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Ozone (O3) is a reactive oxygen species (ROS) that can interact with cellular components and cause oxidative
stress. Following said logic, if Oz induces such a stressful milieu, how does it exert antioxidant functions? This is
mediated by controlled toxicity produced by low concentrations of O3, which enhance the cell’'s suppliance of
antioxidant properties without causing any further damage. O3 therapy has been shown to be effective when
applied before or after traumatic renal procedures, whether caused by ischemia, xenobiotics, chronic damage, or

other models.

ozone ozone therapy kidney disease oxidative stress

| 1. O; Therapy Protects the Kidney against Ischemic Damage

Ischemic damage in renal tissue occurs when kidneys experiment periods of diminished or restricted blood supply.
In contrast, oxidative damage occurs when tissue is re-oxygenated, which might happen during experimental
procedures in rats, such as clamping and unclamping renal pedicle, or during renal transplantation [l This kind of
damage is proposedly produced through xanthine oxidase (XO). This enzyme degrades nucleotides upon cell
ischemia. However, after O, reperfusion, XO forms uric acid and high quantities of superoxide radical, which
further produces oxidative stress [2. This explains why treatment with XO inhibitors, such as tungsten [, allopurinol
B or even XO knockout models [ ameliorates ischemia-reperfusion injury (IRI) and oxidative stress after short
periods of ischemia. Finding auxiliary treatments for oxidative damage is clinically important since ischemic-
producing scenarios are highly prevalent. Just in 2010, for instance, more than 2 million patients received renal

transplants 2!,

O3 therapy has previously been used before IRI (preconditioning) EIZEBIEILALL or after IRI (postconditioning) [221L3]
(14][15]16] 5nd has been described as a potential treatment (Table 1). O3 therapy is demonstrated to act with similar
efficacy, but not synergic, to that achieved when IRI preconditioning is made with other protective strategies, such
as inducing short, repeated periods of ischemia before the main IRI. This prepares the renal tissue against the IRI
via similar controlled mechanisms as that of the O3 and is called ischemic (pre)conditioning 22, Interestingly, when
administered after the main IRI, ischemic postconditioning in conjunction with O3 therapy upregulate beneficial
effects and even diminishes cell death (18l After transplantation, rats also show a protective effect against the
oxidative state when treated with O3 191201 Antioxidant enzymes are also upregulated in cultured kidney cells after

they were submitted to hypoxia and reoxygenation (24,

Table 1. Ozone (O3) effects on ischemic damage models.
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Damage Model

Induced
Procedure

O3 oxidative preconditioning Therapy

Kidney
transplantation

Kidney
transplantation

Right nephrectomy
and left pedicle
clamping

Right nephrectomy
and left pedicle
clamping

Right nephrectomy
and left pedicle
clamping

Right nephrectomy
and left pedicle
clamping

Right nephrectomy
and left pedicle
clamping

Right Nephrectomy
and left transplant

Right nephrectomy
and left transplant

45 min ischemia 24
h reperfusion

60 min ischemia 60
min reperfusion

45 min ischemia
24,48,72 h
reperfusion

45 min ischemia 8-
week reperfusion

45 min ischemia
and reperfusion

O3 Administration

15 (1 daily) preconditioning rectal
insufflations 1 mg/kg at [50 pg/mL]
to the donor rat

15 (1 daily) preconditioning rectal
insufflations 1 mg/kg at [50 pg/mL]
to the donor rat

Preconditioning therapy 15
previous rectal insufflations, 1
mg/kg at [50 pg/mL]

Preconditioning therapy OA, 1 mL
of blood added with 5 mL of Os [50
Hg/mL]

before and after IR

Preconditioning therapy 15
previous rectal insufflations, 1
mg/kg at [50 pg/mL]

Preconditioning therapy
rectal pathway, 1 mg/kg at [50

Hg/dL]

Preconditioning 15 (1 daily) doses
by rectal insufflation, 1 mg/kg at
[50 pg/mL]

