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One of these novel application areas is LLLT for drug-induced liver injury. LLLI employs visible (generally red) or 
near-infrared light generated from a laser or light-emitting diode (LED) system. The light is typical of narrow spectral 
width between 600-1000 nm. Despite significant research efforts around the effects and molecular mechanisms of LLLT 
in various cells or tissues, the appropriate doses of radiation, energy densities, time, and irradiation conditions as well 
as the appropriate individual settings in the various laser devices, which will predictably lead to optimal therapeutic 
effects, have not been clarified yet. In the present study, the effect of low-level laser irradiation on oxidative stress pa-
rameters in rats under the conditions of BPA administration was investigated. Toxic liver injury induced by bisphenol A 
(BPA) administration at 50 mg/kg body wt by gavage for 3 days once a day. Low-level laser irradiation was performed 
after each administration of xenobiotic. A laser diode (50 mW) with 650 nm continuous wavelength was applied to the 
skin surface at the anatomical site of the liver. The administration of BPA leads to the evaluated of free radical genera-
tion and decrease in SOD, CAT and GPx activities in the liver of bisphenol A-exposed animals. The enhanced processes 
of the generation of superoxide radicals and nitric oxide and exhausting level of antioxidant enzymes under the condi-
tions of BPA administration leads to the increased oxidative damage of lipid and protein in subcellular fraction. The 
low-level laser irradiation of BPA-treated animals leads to the increase of enzymatic activity of antioxidant defences 
system, a decrease of free-radical production and oxidative protein and lipid damage in microsome and cytosol. 
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The liver is the major organ for the metabolism 
and detoxification of xenobiotic. However, most 
drugs are metabolized into active or inactive forms by 
endogenous enzymes and/or conjugation reactions, 
which overdose of drugs or long time use of various 
drugs might produce large amounts of free radicals 
that cause oxidative stress and hepatic injury (Maesa, 
M., Vinkena, M., Jaeschke, 2017).  

Bisphenol A (BPA ) is a well�known global 
environmental toxicant and a ubiquitous oestrogenic 
chemical (Kaur et al., 2018). BPA binding and 
activation of estrogen receptors α and β (ERα and 
ERβ) is one of its most frequently implicated 
molecular mechanisms. BPA has been demonstrated 
to bind these receptors altering their localization and 
modulating transcription activities, despite having a 
lower affinity for these receptors than estradiol or 
other environmental xenoestrogens. The estrogenic 
character of BPA has been the focus of numerous 
studies, and there is growing evidence that BPA alters 
reproduction, development, metabolism, immune 
response, and neurobehaviors (Gassman, 2017). 
There is growing evidence that the induction of reac-
tive oxygen species (ROS) by BPA may contribute 
significantly to its toxicity and carcinogenic potential 
(Gassman, 2017). 

Low-level laser (or light) irradiation/therapy 
(LLLI/LLLT), has been known for almost 50 years 

but still has not gained widespread acceptance, 
largely due to uncertainty about the molecular, 
cellular, and tissular mechanisms of action (De 
Freitas & Hamblin, 2016). LLLT uses light in the red 
or near-infrared (NIR) region, with wavelengths 
usually in the range of 600 to 700 nm and 780 to 1100 
nm, that generates a photochemical effect leading to 
some biochemical changes within the cell. This type 
of irradiation can be a continuous wave or a pulsed 
light consisting of a relatively low-density beam (0.04 
to 50 J•cm 2) and power density between 5 mW•cm 2 
to 5 W•cm 2 (Anju et al., 2019; De Freitas & 
Hamblin, 2016). 

The leading hypothesis of LLLI effect is the 
absorption of a photon with energy hν by the photore-
ceptors. These molecules or widely known as 
chromophores are molecules or portions of molecules 
which confer a particular colour to the molecule or 
substance to which they belong (De Freitas & 
Hamblin, 2016; Karoussis et al., 2018; Silveira et al., 
2009; Vladimirov et al., 2004). 

Several lines of evidence show that photon 
absorption events led to an increase MMP (ΔΨm), 
causing an increase in the synthesis of ATP and 
changes in the concentrations of ROS, calcium (Ca2+) 
and NO, which activate numerous signalling 
pathways, leading to activation of transcription 
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factors. (De Freitas & Hamblin, 2016; Karoussis et 
al., 2018).  

These changes at the cellular level have been hy-
pothesized to explain the clinical observation of a 
series of positive effects of LLLT. 

