
MORPHOLOGY, PATHOLOGY, PHYSIOLOGY

Cite as: Archiv EuroMedica. 2022. 12; 5: e1. DOI 10.35630/2199-885X/2022/12/5.22

Received 31 August 2022;
Received in revised form 14 September 2022;

Published 15 September 2022

INFLUENCE OF VITAMIN E ON THE HAEMODYNAMIC EFFECTS
OF INTRAGASTRIC CHROMIUM INTAKE AND LIPID

PEROXIDATION IN EXPERIMENTAL RATS

Vadim Brin  , Oleg Kabisov,

David Oganesyan 

Institute of Biomedical Research, Vladikavkaz Scientific Centre of the Russian Academy
of Sciences, Vladikavkaz, Republic of North Ossetia-Alania, Russia

download article (pdf)

vbbrin@yandex.ru

ABSTRACT
Purpose:  To examine the  possibility  of  using  vitamin  E  for  the  correction  of  free  radical  oxidation
disorders and haemodynamic effects of potassium bichromate. Methods: Experiments were performed
in 90 male Wistar rats; the study included 9 experimental groups. Vitamin E and sunflower oil (control)
were injected daily  intragastrically  through an atraumatic  tube into the stomach. At  the end of  the
experimental period (30 days and 60 days), the main parameters of systemic hemodynamics and values
of lipid peroxidation were measured. Differences between groups were analyzed using Student’s t-test.

Results: The analysis of basic parameters of systemic haemodynamics showed that PO administration of
potassium bichromate promoted an increase in mean arterial pressure due to the increase in normalized
peripheral  vascular  resistance  (systemic  vascular  resistance,  SVR).  At  the  same  time  there  was  a
decrease in the stroke volume index. The haemodynamic effects of chromium were more pronounced
with prolonged administration.  Parameters of  systemic hemodynamics in  combined administration of
potassium bichromate and sunflower oil changed similarly to the effects of combined administration of
the metal and vitamin E, but changes were less pronounced. A decrease in SVR and the restoration of
the stroke volume index were observed.

The isolated administration of the metal for thirty days resulted in an increase in lipid peroxidation (LPO)
accompanied  by  a  stimulation  of  catalase  and  superoxide  dismutase  activity.  During  prolonged  (2
months)  isolated  administration  of  potassium bichromate,  a  more  pronounced  increase  in  LPO was
observed along with the depletion of the antioxidant system.

The prevention of chromium intoxication using vitamin E during the first month of administration reduced
lipoperoxidation  phenomena  accompanying  increased  antioxidant  defense  activity.  These  dynamics
persisted after two months of the combination of vitamin E and potassium bichromate.

Conclusions: The intragastric administration of potassium bichromate for 30 and 60 days resulted in
arterial  hypertension  in  a  rat  model.  The  administration  of  toxic  doses  of  potassium bichromate  to
laboratory animals may lead to the activation of lipid peroxidation. The administration of vitamin E may
attenuate the haemodynamic effects of chromium intoxication and the activation of lipid peroxidation.
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INTRODUCTION
The contamination of the environment with heavy metals is a frequent phenomenon. This can be due to
many factors, e.g. man-made disasters, road transport, violation of the rules of disposal of heavy metal
products, etc. By getting into water, soil, plants and animal organisms, and through those to humans,
chromium compounds contribute to the development of many diseases [3, 12, 18].

Chromium is widely used in the production of stainless steel, industrial pigments, ceramic raw materials,
rubber, paints, leather products, power generation facilities and metal parts [22]

Chromium is considered an important micronutrient for mammals that plays a major role in maintaining
proper  carbohydrate,  lipid  and  protein  metabolism  through  an  insulin-related  mechanism.  Trivalent
chromium can enhance the action of insulin, cellular glucose uptake and intracellular carbohydrate and
lipid metabolism [4,  5,  11].  The positive effects of  chromium on metabolism are determined by its
concentration in the body; its excessive intake causes general intoxication, threatening human health.
These toxic effects are due to the rapid penetration of chromium into cell membranes and its subsequent
interaction with proteins and nucleic acids in cells [19].

