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Abstract: The aim of this study was to investigate whether excess of vitamin B6 leads to ultrastructural changes in cerebral
cortex of forty-eight healthy albino rats which were included in the study. Saline solution was injected to to the control groups
(CG-10, n=12 for 10 days; CG-15, n=12 for 15 days; CG-20, n=12 for 20 days). The three experimental groups (EG-10, n=12;
EG-15, n=12; EG-20, n=12) were treated with 5 mg/kg vitamin B6 daily for 10 days (EG-10), 15 days (EG-15) and 20 days
(EG-20). Brain tissues were prepared by glutaraldehyde-osmium tetroxide double fixation for ultrastructural analysis. No
significant changes were observed in the control groups. The ultrastructural analysis revealed that the numbers of damaged
mitochondria, lipofuscin granules and vacuoles were significantly higher in all the experimental groups than in the control
groups (p<0.05). However, synaptic density was significantly decreased in the experimental groups as compared to the control
groups (p<0.05). The results suggest that the excess of vitamin B6 intake causes damage to the cerebral cortex due to cellular
intoxication and decreased synaptic density. Thus, careful attention should be paid to the time and dose of vitamin B6
recommended for patients who are supplemented with this vitamin. 
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Introduction

It has been known that malnutrition causes developmen-
tal impairments in the central nervous system (CNS).
Due to nutritional deficiencies in basic elements, cellular
differentiation can not be completed. Cognitive dysfunc-
tion due to deficiency of some nutritive factors has been
reported; including pellagra syndrome and depression,
irritability, confusion and disorientation resulting from
niacin deficiency, and Wernicke-Korsakoff syndrome
resulting from thiamine deficiency. It has been reported
that vitamin B6 deficiency negatively affects brain de-
velopment in rodents [26, 34], and causes changes in
memory efficiency in rats [8, 18, 19]. 

Although the effects of malnutrition on CNS are well
documented [26, 31], discussion on the basic mechan-
isms still continues [7, 12, 14, 25, 29, 33]. Neocortex
cells showed ultrastructural abnormalities due to vit-

amin B6 deficiency [27]. Moreover, there is evidence for
accelerated aging of neurons. Partial dendritic loss of
neurons and dysfunctions of the immune system are
related to malnutrition status [5]. The structural changes
associated with maternal vitamin B6 deficiency have
been reported in developing brain regions. Vitamin B6

restriction during pregnancy periods has been suggested
as a risk factor for synaptogenesis and neural differen-
tiation [16, 17].

Previous studies indicated metabolic effects of high
dietary intake of B6 and revealed substrate-cofactor in-
teraction between dietary histidine or tryptophan and B6.
Therefore, pyridoxine caused a clear interaction be-
tween substrate and coenzyme. The precursors influence
brain metabolism of histamine and serotonin [23].
Growing evidence shows that the putative monoamine
neurotransmitters, such as dopamine (DA), norepine-
phrine (NE), serotonin (5-HT) and gamma-aminobu-
tyric acid (GABA) are formed through decarboxylation
of precursor amino-acid derivatives. Pyridoxine plays
an important role in the metabolism of neurotransmit-
ters in the nervous system as a crucial enzymatic co-fac-
tor [20, 29].

Correspondence: R. Demir, Dept. Histology and Embryology, Fa-
culty of Medicine, Akdeniz University, 07070 Campus, Antalya,
Turkey; e-mail: rdemir@akdeniz.edu.tr



Experiments on excess of vitamin B6 have been in-
adequate up to now. Many studies dealing with admin-
istration of different daily doses of excess vitamin B6

have suggested that the excess of this vitamin affects the
brain and serum concentrations of some amino acids and
cortical serotonin receptors [3, 4, 24, 25, 30]. In a study
of Xu et al. [37], it was shown that excess vitamin B6

caused a neuropathy with necrosis of dorsal root gan-
glion sensory neurons, which was accompanied by the
breakdown of peripheral and sensory axons. Moreover,
it has been suggested that excess vitamin B6 causes
altered startle behavior in rats due to changes in the
central nervous system [28].

The limited number of studies [3, 4, 8, 28, 29] on high
dose vitamin B6 administration led us to investigate the
effects of excess vitamin B6 on the fine structure of
blood-brain barrier and brain cortex cells. Therefore, the
aim of this study was to investigate whether high dose
vitamin B6 affects the ultrastructure of the brain motor
cortex neurons, and to compare the control and ex-
perimental groups in a time-dependent manner.

