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Abstract: Excess energy from a cafeteria diet causes the development of obesity and increases the risk
of other health problems, like oxidative stress in the brain and neurodegenerative diseases. Broccoli sprouts
are regarded as an anti-obesity and antioxidant supplement due to the potential of their compounds to
stimulate cellular protective and regulatory systems, like Nrf2. This study aimed to investigate the effect of
consuming broccoli sprouts on the activity of antioxidant and auxiliary enzymes in the cerebral cortex of
cafeteria diet-fed mice. For 20 weeks, eight-month-old C57BL/6] males consumed a basal diet, a cafeteria diet,
a basal diet with 5% broccoli sprouts, or a combination of a cafeteria diet with 2.5, 5, and 10% broccoli sprouts.
Results demonstrated that only 10% broccoli sprouts with a cafeteria diet had an improving effect on the
activity of glutathione reductase in the cerebral cortex of mice, which was ~ 1.8-fold higher compared to the
basal diet group. In contrast, consumption of 5% broccoli sprouts with a basal diet caused ~ 2-fold higher
values of activities of glutathione S-transferase, glutathione reductase, glucose-6-phosphate dehydrogenase,
and NAD(P)H-quinone oxidoreductase 1 compared to the other groups. In conclusion, consumption of
broccoli sprouts stimulates antioxidant defense and detoxification processes via Nrf2 target proteins in the
cerebral cortex of mice fed a basic diet but not a hypercaloric cafeteria diet.

Keywords: antioxidant enzymes, broccoli sprouts, cafeteria diet, cerebral cortex, mice, Nfr2, obesity.
Abbreviations: ARE, Antioxidant Response Element; BD, basal diet; BS, broccoli sprouts; CD, cafeteria
diet; GPx, glutathione peroxidase; GST, glutathione S-transferase; GR, glutathione reductase; G6PDH, glucose-

6-phosphate dehydrogenase; HFFD, high fat high fructose diet; LOOH, lipid peroxides; NQO1, NAD(P)H-
quinone oxidoreductase 1; Nrf2, Nuclear factor erythroid 2-related factor 2; ROS, reactive oxygen species.

1. INTRODUCTION
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Obesity is becoming a global health problem in our society. One of the factors that affects this
trend is the constant consumption of high-calorie food. The so-called cafeteria diet (CD) is one option
for high-calorie nutrition that is rich in carbohydrates, fats, flavor enhancers, and flavorings. Many
chronic consequences for the body are already known after long-term consumption of CD, for
example, obesity, insulin resistance, and cardiovascular and hepatic diseases; however, new data
indicate possible negative consequences for the central nervous system as well (Cavaliere et al. 2022;
Johnson et al. 2016; Salas-Venegas et al. 2022). The human brain has a constant need for energy
supply and consumes approximately 20% of the body's total energy at rest, which makes it
vulnerable to oxidative damage from reactive oxygen species (ROS) (Cavaliere et al. 2022; Garaschuk
et al. 2018; Raichle & Gusnard 2002). Consumption of high-calorie food has been found to cause
brain inflammation in rats, and expression levels of genes encoding TNF-a and IL-6 were increased
in the mediolateral hypothalamus (MBH), which is a key energy balance control center. These
changes were also accompanied by the development of inflammation and oxidative stress in the
liver and white adipose tissue (De Souza et al. 2005).

Nuclear factor erythroid 2-related factor 2 / Antioxidant Response Element (Nrf2/ARE)
pathway typically activates the expression of cytoprotective genes (Bayliak & Abrat 2020; Ivanochko
et al. 2024). Long-term consumption of high-calorie foods has been linked to a decrease in Nrf2
activity in the nucleus in the liver, white adipose tissue, and hippocampus, leading to a decrease in
the expression level of enzymes such as NAD(P)H-quinone oxidoreductase 1 and heme oxygenase-
1 (Bayliak & Abrat 2020; Lushchak 2021; Morrison et al. 2010). The above-mentioned mechanisms
have a significant impact on the vital activity of cortex cells and make it possible to investigate
whether compounds present in antioxidant and anti-obesity supplements like broccoli sprouts (BS)
can increase the resistance of nervous system cells to oxidative stress. Broccoli sprouts showed a
potential against oxidative stress and obesity in peripheral organs - liver, muscles, and
hypothalamus, increasing the activity of glutathione-dependent antioxidant enzymes in the liver of
mice (Ivanochko et al. 2023; Derkachov et al. 2023). Sulforaphane, a component of BS, activates
Nrf2/ARE signaling, which upregulates Phase II enzymes of detoxification for antioxidant actions
and maintains reduced glutathione levels (Ivanochko et al. 2024; Zhou et al. 2014). In addition,
sulforaphane can cross the blood-brain barrier and accumulate in nerve tissue, enabling it to activate
defence mechanisms inside the brain (Mao et al. 2019). In the brain, sulforaphane-enriched broccoli
sprouts reduced neuroinflammation and improved memory impairment in pharmacological injury
models, including scopolamine-induced amnesia and phencyclidine-induced cognitive impairment
(Shirai et al. 2015; Subedi et al. 2019).