Despite significant research efforts around the ef-
fects of LLLT in various cells or tissues, the appro-
priate doses of radiation, energy densities, time, and 
irradiation conditions as well as the appropriate indi-
vidual settings in the various laser devices, which will 
predictably lead to optimal therapeutic effects, have 
not been clarified yet (Chen et al., 2016; Karoussis et 
al., 2018). 

Therefore, the present study aimed to evaluate the 
effect of low-level laser irradiation on oxidative stress 
parameters in rats under the conditions of BPA ad-
ministration. 

Materials and methods. Male Wistar rats (10–12 
weeks of age and with body weight 120±10 g) were 
maintained at 22°C with a 12-h:12-h light/dark cycle 
and had free access to normal chow diet and tap 
water. This study was conducted following the article 
26 of the Law of Ukraine No 3447-IV 21.02.2006 
“On the protection of animals from cruelty”, “The 
European Convention for the Protection of Vertebrate 
Animals used for Experimental and Other Scientific 
Purposes” (Strasbourg, 1986), “General Ethical 
Considerations for Animal Experimentation” 
established by First Ukrainian Congress on Bioethics, 
and concerning the Guide for the Care and Use of 
Laboratory Animals of the National Institutes of 
Health (National Research Council (US) Committee 
for the Update of the Guide for the Care and Use of 
Laboratory Animals., 2011). 

Animal handling and manipulation was  
Toxic liver injury induced by bisphenol A (BPA) 

administration at 50 mg/kg body wt which is the low-
est observed adverse effect level (LOAEL) (National 
Toxicology Program U.S. Department of Health and 
Human Services & Center, 2008). BPA was dissolved 
in corn oil (used as a vechicle) and administered by 
gavage for 3 days once a day. Control mice received 
100 µl of vehicle by gavage at the same time-points.  

Six hours after bisphenol A exposure, low-level 
laser irradiation was performed once a day for 3 days. 
A laser diode (50 mW) with 650 nm continuous 
wavelength was applied to the skin surface at the 
anatomical site of the liver.  The experimental groups 
were irradiated with a dosage of 1,5 J/cm2 and power 
density 12,5 mW/cm2, and the duration of irradiation 
was selected 120 s. The distance between the laser 
source and the surface of the application was 10 cm. 

The rats were euthanized under light ether 
anesthesia. The liver was excised, rinsed with 
physiological saline, weighed, flash-frozen in liquid 
nitrogen, and stored at 80°C until.  

The subcellular fractions were obtained by sub-
jecting the liver homogenates to deferential centrifu-
gation. The procedure yields mitochondria, microso-
mal and cytosolic fractions and is performed accord-
ing to the methods described by the Hamilton et al. 
and Frezza et al. (Frezza et al., 2007; Van Handel, 
1985) 

The purity of each fraction was assessed for 
marker enzymes for other subcellular organelles, as 
described in Archakov et al. (Archakov et al., 1973). 
Specifically, we assessed succinate dehydrogenase (a 
marker enzyme of the inner mitochondrial 
membrane), glucose-6-phosphatase (a marker enzyme 
for the membrane of the endoplasmic reticulum), and 
Na+/K+-ATPase (a marker enzyme for the plasma 
membrane) activities. For all of our studies, we 
employed only microsome preparations for which 
contaminating marker enzyme assays did not exceed 
10% of the activity measured in the crude liver 
homogenate used for microsome isolation. 

The catalytic activity of catalase (CAT) was as-
sessed by the spectrophotometric method according to 
Goth (Goth, 1991), which measures the stable com-
plex formation of hydrogen peroxide with ammonium 
molybdate. Glutathione peroxidase activity (GPx) 
was measured based on (Paglia, D.E., Valentine, 
1967) the nonenzymatic oxidation of reduced 
glutathione (GSH). Superoxide dismutase (SOD) 
activity was measured by the method of Misra and 
Fridovich (Misra & Fridovich, 1972), based on the 
ability of SOD to inhibit the autoxidation of adrena-
line to adrenochrome in a basic medium. 

The detection of intensity of superoxide anion 
radical generation in microsomal and mitochondrial 
fractions based on the reduction of nitroblue 
tetrazolium by superoxide anion radical. The 
technique has been described previously in detail 
(Auclair C., Voisin, 1985). NO production in cyto-
solic and mitochondrial fractions can be assessed by 
the accumulation of nitrite in the medium. Nitrite was 
determined in our experiments using the Griess 
reagent as previously described (Hwang et al., 1994). 

