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الذرة عالي الفزكتوس على بعض مؤشزاث السمنت في ذكور الجزذان البالغتتأثيز شزاب   

 ِحّذ سخي شثً اٌعراتي  

 خاِعح واسظ  –وٍيح اٌعٍىَ  –لسُ عٍىَ اٌحياج 

 المستخلص

% ِٓ اٌّحٍياخ اٌّسرخذِح في خّيع أٔحاء اٌعاٌُ وّحٍياخ صٕاعيح تذيٍح عٓ  00يشىً ششاب اٌزسج عاٌي اٌفشورىص ِا يصً إٌى 

ٌسىش. وتّا إْ اٌسّٕح ذضايذخ تسشعح إٌى ِسرىياخ وتائيح في خّيع أٔحاء اٌعاٌُ , وذٍعة اٌهشِىٔاخ اٌّشرمح ِٓ الأٔسدح اٌذهٕيةح ا

دوسا ِشوضيا في ذٕظيُ اٌشهيح، وذحميك اٌرىاصْ تيٓ ِا يأخز ِةٓ اٌسةعشاخ اٌحشاسيةح وِةا يسةرهٍه ِٕهةا , ٌةزا فمةذ أخشيةد اٌردشتةح 

ششاب اٌزسج عاٌي اٌفشورىص عٍى ِسرىياخ هشِىٔاخ الادتىٔىريٓ , اٌٍثرةيٓ , واٌشصسةريٓ , ذحٍيةً اٌةذهىْ فةي اٌحاٌيح ٌذساسح ذأثيش 

اٌّصً , وصْ اٌدسُ , اسرهلان اٌغزاء ,ؤسثح اٌشحىَ في ِٕطمح اٌثطٓ وّؤششاخ ٌٍسّٕح في روىس اٌدشراْ اٌثاٌغةح. لسةُ ثلاثةىْ 

أسةثى  عشةىائيا إٌةى خّسةح ِدّىعةاخ ِرسةاويح . أعطيةد  12 -12َ وتعّةش غةشا 222-200ِٓ روىس اٌدشراْ اٌثاٌغح اٌري ذضْ 

٪ ِٓ شةشاب 20٪ ِٓ ششاب اٌزسج، أعطيد اٌّدّىعح اٌثأيح )اٌّدّىعح ب( ِحٍىي 10اٌّدّىعح الأوٌى )اٌّدّىعح أ( ِحٍىي 

عةح )اٌّدّىعةح د( ِحٍةىي ٪ ِةٓ اٌسةىشوص، أعطيةد اٌّدّىعةح اٌشات10اٌزسج، واٌّدّىعح اٌثاٌثح )اٌّدّىعح ج( أعطيد ِحٍةىي 

 ٪ ِٓ اٌسىشوص، وأعطيد اٌّدّىعح اٌخاِسح )اٌّدّىعح هـ( اٌّاء اٌّمطش ٌّذج ثلاثيٓ يىِا. ذُ ذغزيةح وةً اٌّدّىعةاخ تغةزاء20

اٌدشراْ اٌمياسي واٌّحاٌيً حسة اٌحاخح. في ٔهايح اٌردشتح ذُ وصْ اٌحيىأاخ , واٌرضحيح تها , خّعد اٌعيٕةاخ اٌذِىيةح تىاسةطح 

 TC , TAG , LDL-c , andوفي وصْ اٌدسُ، و ٔسثح اٌشةحىَ فةي اٌةثطٓ   ( p ≤ 0.05)ثمة اٌمٍة. واْ هٕاٌه صيادج ِعٕىيح 

VLDL-c  ْاٌشصسريٓ في اٌّصةً فةي اٌّدّىعةح ب ِماسٔرةا ِةع خّيةع ِدةاِيع اٌردشتةح . وةاْ هٕاٌةه  , هشِىْ اٌٍثريٓ  وهشِى

, هشِةىْ   TC , TAG , LDL-c , and VLDL-cوفي وصْ اٌدسُ، و ٔسةثح اٌشةحىَ فةي اٌةثطٓ   ( p ≤ 0.05)صيادج ِعٕىيح 

د  ِماسٔرةا ِةع اٌّدىعةح هةـ . فةي حةيٓ ٌةُ  ,  , ج  أاٌٍثريٓ , هشِىْ الادتىٔىريٓ , وهشِىْ اٌشصسريٓ في اٌّصً في اٌّدّىعةاخ 

