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Summary. Treatment of normal adult rats with
pyridoxine or a B-vitamin mixture resembling
Neurobion®! led to an increase in serotonin con-
tent of various brain areas and to a decrease in
the number of serotonin S, receptors. The results
indicate that the pyridoxal phosphate level in re-
gions of the brain regulates the extent of decarbox-
ylation of 5-hydroxytryptophan, the precursor of
serotonin. The results also suggest a continuum
from deficiency in pyridoxine to treatment of ani-
mals with a moderate excess of pyridoxine which
is reflected in the synthesis and secretion into the
synaptic cleft of the neurotransmitter serotonin.
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Vitamins in the B group have been used clinically
along with antiinflammatory drugs in painful con-
ditions such as neuralgia or inflammation. Recent
animal work indicates that B-vitamin mixture
dose-dependently potentiates the antinociceptive
effect of diclofenac [1, 8]. The effect of a challenge
of the brain by either clonidine or morphine was
amplified after subacute treatment of rats with B
vitamins for 1 week. The mode of action of the
vitamin preparation (Neurobion) which includes
thiamin, pyridoxine and cyanocobalamin is not
clear. We have, however, studied the effect of pyri-
doxine alone which indicates that pyridoxine-defi-
cient rats exhibited reduced nociceptive threshold
as compared with pyridoxine-supplemented ani-
mals. Intraperitoneal administration of pyridoxine
to both pyridoxine-deficient and control (pyri-

! Neurobion®, Cascan GmbH & Co. KG, Wiesbaden, FRG

doxine-supplemented) rats resulted in significant
reduction in the thalamic ventro posterior nucleus
(VPL) nociceptive unit activity following electrical
stimulation of nociceptive afferents in the ipsilater-
al sciatic nerve, although this effect was much less
marked than that of morphine. A physiological
function has been indicated for substance-P (SP)
and serotonin (SHT) neurons of the dorsal raphe
magnus in inhibition of spinal pain transmission
involving postsynaptic receptors in the spinal cord
innervated by the bulbospinal SP and serotonergic
system [11]. The rationale for our investigation is
that pyridoxine influences serotonin synthesis.

Material and Methods

Sprague Dawley rats (150 +5 g body weight) were
given pyridoxine (100 mg/kg body weight) or a B-
vitamin mixture resembling the composition of
Neurobion (33.4 mg thiamin, 33.4 mg pyridoxine
and 0.34 mg cyanocobalamin per kg body weight)
in buffered saline intraperitoneally for 7 days.
Control rats received similar i.p. injections of the
vehicle only. The rats were killed 24 h after the
last pyridoxine administration. Various regions of
the brain were isolated according to Glowinski and
Iversen [7]. Tissues were frozen immediately and
stored at —70° C till they were used. Serotonin
was assayed using the HPLC method of Kilpar-
trick etal. [9]. Crude synaptic membranes from
the various brain regions were isolated as described
[12]. The kinetics of (3 H)-ketanserin binding were
assessed according to Leysen et al. [10]. The specif-
ic binding data were analysed according to Scat-
chard [13], using equalibrium binding data analysis
(EBDA) software, from which the binding parame-
ters, maximal binding (B,,,,) and dissociation con-
stant (Kd) were determined.
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Results

The treatment of normal adult rats with moderate
doses of pyridoxine or a B-vitamin mixture daily
for 7 days led to an increase in the serotonin con-
tent in various areas of the brain. Both the sero-
tonin content as well as the tissue response to pyri-
doxine treatment were heterogencous (Table 1). It
is to be noted that although the B-vitamin mixture
contained only one-third the pyridoxine content
of the “pyridoxine treatment”, it elicited the same
increase in the serotonin content in most brain re-
gions, suggesting the possibility that this lower lev-
el of pyridoxine already gave an optimal increase
in brain serotonin. An alternate possibility is a role

Table 1. Effect of pyridoxine or B-vitamin mixture treatment
on 5-HT in different rat brain regions

