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Abstract

This study aimed to determine the therapeutic effects of medical ozone and L-carnitine therapy on acetaminophen (APAP)-induced kidney
damage by evaluating malondialdehyde (MDA), glutathione (GSH), and GSHPx levels. In this study, 56 rats were randomized into 8 groups with 7
rats in each group. Kidney injury was induced by the administration of a single dose N-acetyl-p-aminophenol (1 g/kg) orally. Therapeutic ozone
(0.7 mg/kg) and L-carnitine (500 mg/kg) were administered intraperitoneally. After the therapy, the rat kidneys were homogenized, and the
tissue MDA, GSH, and GSHPx levels were measured. Compared to the control groups, there were higher MDA levels in the kidney tissues only in
the “APAP” “APAP + Ozone,” and "APAP + Ozone + L-carnitine” groups (P<0.001). Besides, the decrease in the GSH and GSHPx levels of the kidney
tissues in the study groups were significant compared to the control groups, and the highest decreases were observed in the “APAP" “APAP +
Ozone” and “APAP + Ozone + L-carnitine” groups (P<0.001). Findings obtained from this study revealed that acetaminophen toxicity caused
oxidative damage in the examined kidney tissues, and L-carnitine and/ or ozone applications for protective purposes decreased MDA levels,
a product of lipid peroxidation, and increased tissue GSH levels thru GSHPx antioxidant enzyme activity. In this context, the most important
protective effect was observed in the group where L-carnitine and ozone were administrated together.
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Asetaminofen Toksisitesinde Ozon ve L-Karnitinin Bobrek MDA, GSH ve
GSHPx Diizeylerine Etkisi

Oz

Bu calismada, malondialdehit (MDA), glutatyon (GSH) ve GSHPx seviyelerini degerlendirerek tibbi ozonve L-Karnitin tedavisinin asetaminofen
(APAP) kaynakli bobrek hasari tizerindeki terapétik etkilerinin belirlenmesi amaglanmistir. Calismada 56 adet rat her bir grupta 7 tane olmak
lizere toplam 8 gruba ayriimistir. Bobrek hasari N-acetyl-p-aminopenol’iin (1 g/kg) oral yolla tek doz uygulamasiyla olusturulmustur. Terapotik
olarak kullanilan ozon (0.7 mg/kg) ve L-karnitine (500 mg/kg) intraperitoneal yolla uygulanmistir. Daha sonra ratlarin bébrekleri homojenize
edilerek doku MDA, GSH ve GSHPx degerleri 6lctlmustir. Calisma gruplarinda bobrek dokusu MDA diizeylerinin yalnizca APAP, APAP + Ozon
ve APAP + Ozon + L-karnitin uygulanan gruplardaki artislarinin kontrol amagli kullanilan tim gruplara gore istatistiksel olarak anlamli (P<0.001)
oldugu saptanmistir. Ayrica calisma gruplarinda bobrek dokusu GSH ve GSHPx diizeylerinin yalnizca APAP, APAP+Ozon ve APAP + Ozon +
L-karnitin uygulanan gruplardaki disuslerin kontrol amach kullanilan tim gruplara gore istatistiksel olarak anlamli (P<0.001) oldugu ve en
yliksek dustislerin ise yalnizca APAP verilen grupta oldugu belirlenmistir. Calismadan elde edilen bulgular asetaminofen toksikasyonun incelenen
bdbrek dokularinda oksidatif hasarlara yol actigi, koruyucu amagla L-karnitin ve/veya ozon uygulamalarinin dokularda lipit peroksidasyon triint
olan MDA diizeylerini dustirdiigl ve antioksidan enzimlerden GSHPx aktivitesi ile doku GSH duzeylerini artirdidi tespit edilmistir. Bu baglamda
en 6nemli koruyucu etkinin L-karnitin ve ozonun beraber uygulandigi grupta izlendigi dikkati cekmistir.