The extent of lipid peroxidation in subcellular 
fractions of the liver was assessed by measuring the 
content of thiobarbituric acid-reactive substances 
(TBARS) according to the method of Ohkawa H. et 
al. (Ohkawa et al., 1979). The extent of protein 
oxidation in subcellular fractions of the liver was 
assessed by measuring the content of protein carbonyl 
groups, using 2,4-dinitrophenyl hydrazine (DNPH) 
derivatization as described by Levine et al. (Levine et 
al., 1990). Protein sulfhydryl groups were measured 
by the method of Murphy et al. (Murphy & Kehrert, 
1989) using Ellman reagent.  

The protein concentration in all samples was 
determined by the method of Lowry et al. using 
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bovine serum albumin (BSA) as standard (Lowry et 
al., 1951).  

Each result is expressed as mean±SD from three 
experiments (n=3). Differences among groups were 
then evaluated by one-way analysis of variance 
(ANOVA) followed by Tukey’s HSD post hoc 
analysis for multiple comparisons. The results were 
considered statistically significant at P<0,05. 

Results and discussion. Toxic effects of BPA in 
liver tissues are mostly mediated by increased oxida-
tive stress associated with elevated production of 
toxic free radicals (Amjad et al., 2020).  

As shown in figure 1, a marked increase in the in-
tensity of NAD(P)H-depend generation superoxide 
anion radical in microsomal and mitochondria frac-

tions was observed in BPA-treated animals. This 
indicator in mitochondria increases at 2.4 times com-
pared to intact animals. During mitochondrial oxida-
tive phosphorylation, a few electrons will prematurely 
deoxygenate oxygen to form ROS, which can cause 
oxidative stress. Superoxide anion is produced mainly 
at complexes I and III of the ETC which release O2

•- 
in the mitochondrial matrix and at the inter-
membrane space, respectively (Ferraresi et al., 2012).  

At the same time, the intensity of superoxide anion 
radical generation increased significantly at 5.5 times 
in the microsomal fraction, compared to the control 
group (Fig. 1). It should be noted that this indicator in 
microsomes even exceeded the intensity of superox-
ide anion radical generation in mitochondria. 

 

   
 

  
 

Fig. 1. The intensity of superoxide radical and oxide nitrogen generation in subcellular fractions under the condi-
tions of bisphenol A administration and low-level irradiation 

 
Note: values marked with different letters (a, b, c) are statistically different, P < 0.05. 
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These results would be accompanied by the me-
tabolism of BPA by CYP. It is now thought that two 
“shunts” exist within the CYP catalytic cycle which 
can generate ROS without completion of the substrate 
oxidation and is known as «reaction uncoupling». The 
first possible release of ROS is superoxide radical, 
due to the loss of reduced oxygen (O2 ). The second 
possible release of ROS is after the addition of a pro-
ton to the reduced oxygen complex (Veith & 
Moorthy, 2018).  

The administration of BPA also accompanied with 
enhanced generation of nitric oxide (NO•). The inten-
sity of NO• generation in cytosol and mitochondria of 
rats’ livers was higher at 2,3 and 3,4 times compared 
with the control group, respectively (Fig. 1). 

NO• is the primary nitrogen free radical, which is 
synthesized from L-arginine amino acid by nitric 
oxide synthase (NOS). NO• can be formed from the 
inorganic anions, nitrate (NO3-) and nitrite (NO2-) and 
can interact with superoxide anion (O2

•-) to form 
peroxynitrite (ONOO-) (Ferraresi et al., 2012). 

Peroxynitrite is a powerful oxidant exhibiting a wide 
array of tissue damaging effects, including lipid 
peroxidation, inactivation of enzymes and ion 
channels via protein oxidation and nitration, and 
inhibition of mitochondrial respiration (Pacher et al., 
2007).  

Antioxidant is a reducing agent that scavenges 
and neutralizes free radicals, thereby preventing 
oxidation reactions. Indeed, the important role of 
enzymatic antioxidants, in overcoming the harmful 
effects of BPA has been highlighted in many studies 
(Lobo et al., 2010).  

In the present study was demonstrated that the 
BPA treatment of rats resulted in elevated levels of 
the activities of key enzymes antioxidant system. As 
shown in figure 2, the activity of superoxide dis-
mutase in the liver decreased at 1.5 times after BPA 
administration. SOD protects tissues from oxidative 
stress and damage by catalyzing the conversion of 
O2

•  to H2O2, a more stable ROS.  

