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Метаболит N-ацетил-парабензохинонимин 
как фактор возможной нейротоксичности 
парацетамола
Ю.А. Власова, К.А. Загородникова
Северо-Западный государственный медицинский университет им. И.И. Мечникова, Санкт-Петербург, Россия

Обоснование. В современной научной литературе широко обсуждают возможное негативное влияние парацетамо-
ла на центральную нервную систему, в частности, связь его приема во время беременности с риском возникновения 
расстройств аутистического спектра у ребенка. Однако есть много вопросов к методам оценки нарушений поведения 
и обработке результатов исследований по этой теме. Поэтому экспериментальные данные, полученные на нейрональ-
ных клетках, могут стать достаточным основанием, чтобы подтвердить или опровергнуть предположения о нейроток-
сичности парацетамола и его метаболитов.

Цель исследования — изучить влияние парацетамола и его метаболита N-ацетил-парабензохинонимина (NAPQI) 
на нейроны коры мозга плодов крыс.

Материалы и методы. Исследование влияния парацетамола и его метаболита на жизнеспособность клеток про-
ведено методом, основанным на восстановлении бромида 3-(4,5-диметилтиазол-2-ил)-2,5-тетразолия (МТТ).

Результаты. При преинкубации нейронов коры мозга крыс с парацетамолом в концентрации 1 мг/мл в течение 
24 ч и последующей инкубацией с 0,3 мМ перекисью водорода установлено влияние этих веществ на снижение жиз-
неспособности нейронов, в том числе при инкубации с ними обоими. Тот же эффект обнаружен при совместной пре-
инкубации с парацетамолом или его метаболитом и перекисью водорода.

Выводы. Как парацетамол, так и его метаболит NAPQI снижают жизнеспособность нейронов коры плодов крыс.
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N-acetyl-p-benzoquinonimine metabolite as a factor 
of possible neurotoxicity of paracetamol
Yuliya A. Vlasova, Ksenia A. Zagorodnikova
North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia

BACKGROUND: Currently, the possible negative effects of paracetamol on the central nervous system are widely dis-
cussed in the modern scientific literature. The relationship between the intake of paracetamol during pregnancy by women 
and the risk of autism spectrum disorders in their children is being studied. However, such conclusions are often met with 
serious criticism as there are many questions about the methods of assessing behavioral disorders and processing research 
results. Therefore, experimental data obtained on neuronal cells may be a sufficient ground to confirm or refute assumptions 
about the neurotoxicity of paracetamol and its metabolites.

AIM: To study the effect of paracetamol and its metabolite N-acetyl-p-benzoquinonimine (NAPQI) on the neurons of the 
cerebral cortex of fetal rats.

MATERIALS AND METHODS: The study of the effect of paracetamol and its metabolite NAPQI on cell viability has been 
carried out by a method based on the reduction of 3-(4,5-dimethylthiazole-2-yl)-2,5-tetrazolium bromide (MTT).

RESULTS: It has been shown that during preincubation of neurons in the cerebral cortex of the rats with paracetamol at 
a concentration of 1 mg/ml for 24 hours and subsequent incubation with 0.3 mM hydrogen peroxide, both hydrogen peroxide 
and paracetamol itself reduce the viability of neurons. Joint incubation with paracetamol and hydrogen peroxide also re-
duces the viability of neurons. The same effect of paracetamol and its metabolite is observed with the joint preincubation of 
paracetamol or NAPQI and hydrogen peroxide.

CONCLUSIONS: Paracetamol as well its metabolite NAPQI reduce the viability of neurons in the fetal cortex of rats.

