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Abstract

Major ozonated autohemotherapy has been shown to promote recovery of upper limb motor function in patients with acute cerebral in-
farction, but whether major ozonated autohemotherapy affects remote injury remains poorly understood. Here, we assumed that major
ozonated autohemotherapy contributes to recovery of clinical function, possibly by reducing remote injury after acute cerebral infarction.
Sixty acute cerebral infarction patients aged 30-80 years were equally and randomly allocated to ozone treatment and control groups. Pa-
tients in the ozone treatment group received medical treatment and major ozonated autohemotherapy (47 mg/L, 100 mL ozone) for 10 £ 2
days. Patients in the control group received medical treatment only. National Institutes of Health Stroke Scale score, modified Rankin scale
score, and reduced degree of fractional anisotropy values of brain magnetic resonance diffusion tensor imaging were remarkably decreased,
brain function improved, clinical efficiency significantly increased, and no obvious adverse reactions detected in the ozone treatment group
compared with the control group. These findings suggest that major ozonated autohemotherapy promotes recovery of neurological func-
tion in acute cerebral infarction patients by reducing remote injury, and additionally, exhibits high safety.

Key Words: nerve regeneration; ozone; cerebral infarction; magnetic resonance; diffusion tensor imaging anisotropy; internal capsule; white
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Introduction

Ozone is a strong oxidant that has been used for many years
in the medical field. The Swiss dentist, Fisch (1899-1966),
first applied ozone to clinical practice. In 1968, Wolff first
used ozone autohemotherapy, or specifically, major ozonat-
ed autohemotherapy (MOAH), which was initially applied
to systemic disease and cerebral infarction.

MOAH for the treatment of ischemic disease (including
severe limb ischemia and ulceration) has achieved certain
effects (Adams et al., 2003; Bocci, 2007; Bocci et al., 2009,
2011; Marfella et al., 2010). Moreover, ozone also has an ef-
fect on cerebrovascular disease (Clavo et al., 2004; Liu, 2009;
Wu et al., 2013).

Transcranial Doppler sonography showed noticeably im-
proved mean flow velocity in the middle cerebral artery, bas-
ilar artery, and vertebral artery after ozone therapy in acute
cerebral infarction patients compared with the control group
(Yin, 2013). Further, our previous study found that MOAH
improved recovery of upper limb motor function in patients
with acute cerebral infarction (Wu et al., 2013). Reasons for
poor therapeutic effects following cerebral infarction include
not only difficult nerve regeneration at the infarct site, but
also secondary remote injury (Li et al., 2011; Liu et al., 2012).
Magnetic resonance diffusion tensor imaging (DTI) can be
used to evaluate remote injury after cerebral infarction (Le
Bihan, 2003). Fractional anisotropy (FA), a common DTI in-
dex, reflects integrity and damage of nerve fibers and myelin
sheaths. Specifically, vascular lesions induce neuronal or ax-
onal loss that leads to damage and a resulting decrease in FA
values (Nicoletti et al., 2006). DTI can also be used to detect
discrete changes in the cerebral peduncle at early onset of
internal capsule infarction. Integrity of the cerebral peduncle
pyramidal tract is strongly associated with motor function of
the affected upper limb (Wang et al., 2015). However, there
have been no studies concerning the effect of ozone therapy
on remote injury after acute cerebral infarction.

This study aimed to evaluate the clinical efficiency of
MOAH for treating acute cerebral infarction by using the
National Institutes of Health Stroke Scale (NIHSS) score,
modified Rankin scale (mRS) score, and magnetic resonance
DTI. DTI was used to objectively evaluate the effect of ozone
on secondary remote injury after acute cerebral infarction.

Subjects and Methods

Subjects

A total of 60 acute cerebral infarction patients were recruited
for this study, aged 30-80 years, and including 33 males and
27 females. Subjects were hospitalized in the Department of
Neurology, Guangzhou General Hospital of Guangzhou Mil-
itary Command of China from December 2008 to December
2012.

Diagnostic criteria for cerebral infarction

Cerebral infarction (also known as ischemic stroke) results
from the death of hypoxic and ischemic brain tissue due to
a disrupted blood supply, and leads to neurological deficits.
Cerebral infarction is often confined to a blood supply area.
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Cerebral infarction can be finally diagnosed by a history of
acute onset, physical examination, and brain magnetic reso-
nance imaging (MRI) (Adams et al., 2003).

