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	 Diabetes mellitus is associated with sustained hyperglycemia, oxidative stress, 
impaired antioxidant defense, and pancreatic tissue injury. Medical ozone has been proposed 
as an adjunctive intervention because controlled low-dose ozone exposure may induce oxidative 
preconditioning and stimulate endogenous antioxidant responses. However, the available 
evidence remains scattered and is mainly derived from animal experiments. This systematic 
review and meta-analysis aimed to summarize the effects of medical ozone on glucose regulation, 
oxidative-stress biomarkers, and pancreatic histological changes in preclinical models of 
diabetes. PubMed, EBSCOhost, Google Scholar, and ProQuest were searched from database 
inception to September 2025. The review followed PRISMA 2020 guidance. Original preclinical 
studies using diabetic animal models treated with medical ozone were eligible when they 
reported metabolic, oxidative-stress, or pancreatic histological outcomes. Study screening, data 
extraction, and risk-of-bias assessment using the SYRCLE tool were performed by two reviewers. 
Quantitative pooling was conducted in RevMan 5.4 using standardized mean differences (SMDs) 
with 95% confidence intervals (CIs). Four studies met the inclusion criteria. Pooled analysis 
showed lower post-treatment blood glucose after ozone administration (SMD = -5.55; 95% CI: 
-6.67 to -4.43). Ozone therapy was also associated with reduced malondialdehyde levels (SMD 
= -5.09; 95% CI: -9.30 to -0.87) and higher glutathione concentrations (SMD = 3.87; 95% CI: 
0.83 to 6.90), whereas findings for superoxide dismutase were inconsistent. Histological findings 
generally indicated better preservation of pancreatic islet architecture and less tissue injury in 
ozone-treated animals. In preclinical diabetic models, medical ozone may improve glycemic 
status, reduce selected oxidative-stress markers, and preserve pancreatic morphology. These 
findings should be interpreted cautiously because the evidence is limited to a small number of 
heterogeneous animal studies. Further rigorously designed preclinical studies are required to 
define optimal protocols, clarify mechanisms, and determine whether clinical translation is 
appropriate.

Keywords: Diabetes mellitus; Medical ozone; Oxidative stress; Pancreatic histology;
Systematic review.
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	 Diabetes mellitus (DM) is a chronic 
metabolic disease marked by persistent 
dysregulation of blood glucose. The disorder 
develops when insulin secretion, insulin action, or 
both are impaired, and it contributes substantially 
to long-term morbidity, mortality, and health-care 
costs.1-3 Because the prevalence of DM continues 
to rise, interventions that improve metabolic 
control and limit tissue damage remain clinically 
important.
	 Hyperglycemia promotes oxidative 
imbalance in diabetic tissues. In pancreatic beta 
cells, excessive reactive oxygen species can disrupt 
insulin secretion, damage cellular macromolecules, 
and weaken antioxidant defenses.4,5 These 
processes contribute to beta-cell dysfunction 
and are also involved in vascular complications 
such as retinopathy, nephropathy, neuropathy, 
atherosclerosis, myocardial infarction, stroke, and 
peripheral arterial disease.6,7

	 Several biochemical mechanisms link 
high glucose exposure to oxidative injury, 
including activation of the polyol pathway, 
accumulation of advanced glycation end products, 
protein kinase C activation, hexosamine pathway 
flux, and mitochondrial superoxide production.8,9 
Therefore, therapies that modify redox balance 
have been investigated as supportive strategies for 
diabetes-related tissue injury.
	 Medical ozone is delivered as a controlled 
oxygen-ozone mixture through routes such as rectal 
insufflation, intraperitoneal injection, intravenous 
administration, or autohemotherapy.10,11 Although 
ozone is a strong oxidant at high concentrations, 
low therapeutic doses may trigger oxidative 
preconditioning. This adaptive response is thought 
to enhance endogenous antioxidant defenses 
without producing overt tissue damage.12

