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Abstract
Purpose: The aim of this study was to explore the e�cacy and dose effect of intradiscal injection of
simvastatin sustained release hydrogel in the treatment of discogenic low back pain in rabbits.

Methods: 36 female rabbits were randomly divided into G1 and G2 groups. In group G1, L1/2 was disc
degeneration (group DDD), L2/3 was normal group (control group), L3/4 was medium dose treatment
group (1mg/ml, DDD+ medium group), L4/5 was normal group, L5/6 was intervertebral disc degeneration
+ hydrogel segment (medium group). In group G2, L1 / 2 was degenerative segment, L2 / 3 was normal
group, L3 / 4 was low-dose treatment segment (0.3mg/ml, DDD + low-dose group), L4 / 5 was normal
group, L5 / 6 was high-dose treatment segment (3mg / ml, DDD + high-dose group). The intervertebral
disc was evaluated by X-ray, MRI, water content, and hematoxylin-eosin.

Result: At 12 and 24 weeks after treatment, the% DHI of control group and DDD + high were higher than
those of DDD group and DDD + gel group (P <0.05); T2 image signal of the DDD+High group and Control
group is better than DDD group, DDD+GEL group, DDD+ Medium and DDD +Low group (P <0.05).
Intradiscal injection of simvastatin can delay disc degeneration and has a dose effect. At 4 and 12 weeks
after treatment, the water content of intervertebral disc in control group and DDD + high group in control
group were higher than DDD group, DDD + gel group and DDD + low group(P <0.05). 

Conclution we veri�ed the therapeutic e�cacy and dose effect of simvastatin sustained-release system
in rabbit DLBP model. The optimal treatment concentration was further optimized based on the dose
gradient.

Introduction
Low back pain (LBP) is one of the most important diseases in clinic. It is a common musculoskeletal
disease. With the development of economy and the change of people's living habits, the incidence rate of
LBP is increasing year by year. More than 50% of the general population will experience LBP at some
point in their lives. Worldwide, the prevalence of LBP in the general population ranges from 15–45% [25].
LBP is a serious public health problem, which has a serious economic burden on the society and family,
and also has a wide impact on the physical and mental health of patients. Various studies have shown
that part of LBP is due to intervertebral disc degeneration [10]. Crock reported for the �rst time the
concept of discogenic low back pain (DLBP) [5]. According to Schwarzer et al., the proportion of DLBP in
total LBP is 26–39% [27].

Up to now, the treatment of DLBP mainly includes conservative treatment (rest, physiotherapy, nerve block
with oral drugs and injection of anesthetics), minimally invasive surgery (radiofrequency ablation,
endoscopic enucleation) and conventional surgery. Common oral drug treatment includes oral anti-
in�ammatory factors, many in�ammatory factors have been con�rmed to participate in the process of
intervertebral disc degeneration [1, 11]. In�ammatory factors causing intervertebral disc degeneration
include IL-1 α, IL-1 β, IL-6, IL-17, IL-8, IL-2, IL-4, IL-10, interferon gamma, chemokines and prostaglandin E2
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[30]. At present, many anti-in�ammatory agents have been developed, such as in�iximab, adalimumab
and etanercept [9]. There are also some speci�c anti-in�ammatory drugs, such as IL-1 β inhibitor (kineret)
and IL-6 inhibitor (tocilizmab). At present, many treatment methods are well known, but the main problem
is that these treatments are very expensive and non-speci�c. On the other hand, the current biological
agents can not relieve long-term pain without drug assistance. Another drug is oral antibiotics, and some
scholars believe that intervertebral disc degeneration may be related to bacterial infection of intervertebral
disc [6]. This may be due to the elimination of potential bacteria in the intervertebral disc[2], but the
detection rate of cells in the intervertebral disc is not high in DLBP patients. These treatments are only
aimed at relieving clinical symptoms, and none of them is aimed at speci�c, potential pathophysiological
processes or reversing degeneration.