Inclusion criteria

Patients meeting all of the following criteria were considered
for admission to our study: (1) 30-80 years old; (2) NIHSS
scores of 620 (Wu et al., 2013); (3) onset time > 6 hours,
< 72 hours, with no intravenous thrombolysis; (4) acute ce-
rebral infarction confirmed by brain MRI; (5) lesions in the
blood supply area of the unilateral middle cerebral artery,
and a single lesion involving the internal capsule (Likitjaroen
et al., 2012); and (6) first onset.

Exclusion criteria

Patients meeting any of the following criteria were excluded
from the study: (1) history of cerebral infarction, cerebral
hemorrhage, brain tumor, brain contusion, or other brain
lesions; (2) thrombolytic therapy; (3) shock, unstable vital
signs, peptic ulcer, gastrointestinal bleeding, severe cardio-
pulmonary complications, liver or kidney dysfunction, or life
expectancy < 1 month; (4) blood coagulation dysfunction or
abnormal platelet volume and function, thalassemia, sickle
cell anemia, or glucose-6-phosphate dehydrogenase deficien-
cy; (5) hyperthyroidism with uncontrolled symptoms; (6)
use of kinase drugs or anti-free radical agents; (7) pregnant
or lactating women, and patients with mental illness or high
sensitivity; (8) patients with a pacemaker or claustropho-
bia, who could not undergo MRI; and (9) poor compliance,
could not complete the relevant examinations, treatments,
or recordings.

This study was approved by the Ethics Committee of
Guangzhou General Hospital of Guangzhou Military Com-
mand of China. Participants and their family members were
informed of the protocol, and provided written informed
consent. This study was in accordance with the Declaration
of Helsinki (World Medical Association, 2014).

A flow chart of the intervention is shown in Figure 1.

Treatment

Sixty acute cerebral infarction patients were equally and
randomly assigned to ozone treatment and control groups.
Patients in the ozone treatment group underwent medical
treatment and MOAH. Patients in the control group only
underwent medical treatment.

Medical treatment: (1) aspirin enteric-coated tablets (Bayer
HealthCare, Beijing, China), 0.3 g, orally taken, once a night;
(2) atorvastatin calcium tablets (Pfizer, New York, NY, USA),
20 mg, orally taken, once a night; (3) Xueshuantong injection,
a traditional Chinese patent medicine with the main compo-
nent being arasaponin (lyophilized, Zhunzi 220025652, Lot
number 11100407) (Guangxi Wuzhou Pharmaceutical Co.,
Ltd., Wuzhou, Guangxi Province, China), 0.45 g, intravenous
drip, once a day; and (4) in accordance with Guidelines for
Early Stroke Treatment formulated by the Stroke Council of
the American Heart Association in 2003, complications such
as hypertension, arrhythmia, and high blood sugar were
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monitored and treated. Simultaneously, patients received
corresponding physical rehabilitation.

A high pressure ozone generator (Humazone Promedic,
Humares, Germany) and blood bags were used during
MOAH. The procedure was as follows: 100 mL of venous
blood was collected from the patient’s elbow and placed in
a closed sterile system containing 2.5% sodium citrate 10
mL. Ozone (100 mL, 47 mg/L) was added by a high-pres-
sure method. After mixing for approximately 5 minutes, the
mixture was intravenously infused into the patient within
30 minutes. This procedure was performed by a professional
nurse in an Ozone Treatment Room, once a day, for 10 * 2
days as a course.

Therapeutic evaluation

Outcomes were evaluated using NIHSS and mRS (Lai and
Duncan, 2001), according to functional defect scores at 10
* 2 days after treatment. Basic recovery: functional scores
decreased by 91-100%; significant improvement: functional
scores decreased by 46-90%; improvement: functional scores
decreased by 18-45%; ineffectiveness: functional scores de-
creased by 17%; aggravation: functional scores increased by
more than 18%; death. Basic recovery, significant improve-
ment, and improvement were considered effective. Clinical
efficiency was calculated by: number of effective individuals/
total number X 100%.