	 Preclinical studies have reported that 
ozone exposure can reduce lipid peroxidation, 
improve antioxidant enzyme activity, preserve 
mitochondrial function, and modulate inflammatory 
pathways.12,13 Similar protective effects have 
been explored in models of hepatic injury, 
renal ischemia-reperfusion, and cardiovascular 
disorders.12,14,15 These mechanisms are relevant to 
diabetes because oxidative stress contributes to 
insulin resistance, beta-cell injury, and progressive 
pancreatic damage.
	 Experimental diabetic models suggest that 

ozone therapy may lower blood glucose, increase 
glutathione and antioxidant enzyme activity, and 
protect pancreatic islet morphology.16,17 However, 
the available studies differ in animal strain, 
diabetogenic agent, ozone dose, administration 
route, treatment duration, comparator group, and 
outcome definition. This variability limits the 
certainty of any single-study conclusion.
	 The present systematic review and meta-
analysis was therefore undertaken to integrate 
preclinical evidence on medical ozone therapy 
in experimental diabetes. The main outcomes of 
interest were glucose regulation, oxidative-stress 
biomarkers, and pancreatic histological changes.

Materials and Methods

Study Design
	 This systematic review and meta-analysis 
examined preclinical animal studies that evaluated 
medical ozone in experimental diabetes. Reporting 
was guided by PRISMA 2020, with adaptations for 
animal intervention research. Before the search, 
the authors defined the review question, eligibility 
criteria, databases, screening procedure, extraction 
items, risk-of-bias assessment, and statistical plan. 
As only previously published animal studies were 
analyzed, ethics approval and informed consent 
were not applicable.
Eligibility Criteria
	 Eligible articles were original full-text 
preclinical studies published in peer-reviewed 
journals. Studies had to use a diabetic animal 
model, administer medical ozone through a 
therapeutic route, and report at least one outcome 
related to glucose metabolism, oxidative-stress 
biomarkers, or pancreatic histology. Studies with 
sufficient quantitative data were considered for 
meta-analysis, while relevant descriptive findings 
were included in the narrative synthesis.
	 Reviews, meta-analyses, case reports, 
abstracts, editorials, letters, in-vitro studies, 
duplicate publications, non-diabetic models, 
studies without ozone intervention, and reports 
without extractable outcome data were excluded.
Information Sources and Search Strategy
	 PubMed, EBSCOhost, Google Scholar, 
and ProQuest were searched from database 
inception to September 2025. The search strategy 
combined terms related to medical ozone, glucose 
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metabolism, diabetes mellitus, oxidative stress, 
pancreatic histology, and preclinical animal 
models. Manual checking of relevant references 
was also performed to identify additional eligible 
studies.
Study Selection
	 All retrieved records were exported to 
EndNote X9 for duplicate removal. Two reviewers 
independently screened titles and abstracts against 
the eligibility criteria. Full texts were then assessed 
for potentially relevant articles. Disagreements 
were resolved by discussion and, when required, 
by consultation with a third reviewer. The final 
selection process was presented in a PRISMA 2020 
flow diagram.
Data Extraction
	 Two reviewers independently extracted 
data using a structured form. Extracted variables 
included author, year, country, species, strain, sex, 
sample size, diabetes induction method, ozone 
route, dose or concentration, treatment duration, 
treatment frequency, comparator groups, outcomes 
measured, and the principal findings of each study.
Risk of Bias and Quality Assessment
	 Risk of bias was assessed with the 
SYRCLE tool for animal studies.18 The appraisal 
covered domains such as sequence generation, 
allocation concealment, baseline similarity, random 

housing, blinding, incomplete outcome data, 
selective reporting, and other bias. Each item was 
rated as low, high, or unclear risk. Two reviewers 
completed the assessment independently and 
resolved differences by consensus.
Data Synthesis
	 Evidence was summarized using narrative 
synthesis and meta-analysis. Because all included 
reports were animal studies of ozone therapy in 
experimental diabetes, outcome harmonization 
focused on comparable metabolic and oxidative 
endpoints.
	 Meta-analysis was performed in RevMan 
5.4. Continuous outcomes were expressed as 
standardized mean differences with 95% CIs 
to accommodate different measurement scales. 
Separate analyses were conducted for post-
treatment blood glucose and oxidative-stress 
markers, including malondialdehyde (MDA), 
superoxide dismutase (SOD), and glutathione 
(GSH). Pancreatic histology was described 
narratively because standardized scoring was not 
consistently available.
	 When at least two studies reported the 
same outcome, pooled estimates were calculated 
using inverse-variance weighting. A fixed-effect 
model was used when heterogeneity was low, and 
a random-effects model was used when between-