  
 

 
 

Fig. 2. Enzyme activities of antioxidant system in the liver under the conditions of bisphenol A administration and 
low-level irradiation 

Note: values marked with different letters (a, b, c, d) are statistically different, P < 0.05. 



 

Біологічні системи. Т. 12. Вип. 2. 2020                                                                                                                         129 

 
Along with a decrease in the activity of SOD, 50 

mg/kg BPA administration caused a significant 
decrease in the CAT and GPx activity. These indica-
tors were at 2 and 1,4 times lower than enzymes 
activities in the control group, respectively (Fig. 2).  

Thus, the decrease in enzymes antioxidant 
activity in the liver increased the toxic effect of the 
free radicals formed from the BPA effect. 

The formation of superoxide radicals together 
with NO might form peroxynitrite and decreased 
activities of antioxidant enzymes induced by high 
doses of BPA causes tissue damage leading to an 
increase in the levels of markers of lipid peroxida-
tion and protein oxidation in hepatic subcellular 
fractions. 

Upon BPA administration to rats, the highest rates 
of lipid and protein oxidation were observed for 
microsomes. BPA administration to animals resulted in 
a 4.2-fold increase in TBARS levels, a 1.9-fold 
increase of protein carbonyls, and a 2.8-fold decrease 
in protein thiols in the hepatic microsomal fraction 
compared with control animals (Fig. 3). These results 
are logical, because the metabolism of BPA occurs in 
the endoplasmic reticulum, protein and lipid are the 
primary target of toxic BPA radicals. Furthermore, 
some evidence showed, that the BPA induces lipid 
peroxidation and formation of hydroxyl radicals by 
interacting with the hydrophobic cell plasma mem-
brane. (Serviddio et al., 2013).  

 

 
 

 
 

Fig. 3. The markers of protein and lipid oxidative damage in a microsomal fraction under the conditions of 
bisphenol A administration and low-level irradiation 

 
Note: values marked with different letters (a, b, c, d) are statistically different, P < 0.05. 
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The BPA treatment of rats also resulted in 
elevated levels of TBARS and protein carbonyl 
derivatives, and a significantly lower level of protein 
sulfhydryl groups in hepatic mitochondria and 
cytosol. But, investigated parameters for these frac-
tions did not change to the same magnitude as those 
observed for microsomes (Fig. 4-5).  

Thus, the enhanced processes of the generation of 
superoxide radicals and nitric oxide and exhausting 
level of antioxidant enzymes under the conditions of 
BPA administration leads to the increased oxidative 
damage of lipid and protein in subcellular fraction. 

Researchers have suggested that low level-laser 
therapy (LLLT) may influence oxidative stress 
parameters by changing the activity of antioxidant 
enzymes and the production of ROS (Denadai et al., 
2015; Martirosyan et al., 2020). 

In our research, low-level irradiation of animals, 
which treated with BPA is accompanied by a 3,8-fold 
decrease in the level of superoxide anion production 

in microsome fraction. A similar result was observed 
to intensity of NO generation in the cytosolic fraction. 
This indicator was at 1,9 time lower than NADH-
depend generation nitric oxide in hepatic cytosol of 
control.  

In contrast, BPA-exposed animals after LLLI did 
not have statistically significant changes in the inten-
sity of mitochondrial free radical generation in 
comparison to animals that were subjected to BPA 
administration.  

In particular, the irradiation of animals did not af-
fect the generation of superoxide radical. This indica-
tor in BPA+LLLI group did not statistically 
significantly differ from BPA group. Our results are 
possibly accompanied with the fact, that the 
absorption of laser light accelerates electron transfer 
(respiratory chain) and induces an initial production 
of ROS, specifically by increasing the production of 
superoxide anion (Denadai et al., 2015). 

   
 

 
Fig. 4. The markers of protein and lipid oxidative damage in a mitochondrial fraction under the conditions of 

bisphenol A administration and low-level irradiation 
Note: values marked with different letters (a, b, c, d) are statistically different, P < 0.05. 
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At the same time, the irradiation of animals did 

not affect the generation of NO. This indicator in 
BPA+LLLI group did not statistically significantly 
differ from BPA group. 