Anahtar sézclikler: Asetaminofen, Ozon, L-karnitin, Nefrotoksisite

meaication, frequent cases of intoxications ', as well as,
INTRODUCTION dication, freq fintoxications ™ !

suicide attempts are observed due to its easy accessibility.
Acetaminophen (paracetamol-APAP) is widely used for its ~ The mostimportant toxic effects of APAP occur on the liver
analgesic and antipyretic effects. Although it is a trusted  and kidneys . Elimination of this molecule occurs from the
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liver via sulfation (20-46%) and glucuronidation (40-67%) 5.
When an overdose of APAP is taken, rapid glucuronidation
and sulfation mechanism ensue, swiftly depleting glutathione
(GSH) levels. Under normal conditions, this intermediate
product is detoxified by conjugation with GSH and is
metabolized to mercapturic acid and excreted by the
kidneys (<5%). However, if toxic doses are taken, hepatic
GSH, an important factor in the antioxidant defense of
the body, decreases by more than 70%. When the hepatic
GSH reserves decrease by more than 30%, the reactive
intermediate N-acetyl p-benzoquinoline (NAPQI) binds to
hepatic macromolecules by covalent linkage and inhibits
thefunction of enzymatic systemsintheliver. Asaresult, the
increased amount of active metabolite NAPQI exceeds the
binding (detoxifying) capacity of glutathione and cannot
be excreted via GSH, and thus, it binds to cytosol proteins
in the tissues and leads to cell necrosis 2*°., Although 1-2%
renal insufficiency was reported after high-dose APAP
use ), the exact mechanism of nephrotoxicity could not
be clearly elucidated. It is thought that inflammation and
GSH decrease in the kidneys may be related to oxidative
stress .. Itis claimed that in most cases of APAP toxication,
nephrotoxicity develops after hepatotoxicity.

Free radicals are electron acceptor molecules in biological
systems that arise as a degradation product in the
aldehyde structure by the breakdown of carbon bonds
during the peroxidation of lipids ©. As a result, they cause
mutagenic, genotoxic, and carcinogenic damage in the
cells by affecting the structure and function of molecules,
cell membrane, genetic materials such as DNA, RNA, and
various enzymatic events. Malondialdehyde (MDA), one of
the most important end products of lipid peroxidation, is
known to be one of the most sensitive indicators of lipid
peroxidation during oxidation 19,

Reduced GSH, ceruloplasmin, transferrin, and ascorbic acid
(vitamin C) used in reducing hydrogen peroxide as well as
antioxidant enzymes such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GSHPx), glutathione
S-transferase (GST), and antioxidants such as alpha-toco-
pherolare usedin the cells for reducing and neutralizing the
harmful effects of free radicals in the organism ', GSH is a
compound that can easily release hydrogen ions. Because
of the sulfur groups it contains, GSH plays a significant role
in the protection of the tissues from peroxidative effects.
GSH can also serve as a reductant by reducing oxidized
glutathione (GSSG) and reducing hydrogen peroxide and
lipid hydroperoxides directly to H,O. Intracellular GSH is
consumed under continuous intracellular oxidative stress
conditions. The depletion of intracellular GSH causes
oxidation and damage of lipids, proteins, and DNA by
reactive oxygen species (ROS) 2. Additionally, also the
glutathione peroxidase enzyme (GSHPX) is involved in the
elimination of peroxidative damage. The increase of free
oxygen radicals in tissues disrupts the balance between the
prooxidant and antioxidant system and causes oxidative

stress by affecting the enzymatic and non-enzymatic
antioxidant defense mechanisms in the cells "'\, The
level of oxidative stress is determined by evaluating the
decreases in the quantity of antioxidants or increases in
their metabolites '3,

L-carnitine is an amino acid-like compound that is
synthesized in liver and kidneys and plays an important
role in the B-oxidation of long-chain fatty acids in the
mitochondria. L-carnitine, however, helps the organism
by acting as a buffer for excess acyl-Co A, which may be
harmful to the cells ', Many studies have demonstrated
that L-carnitine, which is an important cofactor in fatty
acid metabolism, can improve the antioxidant status in
mice and rats by accelerating the removal of free radicals
from cells and has a strong antioxidant effect on lipid
peroxidation 517,