Despite the above-mentioned facts, the effectiveness of BS against CD-driven oxidative stress
in the cortex is not currently clearly confirmed and well-studied. Moreover, most studies focus on
the neuroprotective properties of sulforaphane and the use of high-fat diets rather than
supplementation of broccoli sprouts and exposure of cafeteria diet. High-fat diet relies on purified
fats (35-60%), which alter lipid profile, while cafeteria diet includes highly palatable, varied human
junk foods rich in saturated fats, sugars, and additives to induce rapid obesity (Higa et al. 2014;
Sampey et al. 2011a). Also, studies that show positive effects usually use direct neurotoxic effects
(ischemia, scopolamine, phencyclidine) rather than dietary metabolic stress (Mao et al. 2019; Shirai
et al. 2015; Subedi et al. 2019). The appearance of saturated fats, fast carbohydrates, and various
production supplements present in a cafeteria diet can create a more stable pathological
environment similar to human.

The aim of this work was to study the effect of broccoli sprouts consumed with a cafeteria diet
on antioxidant parameters of the murine cerebral cortex.

2. MATERIALS AND METHODS



Broccoli seeds (Brassica oleracea var. italica, cultivar Calabrese) from “SemyaSvet” company
(Odesa, Ukraine) were used for obtaining broccoli sprouts. The seeds were cultivated as described
before (Ivanochko et al. 2025a,b). Seeds were grown in sealed, transparent plastic containers with a
moist cotton substrate, under a 12 h light/dark photoperiod at +25°C and 50-60% humidity. Three-
day-old sprouts were quickly frozen in liquid nitrogen and stored at -20°C for biochemical analysis
and murine chow production. Biochemical analysis of broccoli sprouts was described in our
previous work (Ivanochko et al. 2025a). The stability of bioactive compounds in broccoli sprouts
after freezing was proved by several repeated determinations.

Eight-month-old C57BL/6] males were bred in our animal facility with a 12 h light/dark cycle
(6 a.m./6 p.m.) at +22 + 2°C temperature, and 50-60% humidity (Bayliak et al. 2022a,b; Ivanochko et
al. 2025b). Access to food and water was unlimited. Mice were randomly assigned to six groups,
each consisting of 5-6 mice (2-3 mice per cage). Figure 1 describes the experimental design. The
control group (denoted as the BD group) consumed the standard granular rodent chow (“Vita”
company, Obukhiv, Ukraine), which contained 20% protein, 4.8% fat, 70% carbohydrates, 4.7% fiber,
and a total 310 kcal per 100 g. The cafeteria diet (CD) group consumed a hypercaloric, obesogenic
food (459 kcal per 100 g) containing 19.3 % protein, 22.6% fat, and 49.4% carbohydrates per 100 g.
This chow consists of (w/w) sweet peanuts (28%), milk chocolate (28%), chocolate cracker (11%),
casein (10%), and powdered rodent chow (23%) based on the study of other scientists (Sampey et
al., 2011b). The CD diet, as well as the next four chow types, was prepared manually by mixing all
ingredients with powdered rodent chow (“Vita” company) and forming pellets using a granulator
(TMS company, Cherkasy, Ukraine). The next three groups consumed a CD diet supplemented with
2.5%, 5%, and 10% (w/w) crude shredded broccoli sprouts (BS), denoted as CD2.5BS, CD5BS, and
CD10BS, respectively. The content of powdered rodent feed was decreased with the addition of BS,
but the content of other CD components remained unchanged. The broccoli sprouts group (BD5BS)
received the standard chow supplemented with 5% (w/w) broccoli sprouts. The content of broccoli
sprouts was chosen based on previous studies (Alhajri & H. Saad 2023; Zhang et al. 2023). All
experimental chow was produced once for the whole duration of feeding, stored in the fridge (at -
20°C), and warmed to room temperature before serving to mice.
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Figure 1. Experimental design.