Effects in O3
Treated Rats

t SOD, GSH Px

1 SCr, BUN, MDA
| Morphologic
damage

| IL-6, IL-18,
COX2

I NF-kB, HMGB1

+ SOD, GSH, CAT
t Nrf2, HO-1

I SCr, BUN, MDA
| Morphologic
damage

L BUN, SCr

I Medullar
Hemorrhage

I TNF-q, IL-1pB, IL-
6, ICAM-1,

I MCP-1, TLRA4,
NF-kB

1 INOS

* B NADPH
diaphorase

L BUN, SCr

| Medullar damage

t GSH, GSH-Px,
SOD

1 NO, iINOS, eNOS
I BUN, SCr

| Morphologic
damage

| MDA

1 ET-1

t SMAD-7

L a- SMA, TGF-
BUN, SCr not
significant

I SCr, BUN, MDA
| Morphologic
damage

LICAM-1, IL-1(3,
TNF-a, Caspase 3

Ref.

[20]
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Induced .- . Effects in O3
Damage Model Procedure O3 Administration Treated Rats Ref.
t RPF, GFR
. . o . Preconditioning 15 (1 daily) 2.5— (inulin)
Egarlrt]eriil bl 22dm3:nhlfgh2?;£ion 2.6 mL at [50 mg/mL] at a dose of 1 SOD L1
ping P 0.5 mg/kg by rectal insufflation I Morphologic
damage
O3 oxidative postconditioning therapy
t SOD, GSH-Px,
Postconditioning thera + SCr, BUN
Bilateral Renal Artery 60 min ischemia 6 sinale 0.7 ua/k gi Py | AST, Neopterin 4]
Occlusion h reperfusion SIngie .7 HgIKg 1.p- . I MDA, PCC, NOx
immediately after reperfusion .
| Morphologic
damage
t SOD
Left nephrectomy L . Postconditioning therapy 1 and 2 L Scr, BUN’.MDA
. . 45 min ischemia 24 i X | Morphologic [13]
and right pedicle . mg/kg; 15 (1 daily) doses after IRI
clampin LG at [50 pg/mL] by rectal insufflation LT
ping ROy | BAX, PARP,
CREB, c-Fos
t SOD
Postconditioning therapy 1 SCr, BUN
Right Nephrectomy 45 min ischemia 10 10 daily rectal insufflations after I MDA, MPO
and Left pedicle : IRI, a 2.5 mL volume at 0.5 L Morphologic 2]
- days reperfusion .
clamping mg/kg/min damage
[50 pg/mL] L a-SMA, TGF-j,
p-SMAD-2
Postconditioning therapy 1 ;g)lzegrc:ﬁerular
Renal vascular 60 min ischemia 10  Daily 10 days after IRI oo [15]
. . . Filtration Rate
bundles clamping days reperfusion At 0.5 mg/kg/min .
. . . | Morphologic
via rectal insufflation
Damage
+ CAT, SOD
Bilateral Renal Artery 60 min ischemia 10 (1 daily) 2.5—2.§ mL at [50 I SCr, _ "
. and 10-day mg/mL], representing a dose of 0.5  Fructosamine
Occlusion . . ; . .
reperfusion mg/kg weight rectal insufflations | Phospholipase
A2
. o . . . t NO
Right nephrectomy 45 min ischemia Ischemic Preconditioning vs. O3 + GSH. GSP-Px
and left pedicle and 24 h Preconditioning, 15 rectal SOD ' ' [Ln
clamping reperfusion insufflations at [50 pg/mL]) | BUN, SCr, MDA
Right nephrectomy 45 min ischemia Comparison Ischemic Post LIl 1, 1L 18, (18]
and left pedicle and 24 h conditioning vs. O3 post Caspase 1 jants that
clamping reperfusion cond?Uonlng»J, 2 mg/kgo L SCr, BUN, MDA protective

mechanism favored by O3 therapy against IRI inflammation and vasoconstriction caused by Endothelin-1 [, |n

fact, nitrate-derived NO, when applied topically, is an effective therapy against IRI damage 23,
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Induced .- . Effects in O3 of kidney

