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Abstract: It is widely accepted that vitamin E (VE) 
acts as an antioxidant and is involved in various 
metabolic systems including the regulation of gene 
expression and inhibition of cell proliferation. The 
most predominant isoform of VE in the living body is 
α-tocopherol. However, the influence of α-tocopherol 
on bone marrow mesenchymal cells (BMMCs) in 
a background of type II diabetes mellitus (DM) has 
not been investigated. The focus of the present study 
was to clarify the effect of α-tocopherol on BMMCs 
derived from rats with type II DM and the under-
lying mechanisms involved. BMMCs were isolated 
from rats with type II DM. The BMMCs were either 
untreated or exposed to α-tocopherol at concentra-
tions of 1.0, 10, and 100 μM, and the resulting effects 
of α-tocopherol on cell proliferation, H2O2 activity, 
and antioxidant and inflammatory cytokine produc-
tion were examined. At 100 μM, α-tocopherol had 
no effect on cell proliferation, but H2O2 activity 
was significantly increased. At 10 μM, α-tocopherol 
increased the gene expression of IL-1β, and markedly 
promoted that of TNF-α. Expression of catalase in 
the presence of 100 μM α-tocopherol was lower than 
for the other concentrations. At a low concentration, 
α-tocopherol exerted good antioxidant and anti-
inflammatory effects on BMMCs. The study suggests 
that maintaining α-tocopherol at a low concentration 

might promote the recovery of BMMCs from oxida-
tive stress.

Keywords: bone marrow cells; vitamin E; diabetes 
mellitus.

Introduction
Bone is a dynamic tissue that is constantly remodeled and 
regenerated throughout life in response to biochemical 
and mechanical signals. This continuous bone remod-
eling occurs through a process of whereby the proportion 
of osteoclasts relative to osteoblasts is controlled in a 
local, coordinated, and sequential manner to maintain a 
balance between bone resorption and formation (1).

Type II diabetes mellitus (DM) is characterized by 
an increased degree of oxidative stress and a decline in 
antioxidant defense. Several studies have demonstrated 
increased oxidative stress in diabetic patients, especially 
those with poor glycemic control (2). It is well known 
that DM is associated with the development of periodon-
titis, which can lead to tooth loss (3). Oxidative stress 
damages osteoblasts and affects their differentiation and 
survival (4).

Increased oxidative stress also leads to increased 
signaling by osteoclasts, promoting their differentiation 
(5). Production of free radicals is increased in patients 
with non-insulin-dependent DM (NIDDM) (6,7) and 
those with essential hypertension (8,9), but the mechanism 
responsible for the linkage between increased oxidative 
stress, impaired glucose metabolism, and blood pressure 
is still controversial. Usually, these active oxygen species 
are eliminated by active oxygen-degrading enzymes and 
low-molecular-weight antioxidants such as catalase 
(CAT), which protect tissues from injury.
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Vitamin E (VE) is localized in the phospholipid bilayer 
of the cell membrane and protects unsaturated fatty acids 
or other components that form the biological membrane 
from oxidative damage. In VE-deficient animals, in addi-
tion to infertility, symptoms such as cerebral thrombosis, 
hepatic necrosis, nephropathy, hemolytic anemia, and 
muscular dystrophy develop.

The role of VE as an antioxidant in vivo is widely 
accepted, but recently many non-antioxidant functions of 
α-tocopherol, a major VE isoform, have been described 
at the cellular level, such as prevention of chromosomal 
damage, coal burning fluorosis-induced, endogenous 
antioxidant, oxidative stress evidenced by lower MDA 
levels, and higher degrees of immunostaining for VEGF 
and PARP-1 (10-14). VE is reportedly involved in 
various metabolic systems including the regulation of 
gene expression and specific binding proteins, and inhibi-
tion of cell proliferation (15). These functions cannot be 
explained in terms of the antioxidant effect of VE (16). VE 
is known to have a positive effect on bone metabolism; 
in normal male rats, VE increases bone formation and 
decreases bone resorption (17). Ebina et al. have reported 
that Fe-induced impairment of bone formation in rats 
was prevented by dietary VE supplementation (18). In 
addition, VE has been shown to stimulate trabecular bone 
formation in chicks (19). VE supplementation reduces 
the level of oxidative stress in diabetic patients and 
improves the action of insulin. A total of 8 VE homologs 
are known, including 4 types of tocopherol and 4 types 
of tocotrienol. These are characterized as α-, β-, γ-, and 
δ-forms based on the number of methyl groups on the 
chromanol ring. The most common VE homolog in blood 
and tissues is α-tocopherol. VE is absorbed from food as 
a mixture of tocopherols and tocotrienols and transported 
to the liver, where α-tocopherol transfer protein mediates 
the selective transfer of α-tocopherol to lipoproteins 
(7). Mice deficient in α-tocopherol transfer protein 
develop ataxia and infertility as a result of reduced serum 
α-tocopherol concentrations, but this can be reversed 
by dietary supplementation with α-tocopherol (20,21). 
Against this background, we investigated the function of 
α-tocopherol in the present study.