Keywords: neurons; PC12 line; paracetamol; NAPQI.
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BACKGROUND
Paracetamol (acetaminophen) is the most common anti-

pyretic and analgesic drug that, to a lesser extent than most 
nonsteroidal anti-inflammatory drugs, is characterized by side 
effects in the form of damage to the gastrointestinal tract, 
increased systemic vascular resistance with kidney damage, 
and fluid retention due to impaired synthesis of prostaglan-
dins. Due to its popularity and perceived high level of safety, 
paracetamol is used during pregnancy. In the United States, it 
is used by 25%–40% of pregnant women, and 3%–20% of them 
take it during all three trimesters [1]. However, paracetamol 
is hepatotoxic when overdosed and is estimated to be 
the most common cause of liver failure in the United States 
and Europe. In 44% of healthy volunteers, a single dose of 
paracetamol caused an increase in hepatic transaminases [2].

The toxicity of paracetamol is based on its metabolism 
(Fig. 1), the minor pathway of which leads to the formation 
of N-acetyl-parabenzoquinoneimine (NAPQI).

With normal paracetamol intake, this metabolite is harm-
less, as it is rapidly conjugated by glutathione S-transferase 
and excreted in the bile. Its covalent association with sulfhydryl 
groups of proteins rarely occurs with the formation of stable 
protein adducts that are normally removed by autophagy [3]. 
NAPQI is accumulated when high doses of paracetamol are 
taken, and the saturation limit is subsequently achieved. In 
this case, mitochondrial proteins are converted into irrevers-
ibly formed nonfunctional conjugates, glutathione deficiency 
occurs, an oxidative stress reaction develops, and apoptosis 
is triggered [4]. Predisposing factors to the toxic effects of 
paracetamol are exhaustion, prolonged diet (depletion of glu-
tathione reserves), alcohol consumption (induction of metabo-
lism in the CYP2E1 system), and a decrease in the content of 
bile acids that restore hepatocytes [5].

The toxicity mechanisms, described in detail, associated 
with paracetamol metabolism, together with its popularity in 
pregnant women, are of concern. NAPQI formation depends 
on enzymes whose activity increases during pregnancy [6], 

namely, cytochromes of CYP2A6, CYP3A4, and CYP2D6 
families. At the same time, it cannot be ruled out that 
NAPQI toxicity poses a threat to the developing fetal nervous 
system that is vulnerable to external factors. Studies have 
shown an association between the use of paracetamol by 
the mother during pregnancy and behavioral disorders in 
older children [7]. The toxicity of paracetamol and NAPQI for 
nervous system cells was analyzed in an experiment.

This study aimed to analyze the effects of the paracetamol 
metabolite NAPQI on rat cerebral cortex neurons under oxi-
dative stress induced by hydrogen peroxide (H2O2).

MATERIALS AND METHODS
H2O2, paracetamol, cytosine-β-D-arabinofuranoside, 

poly-D-lysine (Sigma, USA), Dulbecco’s modified Eagle’s 
medium (DMEM) with L-glutamine, fetal bovine serum, 
trypsin, penicillin, and streptomycin (BioloT, Russia) were 
used for the study.

Neurons were isolated from the cerebral cortex of rat 
embryos on days 17 and 18 of development [8]. Trypsin was 
used to isolate cells, and cytosine-β-D-arabinofuranoside 
was used to prevent glial cell proliferation. Neurons were 
grown in complete DMEM containing 10% F-12 medium, 
10% fetal bovine serum, 2 mM L-glutamine, and 20 mM 
HEPES. Neuronal cells were inoculated into a complete 
growth medium in 96-well plates coated with poly-D-lysine 
at 4 × 105 per well. The next day, cells were treated with 1 μM 
cytosine-β-D-arabinofuranoside, which was replaced with 
complete growth medium after 24 h. Experiments started on 
days 5 and 6 of cell cultivation in vitro.