MRI measurements

Image acquisition and data processing: MRI was performed
using a Sonate 1.5 T MRI scanner (Siemens Medical Solu-
tions, Erlangen, Germany) with a conventional head coil.
Subjects lay transversely in the supine position. The scanning
parameters were as follows: T1 weighted image: repetition
time 107 ms, echo time 9 ms; T2 weighted image: repetition
time 3,670 ms, echo time 107 ms; T2/FLAIR: repetition time
8,707 ms, echo time 128 ms; and diffusion weighted imag-
ing: repetition time 3,300 ms, echo time 90 ms, slice thick-
ness 4 mm, field of view: 220 x 220. Infarct volume was cal-
culated according to a previous method (Zhong, 2007): voxel
size was sampled to 1 mm X 1 mm X 1 mm using MRIcro
version 1.38 software (Siemens). Estimated volume values
for the responsible focus (mm’) were obtained by adding the
number of voxels. DTI was performed using a single-shot
echo-planar imaging pulse sequence: repetition time 10,000
ms, echo time 112 ms, slice thickness 4 mm, interval 0.5
mm, successive scanning of 30 slices, matrix 128 x 128, field
of view 240 mm X 240 mm, diffusion sensitive gradient
direction (diffusion direction) of 13 and acquisition with-
out diffusion weighting, and diffusion sensitive coefficient
b value of 1,000 s/mm’. DTI scanning data were inputted
into a Leonard workstation (Siemens, Bonn, Germany) for
FA measurement. Selection of oval 34 mm” regions of inter-
est: infarct focus and distal left-right symmetrical cerebral
peduncle regions (Ragin et al., 2006). Regions of inhomo-
geneous signal, such as calcification, were avoided. Three-di-
mensional (3D) diffusion tensor images were drawn by
diffusion tensor tractography. Based on color FA images, 3D

white matter images of the bilateral corticospinal tract were
recomposed (minimum FA threshold = 0.20) (Kunimatsu
et al., 2004) to observe shift, continuity, and destruction of
fiber bundles.

Statistical analysis

Measurement data presented as the mean + SD were eval-
uated by SPSS 16.0 software (SPSS, Chicago, IL, USA). The
paired t-test was used to compare intragroup data before
and after treatment. The two-way analysis of variance or
independent samples #-test was used for intergroup compar-
ison. The Wilcoxon rank-sum test was used to detect ranked
data. P < 0.05 was considered statistically significant.

Results

Quantitative analysis of participants and baseline data
Sixty patients were included in the final analysis, and none
were excluded. There were no significant differences in gen-
der, age, time of onset, infarct volume, and concomitant dis-
eases between ozone treatment and control groups (P> 0.05).
Overall, the above data were comparable (Table 1).

Outcome of MOAH for treating acute cerebral infarction
No significant differences in NIHSS or mRS scores were
detected between ozone treatment and control groups be-
fore treatment (P > 0.05). In contrast, at 10 + 2 days after
treatment, NIHSS scores and mRS scores were significantly
decreased in both groups (P < 0.05). NIHSS and mRS scores
were both significantly lower in the ozone treatment group
compared with the control group (P < 0.05; Table 2). Total
efficiency was significantly higher in the ozone treatment
group (73.3%) than the control group (70%) (P < 0.05;
Table 3).

NIHSS scores and mRS scores were significantly different
between ozone treatment and control groups at 10 + 2 days
after treatment (P < 0.05; Table 2).

Changes in magnetic resonance DTI after MOAH for
treatment of acute cerebral infarction

Comparison of infarct volume

Infarct volume was not significantly different in ozone treat-
ment and control groups before or after treatment (P > 0.05).
Moreover, no significant difference was detected between
ozone treatment and control groups (P > 0.05; Table 4).

Comparison of corticospinal tract DTI

A weak signal was detected in the internal capsule at the site
of infarction, and a slightly weak signal in the cerebral pe-
duncle below the infarction site (Figure 2). Therefore, signal
was weak in the region where the pyramidal tract forms.
With progression, the signal intensity decreased consider-
ably, and was lighter in the ozone treatment group than the
control group. DTI revealed no significant change on the
infarction side of the corticospinal tract in 13 patients from
the ozone treatment group. Additionally, the corticospinal
tract was sparse in 17 patients. Further, no significant change
was detected on the infarction side of the corticospinal tract
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Figure 1 Intervention flow chart.

Table 1 Baseline patient data

Group Sex (male/female, n) Age (year) Infarct volume (mm?®) Interval time between onset and treatment (hour)
Ozone treatment 16/14 64.87+ 8.11 416.17+147.35 44.08+18.93
Control 17/13 63.40+£10.28 438.89+134.23 43.82+18.36

There were no significant differences in gender, age, time of onset, and infarct volume, between ozone treatment and control groups (P > 0.05).