The application of the ozone/oxygen gas mixture is defined
as ozone therapy "8, In clinical studies, ozone therapy has
been found to be useful in cases such as peritonitis, infected
wounds, chronic skin ulcers, burns, ischemic diseases, necrotic
enterocolitis, and acute necrotic pancreatitis 2%, Ozone is
readily soluble in biological fluids such as plasma, lymph,
and urine, and reacts immediately with polyunsaturated
fatty acids, antioxidants, reduced GSH, and albumin. These
compounds act as electron donors and undergo oxidation
resulting in the formation of hydrogen peroxide (H,0,) and
lipid oxidation products. H,0,, an essential ROS molecule,
canactasanozonemessengertorevealitsvariousbiological
and therapeutic effects ?2. Free radicals are important for
the emergence of the biological effects of ozone because
free radicals are sometimes starting agents in chemical
reactions, sometimes interfering in the intermediate steps,
or resulting from the reaction of reagents. It is evident that
ozone activates the antioxidant defense system in living
beings against the effects of free radicals as a result of
increasing thefreeradicals by creatingan oxidative effect 2.,
Studies have shown that ozone increases the activity
of antioxidant enzymes such as GSHPx, SOD and CAT in
physiopathological conditions in which ROS occur 4. In
a study conducted in 2010 Demirbag et al.?®, reported
that high-dose APAP applications lead to renal damage
and ozone therapy has a curative effect on renal damage
caused by APAP toxicity.

In this study, we aimed to determine whether L-carnitine
and ozone applications have protective and/or therapeutic
properties in kidneys with experimental APAP toxication,
and tried to measure the tissue levels of GSHPx, a potent
antioxidant enzyme, MDA an end product of lipid per-
oxidation, and reduced GSH.

MATERIAL and METHODS

Ethical Approval

All procedures performed in studies involving animals were
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in accordance with the ethical standards of the institution
or practice at which the studies were conducted (Ethical
approval: KAU-HADYEK- 2018/42).

Animals

Fifty-six female Wistar Albino Rats aged 4-6 months and
weighing 190-250 g were used in this study. The rats
were obtained from the Atatlrk University Experimental
Animals Breeding Unit, and housed individually in plastic
cages in a ventilated and temperature-controlled room
at 25°C with a 12 h light-12 h dark cycle, and fed as ad-
libitum.

Experimental Design

Animals were randomized into eight groups according to
their weights making seven rats in each group.

The groups were;

Control group: Received only 0.9% NaCl orally.
Ozone group: Os (0.7 mg/kg) administered intraperitoneally ",

L-carnitine group: L-carnitine (500 mg/kg) administered
intraperitoneally '

Ozone + L-carnitine group: Os (0.7 mg/kg) intraperitoneally
and L-carnitine (500 mg/kg) administered intraperitoneally.

APAP group (2" Control): Damage caused by a single dose
N-acetyl-p-aminophenol (1 g/kg) administered orally ..

APAP + Ozone group: Damage caused by a single dose
N-acetyl-p-aminophenol (1 g/kg) administered orally followed
by intraperitoneal O; (0.7 mg/kg).

APAP + L-carnitine group: Damage caused by a single dose
N-acetyl-p-aminophenol (1 g/kg) administered orally followed
by intraperitoneal L-carnitine (500 mg/kg) administered
one h later.

APAP + Ozone+ L-carnitine group: Damage caused by a
single dose N-acetyl-p-aminophenol (1 g/kg) administered
orally followed by intraperitoneal O; (0.7 mg/kg) and
L-carnitine (500 mg/kg) administered one h later.

At the end of the study, the animals were not fed
overnight. 24 h after the last administration sacrification
was performed with cervical vertebra dislocation under
ethical rules. Blood and tissue samples were obtained after
sacrification. The renal tissue samples were collected in
10% formaldehyde for pathological examinations.

Ozone Administration

Ozone used in the study was obtained from Kafkas University
Health Research and Application Hospital Medical Ozone
Generator (Blue Medical Ozone Generator, Turkozone/TR).
The ozone gas (oxygen 95%, ozone 5%), which was taken
into the 20 mL injectors just before the application, was
transferred to the application area with the ajutage part up
to prevent ozone from voletile. During the application, 26
Gauge (13 mm) injector tip was used.

Tissue Biochemical Analysis

Malondialdehyde, GSH, and GSHPx levels were analyzed
from the renal tissue samples. Kidneys were harvested,
and the tissues were rinsed with 0.9% NaCl. Tissues were
homogenized in phosphate buffer (pH 7.4) in 0.1 M KCl,
and the homogenates were centrifuged at 1500 rpm for
5 min. All samples were stored at -25°C until analysis.
Analyses for GSH and MDA concentrations were carried
out by the methods described byBeutler et al.?® and
Yoshoiko et al.?%, respectively.

