
Metabolic syndrome is characterized by central 

(intra-abdominal) obesity, insulin resistance, impaired 

glucose tolerance, dyslipidemia and hypertension.

Ossabaw miniature swine living on Ossabaw Is-

land, where food is abundant in the fall but scarce in 

the winter, developed the naturally selected “thrifty 

phenotype” that allows them to store large amounts of 

fat to survive the feast and famine ecology. This thrifty 

phenotype confers a propensity to long-term compli-

cations of food excess. Ossabaw swine allowed to eat 

excess food in captivity have the highest levels of total 

body lipid of any mammal and become morbidly obese 

even in the absence of a high-fat diet. Ossabaw minia-

ture pigs fed an excess calorie diet high in fat, choles-

terol, and fructose develop metabolic syndrome with 

its consequences (5, 11, 17, 18).

The main reason why we chose this subject is be-

cause of the similarity between the Ossabaw miniature 

pigs and humans regarding the metabolic syndrome. 

This minipig may be an extraordinary model that will 

enable a greater understanding of why the frequency 

of the metabolic syndrome and death related to coro-

nary heart disease are increasing at such an alarming 

rate in humans, especially women, given the fact that 

primary insulin resistance and coronary disease de-

velop in the Ossabaw female pigs (17). The pig is an 

extremely useful biomedical model for investigating 

potential treatment and prevention strategies for ma-

ny human diseases. The minipig is considered the best 

breed for investigation on the metabolic syndrome 

(12).

OSSABAW MINIATURE PIGS 

AND METABOLIC SYNDROME

The pig is an exceptional restenosis model and is 

emerging rapidly as a biomedical model for energy 

metabolism and obesity in humans because postnatal 

it is devoid of brown fat and because of their similar 

metabolic features, cardiovascular systems, and pro-

portional organ sizes.Nowadays, obesity and the asso-
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 Articolul urmărește evidențierea aspectelor întâl-

nite în literature curentă a sindromului metabolic al 

porcilor miniaturali Ossabaw. Acest sindrom cuprinde 

un grup de factori de risc precum obezitatea, rezisten-

ța la insulină, toleranță scăzută la glucoză și hiperten-

siune arterială. Obiectivul lucrării este de a sublinia 

consecințele acestei patologii asupra porcilor Ossa-

baw. Consumul în exces al kcal conduce, în cazul ani-

malelor cu “genotip economic” precum porcii Ossa-

baw, la manifestarea sindromului metabolic. Acesta 

are un impact major asupra organismului. Principalele 

sisteme afectate de către sindromul metabolic și obe-

zitate sunt sistemul circulator, sistemul digestiv cu 

particularitate asupra pancreasului și al ficatului, sis-

temul reproductiv și sistemul locomotor.
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ciated chronic inflammation and insulin resistance are 

among the most prevalent diseases in developed 

countries (17). The morbid conditions related to obesi-

ty such as abdominal obesity, insulin resistance and 

glucose intolerance, hypertension and dyslipidemia 

are together called the metabolic syndrome. Recent 

evidence suggests that the intestinal microbiota is an 

important contributing factor to obesity and obesity-

related metabolic disorders, known as the metabolic 

syndrome. Obesity-related changes in the composi-

tion of the intestinal microbiota were found in lean 

versus obese Ossabaw minipigs. In both pig models 

diet seems to be the defining factor that shapes the 

intestinal microbiota as observed by changes in diffe-

rent bacteria divisions between lean and obese mini-

pigs (16). Human studies show that dietary fiber can 

prevent the different pathologies linked to the appea-

rance of metabolic syndrome (1).

THE EFFECTS OF METABOLIC SYNDROME 

ON THE CIRCULATORY SYSTEM

Multiple studies have shown that the vascular di-

sorders associated with the metabolic syndrome in mi-

niature pigs involve atherosclerosis, vascular remode-

ling of arterial diameter, alterations in local blood flow 

supply, endothelial dysfunction, reduced nitric oxide 

concentration and increased vascular oxidative stress 

(3, 5, 6, 13, 14).

Given an atherogenic diet, mini pigs develop early 

neointimal hyperplasia of coronary arteries and mild 

hypertension. Bodyweight is also significantly higher 

in animals fed an excess high-fat and high-cholesterol 

diet and mean arterial blood pressure and heart rate 

are higher in obese Ossabaw swine (3, 5).