Cell viability was determined by a method based on 
the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-tetrazolium 
bromide (MTT) [9]. Cells were inoculated in a 96-well plate at 
5 × 104 per well. After 24 h, the complete growth medium was 
changed to DMEM with L-glutamine. Cells were incubated 
with paracetamol (1 mg/ml) or NAPQI (0.1 mg/ml) for 24 h. 
H2O2 (0.3 mM) was added 2.5 h before the termination of 

Fig. 1. Metabolism of paracetamol. NAPQI — N-acetyl-p-benzoquinonimine; UDG — uridine-diphosphate (UDG)-glucuronosyl transferase
Рис. 1. Метаболизм парацетамола. NAPQI — N-ацетил-парабензохинонимин; UDG — УДФ-глюкуронилтрансфераза
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incubation. The MTT reagent (0.5 mg/ml) was added 2 h before 
the termination of incubation. After 2 h, cells were lysed 
with 20% sodium dodecyl sulfate in 50% dimethylformamide 
in 0.05 N HCl. The content of the stained reaction product 
(MTT-formazan) was measured by determining the optical 
density at 570 nm on a microplate reader. The results were 
expressed as a percentage of the control values, namely 
conditional 100% MTT-formazan in PC12 cells not exposed to 
paracetamol, NAPQI, and H2O2.

Changes in the mitochondrial membrane potential (MMP) 
were verified by flow cytometry using the cationic stain JC-1. 
Cells were incubated with paracetamol (1 mg/ml) or NAPQI 
(0.1 mg/ml) for 24 h. One hour before the end of incubation, 
H2O2 (0.3 mM) was added. The JC-1 stain was added to 
the final concentration 0.5 h before the end of the incubation. 
Measurements were performed on an FC-500 flow cytometer 
(Beckman Coulter) at FL1 of 525 ± 40 nm, FL2 of 575 ± 30 nm, 
and λex of 488 nm. The color change from red to green was 
evaluated and quantified. The results were expressed as 
a percentage of the control values associated with PC12 cells 
not exposed to the substances studied.

RESULTS AND DISCUSSION
Figure 2 presents the results of one of three typical 

experiments. Preincubation with H2O2 (0.3 mM), paracetamol 
(1 mg/ml), and NAPQI (0.1 mg/ml) reduced the percentage 
of surviving cells to 51.5%, 85.2%, and 85.6%, respectively. 
Coincubation with H2O2 and paracetamol or NAPQI revealed 
an even more significant decrease in the viability of neurons 
(up to 52.8%) than in control cells.

This preincubation also reduced the MMP to 90.0%, 
90.7%, and 90.5%, respectively (Fig. 3). Coincubation with 
H2O2 and paracetamol or NAPQI revealed an even greater 
decrease in the MMP to 88.9% and 80.6%, respectively, than 
in control cells.

The effects of paracetamol on fetal brain development re-
main a matter of debate. The Danish National Birth Registry re-
vealed an association between paracetamol intake by pregnant 
women and autism spectrum disorders in their children [10]. 
Similar results were found in other cohorts, namely, the Nor-
wegian MoBa cohort [11] and the Nurses’ Health Study cohort, 
one of the largest registries that study women’s health [12]. 
A meta-analysis of published studies confirmed the relation-
ship between paracetamol use in pregnant women and the risk 
of attention-deficit hyperactivity disorder in children [13].

Measurement of paracetamol concentrations and its 
metabolite when identifying associations is difficult due to 
the heterogeneity of the study results. The drug dose con-
sidered safe for use during pregnancy remains unclear [14].

There is not much information from animal experiments. 
C. Rigobello et al. found that pups of pregnant rats given 
paracetamol showed signs of social maladjustment, cognitive 
impairment, and impairment of metabolism of monoamines 
in the hypothalamus, cerebellum, and spinal cord at age 
2 months [15].

Experiments have shown that paracetamol can signifi-
cantly increase the expression of JNK, HIF1A, and CASP3, 
which are the markers of cell apoptosis in human glioblas-
toma A172 spheroids [16]. At 1 and 2 mM, paracetamol in-
creases neuronal line PC12 cell death [17, 18].

There is also evidence that paracetamol causes cognitive 
impairment and changes in the amount of neurotrophic factors 
in different parts of the brain (an increase in the frontal cortex 
and a decrease in the temporal lobe) in mice [19].

