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Abstract
Background: To identify the role of the hypercholesterolemia as a starting factor in 
discovertebral degeneration that ultimately causes lower back pain, and investigate 
the role of Vitamin E in this process.
Methods: The rabbits (n = 32) were divided into two broad experimental groups: A 
control group, and a hypercholesterolemia group, namely cholesterol, and cholesterol 
plus Vitamin E groups and they were fed sequentially for 4 or 8 weeks. Serum 
cholesterol and Vitamin E (α‑tocopherol) levels were determined; vascular tissue was 
prepared for histopathological analyses and vertebra was decalcified for the study.
Results: Cholesterol diet group resulted approximately 44‑fold of increase plasma 
cholesterol levels over the 4‑week control values. Additional supplementation with 
Vitamin E group induced a plasma cholesterol level increase of only 37‑fold as 
compared to the control group. In the cholesterol groups, light microscope examination 
revealed atherosclerotic plaque in major arteries. However, in the cholesterol plus 
Vitamin E treatment groups, no lipid accumulation or foam cell formation was visible in 
the abdominal aorta and vertebral segmental artery. In histopathological examination, 
we found degenerative changes in the discovertebral unit in cholesterol treated groups.
Conclusion: Hypercholesterolemia causes fat accumulation in the disc endplate and 
vertebral body that causes blood supply disturbances which might be a starting factor 
of discovertebral degeneration. This event was not reversed by the elimination of 
cholesterol from the diet. Vitamin E supplementation was not effective in reducing fat 
accumulation in vertebral bone marrow. As a result, we conclude that degeneration of the 
discovertebral unit is not related to atherosclerotic changes in the major blood vessels.
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INTRODUCTION

Low back pain resulting from lumbar degenerative disc 
disease is a common cause of morbidity and deterioration 
of the quality of life.[26] Many studies have investigated 
the cause of disc degeneration, and some suggest that 
intervertebral disc degeneration may result from a variety 
of factors, including age‑related disc changes,[2,28] genetic 
factors,[7] and cumulative damage to the spinal segment 
components as a result of heavy physical work, such as 
weight lifting or stationary work postures.[14] In 1998, 
Modic et al. published magnetic resonance imaging data 
revealing signal changes in vertebral body endplates as a 
result of hypervascularity (Type I) and fatty replacements 
of the red bone marrow (Type II).[11] Furthermore, the 
study established that Modic changes are strongly linked 
with disc degeneration and are also associated with 
low back pain.[12,22] On the other hand, some studies 
have suggested that there is a connection between 
atherosclerosis and disc degeneration/low back pain.[10] To 
date, none of the published experimental studies revealed 
a relationship between hypercholesterolemia and the 
histological changes in vertebral bone marrow and 
endplates.

It has been widely accepted that oxidative modification 
of low‑density lipoprotein (LDL) cholesterol plays a 
pivotal role in the progression of atherosclerosis.[23] 
Vitamin E has been suggested to aid in protecting against 
the progression of the disease.[25] The association between 
hypercholesterolemia and atherosclerosis results in fat 
accumulation in vertebral bone marrow and endplates, 
causing diminished blood supply to the vertebrae. This 
process has received a growing amount of attention as one 
of the possible underlying factors for spine degenerative 
disorders.

In this study, we had two aims. First, we planned to 
investigate the general effects of hypercholesterolemia 
on the spine and endplates, specifically focusing on 
degeneration resulting from fatty replacement. Second, we 
examined if hypercholesterolemia related changes could 
be reversed by either Vitamin E or lack of cholesterol in 
the diet collectively. The study will help us to elucidate 
the relationship between hypercholesterolemia and 
atherosclerosis, as well as their mutual impact on spinal 
degeneration.

MATERIALS AND METHODS

Animal model
Male New Zealand albino rabbits, ranging in age from 
2 to 4 months old, were randomly selected as the 
experimental groups. The animals were maintained and 
handled in accordance with the Animal Welfare Act and 
the Guide for the Care and Use of Laboratory Animals 
prepared by the Animal Ethics Committee of Marmara 

University. All rabbits were fed 100g of rabbit food per 
day. Cholesterol was added to the diet as diethyl ether 
solution. The cholesterol concentration was chosen based 
on previously reported protocols.[1,19]