Damage Madel Procedure O3 Administration Treated Rats Ref. .
| Morphologic 1S Kidney
Damage prevalent

clinical conditions that reduce renal blood flow, such as those that produce AKI.
Abbreviatures: 1: significant increase, |: significant decrease, a-SMA: a-smooth muscle actin, AST: aspartate
10t f Rcl- ' . it : ' 2
205 Thetapy Protects the Kidfey agairist xenobiotiex o =
Fllﬁda?&?ééfpﬂ sbinding, eNOS: endothelial nitric oxide synthase, ET-1: endothelin-1, FF: filtration
raction, GFR: glomerular filtration rate, GSH-Px: glutathione peroxidase, GSH: glutathione, HMGB1: high mobility

HenbbiBayslar@xbgbrbe exkafnarenbt Kyhiekiatemebularashesipmisinlasidrefbrdl thBy inferieokissdfiidl-16¢
IR idogicdNDSEtidRd ugiBIprovids eIt WiyhasRhelidhl dafs MatapeshgieRviibipenMGiclbrs meneRyt
phesnsatiractanisieretn 4s My fRdlondiglpeBrdaoN R Meeleaiisastotranen By BBHfeo¥idthdde: REABBIFALS
ea0satpepHitabrIBIeRIABE HARRsealyAIehgsRith ffeddaEBEUCHBRRYIVeOsiRRts P O J eneiappsigaifaci obokfAg
RSN AN IRy P\ Ehe B8 o USRI PE MRS RERAIBS! AgsmiRe ARIRgIEJBrINUBEMRE S edfistartty i
soRelexidendirapitass, B NADPH diaphorase: B-nicotinamide adenine dinucleotide phosphate diaphorase, TGF-p:
transforming growth factor 3, TLR 4: Toll-Like receptor 4, TNF-a: tumor necrosis factor a.

Acetaminophen (APAP), a common anti-inflammatory drug, has been demonstrated to produce severe
nephrotoxicity 23], Proposed mechanisms include APAP’s hepatic degradation and further enzymatic formation of a
highly toxic and reactive metabolite, N-acetyl-p-benzoquinone (NAPQI), which glutathione (GSH) normally
neutralizes. However, in APAP overdose, NAPQI is formed in major quantities, proving uncontainable by
antioxidant enzymes, and therefore producing oxidative damage, especially in proximal tubules 28, O therapy has
proven to be an effective antioxidant therapy by enhancing antioxidant enzymes and diminishing oxidation 23,
Interestingly, the administration of O3 therapy in APAP induced nephrotoxicity, when combined with another
antioxidant therapy, N-acetylcysteine (NAC), produced no significant changes in the kidney’s function (creatinine,
urea) and inflammation (IL-6, IL-10) but did produce significant changes against oxidative stress, showing lower

levels of MDA, as well as a reduction of histopathologic glomerular, tubular, and interstitial damage 7.

Cadmium (Cd) is a heavy non-essential metal that is accumulated in body tissues progressively 28 and to which
humans are exposed through air particles 29, occupational exposure BY and seafood such as mollusks,
crustaceans, or fish B, Cd can produce nephrotoxicity by many mechanisms, including DNA damage, altered
gene expression, and, most importantly, oxidative damage by depleting cells’ antioxidant defenses, such as
selenium, which binds to Cd to neutralize it 22, Other proteins, e.g., metallothionein (MT), bind Cd in others to
diminish its toxicity in organs such as kidneys and testis [23l[24l. 04 therapy can diminish Cd accumulation, augment
MT levels, and reduce morphologic damage, serving as an effective protective mechanism against Cd?* renal
damage B3l |t also reduces N-acetyl-B-D-glucosaminidase (NAG) [22l a lysosomal enzyme found mainly in
proximal convoluted tubules, its function is the digestion of cell's glycoconjugates 8. The NAG increase is
mediated by loss of the tubular brush border, thus liberating the enzyme into the urine B4; such an increase is
associated with pathologic processes such as Cd intoxication and malignancies of the kidney, liver, pancreas, lung,
and breast, amongst many others 238 a5 well as an increased risk of requiring dialysis treatment and lethality in
hospitalized patients 2. Even when stimulating lipid peroxidation, as a result, O3 was also demonstrated to induce