Animals were kept on the corresponding diets for the next 20 weeks. At the end of the
experiment, they were anaesthetised using light CO: anaesthesia followed by cervical dislocation.
The whole murine cerebral cortex was divided from the rest of the brain, collected and frozen in
liquid nitrogen, and stored at -80°C for further biochemical analyses (Bayliak et al. 2022a;
Demianchuk et al. 2024, 2025). Nutrition, body mass, and blood parameters of mice were analysed
in our previous paper (Ivanochko et al. 2025b). The experiments were approved by the ethics
committee of Vasyl Stefanyk Carpathian National University and assigned it the number PNU-2023-
M-010. Procedures were conducted following Directive 2010/63/EU of the European Parliament and
of the Council of 22 September 2010 on the protection of animals used for scientific purposes.

The lipid peroxide content (LOOH) and activities of enzymes in murine cerebral cortex were
determined spectrophotometrically as described previously (Demianchuk et al. 2024, 2025). For the
LOOH assay, frozen samples were homogenised on ice with 96% ethanol (1:10, w:v) and centrifuged
(10,000xg, 10 min, +4°C). LOOH content was measured in supernatants based on the formation of
Fe(IlI)-xylenol orange complex (Hermes-Lima et al. 1995; O. V. Lushchak et al. 2008). Absorbance
was determined at 580 nm using a Ulab 102U spectrophotometer (Ulab Scientific Instruments,
China). Cumene hydroperoxide was used as a standard to build a calibration curve. Content of
LOOH was determined as nmol equivalents of cumene hydroperoxide per gram of wet mass (nmol
CHP eqv/gwm).

Cerebral cortex samples were homogenised 1:10 (w:v) in a medium containing (final
concentrations): 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM ethylenediaminetetraacetic
acid (EDTA), and 1 mM phenylmethylsulfonyl fluoride (PMSF). Homogenates were centrifuged
(16,100xg, 15 min, +4°C). In the received supernatants, activities of glutathione peroxidase (GPx),
glutathione S-transferase (GST), glutathione reductase (GR), glucose-6-phosphate dehydrogenase
(G6PDH), and NAD(P)H-quinone oxidoreductase 1 (NQO1) were determined by methods
described in our previous works (Bayliak et al. 2022a; Demianchuk et al. 2024, 2025). The activity
was normalised on the content of total protein, determined in supernatants using the Bradford assay
(Bradford 1976).

GraphPad Prism version 8.3.1 and MS Excel were used for statistical analysis and
visualisation. Data were subjected to one-way ANOVA followed by Tukey’s tests for multiple
comparisons. Results were presented as means + standard errors of the mean (SEM).

3. RESULTS AND DISCUSSION

Consumption of chow was lower in all CD-fed groups compared to the BD group, while the
amount of total energy from food was higher in CD, CD2.5BS, and CD5BS groups compared to the
BD group (Ivanochko et al. 2025b). In the BD, CD10BS, and BD5BS groups, the amount of received
calories was similar. These results indicated that consumption of CD did not cause overeating
behaviour in mice and animals received enough calories (Ivanochko et al. 2025b). Consumption of
CD did not cause critical body mass gain, and the addition of broccoli sprouts to the CD did not
demonstrate significant changes either (Ivanochko et al. 2025b). However, the mass of visceral
adipose tissue was significantly higher in the CD5BS group compared to BD, BD5BS, and even the
CD group. This parameter was also higher in the CD10BS group compared to the BD group,
suggesting that BS did not counteract the accumulation of visceral fat (Ivanochko et al. 2025b).

Previously, consumption of a high-fat, high-fructose diet (HFFD) was found to be one of the
main stimuli for lipid peroxidation and higher LOOH content in the murine cerebral cortex
(Demianchuk et al. 2024). In the current study, lipid peroxide levels did not differ between groups,
suggesting that the CD diet did not induce lipid peroxidation in the cerebral cortex (Fig. 2).