Recent studies investigating the inhibitory action of 
α-tocopherol on cell proliferation concluded that its effect 
was exerted at the level of genetic information transmis-
sion (22,23). α-Tocopherol has also been reported to 
have hypocholesterolemic, anti-cancer, anti-diabetic, and 
neuroprotective properties (24), suggesting that it might 
affect bone formation and bone remodeling. However, 
the direct effects of α-tocopherol on bone tissue at the 
cellular level are unclear. Despite previous in vivo studies 

on bone metabolism, little is known about the effects of 
α-tocopherol on bone marrow mesenchymal cells in rats 
with type II DM.

A recent study has shown that ingestion of excess 
α-tocopherol by mice activates giant osteoclasts, leading 
to bone resorption and osteoporosis (25). However, no 
detailed investigation of the influence of α-tocopherol 
on bone marrow mesenchymal cells in DM has been 
reported. The effect of α-tocopherol has been investi-
gated in relation to periodontology, however (26-29). 
α-Tocopherol activates osteoclasts by promoting the 
production of osteoclast activating factor from osteo-
blasts while suppressing the proliferation of the latter, 
leading to osteoporosis. Large doses of α-tocopherol may 
be helpful for reducing the risk of heart disease and stroke 
in patients with type II DM (30). In the present study, 
we investigated the effect of α-tocopherol on cell prolif-
eration, H2O2 activity, and antioxidant and inflammatory 
cytokine production by bone marrow mesenchymal cells 
(BMMCs) under well-controlled glucose concentra-
tions. It was anticipated that clarifying the dynamics of 
α-tocopherol might lead to therapeutic avenues for bone 
marrow cell oxidative stress such as that in patients with 
type II DM.

Materials and Methods
Cell culture
BMMCs were isolated from the femurs of 8-weeks-
old GK rats, a model of type II DM. Briefly, rats were 
euthanatized using 4% isoflurane (Pfizer Inc., NY, USA), 
and the bones were aseptically excised from the hind 
limbs. The proximal end of the femur and the distal end 
of the tibia were clipped. A 21-gauge needle (Terumo, 
Tokyo, Japan) was inserted into a hole in the knee joint 
of each bone, and the marrow was flushed from the 
shaft with growth medium containing Eagle’s minimal 
essential medium (EMEM; Nakarai Tesque Inc., Kyoto, 
Japan) supplemented with 10% fetal bovine serum (FBS; 
Fraction V: Pierce Biotechnology, Waltham, IL, USA), 
penicillin (500 U/mL; Nakarai Tesque Inc.), strepto-
mycin (500 μg/mL; Nakarai Tesque Inc.) and fungizone 
(1.25 μg/mL; Nakarai Tesque Inc.). The resulting marrow 
pellet was dispersed by trituration, and cell suspensions 
from all bones were combined in a centrifuge tube. Cells 
at passages 3-5 were seeded at a density of 5.0 × 104 
cells/cm2 into 24-well or 96-well tissue culture plates 
(Becton Dickinson Labware, Franklin Lakes, NJ, USA) 
containing titanium disks. The cells were cultured at 
37°C in a humidified 5% CO2/95% air atmosphere.

This study was performed under the Guidelines for 
Animal Experimentation of Osaka Dental University 
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(Approval No. 1508001).

α-Tocopherol concentration
The α-tocopherol concentrations used for this study 
were chosen to reflect normal, excessive and deficient 
levels, i.e., 10 μM, 100 μM, and 1.0 μM, respectively. 
After culture of GK-BMMCs for 2 days, the medium was 
removed and replaced with growth medium containing 
10% FBS and α-tocopherol.