Recently, with the emergence of recombinant proteins, people began to advocate biological methods to
repair or regenerate degenerative intervertebral discs [18, 19]. For example, an article by Zhang et al found
that local injection of simvastatin has the potential to delay intervertebral disc degeneration [35]. Through
imaging, histological and genetic evidence, Than et al. showed that intradiscal injection of simvastatin
can delay the progression of caudal intervertebral disc degeneration in rats [38, 39]. Statins (HMG CoA
reductase inhibitors) were initially used to control and treat patients with hyperlipidemia and
hypercholesterolemia [22]. Recently, many studies have shown that statins (simvastatin) can not only
regulate in�ammation, but also enhance bone induction, promote bone formation and angiogenesis, and
inhibit osteoblast apoptosis and osteoclast generation [21, 32]. Since Mundy et al. First reported that
statins can promote bone metabolism [22], people have begun to pay attention to the mechanism of
statins in human body and verify their anabolism. The current mechanism research results show that
simvastatin can promote bone formation by protecting osteoblasts from apoptosis and up regulating
BMP-2. In addition, simvastatin reduces osteoclast differentiation and activity, thus reducing bone
destruction [23, 40]. Recent in-depth studies on the process of intervertebral disc degeneration have
shown that bone morphogenetic proteins (BMP-2, 5, 6, 8, 9 and 14) play an important role in intervertebral
disc degeneration and disc cartilage formation [26, 29, 33]. Zhang et al. Have shown that simvastatin can
promote the cartilage expression in rat intervertebral disc cells cultured in vitro, and the possible
mechanism is that simvastatin stimulates the expression of endogenous BMP-2 in intervertebral disc
cells [37]. This provides a theoretical basis for simvastatin in the treatment of DLBP.

Zhang and Than et al. have shown that local injection of simvastatin has the potential to delay or even
reverse the process of intervertebral disc degeneration [38, 39]. However, these studies on simvastatin
promoting cartilage formation and delaying intervertebral disc degeneration are limited to rat level, and
the intervertebral disc degeneration model is located in the caudal intervertebral disc. Their research has
the following shortcomings: �rst, previous studies have been directly injected simvastatin into
intervertebral disc, but simvastatin has a very short half-life, which can not achieve long-term therapeutic
effect; second, the mechanical structure of rat caudal intervertebral disc is quite different from that of
human; third, the caudal intervertebral disc can not simulate the pathophysiological process of DLBP;
fourth, the nucleus pulposus and annulus �brosus cells and human beings There are great differences in
morphology and function of the cell like cells, and their response to drugs is different. Therefore, in this
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study, we intend to establish a DLBP model in rabbits, because its anatomical and biomechanical
properties are more similar to those of humans. The PEG-PLGA-PEG hydrogel and the simvastatin
sustained release system were injected into the lumbar intervertebral disc of rabbits to achieve long-term
and effective drug concentration in the intervertebral disc. Imaging and histology were used to evaluate
the e�cacy of simvastatin sustained release system in the treatment of intervertebral disc degeneration

Methods And Materials

Experimental animals
36 6-month-old female New Zealand rabbits (3–3.5 kg) were purchased from Qingdao Kangda
Biotechnology Co., Ltd. Each cage (815 mm x 500 mm x 340 mm) holds one rabbit. These rabbits were
housed in a speci�c room. The air �ltration rate was 10–20 air changes per hour; the temperature is 20–
26 °C. The humidity was 40–70%, and the �uorescent light is dark for 12 h (08:00–20:00) and then 12 h
every day. These rabbits were housed in an environment where they could eat and drink freely, and
adapted to the environment for at least 2 weeks before surgery. All animal operations in this experiment
were approved by the Animal Ethics Committee of University of Cincinnati.

Surgical methods
The animal used in this experiment is a 6-month-old New Zealand male rabbit. At this time, the animal
has matured (skeletal muscle, intervertebral disc, etc.), and it will not cause model failure or affect the
experimental results due to development. All injectable drugs were administered intramuscularly (i.m.)
during the perioperative period. Atropine (0.2 mg / kg) was administered preoperatively to reduce the
production of bronchial secretions during surgery. After about 5–10 minutes, all animals were �rst
anesthetized with Shutai (10–15 mg / kg, i.m.). During surgery, 1.5-3.0% iso�urane is used to maintain
anesthesia, and the oxygen �ow used is 0.8–1.5 liters.