Excess energy molecules from the catabolism of carbohydrates and lipids (NADH, FADH:)
can overload the electron transport chain of mitochondria, resulting in excessive production of ROS.
In mitochondria, ROS are harmful not only to membrane lipids but also to fatty acids that undergo



[-oxidation, increasing the risks of oxidative damage. In our study, the content of LOOH was similar
between groups, suggesting that the murine cerebral cortex is constitutively well-protected or non-
affected during the described scenario of oxidative stress development. In a similar study with nine-
month-old C57BL/6] females or eight-month-old C57BL/6] males, consumption of CD for 12 weeks
and 16 weeks, respectively, did not cause high LOOH levels in the murine cerebral cortex
(Demianchuk et al. 2025; Derkachov et al. 2023). On the contrary, eight-week consumption of the
HFFD caused lipid peroxidation in the liver and cortex of mice (Bayliak et al. 2022a; Demianchuk et
al. 2024). As a suggestion, short-term consumption of HFFD causes oxidative stress, while protective
systems of the murine cortex respond and adapt to prolonged hypercaloric conditions to keep the
brain healthy. In addition, the HFFD and CD contain different types of lipids, as well as
carbohydrates and harmful compounds like advanced glycation end products (AGEs), flavour
enhancers, etc. These compounds can reach the brain, and antioxidant plus detoxification proteins
can respond in different ways to their presence, chemical type, and amount.
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Figure 2. Lipid peroxide content in the cerebral cortex of mice fed a basal diet (BD), cafeteria
diet (CD), cafeteria diet with 2.5%, 5% or 10% broccoli sprouts (CD2.5BS, CD5BS, CD10BS,
respectively), and a basal diet with 5% broccoli sprouts (BD5BS) for 20 weeks. Data are presented as
means + SEM, n = 4-6.

Clear evidence of the antioxidant action of BS on the termination of lipid peroxidation and
coping with its consequences was not determined in the present study, as LOOH values were similar
between groups (Fig. 2). Broccoli sprouts have several compounds with antioxidant properties like
polyphenols, vitamins, pigments, and others that have the potential to terminate lipid peroxidation
(Ivanochko et al. 2025a). In our study, the antioxidant potential of BS compounds might be poorly
realized in the murine brain. Alternatively, this potential could be overshadowed by the action of
antioxidant enzymes that utilize ROS as a part of adaptation to long-term hypercaloric conditions
and oxidative stress. Therefore, we measured the activity of some antioxidant enzymes in the murine
cortex.

The activity of GPx in the CD5BS group had a trend to be lower compared to the other groups
(Fig. 3A). The rest of the groups did not differ in this parameter. Glutathione peroxidase is an enzyme
that reacts to mild oxidative stress and can reduce lipid peroxides, while catalase is the main
scavenger of H20: and has no potential to terminate lipid peroxidation. Activation of Nrf2
upregulates GPx as a part of the antioxidant response (Cheng et al. 2015). Broccoli sprouts have
many useful compounds that have the potential to activate Nrf2 for improved antioxidant and
detoxification actions, as was determined in the liver of mice from a similar investigation (Ivanochko
et al. 2023). In the present study, the activity of GPx in the murine cortex remained mainly
unchanged with CD or BS consumption (Fig. 3A). The decreased GPx activity in the cortex was



previously described in mice on HFFD or CD (Demianchuk et al. 2024, 2025). Authors of the
mentioned study linked the lower GSSG levels with the lower activities of GST and GPx in the
cortices of HFFD mice (Demianchuk et al. 2024). In our study, we showed both trends towards lower
GPx activity and lower LOOH levels on CD with the addition of BS. This can suggest that GPx did
not play a key role in reducing LOOH, or LOOH can be produced at lower rates or more quickly
metabolized by other pathways.

The activity of glutathione S-transferase (GST) was significantly ~ 2-fold higher in the BD5BS
compared to the CD group (Fig. 3B). Between other groups, differences in GST activity were not
found. This result suggests that the consumption of BS with the basic food had the potential to
intensify Nrf2-related mechanisms of xenobiotic detoxification in the murine brain, since GST is a
target of the Nrf2 transcriptional factor (Cheng et al. 2015). This feature was not realized in CD with
BS groups. It was reported that the activity of GST and GSSG levels was lower in mice under
consumption of HFFD (Demianchuk et al. 2024). In addition, CD with similar nutritional
composition and 12-week exposure in females demonstrated lower activity of GST (Demianchuk et
al. 2025). In the present study, GST activity was higher in BD5BS male mice and similar between the
rest of the groups, indicating a potential of BS supplementation to stimulate detoxification processes
that was not realized under hypercaloric conditions.
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Figure 3. Activity of glutathione peroxidase (A) and glutathione S-transferase (B) in the
cerebral cortex of mice fed a basal diet (BD), cafeteria diet (CD), cafeteria diet with 2.5%, 5% or 10%
broccoli sprouts (CD2.5BS, CD5BS, CD10BS, respectively), and a basal diet with 5% broccoli sprouts
(BD5BS) for 20 weeks. Data are presented as means + SEM, n = 4-6. Bracket indicates a significant
difference (P < 0.05) between groups using one-way ANOVA followed by Tukey's test for multiple
comparisons.