Experimental management
The rabbits (n = 32) were divided into two 
broad experimental groups: A control group 
and a hypercholesterolemia group. The control 
rabbits (n = 8) were fed only with Vitamin E‑poor diet. 
The control group was divided into 1a and 1b groups. 
Four rabbits in Group 1a were fed for 4 weeks and the 
next four (Group 1b) for 8 weeks without any added 
supply and treatments. The hypercholesterolemia 
group rabbits (n = 24) were fed with the same Vitamin 
E‑poor diet, except that it was supplemented with 2% 
cholesterol. This hypercholesterolemic group was divided 
into four subgroups (2a, 2b, 2c, and 2d). Rabbits in 
subgroup 2a (n = 6) were fed for 4 weeks. Members of 
Group 2b (n = 6) were fed with the same diet + 2% 
cholesterol but also received daily intramuscular injections 
of 50 mg/kg of Vitamin E for 4 weeks. The third 
(2c, n = 6) and fourth (2d, n = 6) subgroups were fed 
with a diet containing 2% cholesterol for first 4 weeks. 
Then, the rabbits in Group 2c received intramuscular 
Vitamin E (50 mg/kg) injections, while those in Group 
2d were fed only with the Vitamin E‑poor diet for an 
additional 4 weeks. After either 4 weeks (in Groups 1a, 2a, 
and 2b) or 8 weeks (in Groups 1b, 2c, and 2d) the rabbits 
were subjected to overnight food withdrawal and were 
subsequently anesthetized using 50 mg/kg of ketamine 
hydrochloride. Blood was collected to evaluate Vitamin E 
and cholesterol levels. The vertebral segmental arteries of 
all the rabbits were removed for microscopic evaluation. 
Then a posterior median skin incision was made on the 
lumbar paravertebral muscles, allowing dissection and 
complete removal of the lumbar columna vertebralis.

Determination of serum cholesterol and Vitamin 
E (α‑tocopherol)
Serum cholesterol levels were determined using an 
automated (Hitachi Modular P800) enzymatic technique 
(Roche, Boehringer Inelheim).

Vitamin E levels were measured by reverse‑phase 
high‑pressure liquid chromatography (RP‑HPLC).[19] The 
α‑tocopherol (αT) assay was performed by serum extraction 
in subdued lighting to produce a αT‑rich fraction. Briefly, 1 
mL serum was shaken vigorously in 12 mL of 9% w/v KOH 
in 90% ethanol + 1 mL ascorbic acid solution (10% w/v) 
and incubated at 80° for 30 min. After cooling, 12 mL 
petroleum ether (bp 60–80°) was added, then the samples 
vortexes and centrifuged. The upper organic extract was 
collected into a new tube, while the aqueous phase was 
re‑extracted with petroleum ether twice more. The organic 
extracts were pooled, washed 3 times with water, then dried 
under nitrogen in glass vials and stored at −80°C until they 
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were assayed for αT by HPLC. Samples were dissolved 
with 2 mL methanol by and RP‑HPLC on a C18 Nova‑Pak 
column (Alltech). The mobile phase was 100% methanol, 
and fluorescence detection was performed with excitation 
at 292 nm and emission at 350 nm.

Preparation of vascular tissue for histopathological 
analyses
The vertebral segmentary arteries from all groups 
were fixed for histopathology in 10% buffered 
paraformaldehyde for a minimum of 24 h. Tissue samples 
were prepared in an autotechnicon and then embedded 
in paraffin. The specimens were sectioned (5 µm) with 
a microtome and deparaffinated 3 times with xylene in a 
60°C incubator. The tissue samples were rehydrated with 
alcohol, washed with water, and stained with hematoxylin 
and eosin (H and E). The morphometric characteristics 
of tissue samples were evaluated under a light microscope 
(magnification, ×100 and × 400).

Decalcification and preparation of vertebrae
The specimens were fixed in a 10% buffered 
paraformaldehyde for 24 h, and then the osseous parts 
of the vertebrae were put in a decal solution (Shandon 
TBD‑1, 14% hydrochloric acid) for another 24 h. The 
specimen was serially sectioned in sagittal and axial 
planes and embedded in paraffin. A guillotine was used 
for the serial sectioning [Figure 1]. The specimens were 
stained by H and E stain.

Results and statistical analyses
Cholesterol and Vitamin E serum concentrations
Blood analyses for the all experimental groups are 
shown in Tables 1‑3. Two percent cholesterol diet 
supplementation for 4 weeks (Group 2a) resulted in an 
approximately 44‑fold increase in plasma cholesterol levels 
over the 4‑week control values (Group 1a). Additional 
supplementation with Vitamin E (Group 2b) induced a 

plasma cholesterol increase of only 37‑fold relative to the 
control (Group 1a). Rabbits that were fed on cholesterol 
for 4 weeks, followed by normal diet + Vitamin E 
injections for an additional 4 weeks (Group 2c) showed 
a 15‑fold increase in plasma cholesterol levels when 
compared with the control group (Group 1b) at the end 
of 8 weeks. Rabbits fed on cholesterol diet for 4 weeks and 
then with a normal diet for another 4 weeks (Group 2d), 
showed plasma cholesterol level decrease of 8‑fold when 
compared with Group 2c, which received cholesterol for 
4 weeks and Vitamin E for 4 weeks. Furthermore, Group 
2d showed a 5‑fold increase over control rabbits (Group 
1b). Plasma Vitamin E concentrations were higher in the 
cholesterol‑fed rabbits (Group 2a), in direct correlation 
with the literature data.[13,18] This event is caused by an 
increased Vitamin E uptake resulting from the enhanced 
lipid uptake produced by the high cholesterol diet. 
If Vitamin E were absent from the diet, the effect of 
cholesterol would be more disruptive, and the effect of 
Vitamin E supplementation would also be exaggerated.