Chromium compounds can enter the body through inhalation, skin contact and ingestion and mainly
accumulate in the liver, kidneys, heart, blood and endocrine glands. Long-term exposure to chromium
can lead to dermatitis,  bronchitis,  pulmonary inflammation,  congestion and oedema, gastrointestinal
ulcers, tumours and tissue damage. [1, 2, 7, 17, 20]

The heart is one of the target tissues of chronic exposure to heavy metals, including chromium. [15].
Chromium has been shown to cause cardiac dysfunction in laboratory animals by affecting certain Sesn2
regulator proteins (Sesn2) (21). In addition, the occurrence of cardiovascular pathologies is most often
closely associated with mitochondrial dysfunction of cardiomyocytes; the main cause of this dysfunction
is  related  to  oxidative  stress  and  the  initiation  of  an  inflammatory  process  accompanying  reduced
adenosine triphosphatase (ATPase) activity and irreversible protein modification with the formation of
carbonyl protein, an oxidative damage marker. [8, 9, 10].

It is known that the toxic effect of chromium is associated with the stimulation of free radical processes,
as well as the formation of intermediate products during the reduction of hexavalent chromium, which
have a high reactivity [20]. These reactive chromium intermediates are capable of generating reactive
oxygen species (ROS) [6], which cause oxidation of protein and lipid macromolecules with damage to
organs and systems [14, 22], and exhibit neuro-, hepato-, nephro-, cardio-, gene- and immunotoxicity
and carcinogenicity [9, 13, 16].

Based on the evidence from literature showing that chromium induces lipid peroxidation processes, it
was decided to use vitamin E to correct free radical oxidation.

METHODS
The work was performed in 90 mature male Wistar rats with an average weight of 260g±20g. The study
included nine experimental groups of animals: Group 1 - control; Group 2 - animals with intragastric
administration of vitamin E in a dose of 200 mg/kg (daily dose) (animals eliminated from the experiment
after 30 days) ; Group 3 - animals with intragastric administration of vitamin E in a dose of 200 mg/kg
(animals eliminated from the experiment after 60 days); Group 4 - animals with isolated intragastric (IG)
injection of  potassium bichromate in a dose of  5 mg/kg (daily  dose),  (animals eliminated from the
experiment after 30 days); Group 5 - animals with isolated IG injection of potassium bichromate in a
dose of  5  mg/kg (daily  dose),  (animals  eliminated from the experiment  after  60 days);  Group 6 -
animals with combined potassium bichromate and vitamin E administration (animals kept for removal
from the experiment after 30 days); Group 7 - animals with combined potassium bichromate and vitamin
E administration (animals kept for removal from the experiment after 60 days); Group 8 - combined
administration  of  potassium bichromate  and sunflower  oil  -  control  with  vitamin  E  diluent  (animals
eliminated  from  the  experiment  after  30  days);  Group  9  -  combined  administration  of  potassium
bichromate and sunflower oil - control with vitamin E diluent (animals eliminated from the experiment
after 60 days).

During the first month, the cycle dose of administered potassium bichromate per animal was 150 mg/kg,
during the second month it was 300 mg/kg. The animals were fed a standard diet, had free access to
water and food, and a natural light regime was maintained. The study was conducted in the spring period
of the year. The experiments were guided by Article 11 of the Declaration of Helsinki of the World Medical
Association, "International Recommendations for Biomedical Research Using Laboratory Animals" (1985)

archiv euromedica  2022 | vol. 12 | num. 5 |

2



(revision 2008) and the rules of laboratory practice in the Russian Federation (Order of the Ministry of
Health  of  the  Russian  Federation  No  199  of  01.04.2016).  All  investigations  were  performed  under
zoletilol anaesthesia (5 mg per 100g weight)

Vitamin E and sunflower oil were administered daily intragastrically through an atraumatic tube into the
stomach at a dosage of 200 mg/kg (0.2 ml)/100 g body weight of the animal.

After the time of the experiment (30 days and 60 days), arterial pressure was measured by indirect
catheterisation of the femoral artery. The catheter was filled with 10% heparin solution and connected to
the "DDA" electromanometer of the MH-04 monitor. To measure the minute blood volume through the
left common carotid artery, an MT-54M thermistor was inserted into the aortic arch; 0.2 ml of fixed room
temperature  physiological  solution  was injected into  the right  atrium through the  catheterized right
jugular vein. Thermodilution curves were recorded using an EPP-5 self-recorder. Mean arterial pressure
(MAP),  cardiac index (CI),  stroke volume index (SVI)  and normalized peripheral  vascular  resistance
(systemic vascular resistance, SVR) were calculated. Heart rate (HR) was determined using an MH-04
monitor.