CONCLUSION
Previously, paracetamol was shown to have a toxic ef-

fect on the neuronal line PC12 [9, 17, 18]. The findings that 
paracetamol and its metabolite NAPQI reduce the viability 
and MMP of neurons in the cerebral cortex of rat fetuses 
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Fig. 2. The effect of paracetamol and NAPQI on the survival of neurons in the cerebral cortex of the fetal rats. APAP — paracetamol; 
NAPQI — N-acetyl-p-benzoquinonimine
Рис. 2. Влияние парацетамола и N-ацетил-парабензохинони мина на выживание нейронов коры мозга плодов крыс. APAP — па-
рацетамол; NAPQI — N-ацетил-парабензохинонимин
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may indicate a possible toxic effect of this drug on nervous 
tissue. This research contributed to the biological mechanism 
that may explain the neurotoxic effects of paracetamol, par-
ticularly on the developing fetal brain. It is necessary to study 
the aspects of NAPQI formation associated with changes in 
CYP2D6 and CYP3A4 activity during pregnancy. It is believed 
that the most difficult task is to determine the critical dose 
and period of paracetamol use during pregnancy, which is 
essential for the implementation of its neurotoxicity.
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Fig. 3. The effect of paracetamol and NAPQI on the change in the mitochondrial membrane potential of neurons in the cerebral cortex of 
the fetal rats. APAP — paracetamol; NAPQI — N-acetyl-p-benzoquinonimine
Рис. 3. Влияние парацетамола и N-ацетил-парабензохинони мина на изменение митохондриального мембранного потенциала 
в нейронах коры мозга плодов крыс. APAP — парацетамол; NAPQI — N-ацетил-парабензохинонимин

REFERENCES
1. Bandoli G, Palmsten K, Chambers C. Acetaminophen use 
in pregnancy: Examining prevalence, timing, and indication of 
use in a  prospective birth cohort. Paediatr Perinat Epidemiol. 
2020;34(3):237–246. DOI: 10.1111/ppe.12595
2. Chiew AL, Buckley NA. Acetaminophen Poisoning. Crit Care Clin. 
2021;37(3):543–561. DOI: 10.1016/j.ccc.2021.03.005
3. Ni HM, McGill MR, Chao X, et al. Removal of acetamino-
phen protein adducts by autophagy protects against acetamino-
phen-induced liver injury in mice. J Hepatol. 2016;65(2):354–362. 
DOI: 10.1016/j.jhep.2016.04.025
4. Ramachandran A, Jaeschke H. Acetaminophen toxicity: Novel 
insights into mechanisms and future perspectives. Gene Expr. 
2018;18(1):19–30. DOI: 10.3727/105221617X15084371374138
5. Tujios S, Fontana RJ. Mechanisms of drug-induced liver 
injury: from bedside to bench. Nat Rev Gastroenterol Hepatol. 
2011;8(4):202–211. DOI: 10.1038/nrgastro.2011.22
6. Eke AC. An update on the physiologic changes during 
pregnancy and their impact on drug pharmacokinetics and 
pharmacogenomics. J Basic Clin Physiol Pharmacol. 2021. 
DOI: 10.1515/jbcpp-2021-0312
7. Stergiakouli E, Thapar A, Davey Smith G. Association of 
acetaminophen use during pregnancy with behavioral problems 
in childhood: evidence against confounding. JAMA Pediatr. 
2016;170(10):964–970. DOI: 10.1001/jamapediatrics.2016.1775
8. Avrova NF, Sokolova TV, Vlasova YA, et al. Protective and 
antioxidative effects of GM1 ganglioside in PC12 cells exposed to 
hydrogen peroxide are mediated by trk tyrosine kinase. Neurochem 
Res. 2010;35(1):85–98. DOI: 10.1007/s11064-009-0033-6