Histopathological Examination

For histopathological examinations, fixation was achieved
by keeping the kidney tissues in 10% formaldehyde for
24 h. Concomitantly, the kidneys were put into histology
cassettes and left for tissue follow-up. Using a microtome,
sections of 4-micron thickness were taken from the
paraffin blocks, stained with hematoxylin-eosin, and
evaluated under a light microscope. For the evaluation,
a 4-point scoring system (0O=none, 1=mild, 2=moderate,
3=severe) was used for vascular congestion, glomerular
damage, tubulointerstitial inflammation, and tubular
damage.

Statistical Analysis

Statistical analysis of all data obtained from the study was
performed with the SPSS for Windows, version 10.0 program.
Statistical differences between the groups were tested by
analysis of variance (ANOVA) and Tukey’s test. Data were
presented as meanzstandard errors, and P values less than
0.05 were considered significant. As the significance level
was accepted as P<0.05 a total of 7 subjects in each group
corresponds to a power of about 80%. We conducted a
normality test with the data and subsequently conducted
ANOVA analyses when no evidence of deviation from
the normality. We did not detect any deviations from the
normality.

RESULTS

The levels of MDA, GSH, and GSHPx in the kidney tissues
are shown in Table 1.

Statistically significant difference was observed in the MDA
levels in the APAP, APAP + Ozone, and APAP + Ozone
+ L-carnitine groups compared to the control groups
(control, Ozone alone, L-carnitine, and Ozone + L-carnitine)
(p<0.001), and the highest increase was seen in the APAP-
only group (Table 1).

Statistically significant difference was observed in the GSH
and GSHPx levels in the APAP, APAP + Ozone, and APAP
+ Ozone + L-carnitine groups compared to the control
groups (control, Ozone alone, L-carnitine, and Ozone +
L-carnitine) (P<0.001), and the highest decrease was seen
in the APAP-only group (Table 1).
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Table 1. The levels of MDA, GSH, and GSHPx in the kidney tissues

Parameters Control Ozone L-Carnitine L-cé:::ieti:e APAP I:)';ﬁ:: L-(AZ:::t-i'-ne l_"_Pll.‘_ Z:rz:?nn: P
MDA (nmol/g) 1.58+0.13¢ | 1.60+0.11¢ | 1.54+0.10¢ 1.50+0.13¢ 2.30+0.17% | 1.96+0.12° 1.90+0.03° 1.83+0.09° <0.001
GSH (nmol/g) 4.3940.13% | 4.42+0.11° | 4.45+0.09° 4.40+0.14* | 3.09+0.13¢ | 3.61+0.18° | 3.75+0.12° 3.80+0.17° <0.001
GPx (U/g) 0.49+0.05° | 0.43+0.06* | 0.51+0.06° 0.47+0.02° | 0.26+0.01° | 0.37+0.04°> | 0.39+0.03° 0.34+0.05° <0.001
MDA: malondialdehyde; GSH: glutathione; GSHPx: glutathione peroxidase; APAP: acetaminophen; “*<? show statistical significance between groups per
line (P<0.05)

Fig 1. A: Control group with moderate
congestion and erythrocyte extra-
vasation (H&E, 100x); B: Ozone group
with mild tubulointerstitial inflammation
(H&E, 200x); C: L-carnitine group with
mild congestion and erythrocyte
extravasation (H&E, 200x); D: Ozone +
L-carnitine group with mild congestion
and erythrocyte extravasation (H&E,
100x); Black arrows: congestion, Yellow
arrows: erythrocyte extravasation, Green
arrows: tubulointerstitial inflammation

Fig 2. A: APAP group with moderate
tubulointerstitial inflammation, mild
congestion and erythrocyte extravasation
(H&E, 200x); B: APAP + ozone group
with mild-moderate tubulointerstitial
inflammation, mild congestion and
erythrocyte extravasation (H&E, 200x);
C: APAP + L-carnitine group with mild
tubulointerstitial inflammation, mild
congestion and erythrocyte extra-
vasation (H&E, 200x); D: APAP + ozone
+ L-carnitine group with mild tubulo-
interstitial inflammation, mild congestion
and minimal erythrocyte extravasation
(H&E, 200x); Black arrows: congestion,
Yellow arrows: erythrocyte extra-
vasation, Green arrows: tubulointerstitial
inflammation
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Fig 3. Summary of the results

