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Background: This study aimed to investigate the therapeutic effect of low, medium, and high concentrations of medical
ozone on trauma-induced lumbar disc herniation.

Material/Methods: A total of 80 patients were included and were grouped into a control group, a low medical ozone (20 pg/ml)
group, a medium medical ozone (40 pg/ml) group, and a high medical ozone (60 pg/ml) group. The CT scan
and enzyme-linked immunosorbent assay (ELISA) were used to detect IL-6 level, SOD activity, IgM, and IgG lev-
els upon admission and at 6 and 12 months after follow-up. The area under the ROC curve (AUC) was calcu-
lated for visual analogue scale (VAS) and efficiency rate.

Results: All patients showed disc retraction at 6- and 12-month follow-up; while patients in the medium medical ozone
(40 pg/ml) group showed the greatest disc retraction rate. The IL-6, IgM, IgG, and VAS levels significantly de-
creased while SOD activity increased among all groups over time (p<0.05). The AUC, AUCIgG, AUCIEM, and

AUC,,, was closest to 1 in the medium medical ozone (40 pg/ml) group compared with other groups (p<0.01),

with the highest efficacy at 6 (35%) and 12 (85%) months during follow-up.

Conclusions: Low concentrations of medical ozone (20 pg/ml and 40 pg/ml) reduced the serum IL-6, IgG, and IgM expression,

presenting as analgesic and anti-inflammatory effects, while high concentrations of medical ozone (60 pg/ml)
increased the serum IL-6, 1gG, IgM expression, presenting as pain and pro-inflammatory effects.

The medical ozone concentration of 40 pg/ml showed the optimal treatment efficacy.
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Background

Lumbar disc herniation (LDH) is one of the bone diseases with
highest prevalence due to lumbar disc degeneration, external
injury, humid and cold environments, and genetic factors [1].
LDH mainly manifests as lumbar and leg pain, limited mobil-
ity, and decreased muscle strength, greatly reducing patient
quality of life [2]. The occurrence of LDH is closely associat-
ed with age, disc herniation, degeneration, and trauma [3-5].
In LDH, the nucleus breaks through the ruptured annulus and
protrudes into the spinal canal, most commonly affecting pa-
tients age 40-45 years [6]. Currently, the pain is considered
to result from the compression, irritation, and chemical in-
flammation of peripheral nerves surrounding intervertebral
discs [7-9]. The nerve root disease results from spinal nerve
axons or nerve root conduction damage with abnormal senso-
ry and motor function [10,11]. Free radical damage is shown
to be involved in the development of many diseases; for ex-
ample, the progressive and cumulative injuries are associat-
ed with normal or abnormal metabolic process of free radi-
cals [12]. Superoxide dismutase (SOD) is the main superoxide
anion radical scavenging enzyme [13], whose activity reflects
the body’s antioxidant capacity and oxidation balance [14]. This
enzyme catalyzes the conversion of superoxide radicals to ox-
ygen and hydrogen peroxide and scavenges superoxide anion
radicals, protecting against cellular immune injury. SOD con-
tent is an important indicator of the capacity to remove free
radicals in peripheral nerve tissues, and SOD activity is closely
associated with inflammation and autoimmune diseases [12].
The lumbar disc herniation treatments include physical ther-
apy, drug therapy, massage traction, minimally invasive ther-
apy, and surgical therapy [15-17].

In this study, we investigated the effects of low, medium, and
high concentrations of medical ozone (20, 40, and 60 pg/ml)
on IL-6, IgM, 1gG, SOD activity, visual analogue scale (VAS)
score, and effective rate in patients with LDH to explore the
treatment efficacy of medical ozone.

Material and Methods

Subjects

All patients diagnosed as LDH at Jining First People’s Hospital
from 2015 to 2016 were included. The control group (Group
A) received conventional drug treatment without any other
intervention. The medical ozone injection (20 pg/mlin Group
B, 40 pg/ml in Group C, and 60 pg/ml in Group D) was per-
formed by CT-guided puncture of the intervertebral discs. The
study was approved by the Medical Ethics Board of Jining First
People’s Hospital. Informed consent was obtained from all pa-
tients or their families.

CLINICAL RESEARCH

ELISA

The serum levels of IL-6, IgM, and IgG, as well as VAS, SOD
activity, and treatment efficiency, were measured by enzyme-
linked immunosorbent assay (ELISA). The OD values of each
sample were determined at 450 nm wavelength.

VAS score

VAS scores were used for pain assessment, using a ruler with a
length of 10 cm marked with a scale of 10 points. Zero points indi-
cated no pain, while 10 points indicated the most severe pain: pa-
tients with 1-3 points showed mild pain; patients with 4-6 points
showed moderate pain that affected sleep; and patients with
7-10 points showed severe pain that affected eating and sleep.