The generation of nitric oxide (NO) level is 
increased, possibly either by release from metal 
complexes in Cox (Cox has two heme and two 
copper centres) or by up-regulation of Cox activity 
as a nitrite reductase. It was proposed that PBM 
might work through the photodissociation of NO 
from Cox, thereby reversing the mitochondrial 
inhibition of cellular respiration due to excessive NO 
binding. NO is photodissociated from its binding 
sites on the heme iron and copper centres from Cox, 
where it competes with oxygen and reduces the 
necessary enzymatic activity. NO can also be photo-
released from other intracellular sites, such as 
nitrosylated haemoglobin and myoglobin (De Freitas 
& Hamblin, 2016). 

At the same time, the increase of the SOD and 
GPx activities in the BPA-exposed animals after the 
LLLI was shown in our studies. These indicators 
were at the level of SOD and GPx activities in the 
control group and there was no statistically signifi-
cant difference between them. However, CAT 
activity did not change under the conditions of the 
irradiation of animals, which exposed by BPA. CAT 
activity tended to decrease with LLLI and BPA-
exposed (Fig. 4.).  

The results of our study showed that the irradia-
tion of animals by red spectrum diode laser was 
accompanied by an increase in SOD activity in the 

liver of BPA-exposure animals. This indicator in 
BPA+LLLI group did not statistically significant 
differ SOD activity in the control group and was at 
1,5 times higher than in xenobiotic-treated animals.  

LLLI of animals also affects on glutathione pe-
roxidase activity in the liver. It was higher at 1,4-
fold, compared with the indicator in the BPA-
exposed group and did not differ from a group of 
intact animals.  

The effect of low-level laser irradiation on the 
enzymatic activities of the antioxidant defence sys-
tem is primarily associated with conformational 
changes induced by a short-term increase in the 
temperature of light-absorbing biomolecules. This in 
turn can induce/trigger the activation or inhibition of 
enzymes (Pantyo et al., 2009). 

The obtained results are corresponding with the 
current research (Silva MacEdo et al., 2016). It was 
found that laser irradiation of red spectrum has a 
positive effect on the antioxidant system, by the 
increase of enzymatic activity. In particular, Silva 
MacEdo et al. has found that the activities of GST 
and GPX were increased by LLLI. On the other 
hand, no differences were observed in CAT levels. 

Identical results were obtained in our studies. 
Irradiation of animals with a diode laser after the 
administration of BPA was no effect on catalase 
activity. It did not statistically differ from the 
corresponding activity in xenobiotic-treated animals 
and was at 1.6 times lower than in control rats. This 
effect of laser irradiation on catalase activity may be 
due to an insufficient duration of irradiation. 

 

 
 

Fig. 5. The markers of protein oxidative damage in cytosol fraction under the conditions of bisphenol A 
administration and low-level irradiation 

 
Note: values marked with different letters (a, b, c, d) are statistically different, P < 0.05. 

 



 

132                                                                                                                             Biological sytems. Vol. 12. Is. 2. 2020 

Another explanation for the invariability of 
catalase activity is the enhanced generation of nitric 
oxide (NO), that was found in BPA+LLLI group. 
Corresponding with the Purwar et al. study (Purwar 
et al., 2011) NO is a competitive inhibitor of CAT 
and thus able to inhibit the activity of this 
antioxidant enzyme. 

Low-level laser irradiation following BPA 
treatment of rats resulted in a decrease of the levels 
of lipid and protein oxidation products in cytosolic 
and microsomal fractions (Figs. 3–4). The most 
dramatic changes in the levels of protein carbonyls 
and thiols were observed after combined BPA 
administration and LLLI to rats in the cytosolic 
fraction (Fig. 4). For this subcellular component, the 
level of protein carbonyls and oxidized thiols 
decreased 2.5-folds compared with the parameters of 
rats receiving BPA alone. Besides, the content of 
protein oxidation markers did not statistically signif-
icantly differ from the corresponding values in the 
control group. 

The LLLI also decrease the level of TBARS and 
protein carbonyls in the microsomal fraction of 
BPA-exposed rats. Whereas the level of protein thiol 
groups was at the content of parameters of rats 
receiving BPA alone. It was probably accompanied 
by the fact, that the metabolism of studied xenobi-
otic predominantly localized in microsomes. Fur-
thermore, the antioxidant enzymes predominantly 
localize in mitochondria and cytosol of the cell.  

The high intensity of free radical generation un-
der the conditions of simultaneously LLLI and BPA 
administration accompanied by a high level of 
markers of lipid and protein oxidation in mitochon-
dria fraction. In particular, the content of protein 
carbonyls and thiols groups was at the level of the 
same values in the BPA-treat group. The TRABS 
level in this experimental group decrease at 1.6 
times compared with animals receiving BPA alone. 
However, this indicator still did not at the level of 
TBA-active products in the control group of animals 
and was higher by 77%. 