A significant difference was found between APAP group
and APAP + Ozone, APAP + L-carnitine and APAP + Ozone
+ L-carnitine groups in terms of MDA, GSH and GSHPx
levels (P<0.001). Considering this analysis the mean of
MDA levels were observed as: APAP> APAP + Ozone> APAP
+ L-carnitine> APAP + Ozone + L-carnitine; the mean of the
GSH levels were APAP + ozone+ L- carnitine> APAP+L-
carnitine> APAP + ozone> APAP; and lastly the mean levels
of the GSHPx were APAP+L-carnitine> APAP+ Ozone >
APAP + Ozone + L- carnitine> APAP respectively.

Histopathological examinations revealed mild vascular
congestion, which was attributed to the procedure. While
tubular damage was not observed in any of the cases
(Fig. 1A-D), the APAP group was noticed as having the
most prominent tubulointerstitial inflammation (Fig. 2A).
Concerning the frequency and extent of the tubulo-
insterstitial inflammation, the “APAP” group had inter-
mediate-level tubuloinsterstitial inflammation in all
cases, followed by “APAP + Ozone”, “APAP + Ozone +
L-carnitine,” and “APAP + L-carnitine” groups (Fig. 2B-D). In
the evaluation of the control groups, mild tubulointerstitial
inflammation was observed only in one case in the ozone
group (Fig. 1B).

Summary of the results is shown in Fig. 3.

DISCUSSION

This study was designed to evaluate the effects of L-carnitine
and ozone on kidney tissues exposed to APAP-induced
oxidative damage. Single-dose APAP (1 g/kg) administration
is used according to Ucar et al.”? in order to induce renal
damage. APAP, L-carnitine (500 mg/kg), and ozone (0.7 mg/kg)
were given to rats, and at the end of the experiment, kidney
tissues were collected for the evaluation of oxidative damage
and histopathological examination. Oxidative stress caused
by APAP toxicity has been evidenced by increased levels
of MDA and decreased levels of GSH and GSHPx activity
following APAP administration. Single dose of ozone
administration is shown to be effective for APAP induced
hepatotoxicity *and L-carnitine for oxidative damage @\,

Long-chain unsaturated fatty acids are involved in a series
of reactions with free radicals, resulting in lipid peroxidation
and the degradation of membrane lipids into lower
molecular weight moieties such as hydrocarbons, ketones,
and epoxides. Determination of lipid peroxidation is a
key marker of oxidative stress, and MDA formation is the
most important oxidation by-product of lipid degradation,
which can indicate the degree of lipid peroxidation in
many organs B% In this study, the levels of MDA increased
significantly in tissue samples of rats treated with APAP.
These findings are similar to the results of other studies
where increased tissue MDA levels were reported B'32 after
the application of some toxic substances in mice and rats.

Glutathione peroxidase, SOD, CAT, and GST are cellular
antioxidant enzymes playing essential roles in the
destruction of free radicals and the prevention of oxidative
damage. These enzymes have a balance under normal
physiological conditions and give an initial response
to oxidative damage in tissues. Reduced GSH is a vital
member of the antioxidant system and contributes to the
cellular defense against oxidative damage through the
formation of creatinine S-substituted GSH by reacting
with toxic substances B'. Because GSH is an important
antioxidant with a significant cleansing function against
ROS, it acts as an important redox buffer to stabilize
the cellular redox state. It has been reported that GSH
acts as an electron donor in protecting toxic substances
from oxidative damage by promoting methylation
of toxic substances to less toxic metabolites ®" and
making toxic substances less harmful B3, which can
significantlyimprove the production of hydroxyl radicals .
In our study, it was observed that APAP administration
caused a significant decrease in GSH activity in the renal
tissue samples. These findings are consistent with previous
studies B'34, which reported significant reductions of GSH
levels in mice and rats exposed to various toxic substances.
We share the opinion that decreases in GSH levels in
animals exposed to toxicity may be due to the use of GSH
as a cofactor by GST and by the use of GSH during cellular
protection against oxidative stress to prevent oxidative
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damage and to sustain the cellular redox state due to the
suppression of this antioxidant enzyme 5%,

