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Laboratory Zucker Fatty (ZF) rats are used in human disease studies as a model of obesity with accompanying

hyperlipidemia and hypertension. While this model is most widely used in studies on genetic obesity, ZF rats are

also used in studies on MetS and non-insulin-dependent obesity-related diabetes. ZF rats are characterized by a

recessive mutation in the leptin receptor gene (called “fa”), which leads to polyphagia, with the consequent

development of obesity at around four weeks of age. The causes of obesity in ZF rats also include hypertrophy and

adipocyte hyperplasia, which are linked to their genetic predisposition. Other conditions observed in ZF rats include

hyperinsulinemia and impaired glucose tolerance, which do not lead to overt diabetes.
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1. Animal Model of Obesity Zucker Fatty Rats (fa/fa)

Laboratory Zucker Fatty (ZF) rats are used in human disease studies as a model of obesity with accompanying

hyperlipidemia and hypertension. While this model is most widely used in studies on genetic obesity, ZF rats are

also used in studies on MetS and non-insulin-dependent obesity-related diabetes. ZF rats are characterized by a

recessive mutation in the leptin receptor gene (called “fa”), which leads to polyphagia, with the consequent

development of obesity at around four weeks of age. The causes of obesity in ZF rats also include hypertrophy and

adipocyte hyperplasia, which are linked to their genetic predisposition. Other conditions observed in ZF rats include

hyperinsulinemia and impaired glucose tolerance, which do not lead to overt diabetes .

Studies conducted using this animal model have shown that many polyphenolic substances have potentially

beneficial metabolic effects in extracts or individual compounds.

2. Red Wine

Grapes and red wine are rich sources of phenolic acids, flavonols, quercetin, (+)-catechin, dihydroflavonols,

anthocyanins, catechins, and stilbenes . Red wine polyphenols were first noticed as very useful with the

identification of the theory called the “French Paradox”. This theory pointed out that the high amount of red wine

polyphenols consumed by the French every year is responsible for the comparatively low level of coronary heart

disease (CHD) among the French population . The French concept later became the reason for investigating

the role of red wine constituents as cardioprotective factors. Following these findings, scientific studies proved their

protective action in the vascular system. Moreover, compounds from red wine protect against cerebrovascular

incidents . Additionally, in vitro studies evidenced that the supplementation of red wine polyphenols reduced
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inflammation and NADPH oxidase activity and increased endothelial nitric oxide production . In vivo, animal

studies seem to confirm these findings. An animal model study investigated dietary supplementation with red wine

polyphenol extract on metabolic, circulatory, and vascular changes. The analysis found that the polyphenol extracts

improved glucose metabolism by reducing serum glucose levels and improved lipid profiles by lowering triglyceride

and LDL cholesterol levels. In turn, echocardiographic measurements showed an increase in fractional shortening

and cardiac output. The analysis also showed an increase in nitric oxide (NO) bioavailability associated with

increased endothelial NO-synthase (eNOS) activity and, consequently, a reduction in peripheral arterial resistance.

In turn, the decreased expression of NADPH oxidase inhibited the release of superoxide anions . The decline in

vascular tone is probably linked to the modulation of the expression of cyclooxygenase (COX) and COX-derived

vasoconstrictive agents via a mechanism that involves the NF-κB pathway. The vasoprotective effect of the dietary

supplementation of red vine polyphenols is also associated with a reduction in the release of vasoconstrictive

factors such as thromboxane-A2 and 8-isporostone .

3. Green Tea

Green tea is a rich source of catechins, including epigallocatechin gallate (EGCG), an organic chemical compound

belonging to the polyphenol family. Green tea extract, as well as EGCG alone, were analyzed in studies on ZF rats

to verify their impact on weight, lipid profile, and glucose metabolism. One study investigated the protective effects

and molecular mechanisms of action of green tea polyphenols in non-alcoholic fatty liver disease (NAFLD). In that

study, pathological metabolic changes in hepatocytes identical to those seen in humans with NAFLD were induced

in ZF rats by a high-fat diet. A decrease in body weight and a statistically significant reduction in visceral fat

(31.0%, p  < 0.01) were observed in rats treated with green tea polyphenols compared with controls. Moreover,

significant decreases in fasting insulin, glucose, and lipid levels were observed. The observed reduction in hepatic

lipogenesis was linked to the upregulation of the AMPK pathway . In another study, an intraperitoneal injection of

green tea catechin extract, mainly containing EGCG, was found to reduce food intake and body weight and lead to

a number of changes in the endocrine system, including a reduction in the blood levels of testosterone, estradiol,

leptin, insulin, IGF-1, LH, glucose, cholesterol, and triglycerides. This experiment was performed on Sprague

Dawley and Zucker Fatty rats. Similar effects were observed in both groups, suggesting that the effect of EGCG on

appetite control is independent of leptin. The effective dose of EGCG was approximately 30–50 mg/kg BW. The

loss in body weight was reversible. When the administration of EGCG was stopped, the rats regained their weight

