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Výber vhodného experimentálneho modelu
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Rozdelenie modelov podľa spôsobu 
navodenia HF
• Operačný zákrok (ACF, IM, TAC, 2K1C, 5/6 nefraktómia)

• Injekčné podanie: cytotoxické antracyklínové ATB (doxorubicin), L-
NAME

• Orálne podanie (L-NAME, adenín-CKD)

• Spontánne nadobudnuté (vrátane genetických modifikácií)

• Kombináciou (IM+ monocrotaline)



Modely HF a ich limitácie

Farag, A., Mandour, A. S., Hendawy, H., Elhaieg, A., Elfadadny, A., & Tanaka, R. (2023). A review on experimental surgical models and anesthetic protocols of heart failure in rats. Frontiers 
in veterinary science, 10, 1103229. https://doi.org/10.3389/fvets.2023.1103229
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Volume overload – ACF model 

Abassi et al., 2011
Garcia, R., & Diebold, S. (1990). Simple, rapid, and effective method of producing aortocaval shunts in the rat. Cardiovascular research, 24(5), 430–432. 
https://doi.org/10.1093/cvr/24.5.430
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Pressure-overload model
• Cyp1a1-Ren2 rats with I3C
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Pressure-overload model HF

• TAC

Han X, Wang Y, Fu M, Song Y, Wang J, Cui X, Fan Y, Cao J, Luo J, Sun A, Zou Y, Hu K, Zhou J, Ge J. Effects of 
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Pressure-overload model HF
• 5/6 nephractomy model of HF

Rabe, Michael and Franz Schaefer. “Non-Transgenic Mouse 
Models of Kidney Disease.” Nephron 133 (2016): 53 - 61.
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Pressure-overload model HF

• 2K1C a 1K1C

https://www.unil.ch/caf/en/home/menuinst/services/surgical-models.html
Carlström, M., Braga, V.A. í. Hypertens Res 42, 754–757 (2019). https://doi.org/10.1038/s41440-019-
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Pressure-overload model HF
• L-NAME

Panthiya, L., Tocharus, J., Onsa-Ard, A., Chaichompoo, W., Suksamrarn, A., & Tocharus, C. (2022). Hexahydrocurcumin ameliorates hypertensive and vascular remodeling in L-NAME-induced rats. Biochimica et biophysica acta. 
Molecular basis of disease, 1868(3), 166317. https://doi.org/10.1016/j.bbadis.2021.166317



Infarktový model HF

• IM/R

• IM 

• IM+sugen

• IM+monocrotaline 

/hypoxia

Bacmeister, L., Schwarzl, M., Warnke, S. et al. Inflammation and fibrosis in murine models of heart failure. Basic Res Cardiol 114, 19 (2019). 
https://doi.org/10.1007/s00395-019-0722-5



Infarktový model HF

Selye H, Bajusz E, Grasso S, Mendell P. 
Simple Techniques for the Surgical 
Occlusion of Coronary Vessels in the 
Rat. Angiology. 1960;11(5):398-407. 
doi:10.1177/000331976001100505
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IM 1

• Ejection fraction: 31 %

• Evaluated from end-systole and end-diastole from all slices

• Software: Segment Medviso
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ST-elevation

Ventricular fibrilation?
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IM area evaluation (evans blue dye
perfusion with subsequent triphenyltetrazolium chloride immersion)

Bohl S, Medway DJ, Schulz-Menger J, Schneider JE, Neubauer S, Lygate CA. Refined approach for quantification of in vivo ischemia-reperfusion injury in the mouse 
heart. Am J Physiol Heart Circ Physiol. 2009 Dec;297(6):H2054-8. doi: 10.1152/ajpheart.00836.2009. Epub 2009 Oct 9. PMID: 19820193; PMCID: PMC2793132.



Model pravostranného srdcového zlyhania









Modely CKD

• Fawn hooded 
hypertensive rats



Honetschlagerová, Z., Škaroupková, P., Kikerlová et al., (2021). Effects of renal sympathetic denervation on the course of congestive heart failure combined with chronic kidney disease: Insight from studies with fawn-hooded 
hypertensive rats with volume overload induced using aorto-caval fistula. Clinical and experimental hypertension (New York, N.Y. : 1993), 43(6), 522–535. https://doi.org/10.1080/10641963.2021.1907398



Sangweni, N. F., Gabuza, K., Huisamen, B., Mabasa, L., van Vuuren, D., & Johnson, R. (2022). Molecular insights into 
the pathophysiology of doxorubicin-induced cardiotoxicity: a graphical representation. Archives of toxicology, 96(6), 
1541–1550. https://doi.org/10.1007/s00204-022-03262-w



Kardiotoxicitou navodené HF

Jíchová, Š., Gawryś, O., Kompanowska-Jezierska, E., Sadowski, J., Melenovský, V., Hošková, L., Červenka, L., Kala, P., Veselka, J., & Čertíková Chábová, V. (2021). Kidney Response to Chemotherapy-Induced Heart Failure: mRNA Analysis in 
Normotensive and Ren-2 Transgenic Hypertensive Rats. International journal of molecular sciences, 22(16), 8475. https://doi.org/10.3390/ijms22168475



Doxorubicin model HF
• oxidative stress through cardiac iron overload.

• inflammatory response and resultant. 

• mitochondrial dysfunction.

• autophagy.

• apoptosis via the intrinsic pathway.