antioxidant enzymes in Cd-treated rats [29.
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Some antineoplastics are proven to cause nephrotoxicity. For instance, doxorubicin, often known as Adriamycin,
binds to cell membranes and inhibits nucleotide replication. However, it can be oxidized into forming reactive
species like hydroxyl radicals 9. It is demonstrated to cause severe progressive damage, fibrosis, and proteinuria
(41 Q4 therapy, in certain doses, has proven to mediate protective effects against this morphologic damage, and

arterial pressure, as well as proteinuria, have been ameliorated in rats receiving this treatment 42!,

Another example is cisplatin (CDDP), an FDA (American Food and Drug Administration) approved treatment for
advanced solid cancers such as that of the testis, ovary, and bladder 3. CDDP is a molecule composed of a
single platinum atom bound to chloride and ammonium; due to its small size, it filtrates freely into the glomerular
barrier without tubular reabsorption 4. It then enters tubular cells and dissociates into its toxic components, which
damage DNA, membrane transporters, and mitochondrial function, thus producing oxidative stress, inflammation,
and apoptosis #4453 O, has been used as a therapy against CDDP induced damage, improving function and
augmenting antioxidant defenses. Thiobarbituric acid reactive substances (TBARS, an assay used to measure lipid
peroxidation; 4€l), as well as NAG and morphologic damage, displayed decreased values when treated with O 47
(481491 protective effects, however, varied according to the administered O3 concentration, given that the
administration of 0.36 mg/kg might be therapeutic 24 or might not 2. On the other hand, 1.1 mg/kg always shows
protective tendencies in CDDP-induced damage 748149 Higher concentrations, e.g., 1.8 mg/kg, might be
protective 28, However, due to the high formation rate of hydrogen peroxide and oxidative stress mediated by O,
toxic effects might be produced 2. Very similar protective morphologic, anti-inflammatory, and antioxidant effects
have been found against the damage induced by methotrexate, another cancer drug, in the kidneys, as well as the

intestines and liver 24,

Radiographic contrast media (CM) is constantly used in clinical procedures which require the observation of
vascular compartments. Mechanisms through which CM might cause renal dysfunction include direct oxygen-free
radical damage, modified hemodynamics, and hypoxic renal medullary injury mediated by shortness of blood flow
and an increase in tubular O, supply. Therefore, the employment of CM produces high toxicity B4, which can be
treated with Os. Neutrophil gelatinase-associated lipocalin (NGAL) is a damage marker observed in contrast-
induced nephropathy (CIN) which augmented its expression when treated with Os; no further discussion was

provided, although the initial oxidation by O3 might have produced it 521531,

In the medical field, the use of xenobiotics as drugs to treat and diagnose diseases is an irreplaceable factor.
However, during their metabolism and excretion, some might become nephrotoxic by accumulation, directing
damage, the formation of free radicals, and depletion of antioxidant substances. This represents a risk for patients
with neoplasia or other conditions which require constant chemical induction or those in contact with environmental
components such as Cd, which is also demonstrated to cause similar renal damage. However, O3 is an effective
treatment against this damage, at least experimentally, and thus the importance of further research in clinical

environments.

Table 2. Ozone (O3) effects on chemical-induced damage models.
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Damage Model