Statistical analyses
For the statistical analyses, Number Cruncher Statistical 
System 2007, Power Analysis and Sample Size 2008 
Statistical Software Kaysville, Utah USA were used.

To evaluate the data of the study, descriptive statistical 
methods as a mean average and standard deviation were 
referred.

For the comparison of the results of qualitative data of 
two separate groups exhibiting nonuniform parameters, 
Mann–Whitney U‑test was used.

To compare the qualitative data of nonuniform 
parameters in the same group, Wilcoxon signed ranks 
test was used.

Significance level was accepted to be at P < 0.01 and 
P < 0.05.

Interpretation of the statistical result
Evaluation of the results of different groups (1a vs. 2a and 1a 
vs. 2b) [Tables 1‑3]
Considering the initial level of serum cholesterol, there 
was no significant statistical difference among Groups 
1a (fed with normal diet for 4 weeks) and 2a (fed with 
cholesterol diet for 4 weeks) (P > 0.05). This means the 
two groups were uniform at the beginning, regarding the 
serum cholesterol levels.

As expected, the cholesterol levels of the Group 1a rabbits 
were lower than Group 2a, fed with high cholesterol diet 
at the end of 4 weeks; and this was statistically significant 
(P < 0.001; P < 0.01).

The initial cholesterol level of the Groups 1a (fed with a 
normal diet for 4 weeks) and 2b (fed with Vitamin E diet) 

Figure 1: Sagittal and axial sections showing the discovertebral unit, 
which included: (1) disc, (2) disc endplate, (3) subcondral space, and 
(4) half of the vertebral bone
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was statistically insignificant (P > 0.05). This also means 
that these two groups were uniform at the beginning of 
the study, regarding the serum cholesterol levels.

The cholesterol level of the Group 1a rabbits was lower 
than the Group 2b rabbits at the end of 4 weeks and 
this was statistically significant (P: 0.001; P < 0.01), 
showing that the supplementation with Vitamin E did 
not preserve the serum cholesterol profile at the Group 
2b at the end of the 4th week.

Evaluation of the results within the groups (1a, 2a, and 2b 
separately) [Tables 1 and 3]
Decrease of the serum cholesterol level of the Group 1a 
(fed with a normal diet for 4 weeks) rabbits at the end 
of the 4th week was found to be statistically insignificant 
(P > 0.05).

Increase of the serum cholesterol level of the Group 2a 
rabbits (fed with high cholesterol diet for 4 weeks) at the 
end of 4 weeks was found to be statistically significant 
(P: 0.001; P < 0.01) as expected.

Increase of the serum cholesterol level of the Group 2b 
rabbits (fed with high cholesterol and Vitamin E diet 
for 4 weeks) at the end of 4 weeks was found to be 
statistically significant (P: 0.001; P < 0.01).

Evaluation of the result of different groups (1b vs. 2c and 1b vs. 
2d) [Tables 1 and 3]
There was no statistically significant difference among 
the initial cholesterol levels of the Group 1b rabbits (fed 
with a normal diet for 8 weeks) and Group 2c rabbits 
(fed with high cholesterol diet for the first 4 weeks, and 
with Vitamin E diet or the next 4 weeks) (P > 0.05).

The fourth‑week cholesterol level of the Group 1b rabbits 
was statistically significantly lower than those of Group 
2c (P: 0.001; P < 0.01).

The 8 weeks cholesterol level of the Group 1b rabbits was 
statistically significantly lower than the Group 2c rabbits 
(P: 0.001; P < 0.01).