After anesthesia, the rabbits were placed in the left decubitus position to prepare the skin of the pre
operation site. Iodophor sponge was used to disinfect the puncture site area, and cloth was spread. With
the help of C-arm machine and positioning needle, the position of the intervertebral disc to be punctured
was determined, and the 21 g needle was inserted into the intervertebral disc space from 3–4 cm to the
ventral side of spinous process under the �uoroscopy guidance of C-arm machine (Fig. 1a, b). After
con�rming the puncture needle was located in the center of intervertebral disc space (Fig. 1, e, f), the
needle was kept in the space of intervertebral disc for 1 min. Rotate left and right three times before
removing the needle. Take out the puncture needle slowly, and then verify the tissue obtained by the
needle to determine whether it is nucleus pulposus tissue. Three intervertebral discs (L1 / 2, L3 / 4 and L5
/ 6) of each rabbit were punctured. No antibiotics and analgesics were used after puncture. After the
rabbits were anesthetized and awake, they were put back into the cage after observation.

Animal grouping and Simvastatin treatment
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Two weeks after the puncture, the intervertebral discs were intervened. Because some studies have
shown that after 2 weeks of acupuncture, intervertebral disc will appear obvious degeneration [20]. Thirty
six female rabbits were randomly assigned to two groups using the body weight based biobook system
(IDBS). The usage of rabbits is shown in the table below. The L1/2 in group G1 was intervertebral disc
degeneration (group DDD), L2/3 was normal group (group Control), L3/4 was used as medium dose
treatment segment (1 mg/ml, DDD + Medium group), L4/5 was normal group, and L5/6 as intervertebral
disc degeneration + hydrogel segment (group of Medium). In group G2, L1 / 2 was the degenerative
segment, L2 / 3 was the normal group, L3 / 4 was the low-dose treatment segment (0.3 mg / ml, DDD + 
low group), L4 / 5 was the normal group, and L5 / 6 was the high-dose treatment segment (3 mg / ml,
DDD + high group).

After anesthesia was successful, the rabbits were operated in the left decubitus position under aseptic
operation conditions. At L1 / 2, L3 / 4 and L5 / 6, a 3 cm long incision was made about 3–4 cm away
from spinous process. The L1 / 2, L3 / 4 and L5 / 6 intervertebral discs were exposed through the
posterolateral retroperitoneal approach. The degenerative segment of the intervertebral disc was inserted
into the intervertebral disc using a miniature syringe connected to a 23G needle. According to previous
studies, 23 G needles did not cause disc degeneration. DDD + Low group, DDD + Medium group and DDD 
+ High group were injected with 10 uL simvastatin (0.3,1 or 3 mg / mL) into the corresponding
intervertebral disc with a mini syringe. In group DDD + GEL, 10 micron L hydrogel was injected into the
corresponding intervertebral disc with a micro syringe. These punctures were carried out under the
guidance of X-ray. The direction of the puncture needle was parallel to the upper and lower endplates. The
depth of the puncture needle into the intervertebral disc was 5 mm with hemostatic forceps. The injection
time was 1 min. after the injection, the needle was kept in the intervertebral disc for 1 min, and the
puncture needle was slowly withdrawn to prevent �uid leakage [31]. At 4, 12 and 24 weeks after
intervention, the intervertebral discs were evaluated by imaging and histology.
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Table 1
Grouping and intervention plan

Group Information Quantity Method Time point

G1 L1/2

L3/4 Medium dose

(1 mg/mL)

L5/6 Hydrogels

18 Two weeks after puncture;
intradiscal injection, once

4, 12, 24 weeks after
intervention

G2 L1/2 Injured
intervertebral disc

L3/4 Medium dose

(0.3 mg/mL)

L5/6 High dose

(3 mg/mL)

18

Observation on animal health
The weight and food residue of the rabbits were recorded once a week.