APAP toxicity

APAP toxicity

Experimental toxic
adriamycin-induced
glomerulonephritis

Cd intoxication

Cd Intoxication

CDDP induced
nephrotoxicity

CDDP induced
nephrotoxicity

CDDP induced
nephrotoxicity

Induced Procedure

A 1.0 g/kg dose
suspended in H,O, 3
mL: orally

A 1.0 g/kg dose
suspended in H,0O, 3
mL: gastric tube

Adriamycin single 7.5
mg/kg dose through a
jugular vein; 10-week
evolution

Drinking water with
Cd?* (50 mg/L) in the
form of Cadmium
Acetate for 12 weeks

Drinking water with
Cd?+ (50 mg/L) in the
form of Cadmium
Acetate for 12 weeks

Single 6 mg/kg CDDP

injection

Single 6 mg/kg CDDP

injection

Single 6 mg/kg CDDP
injection

O3 Administration

Single i.p. 0.7 mg/kg dose
at [60 mg/mL] Immediately
after APAP induction

5 daily 0.7 mg/kg doses
i.p. at [60 mg/mL]
Immediately after APAP
induction

After 10 weeks, daily for 15
days at 0.3 mg/kg or 0.5
mg/kg or 0.7 mg/kg, or 1.1
mg/kg

10 (1 daily) 1 mL i.p. doses
at [40 pg/mL]

10 (1 daily) 1 mL i.p. doses
at [40 pg/mL]

Preconditioning 15 (1 daily)
doses by rectal insufflation,
9 mL at concentrations of
[0.36,0.72,1.1,1.8,25

mg/kg]

Postconditioning 6 (1 daily)
rectal insufflations, 9 mL
volume with concentrations
of: 10 mg at [0.36 mg/kg]
or 30 mg at [1.10 mg/kg] or
50 mg at [1.80 mg/kg]

Daily; 5 days before and 5
days after CDDP injection.
i.p.at 1.1 mg/kg

Effects in O3 Treated

Rats

1 SOD, GSH-Px
L SCr, BUN

I MDA

I Morphologic
damage

1 GSH-Px, IL-10
| Morphologic
damage

| MDA

ITNF-a

(0.3 mg/kg)

| Arterial pressure
| Proteinuria

(0.5 mg/kg)

| Morphologic
damage

(0.7 and 1.1 mg/kg)
No significant
changes

I Morphologic
damage

| Glomerulonephritis
I NAG

Tt MT
I Morphologic
damage

1+ GSH, SOD, CAT,
GSH-Px

1 SCr

| TBARS

t GSH, SOD, CAT,
GSH-Px

L SCr

| TBARS

t CAT, SOD

t NAG, TGF-B1, IL-6
I Morphologic
damage

tUrea, creatinine, uric

Ref.

(42]

[47]
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Effects in O3 Treated

Damage Model Induced Procedure O3 Administration Rats Ref.
acid, phosphorus,
calcium, sNGAL,
albumin
I NF-a, IL-1B,
1. 6 h before and 6 h after 1. 1 NGAL
CIN 10 mg/kg injected OR 2. For 5 days after; IHemorrhage 53]
through the tail vein contrast agent introduction. 2. 1 TAC, similar SCr
3 O3 at 1 mg/kg, 95% i.p. IRenal tubular injury
hat about
6 mL/kg of Five 0.7 mg/kg/d gases 1 ?j/?s -
CIN meglumine/sodium i 76 mL SCr BUN 521 Ogressive
diatrizoate through the -P- [70 g/mL] iy
o 9 For 5 days before CIN | MDA ate (GFR)
tg" vemn | Tubular necrosis i
osuria, or

other abnormalities detected by imaging, for at least three months (2. Many factors are involved in its
development, such as hypertension, pollution, glomerulonephritis, and, most importantly, type 2 diabetes mellitus
BRPEVE %rgéct.onSi?Héfi% LRSS e A IS S e s S5 SR AN 6 e PR A s & EP ARy

AT cat Ias casd{n Hg?a CDDP CIS { tin N: co titgﬁer‘;‘ggced nephropathy, GSH: glutathione, GSH-Px:

erapeu érnatlve y Or préven pa?hology
glutathione perOX|dase, IL-10: interleukin 10, i.p.: intraperitoneal route, MDA: malondialdehyde, MT:

