
Regulation of visceral adipose tissue-derived serine protease inhibitor by 

nutritional status, metformin, gender and pituitary factors in rat white adipose 

tissue 

 

C. R. González1,4, J. E. Caminos 1,2,4, M. J. Vázquez1,4, M. F. Garcés2, L. A. Cepeda2, A. Ángel 2,A. 

C. González2, M. E. García-Rendueles1, S. Sangiao-Alvarellos3, M. López1,4, S. B. Bravo1,4,R. 

Nogueiras1,4 and C. Diéguez1,4 

 

1 Department of Physiology, Faculty of Medicine, University of Santiago de Compostela-Instituto de 

Investigación Sanitaria, S. Francisco s/n,15782, Santiago de Compostela (A Coruña), Spain 

2 Department of Physiology and Genetic Institute, Faculty of Medicine, National University of Colombia, 

Bogotá, Colombia 

3 Endocrine Department, Hospital Juan Canalejo, A Coruña, Spain 

4 CIBER (CIBERobn) Fisiopatolog´ıa de la Obesidad y Nutrición, Instituto de Salud Carlos III, Spain 

 

Corresponding authors R. Nogueiras and Carlos Dieguez: Department of Physiology, School of 

Medicine, University of Santiago de Compostela and CIBER Fisiopatología de la Obesidad y la Nutrición 

(CIBERobn), S. Francisco s/n, 15782, Santiago de Compostela (A Coruña), Spain. Email: 

ruben.nogueiras@usc.es and carlos.dieguez@usc.es 

 

Abstract 

Visceral adipose tissue-derived serine protease inhibitor (vaspin) is a recently discovered 

adipocytokine mainly secreted from visceral adipose tissue, which plays a main role in insulin 

sensitivity. In this study, we have investigated the regulation of vaspin gene expression in rat white 

adipose tissue (WAT) in different physiological (nutritional status, pregnancy, age and gender) and 

pathophysiological (gonadectomy, thyroid status and growth hormone deficiency) settings known to 



be associated with energy homeostasis and alterations in insulin sensitivity. We have determined 

vaspin gene expression by real-time PCR. Vaspin was decreased after fasting and its levels were 

partially recovered after leptin treatment. Chronic treatment with metformin increased vaspin gene 

expression. Vaspin mRNA expression reached the highest peak at 45 days in both sexes after birth and 

its expression was higher in females than males, but its levels did not change throughout pregnancy. 

Finally, decreased levels of growth hormone and thyroid hormones suppressed vaspin expression. 

These findings suggest that WAT vaspin mRNA expression is regulated by nutritional status, and leptin 

seems to be the nutrient signal responsible for those changes. Vaspin is influenced by age and gender, 

and its expression is increased after treatment with insulin sensitizers. Finally, alterations in pituitary 

functions modify vaspin levels. Understanding the molecular mechanisms regulating vaspin will 

provide new insights into the pathogenesis of the metabolic syndrome. 
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Table 1. Primers used for RT-PCR and real time PCR analysis 

Gene Forward and reverse primer Gen-Bank accession No. 

   

Rat vaspin Forward: 5′-AGTCGGAAAACCCACAACAG -3′ AF245398 

 Reverse: 5′-CGGTCTTGCCTTCCTCTATG -3′  

Rat HPRT Forward: 5′-CAGTCCCAGCGTCGTGATTA-3′ NM_013556 

 Reverse: 5′-AGCAAGTCTTTCAGTCCTGTC-3′  

Rat GLUT-1 

(Slc2a1) 

Forward: 5′-GCATCGTCGTTGGGATCCT-3′ NM_138827.1 

 Reverse: 5′-CAAGTCTGCATTGCCCATGA-3′  

 Pb: FAM-5′-TTGCCCAGGTGTTCGGCTTAGACTCC-3′-TAMRA  

Rat GLUT-4 

(Slc2a4) 

Forward: 5′-CATTCTCGGACGGTTCCTCAT-3′ NM_012751.1 

 Reverse: 5′-GCGATTTCTCCCACATACATAGG-3′  

 Pb: FAM-5′-CGCCTACTCAGGGCTAACATCAGGGTTG-3′-

TAMRA 

 

Rat 18S FW: 5′-CGGCTACCACATCCAAGGAA-3′ M11188 

 RV: 5′ -GCTGGAATTACCGCGGCT-3′  

 Pb: FAM-5′-GACGGCAAGTCTGGTGCCAGCA-3′-TAMRA  

Rat AdipoQ Rn00595250_m1(Gene Expression Assay Applied 

Biosystems) 

NM_144744.2 

Rat ACCa (Acaca) Forward: 5′-TGGGCGGGATGGTCTCTTT-3′ NM_022193.1 

 Reverse: 5′-AGTCGCAGAAGCCCATT-3′  

 Pb: FAM-5′-ACCTTTGAAGATTTCGTCAGGATCTTTGATGA-3′-

TAMRA 

 