Recent studies implicate channels of the transient 

receptor potential vanilloid family (e.g., TRPV1) in 

regulating vascular tone. In lean pigs, capsaicin, a 

TRPV1 agonist found in chili peppers, relaxes arteries 

in a dose-dependent manner. Capsaicin-induced rela-

xation is blocked by the TRPV1 antagonist capsaze-

pine. Capsaicin-induced relaxation is impaired in pigs 

with metabolic syndrome. Impaired capsaicin-induced 

vasodilation in the metabolic syndrome is associated 

with decreased expression of TRPV1 and cation influx 

(3).

In humans, there is a positive association between 

epicardial adipose tissue volume and coronary athero-

sclerosis burden. 

Therefore, in a group of Ossabaw miniature swine 

fed with an atherogenic diet to produce coronary athe-

rosclerosis, a coronary epicardial adipose tissue (cEAT) 

resection was performed. Resection of cEAT decreased 

the progression of coronary atherosclerosis, sugges-

ting that cEAT may exacerbate coronary atherosclero-

sis (13).

THE EFFECTS OF METABOLIC SYNDROME 

ON THE LIVER

The hepatic manifestation of metabolic syndrome 

is considered to be the nonalcoholic steatohepatitis 

(NASH). It is characterized by intracellular lipid accu-

mulation in hepatocytes, but it is not due to a secon-

dary cause such as significant alcohol intake. NASH is 

characterized by lobular inflammation, hepatocellular 

ballooning, and pericellular fibrosis that can progress 

to cirrhosis. In humans, NASH is predicted to become 

the predominant cause of cirrhosis requiring liver 

transplantation in Western nations within the next two 

decades. Ossabaw miniature swine fed an excess 

calorie diet high in fat, cholesterol, and fructose deve-

lop metabolic syndrome with NASH (2, 10, 11).

Miniature pigs with NASH have mean body cir-

cumference significantly increased. Also, liver weight 

is significantly higher in these swine (11).

Biochemistry of mini pigs with metabolic syn-

drome and NASH display AST and ALT elevations, in-

creasing serum cholesterol levels (in particular total 

and LDL cholesterol levels and LDL-to-HDL ratio) and 

triglycerides significantly raised. Also, blood glucose 

levels are higher in these patients (2, 11). Histological 

examinations of these pigs' liver show macrovesicular 

and microvesicular steatosis, fatty Kupffer cells, ex-

tensive hepatocyte ballooning, and pericellular or pe-

risinusoidal fibrosis (2, 10; 11). Studies also show that 

the hepatic apoptotic index is significantly higher in 

miniature pigs with NASH (11).

THE EFFECTS OF METABOLIC SYNDROME 

ON THE PANCREAS

Several studies show that the breeds most suscep-

tible to disorders of the pancreas associated with the 

metabolic syndrome are Iberian and Ossabaw mini-

ature pigs (7, 19).

Ossabaw miniature swine fed with a modified a-

therogenic diet develop significant pancreatic stea-

tosis and increased oxidative stress. The fructose diet 

which induces metabolic syndrome without changes in 

liver histology results in enlargement of some islets 

with lipid accumulation, but no other significant chan-

ges within the pancreas. The atherogenic diet, which 

induces metabolic syndrome and simple steatosis in 

the liver, also induces some islet enlargement and lipid 

accumulation in the pancreas. The NASH diet, how-

ever, induces severe metabolic syndrome and abnor-

mal liver histology consistent with human NASH, a-

long with islet enlargement and significant fat accu-

mulation in the pancreatic tissue. The NASH diet 

group also exhibits significantly increased serum and 

pancreatic oxidative stress levels in the absence of 

cellular injury or inflammation in the pancreas. 

64                                                                                                                                                                             Rev Rom Med Vet (2020) 30 | 2



Rev Rom Med Vet (2020) 30 | 2                                                                                                                                                                             65

There are no significant differences in amylase, li-

pase, glucose, or insulin values among any of the diet 

groups (7).

The effects on carbohydrate metabolism are found 

earlier than the effects on lipid metabolism. There are 

no significant differences in plasma glucose concen-

trations of Ossabaw miniature pigs as it has been de-

scribed in humans. However, a high intake of satura-

ted fat can cause impaired glucose regulation and 

induces some degree of insulin resistance and altered 

β-cell function, which are the main parameters of type 

2 diabetes (19). It takes 5–6 months to develop the 

“obese-metabolic syndrome” phenotype but it may 

take many years to develop type 2 diabetes in some 

pigs and even then, it is not guaranteed that they will 

develop diabetes (8).

