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SUMMARY
The aim of the study was to determine the effects 

of immobilization on the gross morphology of 
rats’ intervertebral disc (IVD) and observe the 
ameliorating effects of Omega 3 fatty acids and 
Co-enzyme Q 10 (CoQ10). Forty Sprague Dawley 
rats weighing 250-300 g were procured from 
NIH Islamabad. The animals were randomly 
selected and were divided into four groups of 10 
animals in each. Group-A rats served as control 
group. Each rat of Group B was disc immobilized 
by using an Illizarov-type apparatus, which was 
applied for 60 days. Group-C and -D rats after disc 
immobilization were administrated with Omega 3 
fatty acids (260 mg/kg/day) and CoQ10 (150mg/
kg/day) through oral gavage respectively. Gross 
examination of IVD was done using the Thompson 
grading scale and the disc alterations were scored 
from grade 1 to 5 in increasing order of IVD 
alterations.

Gross examination of the sections of IVD’s 
of the control group showed normal healthy 

morphology, falling in Thompson grade I 
degeneration. The frequency of disc alteration 
was statistically significant in disc-immobilized 
group B when compared to control group A 
(p-value=0.000), group C (p-value=0.000) and 
group D (p value=0.002). Group C in which n-3 fatty 
acid was given along with disc immobilization, 
showed significant improvement in disc 
degenerative changes. On comparison with group 
B, p-value&lt;0.001 was statistically significant. 
In experimental Group D, where CoQ10 was 
given along with disc immobilization, the 
degenerative changes were significantly reduced 
as compared to Group B (p = 0.002).  In this study, 
gross morphological changes were induced 
by immobilization in IVDs of the experimental 
rats and its reversal by omega 3 and CoQ10 was 
proven. Co-administration of Omega 3 and CoQ10 
significantly minimized degenerative changes in 
IVDs induced by immobilization.
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INTRODUCTION
An intervertebral disc (IVD) is a cartilaginous 

structure in which progressive degenerative 
and ageing changes appear earlier than any 
other connective tissue in the body. Clinically 
it is considered very important because there 
is strong association of disc degeneration with 
disability and devastating backache (Urban 
and Roberts, 2003). Back pain is a common 
community health problem and a leading cause 
of disability that causes suffering and distress to 
patients and their families. There is a decreased 
incidence of low back pain in people who are 
physically fit and active, whereas a sedentary 
lifestyle with reduced physical activity is related 
to an increased risk for low back pain (James et al., 
1999). An IVD is composed of three components: 
in the centre nucleus pulposus (NP), gelatinous 
core which is surrounded by 15-20 thick fibrous 
rings forming annulus fibrosus (AF), and the 
upper and lower end plates. Significant changes 
occur in these components that are indicative of 
disc degeneration. These include the destruction 
of extracellular matrix, the injury to the cells. 
Major morphological changes are observed in 
degenerated discs, where the annular lamellae 
become disorganized and irregular. In the NP, 
frequent cleft and fissure formation is seen 
(Buck Walter, 1995). An effective proteoglycan, 
Aggregan, is destroyed in degenerated discs, 
which lead to loss of hydration, and fragments of 
NP bulge into AF (Hayes et al., 2001).

Nerlich studied that oxidative stress is a cellular 
state where raised levels of reactive oxygen 
species (ROS) may contribute to destruction of 
extracellular matrix and cell apoptosis, which 
eventually results in disc degeneration (Nerlich et 
al., 2007). Disc degeneration is a form of chronic 
inflammation which leads to an upregulation of 
pro-inflammatory markers that shift homeostasis 
towards the extracellular matrix degeneration, 
with successive breakdown of its components 
(Burke et al., 2002). We hypothesize that the potent 
antioxidant property of Co Q 10, as well as the 
ability of omega 3 fatty acids to inhibit a number 
of aspects of inflammation, present them as good 
therapeutic candidates to treat disc degeneration 
(Sohal and Forster, 2007) (Wall et al., 2010).

MATERIALS AND METHODS
Forty Sprague-Dawley rats 3 to 4 months of age, 

with an average weight of 250-300 grams, were 
used in the experiment and were kept in controlled 
environment of animal house of NIH, Islamabad. 
The study was carried out in the Department of 
Anatomy, Army Medical College Rawalpindi, in 
collaboration with National Institute of Health 
(NIH), Islamabad and Armed Force Institute of 
Pathology (AFIP), Rawalpindi. It was a laboratory-
based experimental control trial that spanned for 
two months. 