Materials and methods

Experiments. The study protocol was approved by the Akdeniz
University Animal Care Center. Since there is a difference in
nerve conduction velocity between males and females [9] we only
used healthy male albino rats; obtained from the animal care
center of Medical Faculty of Akdeniz University. Animals were
housed in groups, 4 rats per group, in stainless steel cages under
standard condition (24±2˚C and 50±5% humidity) with a 12 h
light-dark cycle [22]. Twelve rats were used for each of three control
groups (CG-10, CG-15, CG-20; total=36) and for each of three
experimental groups (EG-10, EG-15, EG-20, total=36). Thus, 72
Swiss Albino rats weighing 200-250 g were used for the study. The
National Research Council (NRC) recommends a dose of 7 mg/kg
diet for vitamin B6, dissolved in physiological saline solution but
higher doses were administered in previous studies [28-30]. The 5
mg/kg daily dose chosen in this study is similar to that applied in
previous studies [2, 32]. Vitamin B6 at a dose of 5 mg/kg/day was
injected intraperitoneally to the experimental groups (EG-10,
EG-15 and EG-20 for 10, 15 and 20 days, respectively). Physio-
logical saline solution was injected for 10, 15 and 20 days to the
control groups, CG-10, CG-15, CG-20, respectively. Treatments
of all groups, including daily doses and time periods are sum-
marized in Table 1.

Ultrastructural analysis. Following cardiac puncture, the aorta was
catheterized and the central nervous system was perfused with phos-
phate buffered 2.5% glutaraldehyde (pH 7.4; 0.08 M). The glutaral-
dehyde-osmium tetroxide double fixation method was applied [1] in
order to examine the perfused tissue samples using transmission
electron microscopy (TEM). The tissue samples were fixed in 1%
osmium tetroxide solution, prepared in phosphate buffered (pH 7.4)
isotonic solution at 4˚C for one hour. Following dehydration they
were embedded in Vestopal. The semithin (1 µm) and thin sections
(40-60 nm) were cut by an LKB III ultramicrotome. Thin sections
were contrasted with uranyl acetate (5 g uranyl acetate in 100 ml
methanol) and Reynolds’s lead citrate solution (1.76 g sodium
citrate, 1.33 g lead nitrate, 50 ml distilled water and 8 ml NaOH)
[10]. Semithin sections were stained with toluidine blue. The thin
sections were examined under JEM 100 C and Leo 906 electron
microscopes.

Quantitative analysis. For evaluation of the fine structure of cere-
bral cortex cells, transmission electron microscopic (TEM) micro-
graphs were standardized under the same magnification (×2,500).
Thirty-two electron micrographs (8 from CGs and from each EGs)
were randomly selected, and evaluated for; (1) total numbers of
perikaryons (26 pyramidal neurons from CG and from each EGs;
total: for CG = 26; for EGs=78) and their subcellular components:
(2) damaged mitochondria, (3) lipofuscin pigment granules, (4)
unmyelinated axon sections, (5) vacuoles in neuropil, and (6) synap-
ses in neuropil. Following the quantification, the electron micro-
graphs were arranged according to experimental groups,
respectively. The quantification method was applied according to our
recent detailed publication [11].

Statistical analysis. The results of ultrastructural scoring were nor-
mally distributed (as tested by Kolmogorov-Smirnov test) through-
out the experiment days. Analysis of variance (ANOVA) and the
Tukey test were carried out for statistical analysis and pairwise
multiple comparisons. Statistical calculations were performed using
Sigmastat for Windows, version 2.0 (Jandel Scientific Corporation,
San Rafael, CA, USA).

Results

By light microscopy, no significant differences were
detected between groups CG-10, CG-15 and CG-20
when they were compared to each other. The morpho-
logical appearance of perikaryons and processes of the
neurons in the cortical layers of motor areas of the brain
were histologically normal. Electron microscopy re-
vealed changes in the vitamin B6-treated groups.

