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Abstract. Osteoarthritis is a chronic degenerative joint 
disorder with the characteristics of articular cartilage destruc-
tion, subchondral bone alterations and synovitis. Clinical 
signs and symptoms of osteoarthritis include pain, stiffness, 
restricted motion and crepitus. It is the major cause of joint 
dysfunction in developed nations and has enormous social 
and economic consequences. Current treatments focus on 
symptomatic relief, however, they lack efficacy in controlling 
the progression of this disease, which is a leading cause of 
disability. Vitamin E is safe to use and may delay the progres-
sion of osteoarthritis by acting on several aspects of the 
disease. In this review, how vitamin E may promote the main-
tenance of skeletal muscle and the regulation of nucleic acid 
metabolism to delay osteoarthritis progression is explored. 
In addition, how vitamin E may maintain the function of sex 
organs and the stability of mast cells, thus conferring a greater 
resistance to the underlying disease process is also discussed. 
Finally, the protective effect of vitamin E on the subchondral 
vascular system, which decreases the reactive remodeling in 
osteoarthritis, is reviewed.
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1. Introduction

Osteoarthritis is a commonly occurring disease, with the 
clinical manifestations of joint pain, swelling and progressive 
loss of function (Fig. 1). Osteoarthritis increases in prevalence 
with age and is estimated that 40% of people >70 years old 
are affected by this disease  (1). Synovial inflammation is 
associated with a number of the signs and symptoms of 
osteoarthritis, including joint swelling and effusion (2). This 
multifactorial disease is characterized by destruction of the 
articular cartilage and subchondral bone alterations (3). The 
degeneration of the joints is a major cause of disability, which 
reduces the quality of life. Clinically speaking, degeneration 
particularly affects the large weight‑bearing joints of the legs, 
namely the hips and knees, but can potentially affect any 
joint of the body, including the hands and spine (4,5). The 
manifestations of the disease can vary in severity, but the 
majority of patients do not require major interventions and 
receive only intermittent symptom relief. However, in certain 
patients, the disease progresses rapidly, leading to disability 
and ultimately joint replacement (6). Current treatments for 
osteoarthritis, such as non‑steroidal anti‑inflammatory drugs, 
are administered to provide symptomatic relief but lack effi-
cacy in controlling the progression of the disease (7,8). 

Vitamin E has various biological functions that have been 
attributed to its ability to protect an organism against the 
damaging effects of free radicals by acting as a lipid‑based 
radical chain reaction terminator (9). Vitamin E is a fat‑soluble, 
water‑insoluble, light yellow oil, that is stable to heat and acids, 
but rather unstable under alkali conditions, in which it is slowly 
oxidized. It can be found in the nonsaponifiable fractions of 
vegetable oils and plays various important roles, for example, 
as an antioxidant and anti‑apoptotic agent, in numerous physi-
ological and pathological conditions (10). Various theories 
on the pathology of osteoarthritis are being investigated that 
may lead to new therapeutic options. These relate to the role 
of skeletal muscle (11‑14), the effect of nucleic acid metabo-
lism (15,16), sex gland functions (17‑19), the action of stable 
mast cells  (20,21) and the importance of the subchondral 
vascular system (9,22,23) in osteoarthritis and its progression. 
In the present review, the possibility that vitamin E may be 
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able to delay the progression of osteoarthritis was explored 
through studying the potential role of this nutritional factor 
in each of these mechanisms. The association between the 
antioxidation effect (24) of vitamin E and these mechanisms 
in osteoarthritis (25) is also explored.

2. Vitamin E maintains skeletal muscle which may slow 
down the rate of joint degeneration

Vitamin E is essential for the structural and functional main-
tenance of skeletal muscle (11,12). A study by Chang et al 
indicated that vitamin  E influences the training‑induced 
adaptation of glutathione peroxidase (GPX) and superoxide 
dismutase (SOD) activities in rat skeletal muscle (11); in rats, 
the deprivation of vitamin E increased the exercise‑induced 
elevation in GPX activity and inhibited exercise‑induced 
SOD activity (14). A study conducted by Baumgartner et al 
showed that mild oxidative stress led to activation of the 
intrinsic pathway of apoptosis and death in skeletal muscle 
cells, which was reduced by supplementation of the culture 
medium with vitamin E (26). The effects of vitamin E on 
muscle have been suggested to be of greater importance 
than those on fertility (27). A deficiency of vitamin E causes 
muscular dystrophy and morphologic changes in various 
tissues, accompanied by increased oxygen consumption and 
alterations in chemical composition and functional behavior 
of the muscle. Creatine elimination then is increased, which 
is hypothesized to be the result of an inability of the skeletal 
muscle to utilize creatine (28). A study of joint degeneration 
in rabbits conducted by Rehan Youssef et al indicated that 
quadriceps weakness is a risk factor for osteoarthritis through 
its functional implications on joint loading, and leads to the 
onset and progression of osteoarthritic changes in the patel-
lofemoral joint (13). The contribution of muscle weakness to 
joint loading and the progression of osteoarthritis has been 
confirmed in humans (29). 