. The beneficial effect of green tea polyphenols on weight gain attenuation, the reduction in visceral fat

accumulation, and the decline in insulin level and fasting serum glucose may be associated with molecular

changes in the expression of insulin signaling protein in skeletal muscle. The polyphenols from green tea

administered to Zucker Fatty (ZF) rats fed a high-fat diet at a dose of 200 mg/kg of body weight for 8 weeks

resulted in lower insulin resistance. Immunoblotting revealed that the expression and translocation of glucose

transporter-4 were enhanced in skeletal muscle. The insulin-stimulated glucose uptake by isolated muscle in ZF

rats treated with green tea polyphenols increased as well. Moreover, a decrease in the activation of the inhibitory

protein kinase isoform, PKC-θ, which is muscle-specific, was also observed. This outcome shows that the effects of

polyphenols from green tea may be associated with the impact on skeletal muscle insulin sensitivity . The
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ingestion of green tea polyphenols can ameliorate the metabolic abnormalities linked with MetS and promote

favorable molecular effects.

4. Quercetin

Quercetin is a bioflavonol found in numerous plant foods, such as beans, red onion, lettuce, broccoli, citrus, tea,

wine, and herbs. It is believed that quercetin has significant antioxidant potential and thus shows protective effects

concerning osteoporosis, cardiovascular disease, neuropathy, and even some types of cancer, for example, breast

cancer, lung cancer, and colon cancer . Moreover, it is characterized by anti-inflammatory,

antiobesity, antihyperlipidemic, antihypercholesterolemic, neuroprotective, antihypertensive (via vasodilator

effects), and antiatherosclerotic properties . The role of quercetin in organism metabolism is assumed to

be mediated via the activation of transcription factors such as PPAR-γ, AMPk, NF-κB, or SIRT1 . A daily

quercetin dose of 2 mg/kg BW or 10 mg/kg BW administered to obese ZF rats for ten weeks resulted in reduced

dyslipidemia, hypertension, and insulin resistance. However, only the use of the higher dose reduced body weight

and produced anti-inflammatory effects by lowering TNF-alpha production in visceral adipose tissue. The decline in

body weight was associated with an increase in the plasma concentration of adiponectin, reduced levels of which

are observed in obesity, type 2 diabetes, and hypertension. The vasoprotective effects of quercetin were shown to

be mediated by an increase in eNOS expression .

This entry is adapted from 10.3390/biology11040559

References

1. Conn, P.M. Animal Models for the Study of Human Disease; Academic Press: Lubbock, TX, USA,
2017.

2. Suckow, M.A.; Hankenson, F.C.; Wilson, R.P.; Foley, P.L. The Laboratory Rat; Academic Press:
Lexington, KY, USA, 2019.

3. Almatroodi, S.A.; Almatroudi, A.; Alsahli, M.A.; Rahman, A.H. Grapes and their Bioactive
Compounds: Role in Health Management Through Modulating Various Biological Activities.
Pharmacogn. J. 2020, 12, 1455–1462.

4. Xia, E.-Q.; Deng, G.-F.; Guo, Y.-J.; Li, H.-B. Biological activities of polyphenols from grapes. Int. J.
Mol. Sci. 2010, 11, 622–646.

5. Ferrières, J. The French paradox: Lessons for other countries. Heart 2004, 90, 107–111.

6. Obrenovich, M.; Siddiqui, B.; McCloskey, B.; Reddy, V.P. The Microbiota–Gut–Brain Axis Heart
Shunt Part I: The French Paradox, Heart Disease and the Microbiota. Microorganisms 2020, 8,
490.

[16][17][18][19][20]

[17][21][22]

[19][23]

[24]



Animal Model of Obesity Zucker Fatty Rats | Encyclopedia.pub

https://encyclopedia.pub/entry/22387 4/5

7. Ritz, M.-F.; Curin, Y.; Mendelowitsch, A.; Andriantsitohaina, R. Acute treatment with red wine
polyphenols protects from ischemia-induced excitotoxicity, energy failure and oxidative stress in
rats. Brain Res. 2008, 1239, 226–234.

8. Álvarez, E.; Rodiño-Janeiro, B.K.; Jerez, M.; Ucieda-Somoza, R.; Núñez, M.J.; González-
Juanatey, J.R. Procyanidins from grape pomace are suitable inhibitors of human endothelial
NADPH oxidase. J. Cell. Biochem. 2012, 113, 1386–1396.

9. Chen, M.-L.; Yi, L.; Jin, X.; Liang, X.-Y.; Zhou, Y.; Zhang, T.; Xie, Q.; Zhou, X.; Chang, H.; Fu, Y.-
J.; et al. Resveratrol attenuates vascular endothelial inflammation by inducing autophagy through
the cAMP signaling pathway. Autophagy 2013, 9, 2033–2045.