Imaging examination
Imaging examinations were performed at 4, 12 and 24 weeks after the intervention. After anesthesia, the
anteroposterior and lateral �lms of lumbar vertebrae were taken by C-arm machine. Measurements were
made in the median sagittal plane. The disc height index (DHI) was calculated according to Lin's method.
DHI is obtained by averaging the anterior, middle, and posterior heights of IVD and dividing them by the
average of adjacent vertebral heights (see �gure below). DHI = 2 *(D + E + F)/(A + B + C + G + H + I)). All
images were measured by two independent observers who were not aware of the sample. In order to
avoid the possibility of magni�cation error, the DHI change of the injected disc was normalized to the IVD
height of pre injection and expressed as the percentage of DHI (% DHI).

MRI was performed before the animals were killed to evaluate the degeneration of intervertebral discs in
rabbits. MRI examination of all rabbits was performed using an imager with an orthogonal limb coil
receiver Magnetom Skyra 3.0T. In short, the rabbits were anesthetized and placed in prone position for
shooting. Double tuned volume RF coil was used to scan the lumbar region of rabbits. Sagittal T2
weighted images covering the whole intervertebral disc region were obtained by spin echo water fat
separation technique. The parameters were as follows: repeat time / effective echo time, 3200 / 87 MS;
scanning �eld, 200; turning angle, 150; slice thickness, 1.5 mm; slice spacing, 10%; scanning times, 2
(total scanning time, 2.3 min). Sagittal T2 weighted images covering the entire intervertebral disc region
were obtained using quantitative value sequence. The parameters were as follows: repetition time /
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effective echo time, 1230 / 13.8 MS; scanning �eld, 200; turning angle 180; slice thickness 2 mm; slice
spacing, 0%; scanning times, 1 (total scanning time 2.15 min).

At the end of the scan, a radiologist who does not know the experimental group is required to circle
different segments of the intervertebral disc with the same area, and then the computer will automatically
calculate the signal intensity of the T2 weighted image of the region (Fig. 4D).

Water content of intervertebral disc
After the rabbits were killed, the l1-l6 spine of 3 rabbits in each group was obtained. The intervertebral
discs were separated from the surrounding soft tissues with a scalpel, marked, and then put back into the
refrigerator at − 20 ℃ to keep the frozen state. Ten minutes after thawing, the wet weight (WW) of
intervertebral disc was recorded by electronic scale with an accuracy of 0.01 mg. The samples were then
dehydrated at 65 ℃ for 24 h, and then the dry disc weight (DW) was recorded at the same ratio. Wet and
dry weights were measured three times and the average values were used for subsequent analysis. The
percentage of disc water content was calculated as ((WW-DW) / WW) × 100%.

Histological evaluation
After the rabbits were killed, the L1-L6spine of 3 rabbits in each group was obtained. These tissues were
�xed in 4% formaldehyde for at least 48 h. Then they were decalci�ed in 22.5% formic acid and 10%
sodium citrate for 5–7 days. Decalci�cation was periodically veri�ed by X-ray photography. They were
then embedded in para�n and sectioned in sagittal (10 µ m thick) with a microtome. Sections were
stained with hematoxylin and eosin (H & E), and then qualitatively analyzed with Olympus optical
microscope at magni�cation range from 40 to 200. According to the evaluation method in Table 2, the
histological results of HE staining were observed and scored.



Page 8/25

Table 2
Histological rating scale

Content Grade Grade Description

I. Annulus �brosus 1 Normal pattern of �brocartilage lamellae (U-shaped in the posterior
aspect and slightly convex in the anterior aspect) without ruptured
�bers and without a serpentine appearance anywhere within the
annulus

2 Ruptured or serpentine-patterned �bers in less than 30% of the
annulus

3 Ruptured or serpentine-patterned �bers in more than 30% of the
annulus

II. Border between
the annulus �brosus
and nucleus
pulposus

1 Normal

2 Minimally interrupted

3 Moderate / severe interruption

III. Cellularity of the
nucleus pulposus

1 Normal cellularity with large vacuoles in the gelatinous structure of
the matrix

2 Slight decrease in the number of cells and fewer vacuoles

3 Moderate/severe decrease (> 50%) in the number of cells and no
vacuoles

IV. Matrix of the
nucleus pulposus

1 Normal gelatinous appearance

2 Slight condensation of the extracellular matrix

3 Moderate/severe condensation of the extracellular matrix

* The histological rating scale is based on 4 types of degenerative changes, with scores ranging from
4 points for normal discs (1 point per class) to 12 points for severe disc degeneration (3 points per
class).