3. Vitamin E has a gene regulatory function that may delay 
the development of osteoarthritis

In animals, vitamin  E deficiency causes derangement of 
nucleic acid metabolism (30,31). These results show that serum 
vitamin E is a determinant of bone mass through its regulation 
of osteoclast fusion. Data discussed in a review by Azzi et al 
support evidence of a gene regulatory function of vitamin E (9); 
this comprises the observation of an elevated output of the 
purine metabolite allantoin in vitamin E‑deficient rabbits, and 
changes in the levels of tissue nucleic acids. Hartman et al 
conducted a study of exercise‑induced DNA damage in human 
subjects using DNA strand breaks in white blood cells as a 
biomarker (16), and found that supplementation with vitamin E 
for 2 weeks was effective in reducing DNA damage after an 
incremental exercise test to exhaustion. In a study conducted by 
Baskin et al (32), following 3 days of endurance training in sled 
dogs, supplementation with vitamin E and lutein for 1 month 
was associated with a reduction in oxidative DNA damage, as 
demonstrated by decreased levels of 7,8‑dihydro‑8‑oxo‑2'‑de-
oxyguanosine (8‑OHdG) in the plasma, whereas untreated 
dogs showed an increase in 8‑OHdG levels. Various nuclear 
changes can be observed in tissues that are severely affected by 

a deficiency of vitamin E (30). Cell-based assays demonstrated 
that α-tocopherol stimulates osteoclast fusion, independent 
of its antioxidant capacity, by inducing the expression of 
dendritic-cell-specific transmembrane protein. This protein is 
an essential molecule for osteoclast fusion, which occurs via 
the activation of mitogen-activated protein kinase 14 (p38) 
and microphthalmia-associated transcription factor, as well 
as via its direct recruitment to the Tm7sf4 promoter (a gene 
encoding DC-STAMP)  (30). There is a strong hereditary 
component to osteoarthritis, reflected by high heritability 
estimates from twin studies (33). Thus, the gene regulatory 
function of vitamin E is likely to play an important role in 
delaying the progression of osteoarthritis. As insights into the 
molecular mechanisms involved in the initiation and progres-
sion of osteoarthritis are gained, certain pathways involved in 
joint metabolism, including Wnt/β‑catenin, discoidin domain 
receptor 2 and proteinase‑activated receptor‑2 pathways are 
being closely examined and their relevance to osteoarthritis 
evaluated (7). 

4. Vitamin E maintains sex organ functions which may de-
lay the progression of osteoarthritis

Vitamin E has important effects on the reproductive system. 
Free radicals and reactive oxygen species, such as hydroxyl 
radicals, superoxide and hydrogen peroxides, can cause 
lipid peroxidation (18). Deficiency of vitamin E may lead to 
damage of the reproductive organs, resulting in conditions 
such as testicular damage, degenerative spermatogonia and 
degeneration of the seminiferous tubules (34). A study in goats 
conducted by Hong et al found that vitamin E supplementa-
tion improved the weight of the epididymis, the density and 
diameters of convoluted seminiferous tubules, spermatogenic 
cell density and epididymis ductule diameters, particularly 
when administered at dosages of 80 and 320 IU/day (19). A 
study conducted by Rao et al to investigate nickel‑ and/or 
chromium‑induced toxicity in the mouse ovary suggested that 
vitamin E exerted a protective effect by preventing lipid perox-
idation and protecting the antioxidant system (35). Sex organs 
play a vital role in secretion. Estrogens have been proposed to 
act as protective factors by certain authors, but as pathogenic 

Figure 1. Osteoarthritis of hips. Bone surfaces become less well protected by 
cartilage, bone may be exposed and damaged. Clinically manifested by joint 
pain, swelling and progressive loss of function (indicated by arrows).
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determinants of osteoarthritis by others (36). While the effects 
of hormone replacement therapy (HRT) in osteoarthritis 
appear to be modest, some large observational studies have 
concluded that when administered over a prolonged period, 
HRT may exert a beneficial effect on the structural progres-
sion of osteoarthritis, particularly in the lower limbs (37).