Statistical analysis

The SPSS (version 19.0, IBM, USA) were used for statistical
analysis. The measurement data are expressed as mean +
standard deviation (mean +SD). One-way analysis of variance
(ANOVA) was used to compare the data among groups; Fisher’s
least significant difference (LSD) and t test were used among
groups. Friedman M test and q test were used for nonpara-
metric testing. P<0.05 was considered statistically significant.

Results

Patient characteristics

A total of 80 patients were recruited. They were randomly di-
vided into 4 groups, with 20 in each group. There were 49
males and 31 females, with average age of 48 years (range,
24-76 years). All patients had LDH symptoms and were diag-
nosed by MR and CT. The 4 groups were matched for symp-
toms, physical examinations, and MR/CT presentations. There
were 5 cases of L3—4 LDH, 60 cases of L4-5 (5 cases of protru-
sion), and 15 cases of L5-S1 (3 cases of protrusion).

CT comparisons

To determine the ozone treatment efficacy, their CT scans were
analyzed. After treatment, the LDH retraction rate significant-
ly increased at 6 and 12 months post-treatment in all groups.
Group C showed the greatest retraction rate among all groups
(Figure 1), indicating that 40 ug/ml medical ozone most effec-
tively treated LDH compared with other ozone levels.

IL-6 levels

To determine the effects of ozone on IL-6 levels, the IL-6 lev-
els upon admission and at 6- and 12-month follow-up were
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Admission

At 6-week
of follow-up

At 12-week
of follow-up

Figure 1. CT images of Group A, Group B, Group C, and Group D. Upon admission, the intervertebral discs protruded; the intervertebral
disc significantly retracted at 6-month follow-up; the intervertebral disc significantly retracted at 12-month follow-up.

Table 1. The IL-6 levels in all groups (pg/ml, n=20).

12-month follow-up

Upon admission

Group A 224.7+£3.5
"""""""""" GoupB  2258s32*
"""""""""" GouC  296227*
"""""""""" GroupdD  287831*

6-month follow-up

191.3+3.4* 172.8+2.6*
C 2sast 172
T e
"""""""" 007s25%  1se7e2s™

Compared with Group A, # P<0.05; compared with that upon admission, * P<0.05.

analyzed. Compared with the control group (Group A), the lev-
els of IL-6 in groups B and C decreased, but they increased in
group D (P<0.05). The serum IL-6 levels gradually decreased
(P<0.05) over time among all groups (P<0.05), as shown in
Table 1. These results show that medical ozone significant-
ly decreased the serum IL-6 as anti-inflammatory effects, and
high ozone level (60 ug/ml) increased the serum IL-6 as pro-
inflammatory effects.

IgM levels

To determine the effects of ozone on IgM levels, the IgM lev-
els at admission and at 6- and 12-month follow-ups were an-
alyzed. Compared with Group A, the levels of IgM in Groups
B and C decreased, but they increased in Group D (P<0.05).
The serum IgM levels gradually decreased (P<0.05) over time
among all groups (P<0.05), as shown in Table 2. These results
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Table 2. The IgM levels in all groups (mg/ml, n=20).

Upon admission

CLINICAL RESEARCH

6-month follow-up 12-month follow-up

Group A 2.73+1.25
""""""""" GoupB  265:122¢
""""""""" GowpC 2621120
""""""""" GoupD 271131

2.05+1.41* 1.86+1.61*
””””””””” 189s121%  17Lelum
""""""""" 134s121%  117s108%
""""""""" 2074120%  193s138%

Compared with Group A, # P<0.05; compared with that upon admission, * P<0.05.

Table 3. The IgG levels in all groups (g/L, n=20).

Upon admission

Group A 27.73+£1.25
""""""""" GowpB 2743112
""""""""" GowC 2714132
""""""""" GoupD 2738121

6-month follow-up 12-month follow-up

22.05+1.31* 18.76+1.21*

24.27+1.11%* 19.93+1.18#

Compared with Group A, # P<0.05; compared with that upon admission, * P<0.05.

Table 4. The SOD activity in all groups (g/L, n=20).

Upon admission

Group A 97.73+1.15
""""""""" GowpB 994l
""""""""" GowpC  esill2
""""""""" GoupD 9938121

6-month follow-up 12-month follow-up

132.05+1.31* 156.76+1.21*

110.27+1.11%* 149.93+1.18%

Compared with Group A, # P<0.05; compared with that upon admission, * P<0.05.

show that ozone suppressed the inflammation and its devel-
opment, presenting as decreased serum IgM. Ozone at 40 ug/
ml showed the highest suppression effect.