To  assess  lipid  peroxidation  processes,  blood  concentrations  of  hydroperoxides  (in  plasma)  and
malondialdehyde (MDA) (in erythrocytes) were measured using a technique based on its interaction with
thiobarbituric  acid.  The state  of  the antioxidant  system (AOS) was also explored by measuring the
activity of catalase and superoxide dismutase in erythrocytes. The principle of the method is based on
the ability to auto-oxidise adrenaline with previously occurring free-radical oxidation products.

Statistical analysis was performed using Student's t test, taking into account the number of samples and
the normality of distribution of comparison series as determined by the Shapiro-Wilk test. All analyses
were run using the the STATISTICA 10 software. Statistical significance was defined as p-value below
0.05.

RESULTS
The analysis of the main parameters of systemic hemodynamics showed that isolated oral administration
of potassium bichromate for thirty days contributed to an increase in MAP, which was due to an increase
in the SVR compared with the control group of animals. Under the influence of potassium bichromate,
there was a change in the parameters characterizing the pumping activity of the heart - the CI decreased
as a result of the reduction in the SVI compared to the control group. At the same time, an increase in
heart rate was observed. The haemodynamic effects of chromium were more pronounced with prolonged
administration for 60 days, with MAP increasing by 33% compared to the control group.

The combined administration of vitamin E and potassium bichromate for 30 days resulted in the same
changes in systemic haemodynamics as those in the isolated administration of  the metal:  MAP was
significantly higher than the control value, but vitamin E in oral administration of the metal contributed
to a 4% decrease in MAP.

Table 1. Systemic haemodynamic parameters following the administration of potassium
bichromate (isolated and combined) with or without vitamin E or sunflower oil

administration.

Experimental
conditions

Test
statistic

MAP
(mmHg)

Heart rate
(bpm)

CI
(ml/100g)

SVI(ml/100g) SVR(units)

Control M±m 104,2±3,7 383±9,8 53,73±1,91 0,147±0,005 1,53±0,136

Vitamin E 1
month

M±m 102,9±1,8 386±6,28 56,83±0,92 0,137±0,002 1,74±0,053

p - - - - -

Vitamin E 2
months

M±m 101±5,8 390±7,22 45,18±1,45 0,130±0,006 1,80±0,120

p - - *)**) * -

Potassium
bichromate

1 month

M±m 122,2±2,6 390±5 49,82±1,41 0,126±0,005 1,99±0,016

p * - * * *
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Potassium
bichromate
2 months

M±m 139.±2.8 404±6.6 42.50±2.08 0.103±0.006 2.63±0.106

p *)##) *)##) *)##) *)##) *)##)

Potassium
bichromate
1 month +
Vitamin E

M±m 118,2±2,9 402±8,1 45,82±1,81 0,116±0,005 1,85±0,048

p *)**) *)**) *)**)##) *)**)) *)**)##)

Potassium
bichromate
2 months +
Vitamin E

M±m 127,3±0,98 399.5±4.31 46,89±1,29 0,126±0.001 2,49±0.049

p *)#)!)!!) * *)!) *)!)!!) *)#)!!)

p !)^)^^) !)^) #)!)^) #)!)^) #)!)^)

Potassium
bichromate
1 month +

Sunflower oil

M±m 123.3±2.21 385.5±8.79 45,64±1,03 0,117±0,002 2.37±0.071

p *)^^) ^^) *)##) *)##)^^) *)##)!!)^^)

Potassium
bichromate
2 months +
Sunflower oil

M±m 125,3±0,68 406.5±4.25 45,66±1,26 0,125±0.006 2,70±0.046

p *)!)^) !)$)$) *)$) *)$) *)^)$)$$)

Note: (*) - significant (p<0.05) change compared to background; (**) - significant (p<0.05)
change compared to vitamin E 1 month; (#) - significant (p<0.05) change compared to vitamin E
month 2; (##) - significant (p<0.05) change compared to Potassium Bichromate 1 month; (!) -
significant (p < 0.05) change compared to Potassium Bichromate 2 months; (!!!) - significant (p