Clinical blood and urine examination
Blood and urine samples of all rabbits were collected before the experiment and before being executed.
The blood routine, blood biochemistry and urine routine of all animals were analyzed and evaluated.

Statistical analysis
PASW statistics 21.0 (SPSS Inc.) software was used for data analysis and graph pad prism 8 software
was used for mapping. All experimental data were expressed as mean ± SD. One way ANOVA was used
for intra group comparison, while variance of repeated measurement design was used for inter group
comparison. In order to standardize the histological data, we used the histological grade of normal
control discs as the reference group. P < 0.05 means the difference is statistically signi�cant.

Results
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Effect of intradiscal injection of drugs on animal weight
After the establishment of DLBP model by acupuncture of intervertebral disc, the weight of rabbits in the
two groups began to decline, and it dropped to the lowest point one week after puncture, and then the
weight of rabbits in the two groups gradually increased. There was no signi�cant difference in the weight
between the two groups (P > 0.05). At this time, the degenerative disc was intervened under direct vision.
After treatment, the weight of rabbits in the two groups began to decline, and there was no signi�cant
difference between the two groups (P > 0.05). At the second week after the intervention, the weight of
rabbits in both groups gradually increased, and there was no signi�cant difference between the two
groups (P > 0.05). The steady weight gain of all rabbits showed that the rabbits could tolerate the
operation well.

Effects of intradiscal injection of drugs on food residues in
animals
After the establishment of DLBP model by acupuncture at intervertebral disc, the amount of food residue
in the two groups began to increase, and reached the highest point one week after puncture. There was
no signi�cant difference in food residue between the two groups (P > 0.05). After the intervention of
intervertebral disc, the food residue of the two groups began to increase, and gradually decreased from
the second week after treatment. There was no signi�cant difference in food residue between the two
groups (P > 0.05). This indicates that intradiscal injection of simvastatin has no signi�cant effect on
rabbit appetite, which further indicates that all rabbits can well tolerate surgery and adapt to the relevant
feeding environment.

Figure 6 Effect of intradiscal injection of drugs on food residue in animals. The graph shows the change
of food residues in rabbits over time. All data were expressed as mean ± SD (n = 6).

Effect of intradiscal injection of drugs on intervertebral
height index in animals
In order to evaluate the change of disc height over time, lumbar disc X-ray were taken in the 24 week
group and% DHI was calculated. After treatment of degenerative intervertebral disc, the% DHI of DDD
group and DDD + gel group decreased gradually; the% DHI of DDD + medium group increased slightly;
the% DHI of DDD + low group remained basically unchanged; and% DHI of DDD + high group increased
gradually. At the 4th week after the drug injection, the %DHI of the DDD group and DDD + GEL group was
lower than that of the Control group (p = 0.0406, p = 0.0211). At 12 and 24 weeks after injection, the% DHI
of control group (P < 0.0001, P = 0.0211; P < 0.0001, P = 0.0211) and DDD + high (P = 0.0211, P = 0.0353; P 
= 0.0211, P = 0.0448) were higher than those of DDD group and DDD + gel group. This indicates that
simvastatin can delay or even reverse the loss of disc height, and has a dose effect.

Effect of intradiscal injection of drugs on MRI of animal
intervertebral discs
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The signal intensity of T2 images on MRI was used to evaluate the condition and water content of
intervertebral disc. At 4 weeks after DLBP treatment, the T2 signal intensity of DDD + high group (P = 
0.0221, P = 0.0248, P = 0.0138, P = 0.0292) and control group (P = 0.0148, P = 0.0141, P = 0.0271, P < 
0.0001) were higher than those in DDD group, DDD + gel group, DDD + medium group and DDD + low
group. At 12 and 24 weeks after DLBP treatment, T2 image signal of the DDD + High group (p = 0.0016, p 
= 0.0007, p = 0.0002, p = 0.0142; p = 0.0124, p = 0.0265, p = 0.0290, p = 0.0095) and Control group (P = 
0.0278, p = 0.0347, p = 0.0404, p = 0.0154; p = 0.0279, p = 0.0446, p = 0.0240, p = 0.0004) is better than
DDD group, DDD + GEL group, DDD + Medium and DDD + Low group. This indicates that simvastatin can
increase the signal of T2 image of intervertebral disc MRI, and has dose effect.

