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Abstract 

Objective: In this study, the researchers were interested in seeing the relationship between smoking and disc degeneration 
as seen in the histology of mouse intervertebral discs using experimental studies. 
Methods : This type of research is experimental research. White rats were divided into 3 groups, namely the first group 
was euthanized before the exposure to cigarette smoke (n = 5), the second group was euthanized on the 14th day after 
exposure to cigarette smoke (n = 5), and the third group was euthanized on the 28th day after exposure. cigarette smoke 
(n = 5). At the appointed time, a sample is taken for histological examination of the vertebral discs.  
Result: Based on statistical results, there were significant changes in Annulus fibrosus in mice exposed to cigarettes on 
day 14 and day 28. 
Conclusions: There was a significant change in the histopathological features of the vertebral disc after exposure to 
cigarette smoke. This proves that cigarette smoke can cause lower back pain and can be used as an educational material 
for the community. Further research is needed to deepen this causal relationship. 

 
Keywords: Type your keywords here, separated by semicolons ;  

1. Introductions 

Low back pain is rarely associated with mortality, but it is one of the biggest causes of morbidity in the world. 
Lower back pain is closely associated with degenerative intervertebral disc disease. The prevalence of smoking 
continues to increase in both men and women in Indonesia. In several studies reported that smoking is closely related 
to low back pain, several epidemiological studies have shown that there are risk factors that smoking can cause low 
back pain. It has been found that smoking can increase the risk of damage to intervertebral discs. By interfering with 
the metabolism of these discs with the hypothesis that smoking reduces circulation of blood around the intervertebral 
discs and reduces the exchange of nutrients and metabolites. In this study, the researchers were interested in seeing the 
relationship between smoking and disc degeneration as seen in the histology of mouse intervertebral discs using 
experimental studies. 
 

2. Methods 

Before the study the researcher applied for a research permission, consent was obtained from the research subject 
and the Ethics Committee of the Faculty of Medicine, University of North Sumatra, Medan. The population of this 
study was adult research wistar rats weighing 100-200 grams. These mice were obtained from the Integrated 
Laboratory of the USU Faculty of Pharmacy.  
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This type of research is experimental research and uses a randomized controlled design with a One Group Pretest 
Posttest design. This research was conducted from September - November 2019 at the Integrated Laboratory of the 
Faculty of Pharmacy, University of North Sumatra (USU). 

The research subjects were 15 individuals. White rats were divided into 3 groups, namely the first group was 
euthanized before the exposure to cigarette smoke (n = 5), the second group was euthanized on the 14th day after 
exposure to cigarette smoke (n = 5), and the third group was euthanized on the 28th day after exposure. cigarette 
smoke (n = 5). Subjects wanted for the study were taken from all affordable populations that met the inclusion criteria, 
namely male Wistar rats that were healthy, had no fever (38.3-39.40C), weighed 100-200 grams, and were 2-3 months 
old.  

The sample size calculation in this study was obtained based on the formula (𝑛 − 1) (𝑘 − 1) ≥ 15. Where n is the 
number of samples per group, and k is the number of treatment groups. If the calculation is done (1) (𝑛 − 1) (1−1) 
≥15, then n ≥ 15 is obtained. Treatment and control rats received food and drink given ad libitum in the form of pellets 
and rat feed and incubated for 8 weeks and carried out clinical examinations, namely observing daily activity, signs 
of infection, measuring temperature and body weight every three days, as well as control mice. Rats will be given 
smoke for a duration of 4 minutes then given free air ventilation for 5 minutes with exposure to cigarette smoke using 
a type of filter cigarette containing 16 mg TAR and 1.8 nicotine, cigarettes are given as many as 20 cigarettes per day 
for the duration of the time specified. 
 

 

Figure 1: Image from the above, distribution of the cigarette holder and the rat holder 

Figure 2: The suction hose from the bottle where the cigarette is placed, the hose is directed to the suction machine. 

Figure 3: Hose into the rat container to provide cigarette smoke 

At the specified time, samples were taken for histological examination of degenerative discs, then the mice were 
euthanized. The rats were then necropsed after first being disinfected with 70% alcohol. The cutting was done to 
remove the 11th, 12th, and 1st lumbar vertebrae, which were then separated by a disarticulation procedure of 2 facet 
joints and 1 intervertebral joint using a scapula to obtain the vertebrae. The examination material obtained in this 
procedure is in the form of 1 pot containing bone tissue and the disc is fixed in a 10% neutral formalin buffer. Bone 
tissue blocks were cut using a microtome with a thickness of 3-5 microns, glued to the slide and incubated in an 
incubator for 1 night. Staining begins with rehydration of xylol levels 1, 2 and 3, put into absolute alcohol 3 times, 
followed by alcohol 96%, 90%, 80% and 70%, then with water. Stained with hematoxylin solution for 3 minutes, 
washed with tap water for 5 minutes then rinsed with distilled water followed by staining using eosin solution for 1 
minute. Put in alcohol 70%, 80%, 90%, 96% and absolute alcohol 3 times and into xylol 3 times, given a fixator and 
covered with a cover glass then observed under a microscope. at the Anatomical Pathology Laboratory of H. Adam 
Malik Hospital, Medan. The results of the histopathological examination of the tissue will be subjected to a 
degenerative grading examination as follows. 
1. Degenerative degree of annulus fibrosus 