فةي خّيةع اٌّعةاييش اٌّذسوسةح عٕةذ ِماسٔرهةا ِةع تعضةها اٌةثع  . أخفة  اي   ذىٓ هٕان فشوق ِعٕىيح تيٓ اٌّدّىعاخ أ , ج , د

HDL-C وهشِىْ الاديثىٔيىريٓ في ِصً ِعٕىيا في اٌّدّىعاخ أ، ب، ج ، د تاٌّماسٔح ِةع ِدّىعةح هةـ . ٌةُ ذىةٓ هٕةان فةشوق 

وهشِةةىْ الاديثةةىٔيىريٓ فةةي ِدّىعةةاخ أ، ب، ج ، د  تاٌّماسٔةةح ِةةع تعضةةها اٌةةثع . يسةةرٕرح ِةةٓ رٌةةه أْ  HDL-Cِعٕىيةةح فةةي 

 الاسرهلان اٌّفشط ٌششاب اٌزسج عاٌي اٌفشورىص لذ يساهُ في حذوز اٌسّٕح ووّياخ غيش طثيعيح ِٓ اٌذهىْ .

 الكلماث المفتاحيت: شزاب الذرة عالي الفزكتوس , مؤشزاث السمنت , ذكور الجزذان 

Abstract  

High-fructose corn syrup (HFCS) accounts for as much as 40% of sweeteners used over all the 

world as an industrial sweetener - a substitute for sugar. As obesity has increase rapidly to 

epidemic proportions around the world, adipose derived hormone play central role in regulation of 

appetite , balancing between calorie input and calorie expenditure , so the current experiment  

conducted to investigate the effect of HFCS on serum adiponectin , leptin , resistin hormone levels 
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, lipid profile , body weights , food intake , and relative abdominal fat as obesity markers in adult 

male rats  . Thirty adult male rats weighing 200 -225 gram and 12 – 15 weeks old were randomly 

divided in to five equal groups. The first group (Groups A) was given a 10% solution of HFCS, the 

second group (Groups B) was given a 20% solution of HFCS ,the third group ( group C ) was 

given a 10% solution of sucrose  , the fourth group ( group D ) was given a 20% solution of 

sucrose , the fifth group ( group E ) was given a distilled  water  for thirty days . All groups were 

fed with standard rat diet and their solutions ad libitum. At the end of experiment the animals were 

weighted, sacrificed, blood samples were collected by heart puncture . There were a significant 

increase (p ≤ 0.05 ) in body weights , relative abdominal fat , serum TC , TAG , LDL-c , and 

VLDL-c , leptin hormone , and resistin hormone in group B compared with all groups of 

experiment . There were a significant increase in body weights , relative abdominal fat , serum TC 

, TAG , LDL-c , and VLDL-c , leptin hormone , and resistin hormone in groups  A , C and D 

compared with group E ,whereas there were no significant differences between group A and 

groups C, D in all studied parameters when compared with each other’s.  Serum HDL-c and 

adiponectin hormone decreased in groups A, B, C, D when compared with group E. There were no 

significant differences in HDL-c and adiponectin hormone in groups A, B, C, and D when 

compared with each other’s.  In Conclusions excessive consumption of HFCS may contribute to 

the incidence obesity and dyslipidemia. 

Key words: high-fructose corn syrup, obesity markers, male rats.   

Introduction 

Obesity is one of the major health problems 

around the world that lead to heart diseases, 

hypertension and diabetes. Excessive caloric 

intake has been related to high-fat diets and 

foods high in sugars such as sucrose (1–2). 