Cell proliferation
Proliferation of GK-BMMCs was measured using the 
Cell Titer-Blue Cell Viability Assay (Promega, Madison, 
WI, USA) in accordance with the manufacturer’s 
protocol. Briefly, GK-BMMCs were seeded on the 
samples at a density of 5.0 × 104 cells/cm2. After culture 
of GK-BMMCs for 2 days, the medium was removed and 
replaced with growth medium containing EMEM (Nararai 
Tesque Inc.) supplemented with 10% fetal bovine serum 
(FBS; Fraction V: Pierce Biotechnology), penicillin (500 
U/mL; Nakarai Tesque Inc.), streptomycin (500 μg/mL; 
Nakarai Tesque Inc.), fungizone (1.25 μg/mL; Nakarai 
Tesque Inc.) and α-tocopherol (four concentrations), and 
the cells were allowed to attach for 1, 3, and 24 h. 

To dissolve the highly lipophilic α-tocopherol in 
aqueous culture media, α-tocopherol (Nakarai Tesque 
Inc.) was dissolved in dimethyl sulfoxide at various 
concentrations. The resulting 0, 1.0, 10, or 100 μM 
α-tocopherol solutions were added to GK-BMMCs for 
1, 3, or 24 h.

At each prescribed time point, non-adherent cells 
were removed by rinsing with phosphate-buffered saline 
(PBS). Cell Titer-Blue Reagent (50 μL) and PBS (250 
μL) were then added to each well. After incubation at 
37°C for 1 h, the solution was removed from the 96-well 
tissue culture plates and 100 μL was added to a new 
96-well tissue culture plate. The OD560/590 value of 
the remaining solution was measured. The difference 
between the two optical densities was defined as the 
proliferation value.

Measurement of H2O2 activity
H2O2 activity levels were measured directly in the culture 
supernatant with α-tocopherol (four concentrations) after 
1, 3, or 24 h of growth culture using a hydrogen peroxide 
fluorometric detection kit (Enzo Biochem Inc., Farming-
dale, NY, USA) in accordance with the manufacturer’s 
instructions.

Quantitative real-time PCR analysis 
Gene expression was evaluated using a real-time reverse-

transcription polymerase chain reaction (PCR) assay 
(TaqMan; Applied Biosystems, Thermo Fisher Scientific, 
Foster City, CA, USA). GK-BMMCs were seeded at a 
density of 5.0 × 104 cells/cm2 in normal culture medium 
(1 mL/well). The medium was replaced with growth 
medium containing α-tocopherol (0, 1.0, 10, 100 μM), 
and the cells were cultured for a further 3 and 24 h. Total 
RNA was isolated using an RNeasy Mini Kit (QIAGEN, 
Hilden, Germany). RNA (10 μL) from each sample was 
reverse-transcribed into complementary DNA using 
a PrimeScript Reagent Kit (Takara Bio, Shiga, Japan). 
Gene expression for tumor necrosis factor-α (TNF-α), 
interleukin (IL)-1β and IL-6 (Taqman Gene Expression 
Assay: TNF-α; Rn01525859_g1, IL-1β; Rn00580432_
m1, IL-6; Rn01410330_m1) was quantified using the 
StepOnePlus Real-Time PCR System (Applied Biosys-
tems, Thermo Fisher Scientific). The reactive gene 
expression rate in each group was calculated using the 
∆∆Ct method, relative to the gene expression rate in the 
negative control group.

Western blot Analysis
The ERK signaling pathway is a subfamily of the MAPK 
signaling pathway, which is activated by epidermal 
growth factor, serum stimulation, and oxidative stress. 
The ERK signaling pathway is activated by hydrogen 
peroxide and osmotic stimulation (31); therefore, in this 
study we aimed to investigate the relationship between 
the ERK signaling pathway and oxidative stress.

Total protein was extracted using a buffer solution 
supplemented with a protease inhibitor cocktail. Total 
protein concentrations were measured using a TaKaRa 
BCA Protein Assay Kit (Takara Bio). Protein samples 
were electrophoresed in 12.5% sodium dodecyl sulfate 
gel for 30 min and transferred onto polyvinylidene 
difluoride membranes using a wet system for 65 min. 
The membranes were treated with blocking solution 
and incubated overnight at 4°C with a primary antibody 
(phospho-Extracellular Signal-regulated Kinase; pERK, 
Cell Signaling Technology, Danvers, MA, USA). This 
was followed by incubation with horseradish peroxidase-
conjugated secondary antibodies for 1 hour at room 
temperature. Immunoreactive bands were visualized 
using a chemiluminescence kit, and signals were detected 
with a western blot system.