The obtained results on the intensity of 
generation of reactive oxygen and nitrogen species 
and the features of free radical damage of 
biomolecules of a mitochondrial fraction are 
contradictory, given our growth of antioxidant 
activities under the LLLI. It probably associated 
with different effect of laser diode on various 
isoforms of antioxidant enzymes, which have differ-
ent atoms inactive centre of the enzyme. This 
hypothesis will be tested in the future by studying 
antioxidant activities in various subcellular fractions. 

Thus, the low-level laser exposure leads to the 
increase of SOD and CAT activities in liver, a de-
crease of free-radical production and oxidative pro-
tein and lipid damage in microsome and cytosol. 

These effects indicate the high potential of laser 
irradiation in suppressing the oxidative stress and, 
therefore, in reducing the ВРА-induced oxidative 
tissue damage. 

Conclusions: 
1. The administration of BPA leads to the evaluated 

of free radical generation and decrease in SOD, 
CAT and GPx activities in the liver of bisphenol 
A-exposed animals.  

2. The enhanced processes of the generation of 
superoxide radicals and nitric oxide and exhaust-
ing level of antioxidant enzymes under the condi-
tions of BPA administration leads to the in-
creased oxidative damage of lipid and protein in 
subcellular fraction. 

3. The low-level laser irradiation of BPA-treated 
animals leads to the increase of enzymatic 
activity of antioxidant defences system, a 
decrease of free-radical production and oxidative 
protein and lipid damage in microsome and 
cytosol. 
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ВПЛИВ НИЗЬКОРІВНЕВОГО ЛАЗЕРНОГО ОПРОМІНЕННЯ НА БІСФЕНОЛ А-
ІНДУКОВАНІ ВІЛЬНОРАДИКАЛЬНІ ПРОЦЕСИ 

 
В. Л. Борщовецька, М. М. Рубанець 

 
 Однією з цих нових областей застосування низькорівневого лазерного опромінення є корегування ураження 
печінки, що індуковане різноманітними лікарськими препаратами та полютантами. LLLI використовує види-
ме (як правило, червоне) або ближнє інфрачервоне світло (600-1000 нм), що генерується від лазерної або світ-
лодіодної системи (LED). Незважаючи на значні дослыдження щодо впливу та молекулярних механізмів LLLT в 
різних клітинах або тканинах, відповідні дози випромінювання, щільність енергії, час та умови опромінення, а 
також відповідні індивідуальні налаштування в різних лазерних приладах, що передбачувано призведе до опти-
мальних терапевтичних ефектів, поки не з'ясовані. У цьому дослідженні встановлено вплив низькорівневого 
лазерного опромінення на параметри окисного стресу у щурів в умовах введення BPA. Токсичне ураження печі-
нки, індуковане введенням бісфенолу А (BPA) у дозі 50 мг/кг маси тіла шляхом введення один раз на добу протя-
гом 3 днів. Лазерне опромінення низького рівня проводили після кожного введення ксенобіотику. Опромінювали 
анатомічну ділянку черевної порожнини лазерним діодом (50 мВт) із довжиною хвилі безперервної дії 650 нм. 
Результати досліджень показали, що введення BPA призводить до посиленого утворення вільних радикалів та 
зниження активності SOD, CAT та GPx у печінці тварин. Посилені процеси генерації супероксидного радикалу 
та оксиду азоту та знижені активності антиоксидантних ферментів в умовах введення BPA призводять до 
підвищеного окислювального ураження ліпідів та білків у субклітинних фракціях печінки. Водночас низькорів-
неве лазерне опромінення тварин, яким вводили BPA, призводить до підвищення ферментативної активності 
системи антиоксидантного захисту, зменшення продукції вільних радикалів та, як наслідок, окислювального 
ураження білка та ліпідів, проте лише у мікросомальній та цитозольній фракціях. Вміст основних маркерів 
пероксидного окиснення ліпідів та протеїнів у мітохондріальній фракції не змінювався при опроміненні тварин 
та введенні ВРА, що пов’язано з посиленим генеруванням вільних радикалів за цих же експериментальних умов. 
 

Ключові слова: низькорівневе лазерне опромінення; активні форми кисню, бісфенол А, вільнорадикальні про-
цеси, антиоксидантна система захисту 
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