Glutathione reductase reduces the GSSG to GSH for the protective action of GPx and GST. The
activity of GR was approximately twice higher in CD10BS and BD5BS groups compared to the rest
of the groups (Fig. 4A). Values of CD10BS and BD5BS were not significantly different.
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Figure 4. Activity of glutathione reductase (A) and glucose-6-phosphate dehydrogenase (B) in
the cerebral cortex of mice fed a basal diet (BD), cafeteria diet (CD), cafeteria diet with 2.5%, 5% or



10% broccoli sprouts (CD2.5BS, CD5BS, CD10BS, respectively), and a basal diet with 5% broccoli
sprouts (BD5BS) for 20 weeks. Data are presented as means + SEM, n = 4-6. Brackets indicate a
significant difference (P < 0.05) between groups using one-way ANOVA followed by Tukey's test
for multiple comparisons.

Hypothetically, increased GR activity indicates cellular GSH necessity that could be depleted
during obesity and lead to comorbidities in the liver (Vairetti et al. 2021). In the present study,
consumption of an obesogenic CD alone did not affect the activity of GR in the cerebral cortex of
mice. A high content of broccoli sprouts in the CD10BS group stimulated the activity of GR. It seems
that 10% of broccoli sprouts stimulated GSSG reduction regardless of the oxidative-reductive state
of murine brain cells, while in the BD5BS group, activity of GR was higher, as well as GST activity.
Higher GR activity can provide a higher pool of reduced glutathione, which itself has antioxidant
properties; in particular, GSH can react with LOOH, reducing the latter (Kennedy et al. 2020; V. L.
Lushchak 2012). Similar to GST and GR, the activity of G6PDH was higher in the BD5BS group
compared to the other groups (Fig. 4B).

The activity of NAD(P)H-quinone oxidoreductase 1 (NQO1) in the BD5BS group was
significantly higher compared to BD, CD, CD2.5BS, and CD5BS groups (Fig. 5). The CD5BS value of
NQOT1 activity was also lower compared to CD10BS.

1
I 1
- I 1
5 £ 20 2
cQ8
Z 9 154
s 4
-] T T T
= £ 10+ 1 T A
_25 —
-HE —_—
<= 5-
0

BD CD CD2.5BS CD5BS CD10BS BD5BS

Figure 5. Activity of NAD(P)H-quinone oxidoreductase 1 in the cerebral cortex of mice fed a
basal diet (BD), cafeteria diet (CD), cafeteria diet with 2.5%, 5% or 10% broccoli sprouts (CD2.5BS,
CD5BS, CD10BS, respectively), and a basal diet with 5% broccoli sprouts (BD5BS) for 20 weeks. Data
are presented as means + SEM, n = 4-6. Brackets indicate a significant difference (P < 0.05) between
groups using one-way ANOVA followed by Tukey's test for multiple comparisons.

The cerebral cortex was reported to be impenetrable to the influence of obesogenic diets, while
beneficial compounds of broccoli sprouts can reach brain structures. It was described that the
activity of GPx and GST was lower in the HFFD murine cortex, and the activity of GPx, GST, G6PDH,
and NQO1 was lower in CD-fed females (Demianchuk et al. 2024, 2025). In our study, such an effect
was present for NQO1 only in the CD5BS group. CD10BS and BD5BS groups demonstrated several
similarities, suggesting that the positive effects of BS in the CD were realized at 10% dose and at 5%
in the basal diet. Hypothetically, these doses are critical for the intervention of sulforaphane or other
broccoli sprouts compounds for acting on the Nrf2/ARE system and protecting against ROS and
xenobiotics. Regarding the activation of Nrf2, we tried to determine the level of Nrf2 by Western
blot, but unfortunately, we were unable to detect an appropriate signal (apparently due to the
instability of the antibodies). This limitation is common for several studies of Nrf2. Based on the
determination of enzyme activity, we can only assume the involvement of Nrf2. Future research



should study each stage in the chain of the Nrf2 response, including relative expression of key target
genes and Western blot of proteins, as well as changes in bioenergetic parameters of the murine
brain. Such comprehensive analyses would allow a more definitive confirmation of Nrf2 pathway
activation and help clarify the molecular mechanisms underlying the neuroprotective effects of
broccoli sprouts consumption under an obesogenic diet.