Table 1. Combined Keywords in Each Database

Database	 Keywords

PubMed	 (“ozone therapy”[MeSH Terms] OR “ozone”[Title/Abstract] OR “medical ozone”
	 [Title/Abstract]) AND (“glucose metabolism”[MeSH Terms] OR “glucose homeostasis”
	 [Title/Abstract] OR “hyperglycemia”[Title/Abstract] OR “diabetes mellitus”[Title/Abstract] 
	 OR “insulin”[Title/Abstract] OR “oxidative stress”[Title/Abstract] OR “pancreas”
	 [Title/Abstract]) AND (“rats”[MeSH Terms] OR “mice”[MeSH Terms] OR 
	 “animal models”[MeSH Terms])
EBSCOhost	 (“ozone therapy” OR “medical ozone” OR “ozone”) AND (“glucose metabolism” OR 
	 “glucose homeostasis” OR “hyperglycemia” OR “diabetes mellitus” OR “insulin” OR 
	 “oxidative stress” OR “pancreas”) AND (“rat” OR “mice” OR “mouse” OR 
	 “animal model” OR “preclinical”)
Google Scholar	 (“ozone therapy” OR “medical ozone”) AND (“glucose metabolism” OR “glucose 
	 homeostasis” OR “hyperglycemia” OR “diabetes” OR “insulin” OR “oxidative stress” 
	 OR “pancreatic histology”) AND (“rat” OR “mice” OR “mouse” OR “animal study” 
	 OR “preclinical”)
ProQuest	 (“ozone therapy” OR “medical ozone”) AND (“glucose metabolism” OR “glucose 
	 homeostasis” OR “hyperglycemia” OR “diabetes mellitus” OR “insulin” OR 
	 “oxidative stress” OR “pancreatic histology”) AND (“rat” OR “mice” OR “mouse” 
	 OR “animal model” OR “preclinical”)
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Fig. 1. Study Selection Process

study variation was substantial. Heterogeneity 
was evaluated with the I2 statistic and interpreted 
alongside differences in diabetes induction 
method, ozone protocol, treatment duration, and 
co-interventions such as insulin.

Results 

Study Selection
	 The search identified 56 records. After 
removal of 17 duplicates, 39 records underwent 
title and abstract screening. Thirty-two records 
were excluded because they did not meet the 
eligibility criteria or did not report outcomes 
relevant to this review.

	 Seven articles were reviewed in full text. 
Three were excluded: one assessed outcomes 
outside the scope of this review, and two did not 
provide adequate quantitative data for pooling. 
Four studies were therefore included in both 
the qualitative synthesis and quantitative meta-
analysis.
Characteristics of the Included Studies
	 The study selection process is summarized 
in the PRISMA 2020 flow diagram shown in 
Figure 1. Four studies were included: Martínez 
et al. (2005)16, Morsy et al. (2010)19, Siniscalco 
et al. (2018)17, and Falih and Hasan (2023)20. 
Together, these experiments assessed ozone therapy 



2721 Sushanty et al., Biomed. & Pharmacol. J,  Vol. 19(3), 2717-2727 (2026)

Ta
bl

e 
2.

 C
ha

ra
ct

er
is

tic
s o

f t
he

 In
cl

ud
ed

 S
tu

di
es

A
ut

ho
r 	

C
ou

nt
ry

	
A

ni
m

al
/ 	

D
ia

be
te

s 	
O

zo
ne

 R
ou

te
 	

Tr
ea

tm
en

t 	
C

om
pa

ra
to

r(
s)

	
M

ai
n 

O
ut

co
m

es
 R

ep
or

te
d

(Y
ea

r)
		


M

od
el

	
In

du
ce

r	
&

 D
os

e	
D

ur
at

io
n

M
ar

tín
ez

 e
t a

l. 
	