Control group

The architecture of nerve cells and fibers inthe motor
cortex in the control group was normal. There were no
abnormalities either in the perikaryons, axons and den-
dritic processes or in the neuropil with a very high
synaptic density (Fig. 1a). All cell components were
clearly visible. Euchromatic nucleus, active Golgi com-
plex, and most Nissl bodies with granular endoplasmic
reticulum cisternae (GER) were widespread as seen in
the normal structure (Fig. 1a). The ultrastructure of the
barrier between vessels and brain tissue was also in
normal condition. Myelinated and unmyelinated axons

Table 1. Treatments of control (CG) and experimental (EG) groups
of rats

Group 
Treatment 
duration 

(days)
Daily i.p. injection

EG-10 (n=12) 10 5 mg/kg vitamin B6

CG-10 (n=12) 10 5 mg/kg 0.9% NaCl

EG-15 (n=12) 15 5 mg/kg vitamin B6

CG-15 (n=12) 15 5 mg/kg 0.9% NaCl

EG-20 (n=12) 20 5 mg/kg vitamin B6

CG-20 (n=12) 20 5 mg/kg 0.9% NaCl
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and dendritic structures with many synaptic contacts
were observed. Moreover, no cellular and/or neuropil
damage was observed in perivascular areas (Fig. 1b).

Experimental group-10 (EG-10; 
5 mg/kg vitamin B6 administered for 10 days)

Neuron structure was generally normal. The most signi-
ficant morphological features were the activity of nucle-
oli and nuclear shape deformation. Moreover, increased
cytoplasmic density and vacuolization, dilated Golgi
complex and partial loss of cristae in some mitochondria
were observed (Fig. 2). Astrocytic projections had vari-
ous dimensions and shapes. Interestingly , the unmyeli-
nated axon sections showed smooth surfaced vesicles
and vacuoles of different size and shape (Fig. 2). How-
ever, the myelinated axons were normal, with many
synapses.

Experimental group-15 (EG-15; 
5 mg/kg vitamin B6 administered for 15 days)

In this group, the ultrastructural modifications were
more evident in the motor cortex when compared to

those observed in EG-10. Neuronal and neuropil damage
was a general feature in this experimental group. Shrun-
ken heterochromatic nuclei with electron dense nucleo-
plasm and irregular nucleoli were observed. The
structural abnormalities of the cytoplasm included ir-
regular surfaces with cytoplasmic fragments, and dam-
aged cell organelles (Fig. 3a). Excessive dilatation of the
Golgi complexes and the presence of lipofuscin pigment
granules as well as multivesicular bodies around Golgi
complex regions were noticeable. The most interesting
ultrastructural findings in this group were an increased
degree of mitochondrial damage and excessively increased
lipofuscin pigment granules in the neuroplasm (Fig. 3b).
Although not widespread, local loosening of myelin
sheaths was observed. Neuropil structures showed struc-
tural damage, atrophy of cellular processes, loosening of
neuropil tissue architecture with many vacuoles, edema-
tous areas and very rare synaptic junctions (Fig. 3b).

Experimental group-20 (EG-20; 5 mg/kg
vitamin B6 administered for 20 days)

The most prominent ultrastructural changes and tissue
damage were observed in this experimental group. De-

Fig. 1. (a) A perikaryon of pyrami-
dal neuron with axonal hillock and
euchromatic nucleus (N), and neur-
opil (NP) of rat from the control
group. Subcellular components of
perikaryon and neuropil with synap-
tic junctions (arrows) are clearly
seen. Granular endoplasmic reticu-
lum (GER), Golgi complex (G), mi-
tochondria (M), lipofuscin granules
(LPG), myelinated axon (A), and
synaptic junctions (arrows) are
shown. (b) The fine structure of
blood-brain barrier of rat from the
control group. Vascular lumen with
endothelium (E) and perivascular
membrane consisting of glial pro-
cesses and basement membrane
show normal organization. A peri-
karyon with euchromatic nucleus
(N) and neuropil with myelinated
and unmyelinated axons (A) are
also seen. × 6 500.
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Fig. 3. EG-15. Two pyramidal neu-
rons with axonal hillocks and astro-
cy te (As) are  seen  in th is
micrograph. (a) Cellular and neur-
opil damage is seen due to the effect
of high-dose vitamin B6 treatment;
heterochromatic nuclei (N) with nu-
cleoli (Nol) and electron dense cy-
toplasm with vacuoles, dilated
cisternae (arrows) and many dam-
aged cell organelles are seen. An
edematous area around the vessel
(V) can clearly be observed. (b)
This electron micrograph shows
typical neuronal and neuropil dam-
age after long-term high-dose vit-
amin B6 treatment. In neuropil,
many neuropil vacuoles (NV) and
edematous areas, very rare synaptic
junctions (arrows) and myelinated
as well as unmyelinated axons (A)
are seen. As - astrocyte. a: × 6500;
b: × 8500.