IgG levels

To determine the effects of ozone on IgG levels, the IgG lev-
els at admission and at 6- and 12-month follow-ups were an-
alyzed. Compared with Group A, the levels of 1gG in Groups
B and C decreased, but they increased in Group D (P<0.05).
The serum IgG levels gradually decreased (P<0.05) over time
among all groups (P<0.05), as shown in Table 3. These results
indicate that ozone significantly suppressed the inflammation,
presenting as decreased IgG, and ozone at 40 ug/ml showed
the highest suppression effect.

SOD activity

To determine the effects of ozone on SOD activity, the SOD
activity at admission and at 6- and 12-month follow-ups were

analyzed. Compared with Group A, the levels of SOD activity
in Groups B and C decreased, but they increased in group D
(P<0.05). The SOD activity gradually decreased (P<0.05) over
time among all groups (P<0.05), as shown in Table 4. These
results indicate that ozone increased the SOD activity in LDH
patients, with the best treatment efficacy at 40 ug/ml.

The ROC and area under the ROC curve (AUC) of IL-6, IgM,
I1gG, and SOD activity

To determine the efficacy of ozone, the ROC and AUC of IL-6,
IgM, IgG, and SOD activity were analyzed. The AUC AUCIgG,
AUC,,,, and AUC,,; was closest to 1 in Group B compared with

other groups (p<0.01), indicating the highest efficacy (Figure 2).
The VAS score
To determine the efficacy of ozone, the VAS score was analyzed.

Compared with Group A, the levels of VAS score in Groups B
and C decreased, but they increased in group D (P<0.05). The
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Figure 2. ROC curve analysis. (A) ROC curve of Group A. AUC, .: 0.557; AUC,: 0.582; AUC,,: 0.504; AUC,: 0.314. (B) ROC curve of

L6’ o
Group B. AUC, .: 0.396; AUCIgG: 0.268; AUCIgM: 0.139; AUC,: 0.296. (C) ROC curve of Group C. AUC, : 0.754; AUCIgG: 0.886;

6" SOD* IL-6

AUCIgM: 0.878; AUC,,,: 0.986. (D) ROC curve of Group D. AUC, : 0.270; AUC g6 0.238; AUC - 0.468; AUC,: 0.393.

Table 5. The VAS scores in all groups (points, n=20).

Upon admission 6-month follow-up 12-month follow-up
Group A 8.76+1.23 6.05+1.21* 4.66+1.22*
""""""""" GoupB 863124  a7esiu*  331s141%
""""""""" GoupC  872s142*  334s114%  217s124%
""""""""" GroupD 858131 537+121%  393s116"

Compared with Group A, # P<0.05; compared with that upon admission, * P<0.05.

VAS cores gradually decreased (P<0.05) over time among all Treatment efficacy

groups (P<0.05), as shown in Table 5. These results indicate

that VAS scores decreased with increasing treatment dura- To determine the efficacy of ozone, the treatment efficiency of
tion. VAS scores decreased the most over time at an ozone each group was compared. The treatment efficiency of Group
dose of 40 ug/ml. A was 15% (3/20) at 6-month follow-up and 60% (12/20) at
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12-month follow-up; the treatment efficiency of Group B was
20% (4/20) at 6-month follow-up and 70% (14/20) at 12-month
follow-up; the treatment efficiency of Group C was 35% (7/20)
at 6-month follow-up and 85% (17/20) at 12-month follow-
up; the treatment efficiency of Group D was 10% (2/20) at
6-month follow-up and 55% (11/20) at 12-month follow-up.
These results indicate that Group C (40 ug/ml) had the high-
est treatment efficacy.

Discussion

The vertebral disc is mainly made of 3 parts: the nucleus pulpo-
sus, the annulus fibrosus, and the cartilaginous endplates [18].
The nucleus pulposus is in the central disc, with gelatinous wa-
ter content as high as 75-80% [19,20]. The matrix is princi-
pally composed of water, proteoglycan, and type Il collagen fi-
bers in network structures and elastin in radial structure [21].
Cells are mainly arranged in cartilage-like dispersion [20]. The
vertebral disc has no blood supply, and its nutritional supply
and material metabolism are mainly provided by diffusion
through the cartilaginous endplates [22]. The absence of vas-
cular supply and nerves make it difficult to repair trauma in-
juries and degeneration; therefore, the integrity of interver-
tebral disc matrix is essential for maintaining the function of
the intervertebral disc [23].

A variety of factors, including redox imbalance, inflammation,
and immune imbalance, as well as local factors, are involved in
the pathogenesis of LDH, which causes lower back pain [24,25].

The pathogenesis of LDH is not yet fully elucidated. The nerve
compression and inflammation are suggested to cause the
numbness and pain [26]. Infiltration of neutrophils and mac-
rophages often cause inflammation; IL-6 and TNF-a can fur-
ther strengthen the response [27-29]. Pain would disappear if
the inflammatory response disappeared, even with presence
of protrusion [27-29].