In this study, it was shown that L-carnitine administration
decreases MDA levels in renal tissue samples and increases
reduced GSH and GSHPx levels. These results are in
good agreement with other study results 53¢ in which
L-carnitine as a preservative in various toxicity studies has
been shown to prevent liver, heart, and brain damage
caused by some toxic substances. It was also reported
that GSH reduction was prevented when L-carnitine was
administered before APAP; an increase in GSH level was
also important for GSHPx, and it increased the activity
of GSHPx B7. We consider that L-carnitine significantly
reduces the elevated levels of MDA in different organs 8¢,
it keeps the GSH content of various organs close to the
normal values in rats exposed to toxication, and possibly
play a role as free radical scavengers '], and these effects
minimize oxidative damage in tissues by reducing NAPQI
levels.

As shown in Table 1, L-carnitine administration has been
found to significantly reduce high levels of MDA in tissues
of animals exposed to APAP toxicity and to maintain almost
normal values of GSH. These results are consistent with
the previous findings, reporting antioxidant properties of
L-carnitine. This effect of L-carnitine plays an important
role in the oxidation of fatty acids, acting as a possible free
radical scavenger and preventing the depletion of GSH B¢,
Although there may also be some role of the stimulation of
glutathione production, we suggest that the enhancement
of the antioxidant enzyme activity by L-carnitine 3*3¢ may
have contributed to the elimination of the oxidative stress
due to APAP induced ROS.

Toxic exposure can lead to damage in most vital organ
systems and especially in the kidneys, which are most
sensitive to toxicity B8, Increases in the end-products of
lipid peroxidation and decreases in antioxidant para-
meter levels support our findings. It has been reported
that oxidative stress and lipid peroxidation play an
important role in the pathophysiology of nephrotoxicity in
cisplatin-induced nephrotoxicity cases and that L-carnitine
administration in rats normalizes renal function, decreases
tissue MDA levels, and increases GSH levels . Besides, the
protective effects of L-carnitine have been demonstrated
in the methamphetamine-neurotoxicity mediated by
peroxynitrite roots 9,

The mechanism of APAP toxicity is well defined in the
liver, but less understood in the kidney. Available evidence
suggests that intracellular GSH plays an important role in
the detoxification of APAP and in the prevention of toxicity
caused by APAP in the liver and kidneys “%. ROS production
is seen as an early event that begins before intracellular
GSH depletion and cell damage in APAP nephrotoxicity ™.
GSH can also serve as a reductant by the oxidation of
glutathione (GSSG) and reducing hydrogen peroxide and

lipid hydroperoxides directly to H,0. Intracellular GSH is
consumed under continuous intracellular oxidative stress.
The depletion of intracellular GSH causes oxidation and
damage of lipids, proteins, and DNA by ROS . In this
study, application of nephrotoxic-dose APAP to rats caused
oxidative stress damage in renal tissues. We suggest
that this effect occurs by increasing the degree of lipid
peroxidation via inhibiting enzymatic antioxidants (e.g.,
GSHPx) in the kidney.

We found that tissue GSHPx enzyme activity and GSH
levels decreased in the APAP treated rats, but increased in
“APAP+o0zone” group. Furthermore, a significant increase
in the levels of tissue MDA (an indicator of tissue damage)
was observed in the group receiving no ozone, while
a decrease was observed in the ozone treated group.
Although this condition is in accordance with different
studies reporting that APAP induced renal damage is
consistent with acute tubular necrosis “'*%, we conclude
that our findings may be due to the beneficial effects of
ozone in increasing tissue antioxidant enzyme activity
and reducing tissue damage 57\, These results are also in
agreement with the findings of a study investigating the
protective effect of ozone on the kidneys and reporting
its beneficial effects on the regulation of the antioxidant
defense system 3. The main finding of this study is that
ozone alone or in combination with L-carnitine decreases
tissue MDA levels due to APAP toxicity and increases tissue
antioxidant parameter levels.

Results of this study showed that APAP toxicity caused
oxidative damage in the examined renal tissues, and
L-carnitine and ozone applications for protective purposes
decreased MDA, a product of lipid peroxidation and
increased tissue GSH levels via the antioxidant GSHPx
enzyme activity. As a result, it has been concluded that
L-carnitine and ozone can be used for treatment and
protective purposes to prevent organ and tissue damage
in APAP toxicity. Further studies are necessary to determine
possible side-effects of ozone treatment.
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