C
ub

a	
M

al
e 

Sp
ra

gu
e–

	
ST

Z 
	

R
ec

ta
l i

ns
uf

fla
tio

n 
	

10
 d

ay
s a

fte
r 	

N
on

-d
ia

be
tic

 	
O

zo
ne

 re
du

ce
d 

hy
pe

rg
ly

ce
m

ia
 

(2
00

5)
16

		


D
aw

le
y 

ra
ts

 	
45

 m
g/

kg
, i

.p
.	

of
  O

2‚ 
/O

3 (
1.

1 
m

g/
	

di
ab

et
es

 	
co

nt
ro

l; 
ST

Z 
on

ly
; 	

(˜
16

 m
m

ol
/L

 v
s ˜

27
 m

m
ol

/L
), 

		


(n
=1

0/
gr

ou
p)

		


kg
/d

ay
; 5

0 
µg

/m
L)

	
in

du
ct

io
n	

ST
Z 

+ 
ox

yg
en

; 	
lo

w
er

ed
 p

la
sm

a 
M

D
A

, t
ot

al
 

						








oz
on

e 
on

ly
	

hy
dr

op
er

ox
id

es
, p

er
ox

id
at

io
n 

							









po

te
nt

ia
l, 

an
d 

in
cr

ea
se

d 
SO

D
, 

							









C

AT
, G

SH
-P

x,
 G

SH
; d

ec
re

as
ed

 
							










pa
nc

re
at

ic
 is

le
t d

am
ag

e
M

or
sy

 e
t a

l. 
	

Eg
yp

t	
M

al
e 

Sp
ra

gu
e–

	
ST

Z 
	

In
tra

pe
rit

on
ea

l O
3  

	
D

ai
ly

 fo
r 	

N
on

-d
ia

be
tic

 	
O

zo
ne

 a
nd

 in
su

lin
 e

ac
h 

re
du

ce
d 

(2
01

0)
19

		


D
aw

le
y 

ra
ts

 	
45

 m
g/

kg
 i.

p.
	

(1
.1

 m
g/

kg
; 5

0 
µg

/m
L)

 	
6 

w
ee

ks
	

co
nt

ro
l; 

di
ab

et
ic

 	
SB

P/
D

B
P,

 H
bA

1c
, B

U
N

, 
		


(n

=1
0/

gr
ou

p)
		


st

ar
te

d 
48

 h
 a

fte
r 		


(S

TZ
 o

nl
y)

; d
ia

be
tic

 	
cr

ea
tin

in
e,

 k
id

ne
y 

M
D

A
 a

nd
 a

ld
os

e
				





di

ab
et

es
 in

du
ct

io
n		


+ 

in
su

lin
 (0

.7
5 

IU
/	

-r
ed

uc
ta

se
 a

ct
iv

ity
, a

nd
 in

cr
ea

se
d 

						








10
0 

g 
B

W
, s

.c
.);

 	
SO

D
, C

AT
, G

Px
; c

om
bi

ne
d 

oz
on

e 
						








di

ab
et

ic
 +

 o
zo

ne
; 	

+ 
in

su
lin

 n
or

m
al

iz
ed

 m
os

t 
						








di

ab
et

ic
 +

 in
su

lin
 	

pa
ra

m
et

er
s a

nd
 im

pr
ov

ed
 

						








+ 
oz

on
e	

re
na

l a
nt

io
xi

da
nt

 d
ef

en
se

Si
ni

sc
al

co
 e

t a
l. 

	
Ita

ly
	

M
al

e 
Sp

ra
gu

e–
	

ST
Z 

	
In

tra
pe

rit
on

ea
l 	

7 
da

ys
 a

fte
r 	

Sa
lin

e 
co

nt
ro

l; 
	

O
zo

ne
 re

du
ce

d 
pa

nc
re

at
ic

 
(2

01
8)

17
		


D

aw
le

y 
ra

ts
 	

65
 m

g/
kg

, i
.p

.	
O

2 /
O

3  
	

di
ab

et
es

 	
ST

Z 
+ 

ox
yg

en
; 	

4-
hy

dr
ox

yn
on

en
al

 (4
-H

N
E)

 a
nd

 
		


(n

=5
/g

ro
up

)		


(1
50

 µ
g/

kg
/d

ay
)	

co
nfi

rm
at

io
n	

oz
on

e 
on

ly
	

PA
R

P-
1,

 u
p-

re
gu

la
te

d 
N

rf
2 

an
d 

							