Production of prostaglandins, phospholipase A2, leukotri-
enes, thromboxanes, and nitric oxide is increased in promi-
nent intervertebral disc tissue [30,31], and the expression of
pro-inflammatory cytokines (TNF-o and IL-6) also increase in
patients with LDH. The increase of IL-6 expression suggests
Thl cell activation and LDH development [32]. The increased
in IL-6 may stimulate the synthesis of PGE2 [33-35], induc-
ing the expression of TNF-o and the apoptosis of dorsal root
ganglion neurons [36,37], leading to the development of pain
and hyperalgesia.

In the present study, the serum IL-6 level decreased in all groups
over time (P<0.05), indicating that the longer treatment was
associated with weaker inflammatory response. Compared

CLINICAL RESEARCH

with group A, the levels of IL-6 in Groups B and C were signif-
icantly decreased and those in Group D were significantly in-
creased (P<0.05). In addition, the AUC of IL-6 levels was the
highest in Group C. The above results indicate that low ozone
(20 pg/ml or 40 pg/ml) can reduce the serum IL-6 levels as an
anti-inflammatory effect, while the high ozone (60 pug/ml) lev-
el can increase serum IL-6 levels as a pro-inflammatory effect.

The pain induced by inflammatory response may be due to di-
rect local chemical stimulation and/or autoantigen autoimmune
responses caused by the prominent nucleus pulposus [38].
LDH patients often have abnormal immunity, presenting as
increased 1gG and IgM in serum, cerebrospinal fluid, and in-
tervertebral disc tissue [27,28]. It has been proposed that LDH
patients have abnormal autoimmune status, showing as ab-
normal increase in peripheral blood immunoglobulin, mainly
IgG and IgM [39,40]. In the present study, serum IgG and IgM
were selected as the efficacy indicators for LDH treatment.
It shows that I1gG and IgM can form antigen-antibody com-
plexes when intervertebral disc antigens are exposed to the
body’s immune system [41], causing autoimmune inflamma-
tion [42] and low back pain and sciatica [43]. When more an-
tigens are exposed, there are higher immunoglobulin levels,
as well as more severe autoimmune inflammation and clini-
cal symptoms [44]. Compared with Group A, the levels of IgM
and IgG in Groups B and C decreased, while those in Group D
increased (P<0.05). Serum IgM and IgG decreased gradually
over time in all groups (P<0.05), indicating the abnormal im-
munity in LDH patients and possible autoantibody of the in-
tervertebral disc tissue as I1gG and IgM.

It was reported that a certain concentration of ozone may stim-
ulate the production of a variety of immunoregulatory cytokines
and inhibit the proliferation of human lymphocytes, and can
be used as a treatment for ulcerative colitis, Crohn’s disease,
and other autoimmune diseases [45-48]. We believe that the
mechanism of ozone treatment for LDH lies in the suppres-
sion of humoral immunity. Our results showed that the lev-
els of IgG and IgM, as well as VAS scores, in LDH patients de-
creased after treatment (P<0.05), indicating that 20 ug/ml and
40 pg/ml medical ozone can inhibit the occurrence and devel-
opment of autoimmune inflammatory responses and alleviate
the clinical symptoms. Medical ozone at 40 pg/ml showed the
optimal treatment efficacy.

SOD is an enzyme that catalyzes superoxide radical into ei-
ther ordinary molecular oxygen or hydrogen peroxide, acting
as an antioxidant defense in nearly all living cells exposed to
oxygen [12]. SOD and CAT participate in the pathogenesis of
LDH [49], and clinical symptoms improved as SOD and CAT
activity increased [50]. In patients with normal immunity, the
free radical scavenging system can keep the free radicals at a
harmless low level [51]. However, in the degeneration, chronic
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injury, and disturbed microcirculation, SOD activity decreased,
cell permeability increased, and cytokines increased, leading
to tissue inflammation and pain [52]. Increased free radicals
and tissue damage can cause increased (compensatory mech-
anism) SOD activity to remove excess free radicals and pro-
tect the body [53].

The present study is limited by its short follow-up time (12
months). Long-term efficacy needs further study.

Conclusions

In this study, we show that low concentrations of medical ozone
(20 pg/ml and 40 pg/ml) can reduce the serum IL-6, IgG, and
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IgM expression, presenting as analgesic and anti-inflammatory
effects; while high concentrations of medical ozone (60 pg/ml)
increase the serum IL-6, IgG, and IgM expression, presenting
as pain and pro-inflammatory effects. The medical ozone con-
centration of 40 ug/ml showed the optimal treatment efficacy.
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