Fig. 2. EG-10. A perikaryon with
slightly deformed shape and hete-
rochromatic nucleus (N) including
very active nucleolus (Nol) is seen.
The cytoplasm contains dilated
Golgi complex (G), damaged mito-
chondria (DM), electron dense lipo-
fuscin pigment granules (LPG), and
widespread Nissl bodies. In neur-
opil, many vacuoles, very rare sy-
naptic points, and myelinated as
well as unmyelinated axon and den-
drite sections are seen. × 12500.
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formed pyramidal neuron structures with pycnotic nu-
clei showing lobulation and sometimes fragmentation,
as well as damaged cell organelles were frequently seen.
Increased numbers of vacuoles and vesicles, probably
due to damage to mitochondria and other cell organelles
in the perikaryons, excessive dilatation of the Golgi
complex, regional hyperplasia of granular endoplasmic
reticulum, frequently observed lysosomes, and lipofus-
cin pigment granules, were also significant findings
(Fig. 4). 

Mildly loosened neuropil with more vacuoles, multi-
lamellar and vesicular bodies were observed. In addition
to numerous edematous areas, the blood-brain barrier
was also damaged and vessel layers showed shrinkage
in all electron micrographs analyzed (Fig. 4). Under

higher magnification of the blood-brain barrier, the dam-
age in some areas of capillary endothelium and its basal
lamina was clearly seen (Fig. 5). Numerous unmiyeli-
nated axons with vacuolated and degenerated areas were
also observed in neuropil (Fig. 6).

Quantitative analysis

Electron micrographs from experimental groups (EGs)
and control groups (CGs) were evaluated quantitatively
(Table 2). The number of damaged mitochondria and
lipofuscin pigment granules in perikaryons of pyramidal
neurons, as well as the number of vacuoles in neuropil
were increased in parallel to vitamin B6 treatment time.
The number of synaptic contacts in neuropil was found

Fig. 5. EG-20. The damaged brain-
blood barrier. Fragment of the capil-
lary wall (Cap) with erythrocyte
(Er) is shown in the inset. Note dam-
aged capillary endothelium (E) and
the underlying basal lamina (Bl). ×
16500; inset × 33000.

Fig. 4. EG-20. A typical damaged
pyramidal neuron with irregular
shape and deformed axonal hillock
is seen in the cerebral cortex. Nu-
cleus (N) with peripherally located
nucleolus (Nol) shows lobulation
and fragmentation (arrows), charac-
teristic of nuclear pycnosis. Multila-
mellar and vesicular bodies in
electron dense cytoplasm contain-
ing damaged cell organelles and
electron dense lipofuscin pigment
granules (LPG) are seen. Note ede-
matous areas with large neuropil va-
cuoles (NV) localized around the
perikaryon, dispersed throughout
the neuropil, and around the vessel
(inset). × 6.500; inset × 8 .500.
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to be decreased when EGs were compared with controls
and with each other (P<0.05, EG-10 vs EG-20 and
EG-15 vs EG-20). Differences in these parameters were
statistically significant (P<0.05). However, the number
of unmyelinated axons in neuropil was similar in all the
EGs. All the parameters examined were significantly
altered in the EGs compared to the CGs, except for the
unmyelinated axons.

Discussion

Brain cortex consists of typical cellular and fibrillar
elements and specific extracellular matrix. The structu-
ral appearance of perikaryons and processes of the neu-
rons were histologically normal under light microscope.
Transmission electron microscopy revealed that some
pyramidal cells of the cerebral cortex showed partial to
nearly complete synaptic loss. These changes were more
typical for the experimental group receiving excess vit-
amin B6 intake for a long period (20 days) and, paradox-
ically, they are reminiscent of those resulting from
vitamin B6 deficiency in rats [27]. According to the
results of this study, ultrastructural changes observed in
the perikaryons and neuropil of animals treated with
excess vitamin B6 for short period were, however, less
pronounced than those observed in vitamin B6 defi-
ciency [17, 20, 21, 27].

It has been suggested that severe dendritic loss and
perikaryonal swelling at the apical and basal poles of the
affected pyramidal neurons do not influence the neigh-
boring neurons. In the excessive intake of vitamin B6

experiments, it has been observed that neurons with long

processes and large cytoplasmic volume were especially
affected and neuropil areas consisted of degenerated
mitochondria, lysosomes and abnormal neurofibrils
[37].