Effect of intradiscal injection of simvastatin on histological
score of intervertebral disc
In annulus �brosus, the histological scores of control group (P < 0.0001, P < 0.0001) and DDD + high
group (P = 0.0190, P = 0.0048) were lower than those of DDD group and DDD + gel group. Compared with
DDD group, DDD + gel group and DDD + low group, the histological score of intervertebral disc in control
group was lower than that in DDD group, DDD + gel group and DDD + low group (P < 0.0001, P = 0.0002, P 
= 0.0226), and the histological score of intervertebral disc in DDD + high group was lower than that in
DDD group (P = 0.0226). The number and morphology of nucleus pulposus cells in control group were
lower than those in DDD group, DDD + gel group and DDD + low group (P < 0.0001, P = 0.0002, P = 
0.0043); the histological score of intervertebral disc in DDD + high group was lower than that in DDD
group and DDD + gel group (P = 0.0226, P = 0.0232). Compared with DDD group, DDD + gel group, DDD + 
low group and DDD + medium group, the histological score of control group was lower than that of DDD
group, DDD + gel group, DDD + low group and DDD + medium group (P < 0.0001, P = 0.0043, P = 0.0181, P 
= 0.0048); the histological score of intervertebral disc in DDD + high group was lower than that in DDD
group (P = 0.0190). These results suggest that intradiscal injection of simvastatin can delay disc
degeneration and has a dose effect.

Effect of intradiscal injection of simvastatin on the water
content of intervertebral disc
At 4 and 12 weeks after intradiscal injection of simvastatin, the water content of intervertebral disc in
control group (P < 0.0001, P = 0.0105, P = 0.0411; P = 0.0322, P = 0.0106, P = 0.0276) and DDD + high
group (P = 0.0411, P = 0.0180, P = 0.0123; P = 0.0302, P = 0.0392, P = 0.0348) in control group were higher
than those in DDD group, DDD + gel group and DDD + low group. At 24 weeks after intradiscal injection of
simvastatin, the water content of intervertebral disc in control group was higher than that in DDD group,
DDD + gel group and DDD + low group (P = 0.0004, P = 0.0057, P = 0.0105), and that of DDD + high group
was higher than that of DDD group and DDD + gel group (P = 0.0052, P = 0.0446). These data suggest
that intradiscal injection of simvastatin can increase the water content of intervertebral disc and has a
dose effect.
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Figure 10 the effect of simvastatin on the water content of intervertebral disc. This graph shows the
change of water content of intervertebral disc with time. All data were expressed as mean ± SD, * P < 0.05
vs. DDD group, #P < 0.05 vs. DDD + gel group, & P < 0.05 vs. DDD + low group (n = 3).

Detection of blood and urine
There was no signi�cant difference in blood routine test, blood biochemistry test and urine routine test
between the two groups (P > 0.005). It is suggested that simvastatin injection into intervertebral disc will
not affect the blood routine, blood biochemistry and urine routine of animals.

Discussion
Since the concept of DLBP was �rst proposed by crock in 1970 [5]. People have further understanding of
intervertebral disc disease, and think that DLBP is to exclude disc herniation and joint surface pain in
symptoms [15], and to exclude low back pain caused by intervertebral disc degeneration (intervertebral
disc structure disorder) in imaging [24]. Although the study of intervertebral disc has lasted for many
years, there is still a lack of diagnostic criteria for DLBP. Discography is an important method to diagnose
DLBP. Discography was �rst proposed by Lindbloom in 1948. It is an invasive diagnostic technique by
injecting contrast agent into intervertebral disc to observe the shape of intervertebral disc [4], which has
been controversial since the beginning of Invention [3, 16, 36]. Although there are controversies,
discography is widely used in clinical practice. It has the advantages that other examination items can't
replace: typical pain duplication, �ne and intuitive display of intervertebral disc injury. A systematic review
showed that: according to the International Association for pain research (IASP) standard, discography
may be a useful tool for evaluating chronic discogenic pain [16], and some articles also con�rmed that
CT examination immediately after discography is the "gold standard" for the diagnosis of DLBP [28].
Simvastatin used in this experiment can be injected into the suspected diseased intervertebral disc
together with contrast agent or blocking agent during discography and intervertebral disc block. On the
one hand, it can play an auxiliary role in diagnosis, on the other hand, it can assist in treatment.