<0.05) change compared to Potassium Bichromate 1 month + Vitamin E; (^) - significant
(p<0.05) change compared to Potassium Bichromate 2 months + Vitamin E; ($$) - significant

(p<0.05) change compared to Potassium Bichromate 1 month + Sunflower Oil; (&) - significant
(p<0.05) change compared to Potassium Bichromate 2 month + Sunflower Oil;

In  the  long-term (60  days),  combined  administration  of  vitamin  E  and  potassium bichromate,  the
parameters of systemic hemodynamics changed in a similar way, but the degree of recovery was higher
than that in 30-day administration. It should also be noted that isolated administration of vitamin E for
30 and 60 days did not reliably change the parameters of systemic haemodynamics compared with the
control group.

In combined intragastric administration of potassium bichromate and sunflower oil, the parameters of
systemic hemodynamics changed similarly  to those under the effects  of  combined administration of
potassium  bichromate  and  vitamin  E,  but  changes  were  less  pronounced.  There  was  a  significant
increase in MAP compared with the control group. The increase in MAP was facilitated by the increase in
SVR. It should also be noted that in these groups, the increase in MAP both in the first month of the
experiment  and  in  the  second  month  was  less  pronounced  than  in  the  two  months  of  combined
administration of vitamin E and potassium bichromate.

The  isolated  administration  of  potassium  bichromate  for  thirty  days  led  to  an  increase  in  lipid
peroxidation  (LPO),  which  was  accompanied  by  stimulation  of  catalase  and  superoxide  dismutase
activity.  During  prolonged  (2  months)  isolated  administration  of  potassium  bichromate,  a  more
pronounced increase in LPO products was observed along with depletion of the antioxidative system
(AOS), which may be associated with the inhibitory effect of chromium on enzyme systems.

The prevention of chromium intoxication using vitamin E in the first month of administration reduced
lipoperoxidation  phenomena along  with  an  increase  in  antioxidant  defense  activity.  These  dynamics
persisted after two months of combination of vitamin E and potassium bichromate, with catalase and
superoxide  dismutase  (SOD)  activity  being  higher  than  the  values  obtained  after  one  month  of
experiment.

Table 2. Parameters of lipid peroxidation (LPO) in potassium bichromate administration
(isolated and combined) with or without vitamin E or sunflower oil administration.
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Animal groups
Test

statistic
MDA Hydroperoxides Catalase SOD

Control M±m 26,15±0,27 6,33±0,51 8,42±0,38 69,57±1,11

Administration
of vitamin E
for 1 month

M±m 24,82±0,94 5,54±0,36 9,6±0,52 78,66±0,83

p - - * *

Administration
of vitamin E
for 2 months

M±m 25,61±1,02 6,15±0,45 10,02±1,05 81,6±0,41

p - - * *)**)

Administration
of potassium
bichromate
for 1 month

M±m 45,32±1,12 8,46±0,74 11,71±0,68 83,42±0,66

p * * * *

Administration
of potassium
bichromate

for 2 months

M±m 57,13±1,35 13,07±0,93 6,35±0,52 61,96±0,65

p *)##) *)#) *)##) *)##)

Administration
of potassium
bichromate

for 1 month +
Vitamin E

M±m 36,46±0,91 7,83±0,68 10,37±0,41 73,26±1,27

p *)**)##) *)**) *)#) *)**)##)

Administration
of potassium
bichromate

for 2 months
+ Vitamin E

M±m 50,84±0,76 10,23±1,08 13,27±0,85 80,5±0,53

p *)#)!) *)#)!!) *)#)!)!!) *)#)!)!!)

Administration
of potassium
bichromate

for 1 month +
sunflower oil

M±m 39,45±0,81 7,02±0,33 10,57±0,87 75,38±1,05

p *)##)!!)^^) ## * *)##)

Administration
of potassium
bichromate

for 2 months
+ sunflower

oil

M±m 53,32±1,27 11,19±0,86 7,28±0,61 71,96±1,17

p *)!)^)$) *)!)$)$$) *)^)$)$$) !)^)

Note: (*) - significant (p<0.05) change compared to background; (**) - significant
(p<0.05) change compared to vitamin E 1 month; (#) - significant (p<0.05) change
compared to vitamin E 2 months; (##) - significant (p<0.05) change compared to
potassium bichromate 1 month; (!) - significant (p < 0.05) change compared to
potassium bichromate 2 months; (!!) - significant (p <0.05) change compared to
potassium bichromate 1 month + Vitamin E; (^) - significant (p<0.05) change

compared to potassium bichromate 2 months + Vitamin E; ($$) - significant (p<0.05)
change compared to potassium bichromate 1 month + sunflower oil; (&) - significant

(p < 0.05) change compared to potassium bichromate 2 months + Sunflower oil-;

It should also be noted that the isolated administration of vitamin E had no effect on the activity of
antioxidative system enzymes (AOS).