The initial cholesterol levels of the Group 1b rabbits (fed 
with a normal diet for 8 weeks) and 2d rabbits (fed with 

Table 1: Serum concentrations of cholesterol and Vitamin E in all groups

Group Cholesterol (mg/dL) Vitamin E (mg/mL)

0 week 4 weeks 8 weeks 0 week 4 weeks 8 weeks

Group 1a: Control, (n=4, 4 weeks) 56±32.52 51.5±10.6 3.06±0.86 2.9±0.73
Group 1b: Control, (n=4, 8 weeks) 42±26.8 25±18.38 63.0±0.0 1.69±1.15 2.17±1.03 5.17±0.23
Group 2a: Cholesterol, (n=6, 4 weeks) 47.8±14.4 2263.5±716.93 2.71±0.47 15.91±0.94
Group 2b: Cholesterol+Vitamin E, (n=6, 4 weeks) 44.5±21.42 1931.7±634.05 2.33±1.15 38.81±4.10
Group 2c: Cholesterol (4 weeks) + Vitamin E (n=6, 
4 weeks)

47.6±12.17 2786.2±293.18 1238.4±229.19 1.98±1.01 21.27±2.55 39.99±11.12

Group 2d: Cholesterol (4 weeks) + normal diet 
(n=6, 4 weeks)

53±13.03 1554.2±165.83 158.83±107.07 1.18±0.57 11.63±2.07 3.83±1.61

Table 2: Vitamin E level distribution of the rabbits

Group Vitamin E (mg/mL) (mean±SD)

0 week 4 weeks 8 weeks

Group 1a: Control (4 weeks) (n=4) 3.06±0.86 2.9±0.73 ‑
Group 1b: Control (8 weeks) (n=4) 1.69±1.15 2.17±1.03 5.17±0.23
Group 2a: Cholesterol (4 weeks) (n=6) 2.71±0.47 15.91±0.94 ‑
Group 2b: Cholesterol+Vitamin E (4 weeks) (n=6) 2.33±1.15 38.81±4.10 ‑
Group 2c: Cholesterol (4 weeks) + Vitamin E (4 weeks) (n=6) 1.98±1.01 21.27±2.55 39.99±11.12
Group 2d: Cholesterol (4 weeks) + normal diet (4 weeks) (n=6) 1.18±0.57 11.63±2.07 3.83±1.61
SD: Standard deviation

Table 3: Cholesterol level evaluation of the Groups 1a, 2a, and 2b

Group Cholesterol (mg/dL) (mean±SD) Pa

Group 1a Group 2a Group 2b Groups 1a‑2a Group 1a‑2b

0 week 56±32.52 47.8±14.4 44.5±21.42 0.594 0.515
4 weeks 51.5±10.6 2263.5±716.93 1931.7±634.05 0.001** 0.001**
Pb (0-4 weeks) 0.798 0.001** 0.001**
aMann–Whitney U‑test, bWilcoxon signed‑ranks test, **P<0.01. SD: Standard deviation
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cholesterol diet for 4 weeks and with a normal diet for 
the next 4 weeks) were statistically similar (P > 0.05).

The cholesterol level at the end of the 4th week of Group 
1b was statistically significantly lower than Group 2d 
(P: 0.001; P < 0.01).

The cholesterol level at the end of 8 weeks of Group 
1b was statistically significantly lower than Group 2d 
(P: 0.001; P < 0.01).

Evaluation of the results within the Groups 1b, 2c, and 2d 
separately [Tables 1 and 4]
Decrease of the cholesterol level of the Group 1b at the 
end of the 4th week, according to the initial level was 
found to be statistically insignificant (P > 0.05). Either, 
the increase of the cholesterol level of this group at the 
end of the 8 weeks, according to the initial level was 
found to be insignificant (P > 0.05).

Considering the Group 2c rabbits, fed with cholesterol 
diet for the initial 4 weeks, and with Vitamin E diet for 
the next 4 weeks, the increase of the cholesterol level at 
the end of the 4th week, according to the initial level was 
found to be statistically significant (P: 0.001; P < 0.01).

Besides, the increase of the cholesterol level of this 
group at the end of the 8 weeks, according to the initial 
level was found to be statistically significant (P: 0.001; 
P < 0.01).

The increase of the 4th week cholesterol level according 
to the initial level of the Group 2d rabbits, fed with 
cholesterol diet at the first 4 weeks, and with normal 
diet at the next 4 weeks was found to be statistically 
significant (P: 0.001; P < 0.01).

The increase in the cholesterol level of this group at the 
end of 8 weeks was found to be statistically significant 
(P: 0.012; P < 0.05).

RESULTS

Histopathological analyses of vascular tissue
Rabbit abdominal aortas and vertebral segmental arteries 
from the different experimental groups were studied. 
Representative light microscopy images of the vertebral 

segmental artery from control rabbits [Figure 2] (Group 
1a), and rabbits from the cholesterol Group 2a, showed 
atherosclerotic vascular with lipid deposits in the 
subendothelial and medial layers, degeneration of elastic 
fibers in the medial layer, endothelial desquamation, and 
decrease of wave in the endothelial layer. Tissue specimens 
of the rabbits from the cholesterol plus Vitamin E 
treatment group (2b, 2c) showed no lipid accumulation 
or foam cell formation (magnification, × 400) [Figure 2]. 
Thus, Vitamin E reduces lipid accumulation, resulting in 
fewer cholesterol plaques in vertebral segmental arteries.