Rat FAS (Fasn) Forward: 5′-GAC ATTTCATCAGGCCACC-3′ NM_017332.1 

 Reverse: 5′ -CCTCTAGCAGCCGCACCTC-3′  

 Pb: FAM-5′-CTGCCCAGGACAGGAACCG-3′-TAMRA  

Rat CPT-1b Rn01407782_g1(Gene Expression Assay Applied Biosystems) NM_013200.1 

   

 



 

 

Figure 1. Effects of nutritional status on vaspin mRNA expression in gWAT of male rats 

A, 24 h and 48 h fasting caused a significant (P < 0.01) decrease on vaspin mRNA levels. B, body weight change 

in rats after 48 h fasting and in fasted rats treated with leptin. C, leptin treatment reversed the low levels of 

vaspin mRNA after 48 h fasting. Values were normalized to those of the internal control hypoxanthine 

phosphoribosyl transferase (HPRT), and the results are expressed as arbitrary units. Mean values were obtained 

from 8 animals per group. Values are the mean ±s.e.m., *P < 0.05, **P < 0.01. 

  



 

 

Figure 2. Analysis of vaspin mRNA expression in gWAT after metformin administration 

A, metformin treatment decreased body weight after 3 weeks. B, metformin treatment for 3 weeks enhanced 

gWAT vaspin mRNA expression after 3 weeks. C, metformin treatment for 3 weeks increased the expression of 

GLUT-1 and GLUT-4 in gWAT, but not adiponectin, FAS, ACCα or CPT-1b. Values were normalized to those of the 

internal control HPRT and 18S. The results are expressed as arbitrary units. Mean values were obtained from 8 

animals per group. Values are the mean ±s.e.m., *P < 0.05, **P < 0.01. 

  



 

 

Figure 3. Analysis of gWAT vaspin mRNA expression from 25-, 45-, 60- and 90-day-old male and female rats 

Vaspin mRNA significantly increased after 45 days in both female and male rats. Values were normalized to those 

of the internal control HPRT, and the results are expressed as arbitrary units. Mean values were obtained from 8 

animals per group. Values are the mean ±s.e.m., **P < 0.01. 

 

 

 

 

Figure 4. Vaspin mRNA expression throughout gestation in gWAT 

Values were normalized to those of the internal control HPRT, and the results are expressed as arbitrary units. 

Mean values were obtained from 8 animals per group. Values are the mean ±s.e.m. 

 

 

 

 

 

 

 

 

  



 

 

Figure 5. Analysis of pituitary factors on gWAT vaspin mRNA expression 

A, hypophysectomy decreased vaspin mRNA expression. B, gonadectomy did not modify gWAT vaspin levels in 

males or females. C, hyperthyroid and hypothyroid rats showed a decreased body weight when compared to 

euthyroid rats. D, vaspin mRNA levels were significantly down-regulated in response to hyperthyroidism and 

increased hypothyroidism when compared with the euthyroid group rats. E, dwarf rats showed a decreased body 

weight when compared to control rats. F, vaspin mRNA expression was significantly down-regulated in dwarf 

rats compared with age-matched control Lewis rats. Values were normalized to those of the internal control 

HPRT, and the results are expressed as arbitrary units. Mean values were obtained from 8 animals per group. 

AMT, amino-triazol; T4, l−thyroxine. Values are the mean ±s.e.m., *P < 0.05, **P < 0.01. 

  



Table 2. Insulin, glucose and trygliceride levels in euthyroid, hyperthyroid and hypothyroid rats 

Treatment Condition Value 

   

Insulin (ng ml−1) Euthyroid 2.10 ± 0.34 

Hyperthyroid (T4) 2.48 ± 0.4  Hypothyroid (AMT) 

1.50 ± 0.54 Glucose (nmol l−1) Euthyroid 

7.36 ± 0.14 Hyperthyroid (T4) 7.38 ± 0.35 

Hypothyroid (AMT) 6.12 ± 0.22 TGs (mg dl−1) 

Euthyroid 142.55 ± 16.5   Hyperthyroid (T4) 

 81.04 ± 7.44 ** Hypothyroid (AMT)  38.65 ± 4.6 *** 

   

 

 

Table 3. Insulin, glucose and trygliceride levels in wild-type Lewis and Dwarf rats. ***p < 0.001 

Treatment Rat strain Value 

   

Insulin (ng ml−1) Wild-type Lewis 1.38 ± 0.23   

 Dwarf 0.65 ± 0.09 *** 

Glucose (mg dl−1) Wild-type Lewis 79.71 ± 2.83   

 Dwarf 86.63 ± 3.95   

TGs (mg dl−1) Wild-type Lewis 108.57 ± 12.63   

 Dwarf 117.39 ± 19.95     

   

 