HFCS were developed during the past three 

decades as sweeteners produced from 

cornstarch by isomerizing most of the 

glucose in corn syrup to fructose. Sucrose is 

made up of 50% glucose and 50% fructose, 

whereas HFCS in most foods and beverages 

are composed of 55% fructose and 45% 

glucose (in beverages) or 42% fructose and 

58% glucose (in baked goods) (3). The 

isomerization of these sugars inexpensive this 

made it useful to replace sucrose (sugar) and 

they now represent close to one-half of the 

caloric sweeteners (4). Paralleled the huge 

increase in the consumption of sugars with 

prevalence of obesity and metabolic 

syndrome, kidney disease, and cardiovascular 

disease suggesting a causal relationship 

between the two, and though the extent of the 

contribution of monosugars in the epidemic 

compared to the total heat consumption 

remains a matter of dispute (5). Decreased 

circulating adiponectin concentration has  

been associated with several disorders like 

obesity, dyslipidemia , insulin resistance, 

type 2 diabetes, essential hypertension , and 

cardiovascular diseases  (6) . The plasma 

level of leptin and its expression in 

adipocytes are both correlated positively with 

total adiposity. Increased visceral fat has 

been associated with increase cytokines 

production and development of insulin 

resistance (7). Resistin hormone is also 

enhancing insulin resistance; interfere with 

adipocyte differentiation (8-9). Depending on 

the above the aims of the present study are to 
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investigate the effects of HFCS on some 

obesity markers and make a comparison 

between the effects of HFCS and the effects 

of sucrose on these markers in male rats. 

Materials and methods 

Chemical 

Commercial high fructose corn syrup 

manufactured by National Company for 

Maize Products ,Egypt was used in the 

present study.  

Animals and experimental design 

Thirty adult male rats weighing about 200-

225 grams and 12 – 15 weeks old were used 

in the current study. Animals were kept under 

normal temperature (23 - 25 °C), and 

controlled lightening.Animals were randomly 

divided into five equal groups each group 

consisted of 6 adult male rats as in the 

following:- 

1- Group A : was given a 10% solution of 

HFCS     

2- Group B : was  given a 20% solution of 

HFCS 

3- Group C : was given a 10% solution of 

sucrose 

4- Group D : was given a 20% solution of 

sucrose 

5- Group E: was given distilled water. All. 

groups were fed with standard rat diet 

and their solutions ad libitum . 

Animals were weighted at the beginning of the 

experiment and at the end of experiment, then 

animals were sacrificed and blood samples 

were collected by heart puncture, serum was 

separated, frozen at – 20 until used.  

Laboratory analysis 

Serum Total Cholesterol (TC), Triglyceride 

(TAG), High Density Lipoprotein cholesterol 

(HDL-c ) were estimated by enzymatic 

colorimetric method using spectrophotometer 

by use liquicolor  kits manufactured by 

biomaghreb company (Tunisia  ) . 

The serum Low density Lipoprotein cholesterol 

(LDL-c), very low density lipoprotein (VLDL-

c) were calculated according to Friedewald et  

al (10):-                                                                            

LDL = Total cholesterol (TC) - HDL - TG/5    

(mg/dL). 

VLDL-C = TAG / 5    (mg/dL). 

Serum Adiponectin ,Leptin  and resistin 

hormones levels were determined using 

enzyme linked immunosorbent assay (ELISA) 

kits manufactured by GenWay BIOTECH  

INC. (USA). 

Statistical Analysis 

Data were expressed as mean  SD. The 

comparisons between groups were performed 

with analysis of variance (ANOVA) by using 

computerized SPSS program (Statistical 

Program for Social Sciences). P<0.05 was 

considered to be the lest limit of significance. 

Results 

Effects of HFCS on body weight gain  

  The results in table (1) showed that there was 

a significant increase (p ≤ 0.05) in final body 

weights of animals in group B compared with 

final weight of animals in all groups of 

experiment. There were a significant increase 

(p ≤ 0.05 )  in final body weight of groups 

A,B,C, and D compared to the final weight of 

animals in group E , whereas there were no 

significant differences (p ≥ 0.05 )  between 

groups A , C, and D when compared with 

each other’s. 
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Relative abdominal fat increased 

significantly (p ≤ 0.05 ) in group B compared 

with all other groups of the study .There were 

a significant increase in relative abdominal 

fat in groups A , B, C, and D when  

compared with control group (group E ) .No 

significant differences were noticed in groups 

A , C, and D when compared with each 

other’s.  

 Table (1) Effect of high fructose corn syrup on male rats body weights and relative abdominal 

fat  

Numbers represent the mean ± Standard Deviation . 