Histopathological analyses of discs, disc endplates, 
and vertebras
In the control group, normal histological findings in the 
annulus and endplate, along with normal neural elements 
of the spinal cord and nerve roots were observed. A 
discovertebral unit is comprised of vertebral bone marrow, 
disc endplates, and the disc component. In rabbits from 
the control groups, the endplate was composed of an 
osseous component as well as hyaline cartilage material. 
The disc endplate is considered to be the thin layer 
of hyaline cartilage that lies between the bone of the 
vertebral body and the soft tissue of the disc. In rabbits, 
the disc endplates are typically <0.1 mm [Figure 3].

In our histopathological examination, we found 
degenerative changes in the discs, disc endplates, and 
vertebral bodies of the cholesterol treated rabbits for 
4 weeks. Accumulation of foam cells (lipid deposits) in 
the disc endplates and bone marrow caused disruption of 
the blood supply. This process could mark the beginning 
of degenerative changes in disc endplates. In addition 
to this finding, there were solitary or aggregated foamy 
histiocytes (xanthic cells) in the cartilage, bone marrow, 
tendons, and soft tissue [Figure 4a].

In rich cholesterol‑fed plus Vitamin E‑supplement groups 
for 4 weeks, histopathological examination revealed 
changes in the discovertebral unit that were similar to 
those in the rich cholesterol‑fed groups. We did not find 
any discernible decreases in the number of foam cells 
related to Vitamin E, whereas Vitamin E certainly had 
a significant effect on atherosclerotic lesions in the large 
arteries of these same rabbits. Therefore, we concluded 

Table 4: Cholesterol level evaluation of the Groups 1b, 2c, and 2d

Group Cholesterol (mg/dL) (mean±SD) Pa

Group 1b Group 2c Group 2d Groups 1b‑2c Groups 1b‑2d

0 week 42±26.8 47.6±12.17 53±13.03 0.660 0.405
4 weeks 25±18.38 2786.2±293.18 1554.2±165.83 0.001** 0.001**
8 weeks 63.0±0.0 1238.4±229.19 158.83±107.07 0.001** 0.001**
Pb

0-4 weeks 0.467 0.001** 0.001**
0-8 weeks 0.435 0.001** 0.012

aMann–Whitney U‑test, bWilcoxon signed‑ranks test, **P<0.01. SD: Standard deviation
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that Vitamin E was insufficient to diminish foam cells, 
despite its effect on atherosclerotic lesions in large vessels 
for this treatment period [Figure 4b].

In rich cholesterol‑fed plus Vitamin E‑supplemented 
groups for 8 weeks (first 4 weeks rich cholesterol + 
second 4 weeks Vitamin E supplement), histopathological 
examination did not reveal discernible decreases in the 
number of foam cells in spite of the supplementation 
of Vitamin E on second 4 weeks. In rich cholesterol‑fed 
and normal diet groups for 8 weeks (first 4 weeks rich 
cholesterol + second 4 weeks normal diet), we observed 
no changes in discovertebral fat accumulation on second 

4 week. We conclude that hypercholesterolemia causes 
degenerative changes in the discovertebral unit [Figure 5].

DISCUSSION

Lumbar arterial supply may be diminished in certain 
situations, and this causes intervertebral disc degeneration 
and low back pain. The diminished vertebral blood supply 
is thought to be a result of atherosclerosis and/or stenosis 
of lumbar arteries. Lumbar vascular supply is segmental. 
Lumbar ischemia may have several different outcomes, 
affecting structures such as nerve roots, vertebral bodies, 
intervertebral discs, and paravertebral muscles. Depending 
on the structures nourished by blood, symptoms may vary: 
Ischemia of the vertebral bone may cause continuous dull 
pain, typical of skeletal ischemia. Nerve root ischemia may 

Figure 3: Control group, normal histological findings in the disc 
endplate (0.1 mm) is considered to be the thin layer of hyaline 
cartilage that lies between the bone of the vertebral body and the 
soft tissue of the disc (×40)