G

ST
, i

nc
re

as
ed

 se
ru

m
 in

su
lin

 
							










an
d 

le
pt

in
, i

m
pr

ov
ed

 is
le

t 
							










hi
st

ol
og

y 
an

d 
lo

w
er

ed
 

							









hy

pe
rg

ly
ce

m
ia

Fa
lih

 &
 H

as
an

 	
Ir

aq
	

Fe
m

al
e 

al
bi

no
 	

A
llo

xa
n 

	
In

tra
pe

rit
on

ea
l 	

6 
w

ee
ks

 a
fte

r 	
N

on
-d

ia
be

tic
 c

on
tro

l; 
	

O
zo

ne
 lo

w
er

ed
 b

lo
od

 g
lu

co
se

 
(2

02
3)

20
		


ra

ts
 	

15
0 

m
g/

kg
, i

.p
.	

m
ed

ic
al

 o
zo

ne
 	

di
ab

et
es

 	
di

ab
et

ic
 o

nl
y;

 	
(3

18
 ±

 3
5.

9 
vs

 4
88

.9
 ±

 1
8.

5 
m

g/
dL

), 
		


(n

=8
/g

ro
up

)		


(1
.1

 m
g/

kg
/d

ay
) 	

in
du

ct
io

n	
in

su
lin

 a
lo

ne
; 	

im
pr

ov
ed

 S
O

D
, C

AT
, G

SH
, 

						








oz
on

e 
al

on
e;

 	
re

du
ce

d 
se

ru
m

 M
D

A
, a

nd
 

						








oz
on

e 
+ 

in
su

lin
	

pr
es

er
ve

d 
pa

nc
re

at
ic

 is
le

t s
tru

ct
ur

e;
 

							









co

m
bi

na
tio

n 
w

ith
 in

su
lin

 p
ro

du
ce

d 
							










gr
ea

te
st

 im
pr

ov
em

en
ts



2722Sushanty et al., Biomed. & Pharmacol. J,  Vol. 19(3), 2717-2727 (2026)

Fig. 2. Risk of Bias Assessment

Fig. 3. Forest Plot of the Effect of Medical Ozone Therapy on Post-Treatment Blood Glucose Levels in Diabetic 
Rat Models.

in diabetic rat models. Three studies used male 
Sprague-Dawley rats with streptozotocin-induced 
diabetes at doses of 45-65 mg/kg, whereas one 
study used female albino rats with alloxan-induced 
diabetes at 150 mg/kg. Group sizes ranged from 
five to ten animals in the streptozotocin studies 
and eight animals in the alloxan study. The 
detailed characteristics of the included studies are 
summarized in Table 2.
	 Ozone was administered by rectal 
insufflation of an oxygen-ozone mixture at 
approximately 50 microgram/mL (about 1.1 mg/
kg/day) in the Cuban study, by intraperitoneal O2/
O3 at 150 microgram/kg/day in the Italian study, 
and by intraperitoneal medical ozone at 1.1 mg/kg/
day in the Egyptian and Iraqi studies. Comparator 
groups included untreated diabetic controls, 
oxygen-only controls, insulin-treated groups, and 
combined ozone plus insulin groups. Treatment 
duration ranged from 7-10 days in streptozotocin 
models to six weeks in the alloxan model.
	 Across studies, the most frequently 
reported biochemical outcomes were blood 

glucose, MDA, SOD, and GSH. Additional 
outcomes included aldose reductase, fructolysine, 
advanced oxidation protein products, nitrite/nitrate, 
catalase, glutathione peroxidase, Nrf2, GST, 
PARP-1, serum insulin, and leptin. Histological 
assessment of pancreatic islets was reported in 
three studies and generally indicated better islet 
preservation after ozone treatment than in untreated 
diabetic controls.
Risk of Bias Assessment
	 The SYRCLE assessment indicated 
overall moderate methodological quality. Siniscalco 
et al. (2018)17 showed the most complete reporting 
and was considered to have low overall risk of 
bias. The remaining studies were rated as moderate 
risk mainly because random sequence generation, 
allocation concealment, random housing, and 
blinding of caregivers or outcome assessors were 
not consistently described. Baseline comparability, 
complete outcome reporting, and absence of 
selective reporting were generally judged as low 
risk. The overall results of the SYRCLE risk-of-
bias assessment are presented in Figure 2.