Simvastatin is a widely studied and well tolerated drug, which is known to upregulate the expression of
BMP-2A [37]. Simvastatin, an inhibitor of HMG CoA reductase, is a traditional cheap lipid-lowering drug. It
interferes with liver cholesterol synthesis by inhibiting HMG CoA reductase, an enzyme involved in
cholesterol production through the mevalonate pathway [8]; therefore, statins can reduce serum
cholesterol levels and signi�cantly reduce mortality associated with coronary heart disease [12, 17].
Zhang et al. have shown that simvastatin can increase the expression of BMP-2 mRNA in rats [37]. At the
same time, it can also up regulate the gene expression of glycosaminoglycan and type II collagen and the
content of proteoglycan, which indicates that simvastatin can enhance the function of intervertebral disc
cell synthesis. This provides a theoretical basis for choosing simvastatin in the treatment of DLBP. The
results of body weight change, food residue and routine hematuria showed that simvastatin injection into
intervertebral disc had no adverse effect on animals.
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The clinical manifestation of DLBP is the decrease of intervertebral space height and the decrease of
water signal on T2 image of MRI. Although MRI has been widely considered as a sensitive index in the
diagnosis of DLBP, the traditional MRI technology has not fully evaluated the early degeneration of
intervertebral disc [14]. This study is one of the �rst studies to evaluate early intervertebral disc
degeneration, such as changes in extracellular matrix, especially changes in water signal, using the newly
developed specialized MRI technology (T2 anchor technique) [7, 34]. The best way to repair the
intervertebral disc is to protect the uninjured disc tissue as much as possible, and increase the expression
of water containing substances (type 2 collagen and glycosaminoglycan) in the intervertebral disc to
maintain its seismic resistance. At present, most of the latest biological therapy methods are based on
the above theory, such as autologous cell transplantation, injection of growth factor and gene therapy.
This study aims to verify a promising treatment method, which is easier for clinical transformation. Our
results show that a single dose of simvastatin can reduce the loss of disc height, and DDD + high group
can reduce the loss of disc height. At the same time, the three concentrations of simvastatin injected into
the intervertebral disc can increase the T2 image water signal intensity of intervertebral disc MRI, and the
high-dose simvastatin treatment group can increase the T2 image water signal intensity of intervertebral
disc MRI. Simvastatin can increase the water content of the intervertebral disc. These results suggest that
intradiscal injection of simvastatin can reduce disc degeneration, which is consistent with previous
studies that local injection of simvastatin in rats has delayed or regenerative degenerative discs [39]. At
the same time, we also found that simvastatin has dose effect in the treatment of intervertebral disc
degeneration.

In this study, we used a simple X-ray photography technique designed by Lü et al. To measure the
intervertebral disc height: DHI [13]. In order to measure more accurately, we try the following aspects.
First, we try to keep the rabbits in the same anesthesia state and maintain consistent muscle relaxation to
minimize the difference in disc height. Second, recheck and adjust the rabbit's position before shooting
until the projection of spinous process of rabbit's spine is located in the middle line of cone in the AP �lm;
the projection of two transverse processes of spine overlaps in lateral �lm, indicating that the true
anteroposterior and lateral �lms have been obtained (Fig. 3a, b). Third, keep the animal spine in a �xed
position and aim at the X-ray beam to reduce the error caused by spinal rotation and beam divergence. In
addition, measurements were repeated to minimize any inter subject variability in% DHI after disc
puncture.