Table 2 Changes in NIHSS scores and mRS scores between ozone treatment and control groups before and after treatment

NIHSS scores mRS scores
Group Pretreatment Posttreatment Pretreatment Posttreatment
Ozone treatment 8.23+5.27 5.93+4.62" 3.30+1.62 2.33+1.81°
Control 8.28+5.28 6.69+4.25" 3.34+1.56 2.83+1.85™

Results are expressed as the mean + SD (n = 30). *P < 0.05, vs. pretreatment (paired #-test); #P < 0.05, vs. ozone treatment (independent samples
t-test). NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Scale.
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Table 3 Comparison of total efficiency between both groups

Ozone treatment group  Control group

n RANK n RANK
Aggravation 2 1 2 1
No change 6 66 7 77
Improvement 14 441 14 441
Significant improvement 6 309 6 309
Basic recovery 2 118 1 59
Sum 30 935 30 887
Total efficiency (%) 73.3 70°

A significant difference in total efficiency between the two groups after
treatment was detected (*P < 0.05, u = 2.07; Wilcoxon rank sum test).

Table 4 Comparison of infarct volume (mm’) between both groups
before and after treatment

Group Pretreatment Posttreatment
Ozone treatment 416.17£147.35 414.70+143.38
Control 438.89+134.23 438.95+134.17

No significant difference in infarct volume was detected in the ozone
treatment and control groups before and after treatment (P > 0.05;
paired t-test). Moreover, no significant difference in infarct volume
was detected between ozone treatment and control groups (P > 0.05;
independent samples #-test). Data are expressed as the mean + SD (1 =
30).

Table 5 Fractional anisotropy changes in both groups before and after treatment

Opposite side of Cerebral peduncle on the Cerebral peduncle on the

Group Infarction focus infarction focus same side of infarction focus opposite side of infarction focus
Ozone treatment

Pretreatment 0.4620.04" 0.51+0.04 0.45%0.02" 0.46+0.02

Posttreatment 0.40+0.04" 0.51+0.04 0.42+0.02* 0.460.02
Control

Pretreatment 0.46%0.04 0.51+0.03 0.44+0.02" 0.46+0.02

Posttreatment 0.37%0.05 0.50%0.04 0.40%0.03 0.46x0.02

Data are expressed as the mean + SD (n = 30 in each group). *P < 0.05, vs. posttreatment (paired ¢-test); #P < 0.05, vs. control group (posttreatment)
(two-way analysis of variance).

Figure 2 Alterations in a 77-year-old female patient with acute cerebral infarction in the right basal ganglia in the ozone treatment group

before and after treatment.

(1, 2) Pretreatment (1) and 9 days posttreatment (2) in the ozone treatment group, respectively. (A, B) Diffusion weighted images of the infarction
focus and corresponding cerebral peduncle before and after treatment: signal intensity was lower in the infarction focus after treatment compared
with before treatment (arrows), while no obvious abnormal signal was detected in the corresponding cerebral peduncle. (C, D) Fractional anisot-
ropy images of the infarction focus and corresponding cerebral peduncle before and after treatment: signal intensity in the infarction focus and
corresponding cerebral peduncle was lower than in contralateral regions before treatment (arrows), but showed a decreased trend after treatment.
(E, F) Three-dimensional images of reconstructed fiber bundles in the infarction focus and corresponding cerebral peduncle before and after treat-
ment: corticospinal tracts (arrows) were injured and aggravated after treatment. Yellow represents longitudinal fiber bundles on the infarction side;
green represents longitudinal fiber bundles on the normal contralateral side; red represents horizontal fiber bundles on the infarction side; and

blue represents horizontal fiber bundles on the normal contralateral side.
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in 10 patients from the control group, while the corticospi-
nal tract appeared sparse in 20 patients.

Comparison of FA values

FA values were decreased in infarction foci and ipsilateral
cerebral peduncle in both groups (P < 0.05). Likewise, FA
values were significantly decreased in infarction foci and
ipsilateral cerebral peduncle 10 * 2 days after treatment. The
degree of reduction was less in the ozone treatment group
than the control group (P < 0.05; Table 5, Figure 2).

Adverse reactions

No noticeable adverse reactions were observed in any of
the 60 patients who had acute cerebral infarctions in the
territory supplied only by the middle cerebral artery. After
treatment, brain MRI revealed a small amount of bleeding at
the site of infarction in three cases from the ozone treatment
group and two cases from the control group, suggesting the
capillary bleeding was caused by ischemia and reperfusion.
Clinical symptoms did not worsen, so antiplatelet therapy
could be continued.

Discussion

We have used NIHSS, mRS, and brain MRI to assess re-
covery of clinical function after infarction treatment with
MOAH. Our results show that MOAH promotes nerve
regeneration and recovery of clinical function after acute
cerebral infarction.