2723 Sushanty et al., Biomed. & Pharmacol. J,  Vol. 19(3), 2717-2727 (2026)

Fig. 4. Forest Plot of the Effect of Medical Ozone Therapy on Oxidative Stress Markers in Diabetic Rat Models.

Sensitivity Analysis
	 Sensitivity analysis was planned by 
excluding studies with high risk of bias. Because 
none of the four studies was classified as high risk 
overall, no study was removed for this purpose and 
the pooled estimates remained unchanged.
Role of Medical Ozone on Post-Treatment Blood 
Glucose
	 Four studies contributed data on post-
treatment blood glucose. Each study favored 
ozone therapy, with SMDs ranging from -5.15 to 
-5.75 and confidence intervals that did not cross 
zero. Fixed-effect pooling demonstrated a large 
glucose-lowering effect (SMD = -5.55; 95% CI: 
-6.67 to -4.43; Z = 9.72; P < 0.00001) with no 
statistical heterogeneity (Chi2 = 0.14; P = 0.99; I2 
= 0%). The corresponding forest plot illustrating 
the pooled effect on post-treatment blood glucose 
is shown in Figure 3.
Role of Medical Ozone on Oxidative Stress 
Markers
	 The meta-analysis of oxidative-stress 
markers included MDA, SOD, and GSH. For 
MDA, three studies showed lower values in ozone-
treated animals, and the pooled estimate favored 
ozone (SMD = -5.09; 95% CI: -9.30 to -0.87; Z = 

2.37; P = 0.02), although heterogeneity was high 
(I2 = 93%). SOD results differed across studies and 
produced a non-significant pooled effect (SMD = 
1.35; 95% CI: -0.92 to 3.62; Z = 1.16; P = 0.24; I2 
= 92%). For GSH, two studies reported increases 
after ozone therapy, and the pooled result was 
significant (SMD = 3.87; 95% CI: 0.83 to 6.90; Z 
= 2.50; P = 0.01; I2 = 84%).
	 Overall, ozone therapy was associated 
with reduced lipid peroxidation and higher 
glutathione levels, suggesting improvement 
in selected redox markers. The effect on SOD 
activity remained uncertain because study-level 
results were inconsistent. The pooled analyses of 
oxidative stress markers (MDA, SOD, and GSH) 
are presented in the forest plots shown in Figure 4.
Role of Medical Ozone on Pancreatic Histology
	 Histological findings generally supported 
a protective effect of ozone on pancreatic tissue. 
In Siniscalco et al. (2018)17, streptozotocin 
caused islet shrinkage, cellular degeneration, 
and increased 4-HNE adduct formation; ozone 
treatment reduced these alterations and was 
accompanied by lower PARP-1 expression, higher 
Rad51 immunoreactivity, and increased Nrf2 and 
GST levels. In Falih and Hasan (2023)20, alloxan 
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produced vacuolation, necrosis, fatty change, 
congestion, and edema, whereas ozone-treated rats 
showed more preserved pancreatic architecture, 
particularly when ozone was combined with 
insulin. Martínez et al. (2005)16 also reported better 
pancreatic tissue integrity alongside improved 
glycemic and oxidative profiles. Collectively, these 
observations indicate that ozone may attenuate 
islet damage and support pancreatic parenchymal 
preservation in experimental diabetes.

Discussion

	 This review synthesized four preclinical 
studies evaluating medical ozone therapy in 
experimental diabetes. The pooled findings 
suggest a consistent reduction in post-treatment 
blood glucose and favorable changes in selected 
oxidative-stress markers. Descriptive histological 
evidence also suggests less pancreatic islet injury 
after ozone exposure. However, interpretation 
must remain cautious because the available 
evidence comes from a small number of animal 
experiments.16,17,19,20

	 The glucose-lowering effect may relate 
to improved beta-cell preservation and reduced 
oxidative injury. Histological and molecular 
findings from the included studies showed 
partial restoration of islet architecture, increased 
insulin-related measures in some experiments, 
and activation of antioxidant response markers 
such as Nrf2 and GST. These observations 
support the possibility that ozone-induced redox 
adaptation contributes to improved metabolic 
regulation.4,5,16,17,20,21,22