Serotonin
(nmole/g wet tissue)

Brain regions

Cerebral cortex

Control 1.97+0.12
Pyridoxine 4.2540.32*
B-Vitamin mixture 42640.35*
Hippocampus

Control 4.05+0.16
Pyridoxine 7.32+0.21%
B-Vitamin mixture 5.034+0.18*
Thalamus

Control 3.21+0.14
Pyridoxine 5.15+0.29%
B-Vitamin mixture 4.1440.22%*
Hypothalamus

Control 3.27+0.12
Pyridoxine 3.68+0.16*
B-Vitamin mixture 4.1540.18%*
Brain stem

Control 3.00+0.15
Pyridoxine 4.414+0.17*
B-Vitamin mixture 41640.15*
Cerebellum

Control 0.84+0.15
Pyridoxine 1.80+0.18*
B-Vitamin mixture 1.814+0.23*
Spinal cord

Control 1.13+0.07
Pyridoxine 1.334+0.08%*
B-Vitamin mixture 1.334+0.07*

Data are mean+SEM, obtained from eight separate animals
in each group

* P<0.05 (i) controls (saline injected), (ii) pyridoxine treated
(100 mg/kg i.p. for 7 days), and (iii) B-vitamin mixture treated
(33.4 mg thiamin, 33.4 mg pyridoxine and 0.34 mg cyanocoba-
lamin per kg i.p. for 7 days)
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for other components of the B-vitamin mixture in
increasing brain serotonin. Serotonin S, receptor
numbers of various brain areas were significantly
lower in the animals treated with pyridoxine or
the B-vitamin mixture (Table 2), indicating that
the tissue serotonin content reflects the intrasyn-
aptic concentration of the neurotransmitter. Thus,
treatment of rats with moderate doses of pyridox-
ine results in an increment in brain serotonin indi-
cating that the tissue SHTP-decarboxylation re-
sponds to the pyridoxine status of the animal.

We have also examined the serotonin content
and the serotonin S, receptor number in synapto-
somal membrane preparations from the cerebral
cortex of 3-week-old rats. Their pyridoxine status
ranged from deficiency to moderate excess. There
were four groups: (1) normal controls on ad libi-
tum commercial pellet diet; (2) controls receiving
pyridoxine (10 mg/kg body weight, i.p. daily for
7 days); (3) pyridoxine-deficient rats (dams were
fed a pyridoxine-deficient diet during the lactation
period); and (4) pyridoxine-deficient rats given

Table 2. Effect of pyridoxine and B-vitamin mixture treatment
on 5-HT, receptor binding in different rat brain regions

Biax Kd (nM)
(f mole/mg protein)

Cerebral cortex

Control 2234135 0.43-+0.09
Pyridoxine 150+15.7* 0.46+0.07
B-Vitamin mixture 1604+-17.1% 0.49+0.05
Thalamus
Control 221+17.5 0.734+0.03
Pyridoxine 1754+ 8.6 0.70+0.05
B-Vitamin mixture 196+12.1 0.744+0.06
Hypothalamus
Control 220+ 9.7 0.75+0.05
Pyridoxine 170+ 7.5% 0.76+0.05
B-Vitamin mixture 188410.5 0.78+0.07
Brain stem
Control 1574+ 8.0 0.944-0.03
Pyridoxine 1224+11.0* 0.9340.06
B-Vitamin mixture 130+ 5.0* 0.93+0.31
Spinal cord
Control 230+ 7.5 0.70+0.08
Pyridoxine 165+ 8.5* 0.76+0.09
" B-Vitamin mixture 180+ 11.6* 0.78+0.08

Data are mean+ SEM, determined from eight separate experi-
ments each assayed in triplicate

* P<0.05 with respect to control

B,... values were significantly reduced in pyridoxine or B-vita-
min mixture treated animals. Xd for a particular brain tissue

remained constant. For treatment see Table 1
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Table 3. Correlation between 5-HT and the B, of *H-ketan-
serin binding to 5-HT, receptors in the cerebral cortex