Figure 5: Histopathological examination; rich cholesterol-fed plus 
Vitamin E-supplement groups for 8 weeks (×400) (a), rich cholesterol-
fed and normal diet groups for 8 weeks. We observed no diminish 
in discovertebral fat accumulation at the end of 8 weeks (×400) (b)

a

b
Figure 4: Histopathological examination; (a) 2% cholesterol feed 
group (×100) and (b) cholesterol plus Vitamin E treatment group 
demonstrated degenerative changes in the discs, disc endplates 
and vertebral bodies, accumulation of foamy histiocytes (xanthic 
cells) in the disc endplates and bone marrow caused disruption of 
the blood supply (black arrows) (×400)

a

b

Figure 2: Representative light microscopy images of the rabbit 
segmental artery from: (a) control rabbits, (b) rabbits from the 
cholesterol group, which showed atherosclerotic vascular with 
foam cells in the subendothelial and medial layers and endothelial 
desquamation (arrows), (c) rabbits from the cholesterol plus 
Vitamin E treatment group, which showed no lipid accumulation 
or foam cell formation (×400)

ba

c
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evoke radicular pain. The intervertebral disc is supplied 
by diffusion through the endplates from vertebral bodies 
above and below it. Furthermore, the disc is located at 
the end of oxygen and nutrient chain, making it the first 
structure to suffer during nutrient insufficiency.[10]

Hypercholesterolemia plays an important role 
in the progression of atherosclerosis.[4,27] Severe 
hypercholesterolemia is shown to cause macrophage 
infiltration through vascular endothelium and this in 
turn results in atherosclerotic plaque aggregation and 
vascular lesions in animal experimental specimens.[3,21] 
Macrophages act as antigen presenting and immune cells 
and finally as effector cells in the vascular and synovial 
and cartilage tissues. They in turn cause hyperplasia 
of the vascular lining layer, mononuclear infiltration, 
cartilage destruction, and are the major precursors of 
the inflammatory mediators. When activated, they 
also differentiate into osteoclast‑like cells, causing bone 
resorption. Hyperlipidemia is also suggested to induce 
osteoclastic potential of the cells in bone marrow in vivo. 
Lipid oxidation products and osteoclast cell enlargement 
in bones were documented in hyperlipidemic mice.[24] 
Moreover, diet‑induced cholesterol increase was shown 
to be associated with reduced bone quality, similar to 
osteoporosis. Hence, hypercholesterolemia may be a 
starting factor of bone quality decrease and cartilage 
and bone degeneration of both the vertebral column 
and the vascular structures through the activation of the 
mononuclear phagocytic system.[21]

As the pathophysiological mechanisms of inflammation 
are similar in vascular tissue (atherosclerosis) and 
cartilage tissue, we assume that hypercholesterolemia 
may contribute to intervertebral disc degeneration by the 
same mechanism of inflammation and by affecting the 
vessels supplying the disc tissue. The damaged synovial 
membrane, calcified cartilage, neighboring bone tissue, 
and angiogenesis in turn may lead to the vertebral body 
Modic degeneration and at the same time, causing 
prominent atherosclerosis in the aorta and vessels 
nourishing the vertebral column.

The protective effects of antioksidants such as αT 
(Vitamin E) on bone metabolism have been studied in 
animals and humans, and these studies show generally the 
beneficial effects of this metabolite on bone metabolism. 
There are a number of studies in the literature about 
the relationship between hypercholesterolemia, αT 
(Vitamin E) supplementation and bone and cartilage 
metabolism, and vascular changes. These studies try 
to focus on the alterations of the histologic structure 
of vascular, osseous, and cartilage tissue caused by 
cholesterol increase and whether these alterations can be 
reversed by supplementing Vitamin E.

Kasai et al. studied the effect of αT on the vertebral and 
femur bone of ovariectomized rats. They found that αT 

supplementation caused a tendency for the bone mass 
increase and remodeling of the vertebral body in normal 
rats.[8]

Hampson et al. studied αT relationship with bone 
metabolism and arterial stiffness in postmenopausal 
women and they concluded that high serum 
concentrations of αT might have a negative effect on 
bone formation.[5]

The effect of hypercholesterolemia on synovial and 
vascular endothelial structure has been discussed in the 
literature. Similar to our study, Prieto‑Potín et al. induced 
hypercholesterolemia in rabbits by administrating 
high‑fat diet and analyzed lipid and systemic markers in 
blood serum. We can assume that vertebral unit is a kind 
of joint structure, composed of bone (vertebral body), 
cartilage (end plate and disc tissue), and synovium (lining 
facet cartilage), and the results of Potin’s study could be 
simulated to our study, as they examined knee joint.

Hypercholesterolemia causes cartilage‑bone damage, 
and foam macrophages are the main causes in this 
process. Inflammatory actions induced by adipokines 
explain some of the associations between skeletal and 
cardiovascular effects of hypercholesterolemic cases. 
The biochemical causes of disc‑cartilage inflammation 
and their vascular adverse effects may be related to 
cytokines, chemokines, adipokines such as tumor 
necrosis factor‑alpha, interleukin‑6, plasminogen activator 
inhibitor, end others. Endothelial dysfunction is a result 
of these chemokines and inflammatory molecules, 
causing increased vessel permeability. Leukocytes rush 
toward the synovia, cartilage. Lipid infiltration, foam cell, 
and fatty streaks within the vessel wall, eventually cause 
atherosclerotic plaques. Mainly, macrophage infiltration 
promotes atherosclerosis and also causes cartilage 
changes. Macrophages act as antigen presenting cells and 
finally cause inflammation in acute and chronic cases.