9. Vlasova YuA, Golovanova NE, Beishebaeva ChR, et al. 
Study of neurotoxicity of paracetamol and its metabolite NAPQI 
(short message). Laboratory Animals for Science. 2021;4. 
DOI: 10.29296/2618723X-2021-04-09
10. Liew Z, Ritz B, Virk J, Olsen J. Maternal use of acetaminophen 
during pregnancy and risk of autism spectrum disorders in childhood: 
A Danish national birth cohort study. Autism Res. 2016;9(9):951–958. 
DOI: 10.1002/aur.1591
11. Ystrom E, Gustavson K, Brandlistuen RE, et al. Prenatal Exposure to 
Acetaminophen and Risk of ADHD. Pediatrics. 2017;140(5):e20163840. 
DOI: 10.1542/peds.2016-3840
12. Liew Z, Kioumourtzoglou MA, Roberts AL, et al. Use of negative control 
exposure analysis to evaluate confounding: an example of acetaminophen 
exposure and attention-deficit/hyperactivity disorder in Nurses’ Health 
Study II. Am J Epidemiol. 2019;188(4):768–775. DOI: 10.1093/aje/kwy288
13. Gou X, Wang Y, Tang Y, et al. Association of maternal prena-
tal acetaminophen use with the risk of attention deficit/hyperac-
tivity disorder in offspring: A meta-analysis. Aust NZ J Psychiatry. 
2019;53(3):195–206. DOI: 10.1177/0004867418823276
14. Bührer C, Endesfelder S, Scheuer T, Schmitz T. Paracetamol 
(Acetaminophen) and the developing brain. Int J Mol Sci. 
2021;22(20):11156. DOI: 10.3390/ijms222011156
15. Rigobello C, Klein RM, Debiasi JD, et al. Perinatal exposure 
to paracetamol: Dose and sex-dependent effects in behaviour 
and brain’s oxidative stress markers in progeny. Behav Brain Res. 
2021;408:113294. DOI: 10.1016/j.bbr.2021.113294
16. Aleksandrova AV, Senyavina NV, Maltseva DV, et al. p53- and 
Caspase-3-independent mechanism of acetaminophen effect 



DOi: https://doi.org/10.17816/mechnikov99620

84

  Herald of North-Western State Medical University 
OrigiNal reSearCH Vol. 13 (4) 2021 named after i.i. Mechnikov

on human neural cells. Bull Exp Biol Med. 2016;160(6):763–766. 
DOI: 10.1007/s10517-016-3304-7
17. Vlasova YuA, Zagorodnikova KA, Ivanova IS, Chukhno AS. The im-
pact of oxidative stress on the neurotoxic effect of acetaminophen. 
Butlerov Communications. 2019;59(9):106–109. (In Russ.)
18. Vlasova YuA, Zagorodnikova KA, Gajkovaya LB. Acet-
aminofen (paracetamol) v vysokikh koncentraciyakh snizhaet 
zhiznesposobnost’ kletok RS12. Proceedings of the Vserossi-

jskaya nauchno-prakticheskaya konferenciya s mezhdunarod-
nym uchastiem “Profilakticheskaya medicina  – 2019”; Sankt-
Peterburg, Nov 14–15, 2019. Saint Petersburg; 2019. P. 110–115.  
(In Russ.)
19. Schultz S, DeSilva M, Gu T, et al. Effects of the analgesic 
acetaminophen (paracetamol) and its para-aminophenol metabolite 
on viability of mouse-cultured cortical neurons. Basic Clin Pharmacol 
Toxicol. 2012;110(2):141–144. DOI: 10.1111/j.1742-7843.2011.00767.x