Rats were randomly divided into four groups (n 
=10 animals in each group). Animals were raised 
on NIH laboratory standard diet and water ad 
libitum for two months in separate cages (Fig. 
1A). Rats in group A served as control and were 
given standard lab diet and water ad libitum for 

Fig. 1.- A. Rats placed in separate cages after apparatus was applied. B. Illazrov apparatus applied to immobilize the rat tail segment.
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two months. Rats in group B were subjected to 
disc immobilization by using an Ilizarov-type 
apparatus (James et al., 1999). No medication was 
given to this group. They were given standard lab 
diet and water for two months. Rats in group C were 
subjected to disc immobilization using an Ilizarov 
type apparatus (Fig. 1B). They were administered 
omega 3FA through oral gavage at a dose of 260 
mg/kg body weight (Abdou et al., 2014). In group 
D, rats were subjected to disc immobilization and 
were given Co-enzyme Q10 through oral gavage at 
a dose of 150 mg/kg/day (Kwong et al., 2002). At 
the end of 60 days, the animals were sacrificed. 

The whole discs with the vertebrae adjacent 
to the immobilized segments (Co8-9 and Co10) 
were removed and dissected. The removed part of 
the vertebral column was sectioned in a sagittal 
plane 5 mm from the mid-line. The lateral cut 
surface was washed briefly under running tap 
water while brushing the bone lightly with soft 
toothbrush to remove debris. The cleaned surface 
was photographed and observed under dissecting 

microscope (Fig. 2). For the macroscopic analysis 
of these disc alterations, the Thompson grading 
scale (Table 1) was used, which attributes a grade 
of 1 to 5, in increasing order of intervertebral 
disc alterations (Thompson et al., 1990). A Sony 
digital camera (16 megapixel) was used through 
the ocular of the Olympus DP21 light microscope. 
The images were corrected and adjusted with 
respect to contrast, brightness, sharpness, and 
color balance by Photoscape software. IBM-SPSS 
version 21 was used for data analysis. Qualitative 
variables were presented by frequency and 
percentages. Chi square test was applied for 
comparison of qualitative variables.

RESULTS
Gross examination of IVD was done using the 

Thompson grading scale and the disc alterations 
were scored from grade 1 to 5 in increasing 
order of IVD alterations. On gross examination of 
specimens of Control Group A, intervertebral discs 
had soft central nucleus pulposus (NP) with well-

Fig. 2.- Rat tail under the dissecting microscope.
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organized annulus fibrosus (AF) lamellae. They 
did not have any fissures in NP or any disruption 
of AF (Table 1, Fig. 3, Bar chart 1). Ten (100%) rats 
of the control group A showed Thompson grade I 
degeneration. 

In disc-immobilized group B, 30% of the 
specimens showed Thompson III degeneration 
with loss of NP/AF distinction and fissures in 
NP and 50% of the specimens were lying in 
Thompson IV with fissures in NP and few points 
of focal sclerosis while 20% of the rats had flat 
discs and showed Thompson V degeneration. 
The frequency of disc alteration was statistically 

significant in disc-immobilized group B when 
compared to control group A (p-value=0.000), 
group C (p-value=0.000) and group D (p 
value=0.002) (Table 2, Fig. 4 and Bar chart 1). 

Group C in which n-3 fatty acid is given along 
with disc immobilization, 40% of the rats were 
lying in Thompson I grade, 50% in Thompson 
II grade and 10% in Thompson III grade. On 
comparison with group B, p-value < 0.001, and 
this was statistically significant. When compared 
with experimental group D with p-value=0.450, 
the difference was statistically not significant 
(Table 2 and Bar chart 1). 

Table 1. Thompson’s macroscopic degeneration scale (Thompson et al., 1990).

Thompson Grade Description

Thompson I Nucleus pulposus of gelatinous appearance and annulus fibrosus with organized lamellae.

Thompson II Nucleus pulposus with whitened fibrous tissue and mucinous material between the lamellae of the 
annulus fibrosus, note small fissure in the NP.

Thompson III Loss of AF/NP distinction, focal defects in end-plate, sees dehydration of nucleus pulposus and 
longitudinal and vertical fissure.

Thompson IV Fissures in the nucleus pulposus and parallel to the end-plate, with presence of focal sclerosis at this point. 

Thompson V Total sclerosis and flattening of the disc.

Fig. 3.- Normal healthy disc with central, gelatinous NP and well-organized AF in A6 rat of control group (Grade 1).
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Whereas in experimental Group D, where CoQ10 
is given along with disc immobilization, 20% of 
specimens showed Thompson I disc alterations, 
50% showed Thompson II grade and 30% had 
Thompson III disc degeneration. On intergroup 
comparison it was found to be statistically 
significant with Group B (p = 0.002) (Table 2 and 
Bar chart 1).