Under normal conditions, oral intake of vitamin B6 is
lower than recommended [29]. Particularly in elderly
people, it gradually decreases [13]. The experiments on
rats have demonstrated that dietary deficiency of vitamin
B6 causes very important morphological changes such
as dendrite loss, perikaryonal swelling, vacuolization of
dendrites, neuropil degeneration in cortical layers, glial
proliferation in the area of neuronal loss [35], and de-
creased number of Purkinje cells in the cerebellum [6,
21, 26]. Interestingly, we have observed similar changes
in the cerebral cortex in the experimental groups receiv-
ing excessive vitamin B6 doses, in a time-dependent
manner. On the other hand, Fairfield and Fletcher [15]
have suggested that neuropathic cases resulting from a
deficiency of vitamin B6 may be treated with vitamin B6

excess intake.
According to the results of this study, widespread

ultrastructural damage was observed in the pyramidal
neuron perikarya and in neuropil dendrites and axons. It
is well known that the development of the cerebral
cortex is a complex process consisting of cortical matur-
ation including cell proliferation, migration, maturation
and establishment of extracellular architecture for func-
tional processes. Increased mitochondrial damage, lipo-
fuscin pigment granules and vacuolization in neuropil,
demyelinization of axons, and decreased synaptic den-
sity may indicate that the motor cortex neurons were
affected by high dose treatment with vitamin B6 for long

Fig. 6. EG-20. Increased number of
unmyelinated axons (arrows) with
smooth surfaced vesicles or va-
cuoles are seen. Note dilatation of
Golgi apparatus (G) in the perika-
ryon and pycnotic nucleus (N). ×
12500.
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periods. Vitamin B6 plays an important role in both
neurogenesis and neuron longevity in the cerebral cor-
tex. Maternal restrictions in vitamin B6 reduce the num-
ber of dendrites of stellate neurons in layer II and of
pyramidal neurons in layer V of the neocortex [16, 17].

Dendritic processes establish the synapses that are
the contact points of the neurons. Thus, it is reasonable
to conclude that neural tissue with poor dendritic pro-
cesses would suffer from malfunction and loss of inter-
connections. In the present study, decreased number of
synaptic junctions was observed after high-dose vitamin
B6 treatment for an extended period; this could result
from disorientation of dendritic processes and might
affect the functional condition of synaptic fields. So,
would it be reasonable to expect an improvement in old
patients with vitamin B6 deficiency after treating them
with high doses of vitamin B6 for a limited period? Our
results suggest that the answer to this question is that
time of treatment and dose of vitamin B6 should be taken
into consideration when vitamin B6 supplementation is
given.

Previously, Schaeffer et al. [29, 30] used vitamin B6

with high dose daily intake and showed no neurotoxicity
depending on behavior action, but reported effects on
amino-acid concentration and on binding properties of
cortical serotonin receptor in brain tissue. 

The ultrastructural findings of this study suggest that
long-term administration of high-dose vitamin B6 is
likely to result in some biochemical imbalance at the
intracellular level, as manifested e.g. by mitochondrial
damage. Our findings such as partial loosening of the
neuropil, formation of smooth surfaced vesicular va-
cuoles in the unmyelinated axons, or severe dilatation of
Golgi apparatus in the perikaryon, may suggest alter-
ations in membrane permeability and imbalanced cyto-
physiology of the neurons.

In conclusion, excessive vitamin B6 administration
with increasing treatment periods is likely to damage
neurons and the neuropil structure of the motor cortex.
It seems that excess vitamin B6 is a double-edged sword.

Thus, a careful attention should be paid to the time and
dose of vitamin B6 recommended for patients under
supplementation. We believe that it is necessary to in-
vestigate the advantages and disadvantages of high-dose
vitamin B6 treatment at the biochemical and pharmaco-
logical levels, in order to extend our results.

Acknowledgments: The authors thank Arife Demirtop and Hakan
Er for their skilled technical assistance and Necati Sagiroglu for
excellent photography. We are grateful to Lynne Vigue and Dr. N.
Demir for critical reading of the manuscript. This study was sup-
ported in part by the Research Fund of Akdeniz University, Antalya,
Turkey.