The prevention of chromium intoxication with sunflower oil revealed the same effect as that of vitamin E,
but significantly less pronounced. At the same time, after 2 months of the experiment, the catalase
activity decreased below the control level, and SOD activity remained elevated.
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CONCLUSIONS

1. Intragastric administration of potassium bichromate to laboratory animals for 30 and 60 days
results in arterial hypertension.

2. Thirty-day isolated administration of toxic doses of potassium bichromate to laboratory animals
leads to the activation of lipid peroxidation.

3. The  use  of  vitamin  E  mitigates  the  toxic  effects  of  potassium  bichromate  on  systemic
haemodynamics and lipid peroxidation.

REFERENCES

1. Abukhadra, M. R., Adlii, A., & Bakry, B. M. (2019). Green fabrication of bentonite/chitosan@cobalt
oxide composite (BE/CH@Co) of enhanced adsorption and advanced oxidation removal of Congo
red dye and Cr (VI) from water. International journal of biological macromolecules, 126, 402-413.
DOI: 10.1016/j.ijbiomac.2018.12.225

2. Buters,  J.,  &  Biedermann,  T.  (2017).  Chromium(VI)  Contact  Dermatitis:  Getting  Closer  to
Understanding  the  Underlying  Mechanisms  of  Toxicity  and  Sensitization!  The  Journal  of
investigative dermatology, 137(2), 274-277.  DOI: 10.1016/j.jid.2016.11.015

3. Caparros-Gonzalez,  R.  A.,  Giménez-Asensio,  M.  J.,  González-Alzaga,  B.,  Aguilar-Garduño,  C.,
Lorca-Marín,  J.  A,  Alguacil,  J.,  Gómez-Becerra,  I.,  Gómez-Ariza,  J.  L.,  García-Barrera,  T.,
Hernandez, A. F., López-Flores, I., Rohlman, D. S., Romero-Molina, D., Ruiz-Pérez, I., & Lacasaña,
M. (2019). Childhood chromium exposure and neuropsychological development in children living in
two polluted areas in southern Spain. Environmental pollution (Barking, Essex: 1987), 252(Pt B),
1550-1560. https://doi.org/10.1016/j.envpol.2019.06.084

4. Costello, R. B., Dwyer, J. T., & Bailey, R. L. (2016). Chromium supplements for glycemic control in
type  2  diabetes:  limited  evidence  of  effectiveness.  Nutrition  reviews,  74(7),  455-468.
DOI: 10.1093/nutrit/nuw011

5. Gouveia,  M.,  Xia,  K.,  Colón,  W.,  Vieira,  S.  I.,  &  Ribeiro,  F.  (2017).  Protein  aggregation,
cardiovascular disease, and exercise training: Where do we stand? Ageing research reviews, 40,
1-10.  DOI: 10.1016/j.arr.2017.07.005

6. Jin, J. K., Blackwood, E. A., Azizi, K., Thuerauf, D. J., Fahem, A. G., Hofmann, C., Kaufman, R. J.,
Doroudgar,  S.,  &  Glembotski,  C.  C.  (2017).  ATF6  Decreases  Myocardial  Ischemia/Reperfusion
Damage and Links ER Stress and Oxidative Stress Signaling Pathways in the Heart. Circulation
research, 120(5), 862-875. DOI: 10.1161/CIRCRESAHA.116.310266

7. Kim, D., Dai, J., Fai, L. Y., Yao, H., Son, Y. O., Wang, L., Pratheeshkumar, P., Kondo, K., Shi, X., &
Zhang,  Z.  (2015).  Constitutive  activation  of  epidermal  growth  factor  receptor  promotes
tumorigenesis  of  Cr(VI)-transformed  cells  through  decreased  reactive  oxygen  species  and
apoptosis  resistance  development.  The  Journal  of  biological  chemistry,  290(4),  2213-2224.
DOI: 10.1074/jbc.M114.619783

8. Kowaltowski,  A.  J.,  &  Vercesi,  A.  E.  (1999).  Mitochondrial  damage  induced  by  conditions  of
oxidative stress. Free radical biology & medicine, 26(3-4), 463-471.  

