycle. Ergeb Phy s i of 64:166-307.

28. Kilanmaa K, Fuxe K (1977). The effects of 5,7-dihydr-



120 / Dakshinamurti, Paulose, and Siow

oxy tryptamine- induced lesions of the ascending
5-hydroxytryptam i ne pathway on the sleep-wakefulness
cycle. Brain Res 131:287-301.

29. Bloom FE, Siggins GR, Henriksen SJ (1981). Electro-
physiological assessment of receptor changes fol lowing
chronic drug treatment. Fed Proc 40:166-172.

30. Dakshinamurti K, Pau l ose CS (1983). Consequences of
decreased brain serotonin in the pyridoxine-deficient
young rat. Prog Neuropsychopharmacol Biol Psychiat
7:743-746.

3 1. DeFeud i s FV (1977). GABA-receptors i n the vertebrate
nervous system. Prog Neurobiol 9:123-145.

32. D i Renz o GF, Quatterone A, Sch etti n i G, Prez i os i P
(1979).

Effect of selective lesioning of serotonin-containing
neurons on the TSH-inhibiting action of d-fenfluramine
in male rats. Life Scl 24:489-494.

33. Chen YF, Ramirez VD (1981). Serotonin stimulates
thyrotropin-releasing hormone release from superfused
rat hypoth al am i . Endocrinology 108:2359-2366.

34. Dupont A, Dussault JH, Rou l eau D, Di Pau l o T, Cou l ombe
P, Gagne B, Merand Y, Moore S, Barden N (1981). Effect
of neonatal thyroid deficiency on the catecholamine,
substance P and thyrotropin-releasing hormone contents
of discrete rat brain nuclei. Endocrinology
108:2039-2045.

35. Morley JE, Brammer GL, Sharp B, Yamada T, Tuw i l er A,
Hershman JM (1981). Neurotransmitter control of
hypothalamic-pituitary-thyroid function in rats. Eur J
Ph arm aco l 70:263-271.

36. Krulich L (1979). Central neurotransmitters and the
secretion of prolactin, GH, LH and TSH. Ann Rev
Physiol 41:603-615.

37. Smythe GA, Bradshaw JE, Cal WY, Symone RG (1982).
Hypothalamic serotoninergic stimulation of thyrotropin
secretion and related brain-hormone and drug
interactions in rat. Endocrinology 111:1181-1191.

38. Buccafusco J J, Brez enof f HE (1977). Mechanisms Invol-
ved in the cardiovascular response to intracerebroven-
tr i cu l ar injection of noradrena l i ne and ph ento l amine.
Neuropharmacology 16:775-780.

39. Baum T, Shropshire AT (1975). Inhibition of efferent
sympathetic nerve activity by 5-hydroxytryptophan and
centrally administered 5-hydroxy tryptamine.
Neuropharmacology 14:227-233.

40. Persson B (1980). GABAergic mechanisms in blood pres-



42. Willette RN, Barcass PP, Krieger AJ, Sapru HN (1984).
Endogenous GABAerg i s mechanisms I n the medul la and the
regulation of blood pressure. J Pharmacol Exp Therap
230:34-39.

43. Saito I, Ito K, Saruta T (1983). Hypothyroidism as a
cause of hypertension. Hypertension 5:112-115.

44. Manhem P, Hal Iengren B, Hansson B-G (1984). Plasma
noradrenaline and blood pressure regulation in
hypothyroid patients: Effect of gradual thyroxine
treatment. Cl in Endocrinol 20:701-707.

Neurobiology / 121

sure control. Acta Physiol Scand (Suppl) 491:1-54.
Baum T, Becker FT (1983). Suppression of a
somatosympathetic reflex by the y-am inobutyric acid
agonist muscimol and by clonidine. J Cardlovasc
Pharmacol 3:121-124.


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23