References

[ 1] Acar G, Tanriover G, Demir N, Kayisl UA, Sati GL, Yaba A,
Idiman E, Demir R (2004) Ultrastructural and immunohisto-
chemical similarities of two distinct entities; multiple sclerosis
and hereditary motor sensory neuropathy. Acta Histochem 106:
363-371

[ 2] Aybak M, Sermet A, Ayyildiz MO, Karakilcik AZ (1995) Effect
of oral pyridoxine hydrochloride supplementation on arterial
blood pressure in patients with essential hypertension. Arznei-
mittelforschung 45: 1271-1273

[ 3] Bassler KH (1989) Use and abuse of high dosages of vitamin
B6. Int J Vit Nutr Res Suppl 30: 120-126

[ 4] Bender DA (1989) Vitamin B6 requirements and recommenda-
tions. Eur J Clin Nutr 43: 289-309

[ 5] Calder PC, Kew S (2002) The immune system: a target for
functional foods? Br J Nutr 88: 165-77

[ 6] Chang SJ, Kirksey A, Morre DM (1981) Effects of vitamin B-6
deficiency on morphological changes in dendritic trees of Pur-
kinje cells in developing cerebellum of rats. J Nutr 111: 848-857

[ 7] Dakshinamurti K, Sharma SK, Geiger JD (2003) Neuroprotective
actions of pyridoxine. Biochim Biophys Acta 1647: 225-229.

[ 8] Delorme CB, Lupien PJ (1976) The effect of a long-term excess
of pyridoxine on the fatty acid composition of the major phos-
pholipids in the rat. J Nutr 106: 976-984

[ 9] Demir N, Akkoyunlu G, Yargicoglu P, Agar A, Tanriover G,
Demir R (2003) Fiber structure of optic nerve in cadmium-ex-
posed diabetic rats: an ultrastructural study. Int J Neurosci 113:
323-337

[10] Demir R, Yilmazer S, Ozturk M, Ustunel I, Demir N, Korgun
ET, Akkoyunlu G (2001) Histologic Staining Techniques (in
Turkish). Palme Yayincilik, Ankara

Table 2. Quantitative analysis of selected structures in pyramidal neurons and neuropil of control and vitamin B6-treated rats

Groups 
Pyramidal neurons Neuropil

DM (M±SE) 
per neuron

LPG (M±SE)
per neuron

UMA (M±SE)
per micrograph

NV (M±SE) 
per micrograph

S (M±SE) 
per micrograph

CG 2.96±0.35 2.54±0.28 5.12±0.72 8.25±0.77 86.37±3.07

EG-10 13.12±0.77* 20.35±0.76* 3.62±1.87 42.62±1.61* 58.12±2.06*

EG-15 23.08±0.83* 20.19±0.90* 3.75±0.62 46.37±2.04* 41.12±1.99*

EG-20 30.15±1.02* 20.61±0.77* 4.37±1.22 50.62±1.90* 29.50±1.13**

Eight electron micrographs containing 26 pyramidal nerve cells were evaluated for control group (CG) and for each experimental group
(EG). Distribution and mean numbers of damaged mitochondria (DM), lipofuscin pigment granules (LFG) in pyramidal neurons, and numbers
of unmyelinated axon (UMA), neuropil vacuoles (NV) and synapses (S) in neuropil of cerebral cortex according to EGs injected with high
dose vitamin B6. *P<0.05 compared to CG, **P<0.05 compared with CG, EG-10 and EG-15.

Effect of vitamin B6 on ultrastructure of cerebral cortex           149



[11] Demir R, Kayisli UA, Korgun ET, Demir-Weusten AY, Arici
A (2002) Structural differentiation of the human uterine luminal
and glandular epithelium during early pregnancy: an immunoh-
istochemical and ultrastructural study. Placenta 23: 672-684

[12] Dolina S, Peeling J, Sutherland G, Pillay N, Greenberg A (1993)
Effect of sustained pyridoxine treatment on seizure suscepti-
bility and regional brain amino acid levels in genetically epilep-
sy-prone BALB/c mice. Epilepsia 34: 33-42

[13] Driskell JA, Giraud DW, Mitmesser SH (2000) Vitamin B-6
intakes and plasma B-6 vitamer concentrations of men and
women, 19-50 years of age. Int J Vit Nutr Res 70: 221-225

[14] Ebadi M, Jobe PC, Laird HE X (2000) The status of vitamin B6
metabolism in brains of genetically epilepsy-prone rats. Epilep-
sia 26: 353-359

[15] Fairfield KM, Fletcher RH (2002) Vitamins for chronic disease
prevention in adults: scientific review. JAMA 287: 3116-3126