Measurement of catalase activity 
The catalase (CAT) activity in GK-BMMCs was 
measured using a Catalase Assay Kit (Cayman Chemical, 
Ann Arbor, MI, USA) after 3 and 24 h of culture. The 
method was based on the reaction of CAT with methanol 
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in the presence of H2O2. The formaldehyde produced was 
then measured chromatically (450 nm) with 4-amino-3-
hydrazino-5-mercapto-l,2,4-triazole as the chromogen. 
In brief, 20 μL of cell supernatant obtained by scraping, 
sonicating, and centrifugation (10,000 ×g, 15 min) of a 
cell monolayer (2.0 × 106 cells) in a cold environment 
(4°C) was added to 100 μL of assay buffer (100 mM 
potassium phosphate, pH 7.0) and 30 μL methanol in a 
96-well plate.

Standards were prepared by mixing 100 μL of assay 
buffer with 30 μL methanol and 20 μL formaldehyde (0, 
5, 15, 30, 45, 60, or 75 μM). The reaction was started by 
adding 20 μL diluted H2O2 (40 μL H2O2 with 9.96 mL 
HPLC grade water) into all wells. The plate was then 
incubated for 20 min at room temperature on a shaker. 
The reaction was stopped by adding 30 μL 0.5 M KOH 
and 30 μL chromogen, and the plate was measured spec-
trometrically (540 nm) using an ELISA reader (Molecular 
Devices, Sunnyvale, CA, USA). The standard curve 
of absorbance versus formaldehyde concentration was 
plotted, and used to calculate formaldehyde concentra-
tions in the samples. 

CAT activity was expressed as nmol/min/mL by 
assuming that 1 unit of enzyme produces 1 nmol of 
formaldehyde at 25°C.

Statistical analysis
Data were analyzed using SPSS 19.0 software (IBM, 

Armonk, NY, USA). All experiments were performed 
in triplicate. All data are shown as the means ± standard 
deviation (SD). In all analyses, statistical significance 
was determined using one-way analysis of variance 
(ANOVA) followed by Bonferroni’s Least Significant 
Difference test. Differences at P < 0.05 were considered 
significant.

Results
Cell proliferation
Proliferation of GK-BMMCs after 1, 3, and 24 h of culture 
was assessed using four concentrations of α-tocopherol 
in growth medium (Fig. 1). α-Tocopherol promoted cell 
proliferation at 1.0 and 10 μM after 3 h of culture, but 
there was no significant difference in cell proliferation 
between these α-tocopherol concentrations after 1 h and 
24 h of culture.

H2O2 activity
H2O2 activities were determined using four concentra-
tions of α-tocopherol in growth medium at 1, 3, and 
24 h of culture (Fig. 2). H2O2 activity in the presence 
of 100 μM α-tocopherol was significantly higher than 
at other concentrations at all time points. Additionally, 
H2O2 activity in the presence of 1.0 μM α-tocopherol was 
similar to that of untreated cells (0 μM) at all time points, 
and that in the presence of 10 μM was similar to that at 0 
μM except after 3 h of culture. 
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Fig. 1   Proliferation of GK-BMMCs (A) after 1 h of incubation, (B) after 3 h of incubation, and (C) after 24 h of incubation in medium 
containing α-tocopherol at four concentrations (0, 1.0, 10, and 100 μM) measured by the Cell Titer-Blue Cell Viability Assay. *P < 0.05.

Fig. 2   H2O2 activities of GK-BMMCs (A) after 3 h of incubation, (B) after 6 h of incubation, and (C) after 24 h of incubation in medium 
containing α-tocopherol at four concentrations (0, 1.0, 10, and 100 μM) measured by a hydrogen peroxide fluorometric detection kit. *P 
< 0.05.
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Inflammatory cytokine expression
The expression of inflammatory cytokine genes, including 
IL-1β, IL-6, and TNF-α was assessed by real-time PCR 
after 3 and 24 h of culture with the four concentrations 
of α-tocopherol (Fig. 3). Gene expression of IL-1β (Fig. 
3a) was lower in the treated groups than in the untreated 

group at all time points. Although α-tocopherol at 10 μM 
increased the gene expression of IL-1β, this was signifi-
cantly decreased in the presence of 100 μM α-tocopherol 
after 24 h of culture. Gene expression of IL-6 (Fig. 3b) 
was lower in the treated groups than in the untreated 
group, and that at 100 μM was significantly lower after 
3 h of culture.