4. CONCLUSIONS

Broccoli sprouts did not have any gradual effects when consumed with a long-term cafeteria
diet. Consumption of 10% broccoli sprouts with a cafeteria diet did not support antioxidant defense
directly, but by enhancing glutathione reductase activity. The presence of 5% broccoli in basal feed
activated the antioxidant defense involved in xenobiotic detoxification and maintenance of reduced
glutathione. As an interpretation, broccoli sprouts activate Nrf2 to affect targets that support
antioxidant protection rather than the main enzymes that directly neutralize xenobiotics and ROS.
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Haaanmox eneprii Big kadeTepiitHOI 1Ki HMPU3BOAUTE A0 PO3BUTKY OXKUPIHHS Ta 30i4BIINy€ PU3UK
iHImMX 1Mpo6.1eM 3i 340p0B'sIM, TaKUX AK OKCUAATUBHII CTPeC y MO3KY Ta HellpoAereHepaTHBHI 3aXBOPIOBAHHII.
ITpopocTky 6poKOAi BBasKaIOThCSI XapUOBMM 3aCOOOM IIPOTH OKMPIHHS Ta OKCUAATMBHOIO CTPECYy 3aBAsSKU
MIOTeHITiaAy iX CIIOAYK CTUMYAIOBaTU KAIiTMHHI 3aXMCHI Ta peryAsSTOpHi cucTeMy, Taki K Nrf2. MeToio 115010
AocaigxeHHs OyA0 BUBYEHH: BILAVBY CIIOXKMBaHH: IIPOPOCTKiB OPOKOi Ha aKTMBHICTh aHTMOKCUAAHTHMX Ta
AOTIOMIXKHUX A0 HUX (PepMEeHTIiB y KOpi TOA0BHOTO MO3KY MMUIIeN, SKUX ToAyBaau KadeTepiifHOIO DKeo.
ITpotsrom 20 TrxHiB BocbMuMicsuHi camii C57BL/6] crioxxmBaan 6a3oBy XKy, KadeTepiriHy 1Ky, 6a3oBy Ky
3 5% mnpopocrkamu G6pokoai abo xomOiHariilo xaderepiitnoi ki 3 2,5, 5 Ta 10% mpopoctkamu OpoKoi.
PesyapraTu mokasaam, mo anire 10% mpopocTkis 6pokoai 3 KadeTepiiiHOIO 1KeI0 MaAy CIIPUATAUBAI BILAUB
Ha aKTMBHICTD TAI0TaTiOHpeAyKTa3! B KOpi T010BHOTO MO3KY MIIIIel], sika Oyaa mpnOAn3Ho B 1,8 pasis G6iabIia
MOPIiBHAHO 3i 3HaueHHsM rpynu 0a3oBoi Dkxi. HatomicTs crioxxmsanHsa 5% HpopocTkiB Gpokoai 3 6a30B0IO
TKe CIOPUYMHUAO NpUOAMBHO BABIYI BUINI ITOKA3HMUKM  aKTMBHOCTI rAIOTaTiOH-S-TpaHCCl)epaSI/I,
rAI0TaTiOHpeAyKTa3y, I110K030-6-pocdaraeriaporenasu ra HAA(P)H-xiHoH okcnaopeaykTasu 1 opiBHsIHO
3 iIHmMMMM TpynaMu. Ik BCHOBOK, CIIO>KMBAHH: IIPOPOCTKiB OPOKOAL CTUMYAIO€ aHTMOKCUAAHTHMI 3aXMCT i
Ipo1iecy AeTOKcHKallil yepes Oiaku-mimmeni Nrf2 B Kopi ro10BHOT0 MO3Ky MUIIIe, AKMX roAyBaau 0a30BoOIO
xel10, aJe He TillepKaaopiitHOIO KadeTepiifHOIO 1Kel0.

Karo4uosi caosa: anTmokcmaaHTHi ¢gepmeHTH, KadeTepiliHa 1Ka, KOpa TIOJAOBHOTO MO3KY, MMIIII,
npopoctku Opokoai, Nrf2.
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