[16] Groziak SM, Kirksey A (1987) Effects of maternal dietary
restriction in vitamin B-6 on neocortex development in rats: B-6
vitamin concentrations, volume and cell estimates. J Nutr 117:
1045-1052

[17] Groziak SM, Kirksey A (1990) Effects of maternal restriction
in vitamin B-6 on neocortex development in rats: neuron dif-
ferentiation and synaptogenesis. J Nutr 120: 485-492

[18] Gutierrez-Reyes E, Castaneda-Perozo D, Papale-Centofanti J
(2002) Supersensitivity of the cholinergic muscarinic system in
the rat’s brain is induced by high concentrations of Cu2+. Invest
Clin 43: 107-117

[19] Hinse CM, Lupien PJ (1981) Cholesterol metabolism and vit-
amin B6. The stimulation of hepatic cholesterogenesis in the
vitamin B6-deficient rat. Can J Biochem 49: 933-935

[20] Inubushi T, Okada M, Matsui A, Hanba J, Murata E, Katunuma
N (2000) Effect of dietary vitamin B6 contents on antibody
production. Biofactors 11: 93-96

[21] Kirksey A, Morre DM, Wasynczuk AZ (1990) Neuronal devel-
opment in vitamin B6 deficiency. Ann NY Acad Sci 585:
202-218

[22] Kucukatay V, Agar A, Yargicoglu P, Gumuslu S, Aktekin B
(2003) Changes in somatosensorial evoked potentials, lipid
peroxidation and antioxidant enzymes in experimental diabetes:
effect of sulfur dioxide. Arch Environ Health 58: 14-22

[23] Lee NS, Muhs G, Wagner GC, Reynolds RD, Fisher H (1988)
Dietary pyridoxine interaction with tryptophan or histidine on

brain serotonin and histamine metabolism. Pharmacol Biochem
Behav 29: 559-564

[24] Loschiavo C, Ferrari S, Aprili F, Grigolini L, Faccini G, Ma-
schio G (1990) Modification of serum and membrane lipid
composition induced by died in patients with chronic renal
failure. Clin Nephrol 34: 267-271

[25] Major LF, Goyer PF (1978) Effects of disulfiram and pyridoxine
on serum cholesterol. Ann Intern Med 88: 53-56

[26] Morre DM, Kirksey A (1980) The effect of a deficiency of
vitamin B6 on selected neurons of the developing rat brain. Nutr
Rep Int 21: 301-312

[27] Root EJ, Longenecker JB (1993) Brain cell alterations sugges-
ting premature aging induced by dietary deficiency of vitamin
B6 and/or copper. Am J Clin Nutr 37: 540-552

[28] Schaeffer MC (1993) Excess dietary vitamin B-6 alters startle
behavior of rats. J Nutr 123: 1444-1452

[29] Schaeffer MC, Gretz D, Gietzen DW, Rogers QR (1998) Die-
tary excess of vitamin B-6 affects the concentrations of amino
acids in the caudate nucleus and serum and the binding proper-
ties of serotonin receptors in the brain cortex of rats. J Nutr 128:
1829-1835

[30] Schaeffer MC, Gretz D, Mahuren JD, Coburn SP (1995) Tissue
B-6 vitamer concentrations in rats fed excess vitamin B-6. J Nutr
125: 2370-2378

[31] Scheibel ME, Scheibel AB (1991) Structural alterations in the
aging brain. In: Aging. Danon D, Shock NW, Marios M [Eds],
Oxford University Press, Oxford, pp 4-17

[32] Sermet A, Atmaca M, Diken HX (1999) The effect of pyridox-
ine supplementation on plasma lipoproteins and its relation-ship
with atherogenic risk. Biomed Lett 59: 7-14

[33] Sharma SK, Dakshinamurti K (1992) Determination of vitamin
B6 vitamers and pyridoxic acid in biological samples. J Chro-
matogr 578: 45-51

[34] Sharma SK, Bolster B, Dakshinamurti K (1994) Picrotoxin and
pentylene tetrazole induced seizure activity in pyridoxine-defi-
cient rats. J Neurol Sci 121: 1-9

[35] Xu Y, Sladky JT, Brown MJ (1989) Dose-dependent expression
of neuronopathy after experimental pyridoxine intoxication.
Neurology 39: 77-83

Received December 28, 2004
       Accepted after revision: April 5, 2005

150 R. Demir et al.