5. Vitamin E regulates mast cell stability which may re-
duce inflammation associated with osteoarthritis

Mast cells are a unique type of immune cell that can be 
activated by various non‑immune processes, including 
acute stress (38), and participate in a variety of inflamma-
tory diseases affecting the skin and joints (39). The role of 
mast cells in the immune system involves interaction with B 
and T cells and the release of mediators (such as IL-4, IL-5 
and IL-6) involved in the activation of other cells (such as 
granulocytes and mast cells) (40). Mast cells are reported to be 
present in joints (41), and they are suggested to be involved in 
inflammatory arthritis (42). It has also been reported that mast 
cells are required for autoimmune arthritis (43). Hyperactivity 
of mast cells and their uncontrolled accumulation in tissues 
increases the release of inflammatory mediators contributing 
to the pathogenesis of several diseases, including arthritis 
and asthma (40). Natural vitamin E analogs have differing 
modulatory effects on signal transduction and gene expression 
in various cell lines; in mast cells, vitamin E affects protein 
kinase C, protein phosphatase 2A and protein kinase B, which 
leads to the modulation of proliferation, apoptosis, secretion 
and migration; therefore, it is possible that, by modulating 
signal transduction and gene expression, vitamin E prevents 
diseases with mast cell involvement (21). Mast cell activation 
is a feature of osteoarthritis, and carboxypeptidase, chymase 
and tryptase exhibit distinct patterns of release and clearance 
in the synovial fluid of patients with osteoarthritis (20). The 
inflammation associated with osteoarthritis may be reduced 
by vitamin E. 

6. Vitamin  E protects the subchondral vascular system 
which may reduce the necrosis and remodeling of osteo-
arthritis

There is evidence indicating that impaired microvascular 
blood flow, which may arise due to various combinations 
of pro‑coagulant factors, can result in symptomatic osteo-
arthritis (44). While the survival of articular chondrocytes 
depends largely on the diffusion of nutrients from the synovial 
fluid, the osteocytes in subchondral bone obtain nourishment 
from a well‑developed capillary plexus (23,45). In cases of 
osteoarthritis, synovial and subchondral vascular engorgement 
results in necrosis and the gradual remodeling of tissue (46). 
Vitamin E, along with a network of cellular antioxidant media-
tors, including catalases and superoxide dismutase, plays a 
role in the elimination of lipid‑soluble free radicals through its 
action as a free radical scavenger (9). Furthermore, vitamin E 
is involved in the regulation of certain cellular events, such 
as the cell cycle progression of vascular smooth muscle cells, 
the expression of adhesion molecules, the deposition of extra-
cellular matrix and aggregation of platelets (47). In addition, 
it attenuates capillary endothelial swelling in ischemic and 

remote muscle (24). It has also been reported that vitamin E 
protects vascular walls from damage by limiting cell prolif-
eration, and by assisting in the stabilization of a fibrous 
cap through its effects on components of the extracellular 
matrix (48).

7. Conclusion

Osteoarthritis is a chronic degenerative joint disorder charac-
terized by destruction of the articular cartilage, subchondral 
bone alterations and synovitis (1). It is a multifactorial disorder 
in which ageing, genetic, hormonal and mechanical factors are 
major contributors to progression (2). Osteoarthritis occurs 
as a clinical syndrome when these etiological factors result 
in joint damage of sufficient severity to impair function and 
produce symptoms. Current treatments are focused on symp-
tomatic relief but they lack efficacy to control the progression 
of this disease, which is a leading cause of disability. 

Vitamin E is a free radical scavenger, which is able to 
prevent the oxidation of various readily oxidized substances. 
The capacity of vitamin  E to act as a lipid‑based radical 
chain‑breaking agent and thereby to protect against free‑radical 
attack is considered to underlie its effects in the body (49). 
However, alternative mechanisms of action have also been 
proposed, particularly gene regulation. Vitamin E has exhib-
ited effects at the mRNA and protein levels, which may be a 
result of the regulation of gene transcription, mRNA stability, 
protein translation, protein stability and post‑translational 
events (50). The potential role of vitamin E in a number of 
mechanisms is summarized in the present review. 

Vitamin  E supplementation is safe when appropriate 
doses are administered (51). In a previous review, Kappus and 
Diplock summarized the tolerance, toxicological consider-
ations and safety of vitamin E (52). Doses of 100‑300 mg/day 
were concluded to be well tolerated and to cause no side 
effects. Doses of 200‑400 mg/day have been recommended for 
use in food supplements, under certain conditions, and higher 
doses of 400‑2,000 mg/day do not exhibit side effects in the 
majority of cases; only at very high doses of 2,150 mg/day 
have side effects and intolerance been increasingly noted. To 
investigate our hypothesis, that vitamin E inhibits the progres-
sion of osteoarthritis, clinical studies should be conducted in 
patients with osteoarthritis to assess the safety of vitamin E 
supplementation, and to explore the effect of vitamin E on 
the progression of osteoarthritis. As an alternative to oral 
administration, vitamin  E could also be administered by 
intra‑articular injection.

The observations summarized in the present review suggest 
that vitamin E may have a potent therapeutic effect by delaying 
the progression of osteoarthritis through the maintenance of 
skeletal muscle, regulation of nucleic acid metabolism, main-
tenance of sex organ function, stabilization of mast cells and 
protection of the subchondral vascular system. Vitamin E may 
be an effective and favorable treatment candidate for osteoar-
thritis, leading to pain relief in patients.
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