Besides, macrophages may be transformed to cathepsin 
K‑stained osteoclasts and cathepsin K is the major 
osteoclast protease responsible for bone resorption. Thus, 
this metabolic event in hyperlipidemia causes bone 
degeneration. A terminal degradation product of these 
osteoclasts, C‑terminal telopeptide of Type I collagen may 
be used as an indicator of bone resorption, degeneration 
and also it is found in atherosclerotic plaques.[21,24]

The mononuclear cells infiltrating to the vascular wall and 
cartilage differentiate to osteoclast‑like cells and cause 
bone resorption. This aggressive infiltration eventually 
causes degenerative changes in the joints, vertebral bone, 
and vascular tissue.

Bone quality parameters are altered by a 
hypercholesterolemic diet in animal experimental studies, 
including bone volume fraction, bone mineral density, 
trabecular number, alterations in mechanical properties 
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of the bone, and an increase in osteoclast number.[20] In 
the study of Okayasu et al., it has been shown that LDL 
level decrease causes impaired osteoclastogenesis and a 
subsequent decrease of bone resorption parameters and 
increased bone mass in mice.[16] Thus, we may conclude 
that hypercholesterolemia directly disturbs homeostasis 
of the vertebral bone structure.[21]

Hyperlipidemia increases systemic inflammatory effects 
on the vascular bone and cartilage tissues by causing 
massive macrophage infiltration and transformation 
to foam cells and osteoclasts and in turn leading to 
atherosclerosis and disc and vertebral degeneration.

The role of αT (Vitamin E) has been studied in 
hypercholesterolemia as an antioxidant, primarily 
for preventing the vascular effects. Vitamin E 
supplementation may be associated with a lower risk 
of atherosclerosis and lower risk of coronary heart 
disease, but it is dose dependent. High‑dose Vitamin E 
supplementation (over 400 IU/day) may be associated 
with an increased mortality rate. Besides the vascular 
effects, osteogenic effects of Vitamin E have been 
studied widely. Vitamin E is shown to cause bone 
mass increase in cancellous bones of the vertebral 
body, leading to beneficial effects on bone health. The 
osteoclast activation of free radicals, affecting bone 
turnover is reversed in the benefit of bone remodeling by 
antioxidants as Vitamin E. The underlying mechanism 
has not been determined thoroughly yet.[8]

In this study, we evaluated the effect of a 
hypercholesterolemia as a starting factor on 
spinal degeneration in an experimental animal 
model (rabbits) and the role of Vitamin E. A high 
cholesterol supplementation was preferred to lower 
cholesterol‑containing diets (5–10 g/kg). This decision 
turned out to have the advantage of maximizing the 
atherosclerotic result and diminishing the treatment 
time as a result elevation in blood cholesterol in rabbits 
far exceed that seen in the most humans. Progressive 
degeneration of the disc endplates and changes to the 
vertebral body were found to be correlated with high 
blood concentrations of cholesterol. The noticeable 
concession of the current study, when compared to similar 
studies is that not only the effect of hypercholesterolemia 
and Vitamin E on the major vascular tissue and on 
the discovertebral unit was investigated, but also 
serum concentration, vascular and discovertebral unit 
histological changes were examined at the same study. 
One limitation of the study was that it encompassed a 
relatively short period of investigation (4 and 8 weeks). 
However, the length of the time period was proved to be 
sufficient for revealing vascular changes, such as plaque 
formation, which is associated with hypercholesterolemia 
and which was congruent with the time frame of the 
previous publications in the literature.[17,18] Furthermore, 

causes of discovertebral unit changes have already been 
discovered, but we believe that the current study calls 
attention to discovertebral degeneration associated with 
high serum levels of cholesterol. Chronic changes as well 
as the latter stages of discovertebral degeneration might 
have been revealed in a longer lasting study.

Disc degeneration is a very complex phenomenon that 
will require extensive biomechanical and biochemical 
researches before it will be fully understood.[14] Many 
studies have investigated the relationships between the 
biomechanical performance of the discovertebral unit 
and degeneration.[6] These biomechanical studies revealed 
that high serum levels of cholesterol cause accumulation 
of fat at the discovertebral unit, particularly in the disc 
endplate. This accumulation causes vascular disorders 
and accelerates the ischemia in the discovertebral unit 
that causes degeneration.