However, gene expression of IL-6 was the same 
regardless of the α-tocopherol concentration after 24 h of 
culture. Gene expression of TNF-α (Fig. 3c) was lower 
in the treated groups tha in the untreated group. Addi-
tionally, α-tocopherol at 10 μM increased TNF-α gene 
expression relative to other α-tocopherol concentrations 
at all time points.

Normal α-tocopherol activates the ERK signaling 
pathway
The levels of expression of proteins involved in the ERK 
signaling pathway were assessed by western blotting after 
24 h of culture with four concentrations of α-tocopherol 
(Fig. 4). α-Tocopherol at 10 and 100 μM increased the 

Fig. 3   Inflammatory cytokine gene expression by GK-BMMCs cultured for 3 and 24 h in growth medium 
containing four α-tocopherol concentrations (0, 1.0, 10, and 100 μM), IL-1β (A), IL-6 (B), TNF-α (C). Data were 
obtained by real-time PCR analysis and are shown as means ± SD expressed relative to GAPDH. *P < 0.05.

Fig. 4   Effects of various α-tocopherol concentrations 
(0, 1.0, 10, and 100 μM) on the ERK signaling pathway.
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levels of ERK signaling pathway proteins, the greatest 
change being evident at 10 μM. 

Catalase production by GK-BMMCs
The expression levels of CAT were assessed after 3 and 24 
h of culture with the four concentrations of α-tocopherol 
(Fig. 5). Expression levels of CAT were high after incuba-
tion with 100 μM α-tocopherol compared with the other 
concentrations. There was no significant difference in 
CAT levels in the 0, 1.0 and 10 μM α-tocopherol groups 
after 3 h of culture. However, after 24 h of culture, the 
levels of CAT in the 100 μM group were lower than for 
other α-tocopherol concentrations. There was no signifi-
cant difference in CAT levels between the 0, 1.0, and 10 
μM α-tocopherol groups.

Discussion
The physiological activity of VE has been evaluated from 
both nutritional and medical viewpoints. Specific oxida-
tive stress reflects a state of VE deficiency or excess, and 
measurement of VE can indicate the degree of influence 
it has at any particular time.

When the blood α-tocopherol concentration is within 
the range 6-12 μmol/L, the hemolysis reaction due to 
hydrogen peroxide is increased, and this is used as an 
indicator of VE nutritional status (32). For this purpose, 
1.0 μM VE can be defined as a deficient concentration, 
10 μM as normal, and 100 μM as an excess.

Osteoblast differentiation and proliferation are not 
altered by α-tocopherol treatment, indicating that VE 
affects bone mass through osteoclasts rather than osteo-
blasts (33). This reflects the finding that α-tocopherol 
treatment did not alter the proliferation of GK-BMMCs. 
Tocopherol has several functions at the cellular level 
that are independent of its antioxidant properties. One 
of the most important of its non-antioxidant functions is 
inhibition of protein kinase C activity through dephos-
phorylation of the enzyme, resulting in inhibition of cell 

proliferation (34-37). α-Tocopherol is also reported to 
have positive effects on bone regeneration (38). Studies 
of bone mineralization and formation, and the thickness 
of mineralized zones in growth cartilage have suggested 
that VE is important for bone formation and mineraliza-
tion, and for normal endochondral ossification. These 
results suggest a protective role for VE against lipid 
peroxidation in cartilage and bone cells, which show 
optimal activity during bone modeling and endochondral 
ossification (39). Furthermore, VE has been shown to 
increase bone strength without a change in bone density 
(38,40), suggesting higher proliferation of osteoblast-like 
cells. It is clear that this breakdown of balance between 
active oxygen and antioxidant enzyme leads to disease, 
oxidative stress and disease, which in turn are closely 
related to diabetes. Oxidative stress caused by increased 
reactive oxygen species leads to deterioration of disease 
states. Clinical and experimental studies have implicated 
oxidative stress in the development of osteoporosis 
(41,42), and an increased level of oxidative stress leads 
to decreased differentiation and survival of osteoblasts 
(43).

In a healthy state, cell proliferation is suppressed in a 
concentration-dependent manner, and this is maintained 
by continuous α-tocopherol stimulation. In addition, 
the production of IL-6 and IL-1β by osteoblasts is 
dependent on α-tocopherol concentration. MC3T3-E1 
adhesion and cell proliferation are remarkably 
suppressed by α-tocopherol (50 μM) stimulation. There-
fore, α-tocopherol induces activation of osteoclasts by 
promoting the production of osteoclast activating factor 
from osteoblasts while suppressing the proliferation of 
osteoblasts, thus leading to osteoporosis (25). In this 
study, a high α-tocopherol concentration increased the 
proliferation of BMMCs and decreased their production 
of inflammation cytokines.