Sangweni, N. F., Gabuza, K., Huisamen, B., Mabasa, L., van Vuuren, D., & Johnson, R. (2022). Molecular insights into 
the pathophysiology of doxorubicin-induced cardiotoxicity: a graphical representation. Archives of toxicology, 96(6), 
1541–1550. https://doi.org/10.1007/s00204-022-03262-w



IVSd IVSs

LVIDdLVIDs

LV PWs
LV PWd

IVSd, IVSs – interventricular septum diameter in end-diastole and systole 

LVIDd, LVIDs – left ventricular internal diameter in end-diastole and systole 
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Experimentálne animálne 
modely atriálnej fibrilácie

• Pacing induced tachycardia

• Electrically induced AF

• Mono-causal AF

Piktel JS, Wilson LD. Translational Models of Arrhythmia Mechanisms and Susceptibility: Success and Challenges of 
Modeling Human Disease. Front Cardiovasc Med. 2019 Sep 10;6:135. doi: 10.3389/fcvm.2019.00135. PMID: 
31552276; PMCID: PMC6748164.



Experimentálne animálne modely 
chlopňových vád
Kalcifikované ochorenie aortálnej chlopne (Calcific aortic valve 
disease)

• Mouse: Male Notch1+/− mice fed for 10 months with a Western diet

• New Zealand White rabbits subjected to 1K1C model

Chlopňová nedomykavosť a stenóza

• Pacing-induced heart failure with tricuspidal insufficiency (sheep)

• Supravalvular aortic stenosis by surgical banding of the aorta (Cat, 
dog, sheep, pig)



Wang, Y., Fang, Y., Lu, P., Wu, B., & Zhou, B. (2021). NOTCH Signaling in Aortic Valve Development and Calcific 
Aortic Valve Disease. Frontiers in cardiovascular medicine, 8, 682298. https://doi.org/10.3389/fcvm.2021.682298



Experimentálne animálne modely 
aterosklerózy
• Familial hypercholesterolaemia (pig)

• Transgenic mice with lack of genes involved in lipid metabolism (LDL-
receptor, apolipoprotein E)



HFpEF a HFrEF

“Heart Failure With Preserved Ejection Fraction (Diastolic Heart Failure).” Heart Failure With Preserved 
Ejection Fraction (Diastolic Heart Failure) | Michigan Medicine

Noll NA, Lal H, Merryman WD. Mouse Models of Heart Failure with Preserved or Reduced Ejection Fraction. Am J 
Pathol. 2020 Aug;190(8):1596-1608. doi: 10.1016/j.ajpath.2020.04.006. Epub 2020 Apr 25. PMID: 32343958; 
PMCID: PMC7416075.



HFpEF experimentálne modely

• ZDF (Zucker Diabetic Fatty) rats

• Otsuka Long-Evans Tokushima Fatty 
rats

• Dahl Salt-sensitive-Obese rats

• Rats with aortic banding

• LV pressure overload by an 
implantable stent or inflatable 
aortic cuff in pigs or cats

• L-NAME plus high-fat diet in mice

Maaliki, D., Itani, M. M., & Itani, H. A. (2022). Pathophysiology and 
genetics of salt-sensitive hypertension. Frontiers in physiology, 13, 
1001434. https://doi.org/10.3389/fphys.2022.1001434
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study graft arteriopathy. Nat Protoc 2, 471–480 (2007). https://doi.org/10.1038/nprot.2007.48



Množstvo animálnych modelov genetických modifikácii

• Mechanizmy

https://www.intechopen.com/chapters/68936



Kvantifikácia HF a obličkových funkcií

• Testy renálnych funkcií (GFR, proteinúria, albuminúria)

• Rádiotelemetria

• Echo

• PV analýza (univentricular/biventricular)

• ECG

• Histológia a IHC (IM stress area, fibróza)

• Biochemické markery: Troponín, Nppa, katecholamíny (NA), ANG, 
sérum kreatinín, kyselina močová

• Génové a proteínové expresie



EDPVR = diastolic function

Left ventricle Right ventricle

Miklovic, M., Kala, P., & Melenovsky, V. (2023). Simultaneous biventricular pressure-volume 
analysis in rats. Journal of physiology and pharmacology : an official journal of the Polish 
Physiological Society, 74(2), 10.26402/jpp.2023.2.02. https://doi.org/10.26402/jpp.2023.2.02







Miklovič, M., Gawryś, O., Honetschlägerová, Z. et al. Renal denervation improves cardiac function 
independently of afterload and restores myocardial norepinephrine levels in a rodent heart failure model. 
Hypertens Res (2024). https://doi.org/10.1038/s41440-024-01580-3
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Čo môžu experimentálne štúdie priniesť študentom medicíny/doktorom?
• Pochopenie mechanizmov kardiovaskulárnych ochorení

• Testovanie potenciálnych liečiv – účasť na projektoch základného a preklinického výskumu a translačného 
výskumu

• Vlastný projekt - množstvo skúseností, spoluúčasť/písanie grantu

• Experimentálna kardiochirurgia-zručnosť

• Prezentovanie výsledkov, práca v tíme, rozšírenie obzorov a metodík

• Publikovanie v impaktovaných časopisoch, účasť na konferenciách

• Šanca objaviť doposiaľ nepoznané patofyziologické mechanizmy a prispieť k poznaniu závažných KVS chorôb
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