DOI: 10.1016/s0891-5849(98)00216-0
9. Kuai, Q., Wang, C., Wang, Y., Li, W., Zhang, G., Qiao, Z., He, M., Wang, X., Wang, Y., Jiang, X., Su,

L., He, Y., Ren, S., & Yu, Q. (2016). Energy metabolism regulated by HDAC inhibitor attenuates
cardiac injury in hemorrhagic rat model. Scientific reports, 6, 38219. DOI:10.1038/srep38219

10. Lu, J., Liu, K., Qi, M., Geng, H., Hao, J., Wang, R., Zhao, X., Liu, Y., & Liu, J. (2019). Effects of
Cr(VI)  exposure  on  electrocardiogram,  myocardial  enzyme  parameters,  inflammatory  factors,
oxidative  kinase,  and  ATPase  of  the  heart  in  Chinese  rural  dogs.  Environmental  science  and
pollution research international, 26(29), 30444-30451. DOI: 10.1007/s11356-019-06253-0

11. Mertz  W.  (1993).  Chromium in  human  nutrition:  a  review.  The  Journal  of  nutrition,  123(4),
626-633. https://doi.org/10.1093/jn/123.4.626

12. O'Brien, T. J., Ceryak, S., & Patierno, S. R. (2003). Complexities of chromium carcinogenesis: role
of  cellular  response,  repair  and  repair  mechanisms.  Mutation  research,  533(1-2),  3-36.
https://doi.org/10.1016/j.mrfmmm.2003.09.006

13. Reddam, A.,  Mitchell,  C. A.,  Dasgupta, S.,  Kirkwood, J.  S.,  Vollaro, A.,  Hur, M.,  & Volz,  D. C.
(2019). mRNA-Sequencing Identifies Liver as a Potential Target Organ for Triphenyl Phosphate in

archiv euromedica  2022 | vol. 12 | num. 5 |

6

https://doi.org/10.1016/j.ijbiomac.2018.12.225
https://doi.org/10.1016/j.ijbiomac.2018.12.225
https://doi.org/10.1016/j.jid.2016.11.015
https://doi.org/10.1016/j.jid.2016.11.015
https://doi.org/10.1016/j.envpol.2019.06.084
https://doi.org/10.1016/j.envpol.2019.06.084
https://doi.org/10.1093/nutrit/nuw011
https://doi.org/10.1093/nutrit/nuw011
https://doi.org/10.1016/j.arr.2017.07.005
https://doi.org/10.1016/j.arr.2017.07.005
https://doi.org/10.1161/circresaha.116.310266
https://doi.org/10.1161/circresaha.116.310266
https://doi.org/10.1074/jbc.m114.619783
https://doi.org/10.1074/jbc.m114.619783
https://doi.org/10.1016/s0891-5849(98)00216-0
https://doi.org/10.1016/s0891-5849(98)00216-0
http://dx.doi.org/10.1038/srep38219
http://dx.doi.org/10.1038/srep38219
https://doi.org/10.1007/s11356-019-06253-0
https://doi.org/10.1007/s11356-019-06253-0


Embryonic  Zebrafish.  Toxicological  sciences:  an  official  journal  of  the  Society  of  Toxicology,
172(1), 51-62. Advance online publication. https://doi.org/10.1093/toxsci/kfz169.

14. Rhee, S. G., & Bae, S. H. (2015). The antioxidant function of sestrins is mediated by promotion of
autophagic degradation of Keap1 and Nrf2 activation and by inhibition of mTORC1. Free radical
biology & medicine, 88(Pt B), 205-211. https://doi.org/10.1016/j.freeradbiomed.2015.06.007

15. Sielski, J., Kaziród-Wolski, K., Jóźwiak, M. A., & Jóźwiak, M. (2021). The influence of air pollution
by PM2.5, PM10 and associated heavy metals on the parameters of out-of-hospital cardiac arrest.
The  Science  of  the  total  environment,  788,147541.  https://doi.org/10.1016
/j.scitotenv.2021.147541

16. Soudani,  N.,  Troudi,  A.,  Bouaziz,  H.,  Ben  Amara,  I.,  Boudawara,  T.,  &  Zeghal,  N.  (2011).
Cardioprotective  effects  of  selenium  on  chromium  (VI)-induced  toxicity  in  female  rats.
Ecotoxicology  and  environmental  safety,  74(3),  513-520.  https://doi.org/10.1016
/j.ecoenv.2010.06.009.