СПИСОК ЛИТЕРАТУРЫ
1. Bandoli G., Palmsten K., Chambers C. Acetaminophen use in 
pregnancy: Examining prevalence, timing, and indication of use 
in a  prospective birth cohort //  Paediatr. Perinat. Epidemiol. 2020. 
Vol. 34, No. 3. P. 237–246. DOI: 10.1111/ppe.12595
2. Chiew A.L., Buckley N.A. Acetaminophen Poisoning // Crit. Care 
Clin. 2021. Vol. 37, No. 3. P. 543–561. DOI: 10.1016/j.ccc.2021.03.005
3. Ni H.M., McGill M.R., Chao X. et al. Removal of acetaminophen 
protein adducts by autophagy protects against acetaminophen-
induced liver injury in mice  // J. Hepatol. 2016. Vol. 65, No. 2. 
P. 354–362. DOI: 10.1016/j.jhep.2016.04.025
4. Ramachandran A., Jaeschke H. Acetaminophen toxicity: Novel 
insights into mechanisms and future perspectives // Gene Expr. 2018. 
Vol. 18, No. 1. P. 19–30. DOI: 10.3727/105221617X15084371374138
5. Tujios S., Fontana R.J. Mechanisms of drug-induced liver injury: 
from bedside to bench // Nat. Rev. Gastroenterol. Hepatol. 2011. Vol. 8, 
No. 4. P. 202–211. DOI: 10.1038/nrgastro.2011.22
6. Eke A.C. An update on the physiologic changes during preg-
nancy and their impact on drug pharmacokinetics and phar-
macogenomics // J. Basic Clin. Physiol. Pharmacol. 2021. 
DOI: 10.1515/jbcpp-2021-0312
7. Stergiakouli E., Thapar A., Davey Smith G. Association of 
acetaminophen use during pregnancy with behavioral problems 
in childhood: evidence against confounding // JAMA Pediatr. 2016. 
Vol.  170, No. 10. P. 964–970. DOI: 10.1001/jamapediatrics.2016.1775
8. Avrova N.F., Sokolova T.V., Vlasova Y.A. et al. Protective and 
antioxidative effects of GM1 ganglioside in PC12 cells exposed to 
hydrogen peroxide are mediated by trk tyrosine kinase // Neurochem. 
Res. 2010. Vol. 35, No. 1. P. 85–98. DOI: 10.1007/s11064-009-0033-6
9. Власова Ю.А., Голованова Н.Э., Бейшебаева Ч.Р. и др. Иссле-
дование нейротоксичности парацетамола и его метаболита NAPQI 
(краткое сообщение) // Лабораторные животные для научных 
иссле дований. 2021. Т. 4. DOI: 10.29296/2618723X-2021-04-09 
10. Liew Z., Ritz B., Virk J., Olsen J. Maternal use of acetaminophen 
during pregnancy and risk of autism spectrum disorders in childhood: 
A Danish national birth cohort study // Autism. Res. 2016. Vol. 9, No. 9. 
P. 951–958. DOI: 10.1002/aur.1591

11. Ystrom E., Gustavson K., Brandlistuen R.E. et al. Prenatal 
Exposure to Acetaminophen and Risk of ADHD // Pediatrics. 2017. 
Vol. 140, No. 5. P. e20163840. DOI: 10.1542/peds.2016-3840
12. Liew Z., Kioumourtzoglou M.A., Roberts A.L. et al. Use of negative 
control exposure analysis to evaluate confounding: an example of 
acetaminophen exposure and attention-deficit/hyperactivity disorder 
in Nurses’ Health Study II // Am. J. Epidemiol. 2019. Vol. 188, No. 4. 
P. 768–775. DOI: 10.1093/aje/kwy288
13. Gou X., Wang Y., Tang Y. et al. Association of maternal prenatal 
acetaminophen use with the risk of attention deficit/hyperactivity 
disorder in offspring: A meta-analysis // Aust. N.Z. J. Psychiatry. 2019. 
Vol. 53, No. 3. P. 195–206. DOI: 10.1177/0004867418823276
14. Bührer C., Endesfelder S., Scheuer T., Schmitz T. Paracetamol 
(Acetaminophen) and the Developing Brain // Int. J. Mol. Sci. 2021. 
Vol. 22, No. 20. P. 11156. DOI: 10.3390/ijms222011156
15. Rigobello C., Klein R.M., Debiasi J.D. et al. Perinatal exposure 
to paracetamol: Dose and sex-dependent effects in behaviour and 
brain’s oxidative stress markers in progeny // Behav. Brain Res. 2021. 
Vol. 408. P. 113294. DOI: 10.1016/j.bbr.2021.113294
16. Aleksandrova A.V., Senyavina N.V., Maltseva D.V. et al. p53- 
and Caspase-3-independent mechanism of acetaminophen effect 
on human neural cells // Bull. Exp. Biol. Med. 2016. Vol. 160, No. 6. 
P. 763–766. DOI: 10.1007/s10517-016-3304-7
17. Власова Ю.А., Загородникова К.А., Иванова И.С., Чухно А.С. Вли-
яние окислительного стресса на нейротоксический эффект ацета-
минофена // Бутлеровские сообщения. 2019. Т. 59, № 9. С. 106–109.
18. Власова Ю.А., Загородникова К.А., Гайковая Л.Б. Ацетамино-
фен (парацетамол) в высоких концентрациях снижает жизне-
способность клеток РС12 // Профилактическая медицина – 2019: 
сборник научных трудов Всероссийской научно-практической 
конференции с международным участием, Санкт-Петербург, 
14–15 ноября 2019 года. СПб., 2019. С. 110–115.
19. Schultz S., DeSilva M., Gu T. et al. Effects of the analgesic acetamin-
ophen (paracetamol) and its para-aminophenol metabolite on viability 
of mouse-cultured cortical neurons // Basic Clin. Pharmacol.Toxicol. 
2012. Vol. 110, No. 2. P. 141–144. DOI: 10.1111/j.1742-7843.2011.00767.x