At present, many basic studies support effects of ozone on
recovery of cells and blood vessels after ischemia. (1) Ozone
oxidation and oxygen saturation provide sufficient energy
for ischemic tissue. Ozone reduces damage to biomacromol-
ecules by reconstructing the redox balance of cells (Mallok et
al., 2015). (2) Hoffmann (2001) confirmed that ozone main-
tains erythrocyte membrane integrity, improves erythrocyte
metabolism, activates the pentose phosphate pathway, in-
creases 2,3-diphosphoglycerate content in erythrocytes, and
consequently increases oxygen supply. Sycheva et al. (2013)
verified that ozone diminishes hypoxia and improves micro-
circulation after myocardial infarction. (3) MOAH main-
tains adenosine triphosphate content and energy metabo-
lism under ischemia and hypoxia, and reduces cell apoptosis
(Shiratori et al., 1993). (4) Larini et al. (2003) assumed that
ozone activates antioxidant enzymes within the body. Ozone
pretreatment reduces malondialdehyde and protein carbonyl
content, and promotes superoxide dismutase and glutathi-
one peroxidase activity in rat skeletal muscle, suggesting that
ozone has important clinical significance in protection from
ischemia/reperfusion injury (Koca et al., 2010). Increased
0,/0; concentration and increased expression of Mn-super-
oxide dismutase, glutathione peroxidase 1, and endothelial
nitric oxide synthase in the heart and gastrocnemius (Di
Filippo et al., 2015) further indicates that ozone is strongly
associated with antioxidant enzymes in the body.

In this study, NIHSS scores and mRS scores were consid-
erably lower in the ozone treatment group than the control
group 10 * 2 days after treatment. Additionally, total effi-
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ciency was enhanced in the ozone treatment group com-
pared with the control group. These findings suggest that
clinical function is visibly improved in cerebral infarction
patients undergoing MOAH. Ozone therapy may improve
prognosis in cerebral infarction patients by improving nerve
fiber damage and demyelination at the diseased region, and
simultaneously, remote pyramidal damage. We detected
markedly decreased FA values in the infarction site com-
pared with the contralateral side in both groups before and
after treatment. The degree of reduction in FA values was
smaller in the ozone treatment group than the control group.
Concurrently, decreased degree of FA values in the cerebral
peduncle on the infarction side was also significantly smaller
in the ozone treatment group than the control group. This
may be because ozone rapidly combines with hemoglobin
after entering the human body, improving oxygen supply
and blood circulation in the brain, and elevating cell viabil-
ity. Thus, ozone improves hypoxia in the ischemic penum-
bra, and contributes to collateral circulation and recovery
of neurological function (Wu et al., 2013). Ozone therapy
activates the antioxidant system, improves blood circulation
and oxygen metabolism in cells and local microcirculation,
increases adenosine triphosphate in erythrocytes, protects
neuronal apoptosis in the ischemic penumbra, reduces frac-
tional edema (Wasser, 2013), mitigates nerve fiber swelling,
and reduces anisotropy decreases. Our above results confirm
that ozone therapy has a protective and promoting effect
on nerves and the remote pyramidal tract in acute cerebral
infarction patients. We can infer that ozone therapy may im-
prove nerve fiber damage and demyelination.

Our results demonstrate that 10 + 2 days after treatment,
clinical efficiency is considerably improved in the ozone
treatment group. Diffusion weighted imaging did not show
significant differences in infarct volume between ozone
treatment and control groups, indicating that ozone therapy
cannot improve infarct size in a short period, and its effect
is not obviously associated with infarct size. Our DTI find-
ings confirmed that after treatment, decreased degree of FA
values was significantly less in the infarction focus and cere-
bral peduncle on the infarction side in the ozone treatment
group compared with the control group. This indicates that
DTI can more readily detect changes in patients with inter-
nal capsule infarction at early onset of the disease. Pyramidal
tract integrity in the cerebral peduncle can further assess the
degree of recovery after disease, and can reflect outcomes
of cerebral infarction. This suggests that ozone therapy may
improve prognosis in cerebral infarction possibly by reliev-
ing remote pyramidal tract damage.

MOAH is safe and effective for patients with acute internal
capsule infarction in the territory supplied only by the middle
cerebral artery. During rechecking, no remarkably adverse
reactions were found except for a small amount of bleeding
around the infarction focus in a few patients. However, Urey-
en et al. (2015) suggested that ozone therapy may increase
the possibility of thrombotic complications. Because of our
limited sample size and the short-term effect, it is not clear
whether long-term MOAH can shorten infarction focus and
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reduce scar tissue formation. Our future studies will use a
larger sample size and pay particular attention to the above
problems.
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