Several studies have shown that high-dose α-tocopherol 
supplementation may have a negative effect on bones 
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in normal animals, whereas it has a protective role in 
“stressed” animals (36,41). The GK rat is a model of type 
II DM “stress”. In this study, we used BMMCs derived 
from “stressed” animals. However, high α-tocopherol 
concentrations promoted H2O2 production, indicating a 
negative effect on GK-BMMCs.

Proinflammatory cytokines such as IL-1, IL-6, and 
TNF-α are important mediators of bone resorption (44) 
and are also implicated in the pathogenesis of postmeno-
pausal osteoporosis (45).

α-Tocopherol is a natural biological antioxidant that 
protects cells from the damaging effects of free radicals 
by preventing the accumulation of peroxides (46). VE 
has also been reported to act as an anti-inflammatory 
agent by inhibiting key events of inflammation such 
as the release of IL-1β from activated monocytes (47), 
monocyte adhesion to endothelial cells (48) and the 
respiratory burst phenomenon (49). α-Tocopherol also 
reduced the level of IL-1β in this study.

Signaling by IL-6 promotes the activation of macro-
phages to limit endotoxemia and obesity-associated 
insulin resistance, and high α-tocopherol concentrations 
have protective effects in “stressed” animals (50). High 
α-tocopherol concentrations are reported to increase IL-6 
production in DM rats, and TNF-α induces the expression 
of TRANCE (RANKL/OPGL/ODF/TNFSF11/CD254) 
when acting on osteoblasts (51). In addition, previous 
studies have reported that TNF-α directly induces the 
differentiation of osteoclasts independent of TRANCE, 
and Choi et al. have reported the mechanism of TRANCE 
involvement in RANK knockout mice (52-54). 

Normal α-tocopherol concentrations increase the 
expression of TNF-α, indicating a decrease of bone mass 
independent of its antioxidant activity. VE inhibits cell 
proliferation and the ERK signaling pathway, independent 
of its antioxidant effect (55). Thus, a high α-tocopherol 
concentration inhibits the ERK signaling pathway. This 
effect of α-tocopherol on the ERK signaling pathway was 
same that of TNF-α at 0 and 10 mM. TNF-α downregu-
lates cell death-inducing DFF45-like effector C (CIDEC) 
expression through phosphorylation and nuclear export 
of PPARγ by the MEK/ERK cascade (56), suggesting that 
TNF-α triggers the ERK signaling pathway. In the early 
stage of α-tocopherol stimulation, VE may stabilize the 
mRNAs of antioxidant enzymes after transcription and 
enhance the translation of the derived enzyme proteins 
(57). Subsequently, H2O2 activity and CAT production 
are increased at all α-tocopherol concentrations. 

It has been reported that the level of serum α-tocopherol 
is lower in type II DM patients than in healthy subjects 
(58,59). Several studies have demonstrated increased 

oxidative stress in diabetic patients, especially those with 
poor glycemic control (60).

Oxidative stress is strictly controlled by a balance 
between the generation of active oxygen and its elimina-
tion. Active oxygen is involved in the onset and progress 
of disease, and is necessary for maintenance of health 
by promoting defense from infectious diseases as well 
as having a role in signaling. A balanced diet containing 
vitamins with antioxidant capacity such as α-tocopherol 
might inhibit the overproduction of active oxygen, and 
antioxidant ability might be improved by exercise (61). 
Patients with type II DM have a lower concentration of 
α-tocopherol than normal individuals. We suggest that 
type II DM patients could maintain a low concentra-
tion of α-tocopherol by not taking it in the diet, as an 
increased concentration might be counterproductive. 
Active oxygen is an important factor closely involved 
in biostabilization. As more patients are diagnosed with 
diabetes, it is thought that the relationship between health 
and oxidative stress will become more obvious.

This study has shown that the α-tocopherol concen-
tration is related to H2O2 production, inflammation 
and oxidant enzyme production by GK-BMMCs. We 
suggest that a low α-tocopherol concentration has 
beneficial effects on GK-BMMCs, and that increasing 
the α-tocopherol concentration to a normal level would 
have adverse effects in terms of progressive inflamma-
tion. Careful control of the α-tocopherol concentration 
is important for GK-BMMCs, and any increase in the 
α-tocopherol concentration is considered detrimental for 
patients with type II DM.
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