10. Agouni, A.; Lagrue-Lak-Hal, A.-H.; Mostefai, H.A.; Tesse, A.; Mulder, P.; Rouet, P.; Desmoulin, F.;
Heymes, C.; Martínez, M.C.; Adriantsitohaina, R. Red wine polyphenols prevent metabolic and
cardiovascular alterations associated with obesity in Zucker fatty rats (Fa/Fa). PLoS ONE 2009, 4,
e5557.

11. Agouni, A.; Mostefai, H.A.; Lagrue-Lak-Hal, A.-H.; Sladkova, M.; Rouet, P.; Desmoulin, F.;
Pechanova, O.; Martínez, M.C.; Andriantsitohaina, R. Paradoxical effect of nonalcoholic red wine
polyphenol extract, ProvinolsTM, in the regulation of cyclooxygenases in vessels from Zucker
fatty rats (fa/fa). Oxidative Med. Cell. Longev. 2017, 2017, 8536910.

12. Sehaber-Sierakowski, C.C.; Vieira-Frez, F.C.; Hermes-Uliana, C.; Martins, H.A.; Bossolani,
G.D.P.; Lima, M.M.; Blegniski, P.; Guarnier, F.A.; Barcat, M.M.; Perles, J.V.C.M.; et al. Protective
effects of quercetin-loaded microcapsules on the enteric nervous system of diabetic rats. Auton.
Neurosci. 2021, 230, 102759.

13. Tan, Y.; Kim, J.; Cheng, J.; Ong, M.; Lao, W.-G.; Jin, X.-L.; Lin, Y.-G.; Xiao, L.; Zhu, X.-Q.; Qu, X.-
Q. Green tea polyphenols ameliorate non-alcoholic fatty liver disease through upregulating AMPK
activation in high fat fed Zucker fatty rats. World J. Gastroenterol. 2017, 23, 3805.

14. Kao, Y.H.; Hiipakka, R.A.; Liao, S. Modulation of endocrine systems and food intake by green tea
epigallocatechin gallate. Endocrinology 2000, 141, 980–987.

15. Cheng, J.; Tan, Y.; Zhou, J.; Xiao, L.; Johnson, M.; Qu, X. Green tea polyphenols ameliorate
metabolic abnormalities and insulin resistance by enhancing insulin signalling in skeletal muscle
of Zucker fatty rats. Clin. Sci. 2020, 134, 1167–1180.

16. Boots, A.W.; Haenen, G.R.; Bast, A. Health effects of quercetin: From antioxidant to nutraceutical.
Eur. J. Pharmacol. 2008, 585, 325–337.

17. David, A.V.A.; Arulmoli, R.; Parasuraman, S. Overviews of biological importance of quercetin: A
bioactive flavonoid. Pharmacogn. Rev. 2016, 10, 84.

18. Li, L.J.; Li, G.W.; Xie, Y. Regulatory effects of glabridin and quercetin on energy metabolism of
breast cancer cells. China J. Chin. Mater. Med. 2019, 44, 3786–3791.



Animal Model of Obesity Zucker Fatty Rats | Encyclopedia.pub

https://encyclopedia.pub/entry/22387 5/5

19. Kim, G.T.; Lee, S.H.; Kim, J.I.; Kim, Y.M. Quercetin regulates the sestrin 2-AMPK-p38 MAPK
signaling pathway and induces apoptosis by increasing the generation of intracellular ROS in a
p53-independent manner. Int. J. Mol. Med. 2014, 33, 863–869.

20. Chang, J.H.; Lai, S.L.; Chen, W.S.; Hung, W.Y.; Chow, J.M.; Hsiao, M.; Chien, M.H. Quercetin
suppresses the metastatic ability of lung cancer through inhibiting Snail-dependent Akt activation
and Snail-independent ADAM9 expression pathways. Biochim. Biophys. Acta Mol. Cell Res. 2017,
1864, 1746–1758.

21. Salvamani, S.; Gunasekaran, B.; Shaharuddin, N.A.; Ahmad, S.A.; Shukor, M.Y.
Antiartherosclerotic effects of plant flavonoids. Biomed. Res. Int. 2014, 2014, 480258.

22. Wang, Y.Y.; Chang, C.Y.; Lin, S.Y.; Wang, J.D.; Wu, C.C.; Chen, W.Y.; Chen, C.J. Quercetin
protects against cerebral ischemia/reperfusion and oxygen glucose deprivation/reoxygenation
neurotoxicity. J. Nutr. Biochem. 2020, 83, 108436.

23. Wang, W.; Sun, C.; Mao, L.; Ma, P.; Liu, F.; Yang, J.; Gao, Y. The biological activities, chemical
stability, metabolism and delivery systems of quercetin: A review. Trends Food Sci. Technol. 2016,
56, 21–38.

24. Rivera, L.; Morón, R.; Sánchez, M.; Zarzuelo, A.; Galisteo, M. Quercetin Ameliorates Metabolic
Syndrome and Improves the Inflammatory Status in Obese Zucker Rats. Obesity 2008, 16, 2081–
2087.

Retrieved from https://encyclopedia.pub/entry/history/show/110392