17. Suljević,  D.,  Sulejmanović,  J.,  Fočak,  M.,  Halilović,  E.,  Pupalović,  D.,  Hasić,  A.,  &  Alijagic,  A.
(2021).  Assessing  hexavalent  chromium  tissue-specific  accumulation  patterns  and  induced
physiological responses to probe chromium toxicity in Coturnix japonica quail. Chemosphere, 266,
129005. https://doi.org/10.1016/j.chemosphere.2020.129005

18. Sun,  H.,  Brocato,  J.,  &  Costa,  M.  (2015).  Oral  Chromium  Exposure  and  Toxicity.  Current
environmental health reports, 2(3), 295-303. DOI: 10.1007/s40572-015-0054-z

19. Valko, M., Izakovic, M., Mazur, M., Rhodes, C. J., & Telser, J. (2004). Role of oxygen radicals in
DNA  damage  and  cancer  incidence.  Molecular  and  cellular  biochemistry,  266(1-2),  37-56.
DOI: 10.1023/b:mcbi.0000049134.69131.89

20. Wang, Y., Hao, J., Zhang, S., Li, L., Wang, R., Zhu, Y., Liu, Y., & Liu, J. (2020). Inflammatory injury
and mitophagy induced by Cr(VI) in chicken liver. Environmental science and pollution research
international, 27(18), 22980-22988.  

DOI: 10.1007/s11356-020-08544-3
21. Yang, D., Yang, Q., Fu, N., Li, S., Han, B., Liu, Y., Tang, Y., Guo, X., Lv, Z., & Zhang, Z. (2021).

Hexavalent chromium induced heart dysfunction via Sesn2-mediated impairment of mitochondrial
function  and  energy  supply.  Chemosphere,  264(Pt2),  128547.  https://doi.org/10.1016
/j.chemosphere.2020.128547

22. Zhang, Y., Xiao, F., Liu, X., Liu, K., Zhou, X., & Zhong, C. (2017). Cr(VI) induces cytotoxicity in
vitro  through  activation  of  ROS-mediated  endoplasmic  reticulum  stress  and  mitochondrial
dysfunction  via  the  PI3K/Akt  signaling  pathway.  Toxicology  in  vitro:  an  international  journal
published in association with BIBRA, 41, 232-244. https://doi.org/10.1016/j.tiv.2017.03.003

23. Zhunina, O. A., Yabbarov, N. G., Grechko, A. V., Starodubova, A. V., Ivanova, E., Nikiforov, N. G., &
Orekhov, A. N. (2021). The Role of Mitochondrial Dysfunction in Vascular Disease, Tumorigenesis,
and  Diabetes.  Frontiers  in  molecular  biosciences,  8,  671908.  https://doi.org/10.3389
/fmolb.2021.671908

back

archiv euromedica  2022 | vol. 12 | num. 5 |

7

https://doi.org/10.1016/j.chemosphere.2020.129005
https://doi.org/10.1016/j.chemosphere.2020.129005
https://doi.org/10.1007/s40572-015-0054-z
https://doi.org/10.1007/s40572-015-0054-z
https://doi.org/10.1023/b:mcbi.0000049134.69131.89
https://doi.org/10.1023/b:mcbi.0000049134.69131.89
https://doi.org/10.1007/s11356-020-08544-3
https://doi.org/10.1007/s11356-020-08544-3
https://doi.org/10.1016/j.chemosphere.2020.128547
https://doi.org/10.1016/j.chemosphere.2020.128547
https://doi.org/10.1016/j.chemosphere.2020.128547
https://doi.org/10.1016/j.chemosphere.2020.128547
https://doi.org/10.1016/j.tiv.2017.03.003
https://doi.org/10.1016/j.tiv.2017.03.003
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-05-2022.html
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-05-2022.html