	 The oxidative-stress results were less 
uniform. MDA decreased and GSH increased 
after ozone therapy, but SOD responses varied 
substantially. Differences in diabetogenic agents, 
disease duration, ozone dose, administration route, 
and use of insulin co-intervention may explain this 
heterogeneity. Standardized protocols are therefore 
needed before the antioxidant effects of ozone can 
be interpreted with confidence.16,19,20,23,24

	 Pancreatic histology provided additional 
biological support for the pooled biochemical 
findings. Ozone-treated animals generally showed 
fewer degenerative changes, less islet disruption, 
and improved markers linked to antioxidant defense 
and DNA repair. The combined ozone plus insulin 

groups tended to show the most favorable structural 
and biochemical results, suggesting that ozone may 
be more appropriate as a complementary therapy 
than as a replacement for established treatment.
	 A plausible mechanism is hormesis, 
in which carefully controlled low-dose ozone 
exposure induces oxidative preconditioning. This 
response may activate redox-sensitive signaling, 
including Nrf2 pathways, and enhance endogenous 
antioxidant capacity. Such mechanisms are 
consistent with lower lipid peroxidation, increased 
glutathione, and relative preservation of pancreatic 
islets observed in the included studies.17,21,25,26,29

	 This review has several strengths. First, it 
specifically focused on preclinical diabetic models, 
allowing a more targeted synthesis of experimental 
evidence regarding the effects of medical ozone on 
glucose regulation, oxidative-stress biomarkers, 
and pancreatic histology. Second, the search was 
conducted across several electronic databases 
and was complemented by manual checking 
of relevant references, which improved the 
comprehensiveness of study identification. Third, 
study screening, data extraction, and risk-of-bias 
assessment were performed independently by two 
reviewers, reducing the possibility of selection and 
extraction bias. Fourth, the use of the SYRCLE 
risk-of-bias tool provided a structured appraisal of 
methodological quality in animal studies. Finally, 
quantitative pooling was performed for comparable 
outcomes, including post-treatment blood glucose, 
malondialdehyde, superoxide dismutase, and 
glutathione, while pancreatic histological findings 
were synthesized narratively because standardized 
scoring was not consistently available. These 
methodological steps strengthen the transparency 
and reproducibility of the review findings.
	 Several limitations should be considered. 
The number of eligible studies was small, sample 
sizes were modest, and reporting of randomization, 
allocation concealment, and blinding was 
incomplete in most studies. Heterogeneity was 
high for oxidative-stress outcomes, limiting the 
precision of pooled estimates. These issues reduce 
certainty and restrict generalizability.18,27,28

	 Future research should use transparent 
randomization and blinding, predefined outcomes, 
standardized ozone concentrations, comparable 
routes of administration, and consistent treatment 
durations. Additional mechanistic studies should 
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clarify whether ozone affects beta-cell survival, 
insulin signaling, mitochondrial function, 
inflammatory pathways, and antioxidant gene 
expression.
	 Although the results are encouraging, 
they should not be directly extrapolated to human 
diabetes. Differences between animal models and 
human disease, along with unresolved questions 
regarding dose, timing, safety, and long-term 
effects, mean that further preclinical work is 
necessary before clinical trials can be justified.

Conclusion

	 This systematic review and meta-
analysis suggests that medical ozone may improve 
glycemic status, reduce selected oxidative-stress 
markers, and preserve pancreatic morphology 
in experimental diabetes models. These findings 
are supported by preclinical studies showing 
lower blood glucose, reduced lipid peroxidation, 
increased glutathione or antioxidant activity, and 
better pancreatic islet preservation after ozone 
treatment.16,17,19,20 Mechanistically, these effects 
may be related to ozone-induced oxidative 
preconditioning and activation of endogenous 
antioxidant pathways, including Nrf2-related 
responses.21,25,26,29 However, the evidence remains 
preliminary because it is based on only four animal 
studies with small sample sizes, methodological 
variability, and substantial heterogeneity in some 
oxidative-stress outcomes. More rigorous and 
standardized preclinical studies are required before 
medical ozone can be considered for clinical 
translation in diabetes.
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