• 0 : Normal 
• 1: No protrusion on the edge of the annulus fibrosus (Mildly Serpentine) 
• 2: A little protrusion on the edge of the annulus fibrosus ( Moderately Serpentine) 
• 3: Marked protrusion on the edge of the annulus fibrosus (Severely Serpentine) 
• 4: Marked bulging and tearing at the periphery of the annular fibrosis ( Severely Serpentine and Ruptured) 
• 5: Gap / separation of the annulus fibrosus ( Indistinct) 
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2. Degenerative degree of nucleus pulposus 
• 0: Normal 
• 1: Thickening of the nucleous pulposus (Condensed) 
• 2: Few cells like chondrocytes and the nucleus pulposus matrix (Existence of chondrocyte like cells, residual 

NP matrix) 
• 3: many cells like chondrocytes ( Global existence of chondrocyte-like cells) 
• 4: slight change to cartilaginous fibrous tissue (Mildly replaced by fibrous cartilaginous tissue) 
• 5: moderate - severe changes to cartilaginous fibrous tissue ( Moderately or severely replaced by fibrous 

cartilaginous tissue) 
The histologipatology examination data of the disc is in the form of soft copy (file) accompanied by a photo, stored 

in a closed envelope and labeled. The sample data are arranged in a distribution table. For bivariate data, data normality 
tests will be carried out using the Shapiro-Wilk test, because the number of samples is less than 50.If the results of the 
normality test are obtained p> 0.05 means that the data is normally distributed, then the data will be analyzed using 
ANOVA, if the data is not normally distributed then will be carried out the Kruskal Wallis test. Data analysis using 
SPSS version 15. 
 
3. Results 

The research subjects were 15 white rats divided into 3 groups, namely the first group was euthanized before the 
cigarette smoke exposure treatment consisted of five rats, the second group was euthanized on the 14th day after being 
exposed to cigarette smoke as many as five rats, and the third group was euthanized on the second day. 28 after being 
exposed to cigarette smoke were five rats.

 
Table 1. Characteristics of Vertebral Discs in Research Subjects 

No  Mice 
Euthanized 
on Day- 

Annulus fibrosus  Histological 
assessment Grading 

Nukleus pulposus  Histological 
assessment Grading 

 

1 0 Normal Normal 

2 0 Normal Normal 

3 0 Normal Normal 

4 0 Normal Normal 

5 0 Normal Normal 

6 14 Moderately Serpentine Existence of chondrocyte like cells, 
residual NP matrix 

7 14 Mildly Serpentine Normal 

8 14 Mildly Serpentine Normal 

9 14 Mildly Serpentine Condensed 

10 14 Moderately Serpentine Condensed 

11 28 Indistinct 
 

Moderately or severely replaced by 
fibrous cartilaginous tissue 

12 28 Moderately Serpentine Condensed 

13 28 Indistinct 
 

Moderately or severely replaced by 
fibrous cartilaginous tissue 

14 28 Indistinct 
 

Moderately or severely replaced by 
fibrous cartilaginous tissue 
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15 28 Indistinct Moderately or severely replaced by 
fibrous cartilaginous tissue 

 
 Based on the data obtained, the results of the control vertebral disc (before exposure to cigarette smoke) 

found that all of the annulus fibrosus and nucleus pulposus were within normal limits. Results Vertebral discs in mice 
that were euthanized on day 14 were exposed to cigarette smoke, it was found that in mice one and five there was a 
change in the histological grading of Annulus fibrosus to Moderately Serpentine and histological grading of Nucleus 
pulposus to Existence of chondrocyte like cells, residual NP matrix, in the second mouse, third, and fourth, there was 
a change in the histological grading of Annulus fibrosus to Mildly Serpentine. In mice two and three there were no 
changes in the histological grading of the nucleus pulposus. In the fourth and fifth mice, there were changes in the 
histological grading of the nucleus pulposus to become condensed. Vertebral discs in mice that were euthanized on 
the 28th day of exposure to cigarette smoke, were found in mice one, three, four, and five, there was a change in the 
histological grading of Annulus fibrosus to indistinct and histological grading of the nucleus pulposus to Moderately 
or severely replaced by fibrous cartilaginous tissue, at The second mice had histological changes in Annulus fibrosus 
grading to Moderately Serpentine and histological grading of Condensed nucleus pulposus.