BjRHE PRGN - RRAIKE- I IO Ta iR DAL shE PR RIAlING76) 358 pRIAEEIROGAIRNNXpBEES
Rdginfle REPACHSSHE BSTHIRCISR4RNG 2RP peHBsIS e aismaigsinTnishivetamioxfRAbRaRAG e hbS Jidiat
IERIANbRY B¢ Bar BARRoMISRAISIESiIAEH EATINEIRY RRARSLRINEHSH Pind"aRfdne Seaundh fralelBindhed
RigHEIOkNER OPISIaBIg @R 0, mediated oxidative stress 5758, Adenine administration also simulates CKD
through its enzymatic degradation by xanthine dehydrogenase and further accumulation of the product 2,8-
dihydroxyadenine (DHA) in the renal tubules, leading to inflammation and oxidative stress B2, O; ameliorated this

damaging condition mainly by stimulating the expression of antioxidant enzymes and reducing inflammation %611,

Diabetic kidney disease (DKD) is the main cause of CKD. It is a chronic condition caused by diabetes (whether
type 1 or 2) via apoptosis, formation of free radicals, advanced glycation end-products (AGES), inflammatory
cytokines, and other growth molecules. (62, Diagnosis is made essentially through diminished GFR and proteinuria
in humans. Risk factors include smoking habits and high arterial pressure. The discussion of this disease becomes
important since its prevalence, and therefore that of CKD, is augmenting 3], In experimental DKD studies that use
streptozotocin (STZ) as a toxic component to B-cells, O3 has shown beneficial anti-apoptotic and antioxidative

effects in response [64163],

Table 3. Ozone (O53) effects on chronic kidney damage models.

Effects in O3 Treated

Damage Model Induced Procedure O3 Administration Rats Ref.
Adenine 0.75% adenine diet for 4 1.1 mg/kg at [50 pg/mL] Via | SCr, BUN, K, Ca [60]
Induced CKD weeks rectal insufflation L Morphologic damage

I MCP-1, TNFa, IL-1b,
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Effects in O3 Treated

Damage Model Induced Procedure O3 Administration Rats Ref.
IL-6
ITLR 4, NFKB, p65
I TNFa, IL-1B, IL-6,
Subtotal Right nephrectomy and 1.1 mg/kg at [50 pg/mL] Via | SCr, BUN, K, Ca
Nephrectomy left subtotal ablation. 10- rectal insufflation Once a { Morphologic damage =
CKD week evolution day for 2 weeks INLRP3, NFkB, ASC,
Caspase 1
t RPF, GFR
1 SOD, CAT, GSH,
Subtotal Right nephrectomy and 2.5mL at [50 pg/mL] TBARS
Nephrectomy left subtotal ablation. 10- Dose of 0.5 mg/kg | Systolic arterial =8
CKD week evolution Once a day for 15 days pressure
I SCr, BUN

| Morphologic damage

Streptozotocin induced 1 SOD, GPx, CAT

E':lbri téc ath Diabetes 6-week il'l ma/kg [50 kg/mL] I BP, Hb A1c % (64]
phropathy evolution P- | BUN, SCr, AR, MDA
. . Streptozotocin induced | Caspases 1, 3, 9;
Diabetic Diabetes 6-week 1.1 mg/kg [50 pg/mL] once HIF-1a, TNF-qa, Glc, 65l
Nephropathy a day for 6 weeks