AUTHORS INFO ОБ АВТОРАХ
* Yuliya A. Vlasova, PhD, Cand. Sci. (Biol.), Assistant Professor;  
address: 47 Piskarevsky Ave., Saint Petersburg, 195067, Russia; 
ORCID: https://orcid.org/0000-0001-5536-3595;  
Scopus Author ID: 6701810182; e-mail: Yuliya.Vlasova@szgmu.ru

* Юлия Александровна Власова, канд. биол. наук, доцент; 
адрес: Россия, 195067, Санкт-Петербург, Пискаревский пр., д. 47;  
ORCID: https://orcid.org/0000-0001-5536-3595;  
Scopus Author ID: 6701810182; e-mail: Yuliya.Vlasova@szgmu.ru

Ksenia A. Zagorodnikova, MD, Cand. Sci. (Med.), 
Assistant Professor; e-mail: ksenia.zagorodnikova@gmail.com

Ксения Александровна Загородникова, канд. мед. наук, 
доцент; e-mail: ksenia.zagorodnikova@gmail.com

* Corresponding author / Автор, ответственный за переписку


	_GoBack
	_Hlk93052265
	_Hlk91767280
	Лекарственно-индуцированные поражения плевры
	Стимуляция регенерации костной ткани с использованием костных морфогенетических белков: современные концепции
	Ингибиторы ангиотензинпревращающего фермента и блокаторы рецепторов ангиотензина II: какой класс препаратов предпочесть для лечения сердечно-сосудистых патологий?
	Гендерные особенности критической ишемии нижних конечностей
	Редукционная аннулопластика фиброзного кольца аутоперикардом при хирургическом лечении недостаточности митрального клапана
	Влияние артериальной гипертензии на показатели качества жизни и тревожности у пациенток 
с раком молочной железы
	Особенности вегетативной регуляции сердечного ритма и функционального состояния эндотелия у пациентов с вазоспастической стенокардией
	Метаболит NAPQI как фактор возможной нейротоксичности парацетамола
	Лактацидоз при остром повреждении почек и терапии метформином
	Drug-induced pleural diseases
	Stimulation of bone regeneration using bone morphogenetic proteins: modern concepts
	Angiotensin converting enzyme inhibitors and angiotensin II receptor blockers: which class of drugs should i prefer in patients with cardiovascular pathology?
	Gender peculiarities of critical lower limb ischemia
	Reductive annuloplasty with autopericardium in surgical treatment of mitral insufficiency 
	Effect of arterial hypertension on quality of life and anxiety in middle-aged patients 
with breast cancer
	Features of endothelial function and autonomic regulation of heart rhytm in patients 
with vasospastic angina
	NAPQI metabolite as a factor of possible neurotoxicity of paracetamol
	Case of lactacidosis in acute kidney damage and metformin therapy