Atherosclerosis of aorta and stenosis of the lumbar spine 
feeding arteries are all proven to be associated with 
degenerative disc disease. Cardiovascular risk factors 
of atherosclerosis on the other hand are also proven by 
many studies.

The discovertebral junction is a dynamic zone that 
demonstrates normal variations and can be modified by 
disease, which makes biomechanical and biochemical 
investigations inevitable in the study of degeneration. 
Possible support for the association between endplate 
degeneration and changes in subchondral bone and 
bone marrow include histological specimens from groups 
that were given food containing 2% cholesterol. As a 
consequence of high cholesterol diet increased oxidative 
stress and vascular smooth muscle cell proliferation may 
initiate, release of inflammatory parameters and other locally 
liberated factors and has been assumed to be important 
in the development of vascular and discovertebral unit 
histological changes.[18,19] According to our hypothesis, the 
histological changes in the discovertebral unit as a result of 
high blood concentrations of cholesterol could play a major 
role in initiating the degeneration process.

Vitamin E (αT) has been shown to regulate a number 
of cellular processes, including signal transduction and 
cell proliferation.[15,17,29] Due to its anti‑proliferative, 
anti‑inflammatory properties, Vitamin E has been shown 
to play a role in protecting against the progression of 
atherosclerosis, caused by a high cholesterol diet, and 
its role has been studied in hypercholesterolemia as an 
antioxidant, primarily for preventing the vascular effects. 
Vitamin E supplementation may be associated with a 
lower risk of atherosclerosis and lower risk of coronary 
heart disease, but it is dose dependent. High‑dose 
Vitamin E supplementation (over 400 IU/day) may be 
associated with an increased mortality rate. Besides 
the vascular effects, osteogenic effects of Vitamin E 
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has been studied widely. Vitamin E is shown to cause 
bone mass increase in cancellous bones of the vertebral 
body, leading to beneficial effects on bone health. The 
osteoclast activation of free radicals, affecting bone 
turnover is reversed in the benefit of bone remodeling by 
antioxidants as Vitamin E. The underlying mechanism 
has not been determined thoroughly yet.[8]

A high plasma concentration of cholesterol, in particular 
high levels of LDL, is one of the principal risk factors for 
atherosclerosis. The lesions occur in muscular arteries 
and can lead to ischemia of the organs that are supplied 
by the atherosclerotic artery. Necropsy studies have 
demonstrated a marked association between atheromatous 
lesions in the aorta and lumbar disc degeneration and 
stenosis of the feeding arteries of the lumbar vertebrae. 
These changes in turn lead to lumbar back pain.[10] Lower 
back pain as a result of discovertebral unit degeneration 
and atherosclerosis has been the subject of intense 
research. One necropsy study suggested an association 
between decreased blood supply of the lumbar vertebrae 
and lower back pain as a result of discovertebral unit 
degeneration.[9] These studies provide a solid support 
for the notion that there is a relationship between large 
arteries, such as the aorta, and lower back problems as 
a result of discovertebral unit degeneration. Results of 
the current study indicate that hypercholesterolemia 
causes fat accumulation in the disc tissue, endplate, and 
vertebral body leading to tissue destruction caused by 
diminished blood supply. In fact, this is an inflammatory 
process. Our histological examination revealed a 
significant reduction in markers of atherosclerosis in the 
Vitamin E supplement groups. However, there were no 
significant changes in the degenerative process of the 
discovertebral unit. We concluded that the initiation 
of discovertebral unit degeneration is directly related to 
the accumulation of fat tissue in the disc endplate and 
vertebral bone marrow. It may set off degeneration of the 
disc itself. Although Vitamin E supplementation was not 
effective in reducing fat accumulation in the vertebral 
bone marrow, this dietary intervention diminished 
atherosclerotic changes in the same group. Despite the 
reduction in atherosclerotic plaque and the consequent 
restoration of blood flow to the discovertebral unit, we 
observed no changes in discovertebral fat accumulation.

Besides, the lack of effectiveness of the Vitamin E in 
preventing the discovertebral degeneration may be due 
to the duration of the experiment (8 weeks). Vitamin 
E might be effective in preventing the discovertebral 
degeneration in a longer time period. On the other hand, 
vascularization of vertebral body is weak, particularly disc 
tissue has no vessels, but aorta is rich in vasa vasorum. 
According to our opinion, consequent researches are 
needed about this issue.

CONCLUSION

As a result, we conclude that degeneration of the 
discovertebral unit is not related to atherosclerotic 
changes in the large blood vessels, such as the aorta or 
spine segment artery.

Further experimental and prospective clinical studies are 
needed to clarify the association of atherosclerosis and 
low back disorders, disc and vertebral degeneration and 
the precautions to reverse this pathology.
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