evolution morphologic damage

ialysis, as
the indicated treatment €. O3 has been shown as a coadjutant therapy to dialysis, as demonstrated by case
reports in which conventional treatment did not work. For example, Biedunkiewicz and collaborators 87 described
tNebeegiatoiresdialyzienifiadentnvithassciph gigrisicact et (dosmtidRs wlloskdradticiaspend $Camijmpties sadsanigical
geetindke PoteiatedaioerBARPy BPcdnicedtmtsasref BUN/Moodsivesl kit @ to fimadalmistrafioy: aidaladen
Sikdoe safudikirkidhespiine aseth Giis Rir ghosee thiktr efiftretsoareates d@lie dainenssh GPixidgldatithensy peresisl a$ g G
ghratdongovitbh factovo: (RIYCHylatad-pemaegidbin.-sHIPdolo hypoxicoliaducites faetbrddscribed Intesleckéns, of. pa
érapdiitiyaedl patieeit hpgasstnted ViBéotinalgridsdith el Aefat rogoosiyiel overwmatifgtantracoigordalNifddi
oxgteaTafidshorakap pez BnikbtdiA3:(EBBdaMilydoyDs dopiainademtdsiiagch, Odraszienay¢lfitess, kDeindiyge pdideniBivid
Fspairylestiza afohwe SCratiser wh skinakisions, SUHS: reppetaxideBdOnntiage, bEBARBrdhiopaiditable acid pesctiva
altbstanigestor 03 4dhoihistketiecaptpadehitsFooetumoronaeasisifatifflagtphaathways, and its safety has also been
proven experimentally 2. A clinical trial in hemodialyzed patients conducted by Tylicki and collaborators 71
showed diminished GSH levels after nine weeks of O3 treatment, possibly caused by an augmented antioxidant
system that consumes GSH. The same authors found no difference in NK cell activity after Os therapy, indicating it
as a safe treatment in hemodialyzed patients 9. Interestingly, another case report concluded that this therapy
might cause heart failure in complex patients, such as those with CKD, diabetes, and hypertension. This
association resulted from the speculation that O3 therapy augmented K* serum levels, which, along the diminished
excretion, produced sinus arrest 1. Contrasting effects were found by Gu and collaborators 2, who treated
patients suffering from chronic hepatitis with O3 and, while measuring kidney function, found diminished renal

damage, augmented renal blood flow, and even a significant association with lesser fatalities.

https://encyclopedia.pub/entry/42394 8/16



O3 Effect on Kidney Damage | Encyclopedia.pub

To sum up, CKD is usually caused by diabetes. Both are highly prevalent, and dialysis is the standard treatment in
advanced stages. O3 treatment is useful against these chronic diseases by reducing inflammation and oxidative
stress. On top of that, O3 works as a coadjutant therapy for dialyzed patients to ameliorate not only kidney function,
but aggravated topical microbial infections, which are common. Figure 1 shows the effects of ozone on

ischemia/reperfusion, renal damage by xenobiotics, and chronic kidney disease.

T
. : 1Blood '
Chronic kidney disease o0 prs"'re J 0s
N .
Ischemia/reperfusion Inflagggation TN A
. 2@ \" Vasoconstrlctlon P
+ Xenobiotic v o
o | M
' o
: s
1 ]
k s

Uric acid Xanthine
; X0 ~

y— kh
I T AGES ;w

1 Expression

\ of antioxidant ~~——___
A , proteins 03
. T BUN
T SCr
TNAG
LUMEN ] 1 Proteinuria

Figure 1. Effects of ozone therapy (O3) against xenobiotics, ischemia-reperfusion (IRI) and chronic kidney disease
(CKD). O3 inhibits inflammation and ROS production by increasing the expression of antioxidant enzymes in all
models. Additionally, during IRI, xanthine oxidase (XO) degrades nucleotides and forms uric acid, generating large
amounts of reactive oxygen species (ROS) and inflammation. Endothelin-1 (ET-1) causes vasoconstriction and
exacerbates inflammation leading to fibrosis. Oz therapy increases nitric oxide (NO), which inhibits
vasoconstriction. While Og, by inhibiting ROS, causes a decrease in advanced glycation end products (AGES) and
apoptosis, preventing CKD. H,O: water, H,O,: hydrogen peroxide, O,: oxygen molecule, NAG: N-acetyl-B-D-

glucosaminidase. Created with Biorender.com, accessed on 10 February 2023.

| 4. Otherapeutic Uses of O; in Kidney

Extracorporeal shock wave lithotripsy is the first-line treatment for patients with renal calculi of under 2.0 cm;
therapy fragments such stones and is highly efficient. Nevertheless, adverse effects such as hematuria might be
present after the procedure [3l. Experimentally, O3 treatment has been proven as effective against the

morphological and oxidative damage caused by shock wave therapy /4. The novel therapy, due to its antimicrobial
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capacity, has also ameliorated oxidative damage caused by microorganisms in kidney infection (pyelonephritis) 3]

and septic shock in kidneys (12, as well as in other organs [Z8,
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