Experimental group 5-HT B, of
(nmole/g 3H-ketanserin
wet weight)  (fmole/mg)

tissue protein)

Normal 1.1240.13 217418
Normal

(Treated with pyridoxine 1.85+0.12%  150+16%*
for 1 week)

Pyridoxine-deficient 0.61+0.19 306+ 21
Pyridoxine-deficient 1.08+0.15* 176+11%*

(Treated with pyridoxine
for 1 week)

Data are mean+ SEM, obtained from eight separate animals
in each group

* P<0.05 with respect to normal and pyridoxine-deficient re-
spectively (pyridoxine dose, 10 mg/kg i.p. for 7 days)

pyridoxine (10 mg/kg body weight, i.p. daily for
the last 7 days). The serotonin content of the cere-
bral cortex and the B,_,, of serotonin S, receptor
were determined as described. The results given
in Table 3 indicate that pyridoxine deficiency in
the pups results in low serotonin levels as com-
pared with normal controls or the deficient pups
treated with pyridoxine. Treatment of normal pups
with pyridoxine resulted in an augmentation of the
serotonin content of cerebral cortex. That the sero-
tonin levels reflect their intrasynaptic release is in-
dicated by the response of the B,,, of serotonin
S, receptor binding to its ligand. The results indi-
cate that the pyridoxal phosphate level in regions
of the brain regulates the extent of decarboxylation
of the SHTP, the precursor of serotonin.

Discussion

The crucial role played by pyridoxine in the ner-
vous system is evident from the fact that the puta-
tive neurotransmitters dopamine (DA), norepine-
pherin (NE), serotonin (SHT), gamma-amino bu-
tyric acid (GABA) and taurine are the products
of pyridoxal phosphate (PLP)-dependent enzy-
matic decarboxylation [4, 6]. There is considerable
variation in the affinities of the various apodecar-
boxylases for PLP which explains the observed dif-
ferential susceptibility of various PLP enzymes to
decrease during progression of pyridoxine defi-
ciency. The synthesis of DA and 5HT is generally
considered to be catalyzed by the enzyme aromatic
amino acid decarboxylase (EC 4.1.1.28) which
lacks substrate specificity. If this decarboxylase
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were a single protein entity, one would expect par-
allel decreases of the catecholamines and 5-HT in
the tissues of pyridoxine-deficient animals. We
have reported [2] nonparallel changes in brain
monamines in pyridoxine deficiency. Only 5HT
was decreased whereas DA and NE were not af-
fected in pyridoxine deficiency. This is in keeping
with the higher affinity of dihydroxyphenylalanine
(DOPA) decarboxylase as compared with 5-hy-
droxytryptophan (5-HTP) decarboxylase for PLP
[14]. The decrease in serotonin in pyridoxine defi-
ciency is functionally significant, affecting deep
body temperature and sleep [4]. The decrease in
hypothalamic SHT in pyridoxine-deficient rats af-
fects the hypothalamopituitary-end organ axes [3,
5, 6]. A similar decrease in SHT in the pineal re-
sults in decreased melatonin synthesis and pineal
function [15]. That the decrease in serotonin in pyr-
idoxine-deficient rats is neuronal in location is in-
dicated by the fact that there was a significant in-
crease in the B, of serotonin S, and S, receptors
in crude synaptic membrane preparations from ce-
rebral cortex of deficient rats [12].

From this neurochemical basis, we suggest that
chronic administration of pyridoxine produces an
¢ffect on neurotransmitters which is on the other
side of the spectrum as compared with pyridoxine
deficiency. The neurotransmitter profile resulting
from treatment with pyridoxine is duplicated by
similar treatment of the animal with a B-vitamin
mixture containing pyridoxine, thiamin and vita-
min B,,. Our results suggest that there is a contin-
uum from deficiency in pyridoxine to treatment
of animals with a moderate excess of pyridoxine
which is reflected in the synthesis and secretion
into the synaptic cleft of the neurotransmitter sero-
tonin.
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