 
 
 
 
 
 

 
Figure 4. Histopathological overview of the control subject's tissue (day 0) 
 
 
 
 
 
 

 
Figure 5. Histopathological overview of the subject's tissue on day 14 
 
 
 
 
 
 
Figure 6. Histopathological overview of the subject's tissue on day 28 
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Based on the distribution, Group A: was euthanized before the exposure to cigarette smoke, Group B: was 
euthanized on the 14th day after exposure to cigarette smoke, Group C: was euthanized on the 28th day after 
being exposed to cigarette smoke. The data found that the results of the study showed changes in Annulus 
fibrosus in group B grade 1 (60%), grade 2 (40%) as well as in group C grade 2 (20%) and grade 5 (80%). The 
significance value (Sig) obtained is 0.002. This shows that statistical results there are significant changes in 
Annulus fibrosus in mice exposed to cigarettes on day 14 and day 28. 

From the data it was found that the results of the study showed changes in the nucleus pulposus in group B 
grade 0 (40%), grade 1 (40%), grade 2 (20%) and in group C grade 1 (20%) and grade 5 (80 %). The significance 
value (Sig) obtained is 0.005. This shows that statistical results there are significant changes in the nucleus 
pulposus in mice exposed to cigarettes on day 14 and day 28.  

There is a significant difference between Group B and Group C where the p value is <0.05. The following 
results show that the results of the study indicate changes in the Annulus fibrosus and Nucleus Pulposus. 
 
4. Discussions 

From the results of this study there were significant differences between Group B (rats were euthanized on 
day 14 after exposure to cigarette smoke) and Group C (rats were euthanized on day 28 after exposure to 
cigarette smoke) where there were changes in Annulus fibrosus and nucleus pulposus in these mice. This is in 
accordance with research conducted by Ande M. Jakoi, et al (2016) where in this study it was stated that the 
population who smoking experienced disc degeneration more than the population who did not smoking. 

This study is also in accordance with the study of Schumann, et al. Showed that men who smoked for 
between twenty and forty packs per year showed a significantly increased ratio for lumbar intervertebral 
herniation, a higher risk of lumbar intervertebral herniation seen in women who smoked for between eight years. 
and twenty years. Lumbar intervertebral herniation is confirmed by MRI or computed tomography (CT). 

Then in research conducted by Nakahashi M, et al. (2019) using mice that were treated as passive smokers, 
found changes in the structure of the fibrous tissue in the nucleus pulposus. However, in the annulus fibrosus 
there was no significant structural change. This occurs due to degradation of the connective tissue type 2 and 
proteoglycans, which affects the support structure of the nucleus pulposus. This fact can support the results of 
this study.  

The expression of the ADAMTS5 protein plays a role in disc degeneration. In a study conducted by Kevin 
Ngo, et al (2017) using mice with ADAMTS5 protein deficiency conditions and then given chronic exposure 
to cigarette smoke, an increase in ADAMTS5 protein expression was obtained. Cigarette smoke can also cause 
loss of proteoglycan tissue in the disc. However, the study did not mention how the histological picture was in 
these mice. 

This condition can happened because there are two theories that can cause intervertebral disc damage. In 
the first theory, it is stated that the malnutrition mechanism in the disc caused directly by tobacco substances 
causes anoxia and vascular disorders. This state of malnutrition leads to disc degeneration and inhibition of 
vascularity to the disc has a role in the occurrence of this malnutrition. In one animal study, there was decreased 
blood flow to the vertebrae after nicotine administration. An increase in the concentration of carbon monoxide 
in the blood causes a decrease in oxygen bound to hemoglobin, thereby disrupting the distribution of nutrients 
in the intervertebral discs. 

Meanwhile, based on the second theory, smoking can cause changes in the viability and activity of cells in 
the intervertebral discs. Microscopically, the intervertebral disc cells that were exposed directly to cigarettes 
experienced significant morphological changes, where there was an increase in the production of interleukin 1b 
cells resulting in increased regulation of the tissue which decreased metalloproteinases. In another study, 
cigarette exposure to the intervertebral discs caused necrosis and fibrosis, which directly affected the nucleus 
pulposus and some parts of the lining of the annulus fibrosus. 

From this study it was found that smoking can be a risk factor for the occurrence of histopathological 
changes in intervertebral discs and causing low back pain and in accordance with the hypothesis proposed by 
the researchers. This is also in line with the education that has been carried out by health workers to reduce 
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smoking in the community in order to reduce the number of diseases that occur in the community due to 
smoking. This research can be applied as public education, because the causal mechanisms are similar between 
mice and humans anatomically and pathophysiologically. However, this study may need a longer time so that 
the research results are more accurate, as well as a larger number of samples to get a group of data variations 
from the research results. Further studies with different interventions may also be needed to assess changes in 
the annulus fibrosus and nucleus pulposus on exposure to cigarette smoke. 
 
Conclusions 

From the results of statistical analysis, there were changes in the histological features of the annulus 
fibrosus and nucleus pulposus in rats exposed to cigarettes on day 14 and day 28, where it was concluded that 
there were significant changes in the histopathological features of the vertebral discs after exposure to cigarette 
smoke. 
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