DISCUSSION
This study indicated that immobilization 

induced in rats resulted in IVD degeneration. The 
causes for IVD degeneration are multifactorial 
and risk factors include heritability, ageing, rapid 
increase in weight, obesity, and physical activity 
levels. Effects of immobilization on IVD have been 
researched comprehensively; the main aim of 
this study was to appraise the beneficial effects 

Fig. 4.- Different grades of gross morphological changes observed in intervertebral discs of rats of group B under dissecting microscope.

Table 2. Comparison of Thompson’s scoring and p values for macroscopic degeneration between the control Group A and the 
experimental Groups B, C and D.

Thompson’s scale for mac-
roscopic degeneration

Group A 
(n=10)

Group B 
(n=10)

Group C 
(n=10)

Group D 
(n=10)

Group
A/B

Group
A/C

Group
A/D

Group
B/C

Group
B/D

Group
C/D

Thompson I 10(0%) 0(0%) 4(40%) 2(20%) 0.000* 0.011* 0.001* 0.000* 0.002* 0.450

Thompson II 0(0%) 0(0%) 5(50%) 5(50%)

Thompson III 0(0%) 3(30%) 1(10%) 3(30%)

Thompson IV 0(0%) 5(50%) 0(10%) 0(0%)

Thompson V 0(0%) 2(20%) 0(0%) 0(0%)
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of nutraceuticals having anti-inflammatory 
and antioxidant properties in treating spinal 
pathologies.

Gross morphology of intervertebral discs 
was observed and graded with the help of two 
pathologists using Thompson’s scale. All the 
animals in control group A showed healthy discs 
with no signs of degeneration. Gross morphological 
changes were significant and the severity (score) 
of disc degeneration was found to be significantly 
more in the disc-immobilized group B, and this 
validated the findings of the previous researchers, 
who established the adverse effects of prolong 
immobilization on disc morphology (Scholten 
et al., 2014; Che et al., 2018). Pro-inflammatory 
cytokines including interleukin-1β, interleukin-6, 
interleukin-8, interleukin-10, bFGF (basic 
fibroblast growth factor), phospholipase 
A2, PGE2 (prostaglandin E2) and TNF-α are 
released because of the destruction of ECM in 
IVD (Podichetty, 2007). It is established that 

these mechanisms lead to densification and 
disruption of the fibers constituting the annulus 
fibrosus (AF), progressive loss of distinction 
between annulus and nucleus, the formation of 
chondrocyte clusters in the deep part of the disc, 
the appearance of horizontal or vertical fissures 
in the disc, anterior and posterior herniation (with 
total or partial rupture of the fibers of AF) and 
flattening of disc (Baptista et al., 2015). Decreased 
cytokine-mediated ECM degeneration can be a 
more potent approach, since it interfered with an 
earlier phase in the pathway of IVD degeneration. 
The degenerative changes observed on gross 
morphology were reduced in frequency in group 
where omega 3 fatty acids were used. This is 
due to the fact that omega 3 fatty acids, when 
consumed in sufficient quantities, result in 
decreased leukocyte chemotaxis and decreased 
pro-inflammatory cytokines, and decreased 
adhesion molecule expression (Maroon and Bost, 
2006), thus reducing damage to the intervertebral 
disc morphology. These results are in agreement 

Bar chart 1. Clustered bar chart showing count of intervertebral discs (IVD) with scoring of macroscopic degeneration (Thompson’s scale) among 
the control group A, disc immobilized group B, disc immobilized+Omg3 administrated group C and disc immobilized+CoQ10 administrated group D.
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with the findings of Calder (2006). In recent 
years, numerous studies have demonstrated that 
oxidative stress plays an important role in the 
initiation and progression of disc degeneration 
(Suzuki et al., 2015).These reports led us to see 
an anti-oxidative therapy for alleviating oxidative 
stress on cells that may allow a slow but controlled 
regeneration of disc. Co Q10 is widely consumed 
by humans as dietary supplement and acts as a 
quencher of ROS. This motivated us to study the 
long term effects of Co Q10 on IVD degenerative 
process. The incidence of degenerative 
morphological changes was reduced in group 
D, given Co Q10, as compared to group B. These 
results are in accordance with those previously 
reported studies that have shown substantial 
reduction in oxidative stress and improvement in 
long-term degenerative diseases with oral Co Q10 
supplementation (Sanoobar et al., 2013; Santoro, 
2020). This is in agreement with a study that 
argues that antioxidant therapy aids in stabilizing 
blood vessels and reduce oxidative damage 
caused from degeneration within the IVD (Zhang 
et al., 2020).

CONCLUSION
Immobilization induced the gross morphological 

changes in the intervertebral discs of the 
experimental rats by increasing inflammation 
and oxidative stress. Co-administration of omega 
3 fatty acids and enzyme CoQ10 minimized 
the immobilization-induced degeneration and 
improved the gross morphology of IVD, scored by 
using Thomson Grading Scale.
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