However, there are some shortcomings in this experiment, including the following points. First of all,
acupuncture injection was used for intradiscal administration, and acupuncture itself destroyed the
structural integrity of the intervertebral disc, resulting in intervertebral disc degeneration, which was
directly related to the diameter of puncture needle. Although the needle with smaller diameter was used
for drug administration in this experiment, and parallel control was conducted, the in�uence of
acupuncture itself on intervertebral disc degeneration still could not be ruled out. At present, there is no
ideal way of administration, which needs further study. Secondly, the longest experimental observation
time of this study is only 6 months. We only observed the short-term and medium-term e�cacy of
simvastatin injection into degenerative intervertebral disc. Therefore, in future experiments, we will extend
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the observation time to determine whether the drug has a long-term therapeutic effect on intervertebral
disc. Thirdly, the treatment of degenerative intervertebral disc was not randomized, and the selection of
treatment segments was not randomized. Then the MRI examination to judge the degree of intervertebral
disc degeneration in the experiment is to get the result by comparing the treated intervertebral disc with
adjacent normal intervertebral disc, rather than comparing with the MRI before the treatment of the same
intervertebral disc, which is easy to produce systematic error. Finally, the subjects of this study are New
Zealand rabbits, which are reptiles, which are quite different from human beings. Therefore, in the
following experiments, we will choose standing animals that are closer to human beings, such as
monkeys, for preclinical trials. Due to the practical operation problems of ethics, the human body test has
not been studied in this experiment, so the human body test needs to be further studied.

Conclusion
In this study, we veri�ed the therapeutic e�cacy and dose effect of simvastatin sustained-release system
in rabbit DLBP model. The optimal treatment concentration was further optimized based on the dose
gradient. Combined with our previous studies, these new data further support the potential clinical
strategy of simvastatin as an effective treatment for DLBP. It will lay a more solid experimental and
theoretical foundation for the clinical application of simvastatin.
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Figure 1

Intraoperative picture of rabbit DLBP model establishment. a. b is the preoperative body surface
localization picture; c, d is the preoperative X-ray localization picture; e, f is the X-ray picture of puncture
needle entering the intervertebral disc.
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Figure 2

Schematic diagram for calculating the measured value of DHI.
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Figure 3

Anteroposterior and lateral �lms of rabbit lumbar vertebrae taken by C-arm machine for calculating disc
height index. A. B is standard anteroposterior and lateral radiographs; C and D are non-standard
anteroposterior and lateral radiographs.
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Figure 4

MRI images used to evaluate the rabbit intervertebral disc. A is the coronal image of MRI; B is the sagittal
image of MRI; C is the cross-sectional image of MRI; D is the signal intensity of MRI T2 weighted image.

Figure 5
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Effect of intradiscal injection of drugs on animal weight. This graph shows the change of rabbit weight
over time. All data were expressed as mean ± SD (n = 6).

Figure 6

Effect of intradiscal injection of drugs on food residue in animals. The graph shows the change of food
residues in rabbits over time. All data were expressed as mean ± SD (n = 6).

Figure 7
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Effect of intradiscal injection of drugs on intervertebral disc height. This graph shows the change of
rabbit disc height index with time. All data were expressed as mean ± SD, * P < 0.05 vs. DDD group,  P <
0.05 vs. DDD + gel group (n = 6).

Figure 8

Effect of intradiscal injection of drugs on MRI signal of animal intervertebral disc. This �gure shows the
change of MRI signal of rabbit intervertebral disc with time. All data were expressed as mean ± SD, * P <
0.05 vs. DDD + gel group, #P < 0.05 vs. DDD + gel group, & P < 0.05 vs. DDD + low group,! P < 0.05 vs.
DDD + medium group (n = 6).
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Figure 9

The effect of simvastatin on the histological score of intervertebral disc. All data were expressed as mean
± SD, * P < 0.05 vs. DDD + gel group, #P < 0.05 vs. DDD + gel group, & P < 0.05 vs. DDD + low group,! P <
0.05 vs. DDD + medium group (n = 3).
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Figure 10

The effect of simvastatin on the water content of intervertebral disc. This graph shows the change of
water content of intervertebral disc with time. All data were expressed as mean ± SD, * P < 0.05 vs. DDD
group, #P < 0.05 vs. DDD + gel group, & P < 0.05 vs. DDD + low group (n = 3).
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