THE EFFECTS OF METABOLIC SYNDROME 

ON THE REPRODUCTIVE SYSTEM

Female mini pigs are more predisposed to develo-

ping metabolic syndrome than are male minipigs. 

When fed an excess-calorie, high-fat, high-choleste-

rol, high-fructose diet, female Ossabaw minipigs de-

velop obesity, metabolic syndrome, and abnormal re-

productive function. Obese minipigs have longer es-

trous cycles, higher serum androstenedione, and hi-

gher luteal phase serum luteinizing hormone. During 

the luteal phase, obese pigs have more medium, ovu-

latory, and cystic ovarian follicles, whereas normal 

weight pigs have smaller ovarian follicles. This animal 

model may also apply to studies of the effects of obesi-

ty on fertility in women (15).

THE EFFECTS OF METABOLIC SYNDROME 

ON THE SKELETAL MUSCLE

The fiber type composition of skeletal muscle has a 

strong effect on the metabolism and utilization of 

glucose and lipids. Not only fiber type composition but 

also the size of skeletal muscle fibers could have a ma-

jor effect on muscle function.Increased fiber size could 

diminish oxygen and substrate supply for the meta-

bolic processes in the central area of the fiber. High-fat 

and high-carbohydrate diets are known to induce a-

ccumulation of intramyocellular lipids (IMCL) in skele-

tal muscle fibers (4).

THE EFFECTS OF METABOLIC SYNDROME 

ON PLATELETS

Metabolic syndrome and type 2 diabetes mellitus 

in humans are associated with increased platelet 

activation and hyper-reactivity of platelets to various 

agonists. Ossabaw swine develop all the hallmarks of 

metabolic syndrome including obesity, insulin resis-

tance, hypertension, dyslipidemia, endothelial dys-

function, and coronary artery disease when being fed 

excess calorie atherogenic diet. Metabolic syndrome in 

Ossabaw swine is associated with increased reactivity 

of platelets to adenosine diphosphate (ADP) and co-

llagen. No significant difference is found for platelet 

aggregation in response to thrombin (9).

CONCLUSIONS

Metabolic syndrome in Ossabaw miniature pigs 

manifests through morbid obesity, atherosclerosis 

with high blood pressure, type 2 diabetes with insulin 

resistance and altered β-cell function, pancreatic stea-

tosis with increased oxidative stress, nonalcoholic ste-

atohepatitis, dyslipidemia, abnormal reproductive 

function of females with longer estrous cycles caused 

by cystic ovarian follicles, accumulation of intramyo-

cellular lipids in skeletal muscle fibers,endothelial dys-

function and increased platelet activation with hyper-

reactivity of platelets to adenosine diphosphate and 

collagen.

REFERENCES

1. Aleixandre A., Miguel M., (2008), Dietary fiber in 

the prevention and treatment of metabolic syn-

drome: a review. Crit Rev Food Sci Nutr, 48(10): 

905-912

2. Bell L.N., Lee L., Saxena R., Bemis K.G., Wang M., 

Theodorakis J.L., Vuppalanchi R., Alloosh M., 

Sturek M., Chalasani N., (2010), Serum proteomic 

analysis of diet-induced steatohepatitis and 

metabolic syndrome in the Ossabaw miniature 

swine. Am J Physiol Gastrointest Liver Physiol, 298 

(5):G746-G754

3. Bratz I.N., Dick G.M., Tune J.D., Edwards J.M., 

Neeb Z.P., Dincer U.D., Sturek M., (2008), Im-

paired capsaicin-induced relaxation of coronary 

arteries in a porcine model of the metabolic syn-

drome. Am J Physiol Heart Circ Physiol, 294(6): 

H2489-H2496

4. Clark B.A., Alloosh M., Wenzel J.W., Sturek M., 

Kostrominova T.Y., (2011), Effect of diet-induced 

obesity and metabolic syndrome on skeletal mus-

cles of Ossabaw miniature swine. Am J Physiol En-

docrinol Metab, 300(5):E848-E857

5. Dyson M.C., Alloosh M., Vuchetich J.P., Mokelke 

E.A., Sturek M., (2006), Components of metabolic 

syndrome and coronary artery disease in female 

Ossabaw swine fed excess atherogenic diet. Comp 

Med, 56(1):35-45

6. Edwards J.M., Neeb Z.P., Alloosh M.A., Long X., 

Bratz I.N., Peller C.R., Byrd J.P., Kumar S., 

Obukhov A.G., Sturek M., (2010), Exercise trai-

ning decreases store-operated Ca2+entry associ-



66                                                                                                                                                                             Rev Rom Med Vet (2020) 30 | 2

ated with metabolic syndrome and coronary athe-

rosclerosis. Cardiovasc Res, 85(3):631-640

7. Fullenkamp A.M., Bell L.N., Robbins R.D., Lee L., 

Saxena R., Alloosh M., Klaunig J.E., Mirmira R.G., 

Sturek M., Chalasani N., (2011), Effect of different 

obesogenic diets on pancreatic histology in Ossa-

baw miniature swine. Pancreas, 40(3):438-443

8. Koopmans S.J., Schuurman T., (2015), Considera-

tions on pig models for appetite, metabolic syn-

drome and obese type 2 diabetes: From food in-

take to metabolic disease. Eur J Pharmacol, 759: 

231-239

9. Kreutz R.P., Alloosh M., Mansour K., Neeb Z., 

Kreutz Y., Flockhart D.A., Sturek M., (2011), 

Morbid obesity and metabolic syndrome in Ossa-

baw miniature swine are associated with increased 

platelet reactivity. Diabetes, metabolic syndrome 

and obesity: targets and therapy, 4:99-105

10. Lee L., Alloosh M., Saxena R., Van Alstine W., 

Watkins B.A., Klaunig J.E., Sturek M., Chalasani 

N., (2009), Nutritional model of steatohepatitis 

and metabolic syndrome in the Ossabaw miniature 

swine. Hepatology (Baltimore, Md.), 50(1):56-67

11. Liang T., Alloosh M., Bell L.N., Fullenkamp A., 

Saxena R., Van Alstine W., Bybee P., Werling K., 

Sturek M., Chalasani N., Masuoka H.C., (2015), 

Liver injury and fibrosis induced by dietary cha-

llenge in the Ossabaw miniature Swine. PloS one, 

10(5):e0124173

12. Litten-Brown J.C., Corson A.M., Clarke L., (2010), 

Porcine models for the metabolic syndrome, diges-

tive and bone disorders: a general overview. Ani-

mal: an international journal of animal bioscience, 

4(6):899-920

13. McKenney M.L., Schultz K.A., Boyd J.H., Byrd J.P., 

Alloosh M., Teague S.D., Arce-Esquivel A.A., Fain 

J.N., Laughlin M.H., Sacks H.S., Sturek M., (2014), 

Epicardial adipose excision slows the progression 

of porcine coronary atherosclerosis. J Cardiothorac 

Surg, 9:2

14. Neeb Z.P., Edwards J.M., Alloosh M., Long X., 

Mokelke E.A., Sturek M., (2010), Metabolic syn-

drome and coronary artery disease in Ossabaw 

compared with Yucatan swine. Comp Med, 60(4): 

300-315

15. Newell-Fugate A.E., Taibl J.N., Clark S.G., Alloosh 

M., Sturek M., Krisher R.L., (2014), Effects of diet-

induced obesity on metabolic parameters and re-

productive function in female Ossabaw minipigs. 

Comp Med, 64(1):44-49

16. Pedersen R., Ingerslev H.C., Sturek M., Alloosh M., 

Cirera S., Christoffersen B.Ø., Moesgaard S.G., 

Larsen N., Boye M., (2013), Characterisation of 

gut microbiota in Ossabaw and Göttingen minipigs 

as models of obesity and metabolic syndrome. 

PloS one, 8(2):e56612.

17. Spurlock M.E., Gabler N.K., (2008), The 

development of porcine models of obesity and the 

metabolic syndrome. J Nutr, 138(2):397-402

18. Sturek M., Alloosh M., Wenzel J., Byrd J.P., 

Edwards J.M., Lloyd P.G., Tune J.D., March K.L., 

Miller M.A., Mokelke E.A., Brisbin I.L., (2007), 

Ossabaw Island miniature swine: Cardiometabolic 

syndrome assessment, In: Swine in the Laborato-

ry: Surgery, Anesthesia, Imaging, and Experimen-

tal Techniques, 2nd Edition, (Ed.) CRC Press, Boca 

Raton, Florida, SUA, 397-402

19. Torres-Rovira L., Astiz S., Caro A., Lopez-Bote C., 

Ovilo C., Pallares P., Perez-Solana M.L., Sanchez-

Sanchez R., Gonzalez-Bulnes A., (2012), Diet-in-

duced swine model with obesity/leptin resistance 

for the study of metabolic syndrome and type 2 di-

abetes. The Scientific World J., 2012:510149.