Different letters indicated  significant differences between groups  at  level p<0.05 

 

 

Effects of HFCS on lipids profile   

The results presented in table (2) revealed 

that the high concentration of HFCS in group 

B caused significant (p ≤ 0.05 ) increase in 

serum TC , TAG , LDL-c  and VLDL-c 

compared with groups A, C, D ,and E  , also 

there were a significant (p ≤ 0.05 ) increase in 

serum TC , TAG , LDL-c , and VLDL-c in 

groups A, C, and D compared with group E , 

whereas there were no significant differences 

in serum TC , TAG , LDL-c , and VLDL-c in 

groups A ,C ,and D when compared with 

each other .  

As shown in table (2) serum HDL-c 

decreased significantly in  groups A, B , C , 

and D compared with group E . There were 

no significant differences in serum HDL-c 

concentration in groups A , ,B ,C , and D 

when compared with each other .  

 

 

 

parameters       

 

Groups 

Initial body weight 

(gram ) 

Final body weight 

(gram) 

Relative abdominal fat  

( g / 100 g B.W. ) 

Group A 
210.12 ± 7.9 

A 

233.33±5.60 

b 

2.94±0.33 

b 

Group B 
214.16±7.75 

 A 

243.00±5.09 

a 

4.95±0.75 

a 

Group C 
206.00±12.39 

A 

235.33±3.50 

b 

3.32±0.29 

b 

Group D 
212.33± 11.34 

A 

232.16±1.66 

b 

3.25±0.29 

b 

Group E 
210.16±6.24 

A 

215.33±7.91 

c 

1.86±0.31 

c 
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Numbers represent the mean ± Standard Deviation . 

Different letters indicated significant differences between groups at  level p<0.05 

 

Effects of HFCS on Adiponectin , Leptin , 

and resistin hormones .  

It seems from table (3) that serum 

adiponectin hormone concentrations 

decreased significantly (p ≤ 0.05 ) in groups  

A , B , C , and D compared with group E  , 

meanwhile on significant differences in 

serum adiponectin in  groups A , B , C , and 

D when compared with each other’s . 

Serum leptin and resistin hormones 

concentrations increased significantly (p ≤ 

0.05 ) in animals treated with high 

concentration of HFCS (group B ) compared 

with all groups of the study , whereas there 

were a significant increase in serum leptin 

and resistin hormone in groups A , C , and D 

compared with group E . There were no 

significant differences between groups A, C , 

and D when compared with each other’s. 

 

 

 

 

 

 

 

 

 

parameters       

 

Groups 

TC 

mg / dL 

HDL-c 

mg / dL 

TAG 

mg / dL 

LDL-c 

mg / dL 

VLDL-c 

mg / dL 

Group A 
150.16 ± 9.98 

b 

41.50 ±  3.61 

b 

77.50 ± 3.08 

b 

46.83 ± 2.92 

b 

22.83 ± 4.07 

b 

Group B 
169.67 ± 17.23 

a 

39.33 ± 2.58 

B 

88.33 ± 4.96 

a 

59.83 ± 6.67 

a 

31.33 ±1.86 

a 

Group C 
140.33 ± 8.35 

b 

46.00 ± 3.22 

b 

74.00 ± 3.28 

b 

50.16 ± 6.85 

b 

25.58 ± 3.74 

b 

Group D 
148.67 ± 15.81 

b 

39.67 ± 5.78 

B 

80.50 ± 5.43 

B 

52.00 ± 5.93 

b 

27.29 ± 2.77 

b 

Group E 
119.67 ± 7.81 

c 

56.83 ± 9.28 

A 

67.67 ± 7.03 

C 

38.16 ± 1.47 

c 

17.16 ± 1.37 

c 

Table (2) Effect of high fructose corn syrup on male rats’ serum lipids profile  
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Numbers represent the mean ± Standard Deviation . 

Different letters indicated  significant differences between groups  at  level p<0.05 

 

Discussion 

The significant increase in final body weights in 

rats exposed to 20% HFCS concentrations 

(Table 1) may be due to that fructose bypasses 

many of the body’s satiating signals, thus 

potentially promoting overconsumption of 

energy, weight gain (11). Another reason is that 

the increased body weight paralleled with 

increased leptin hormone concentration, which 

may reflect leptin resistance .According to Engl 

(12) increased serum leptin concentrations in 

obese subjects, suggests a decreased sensitivity 

or resistance to leptin. The results of the current 

study came in agreement with Bocarslya et al. 

(13) who reported that short and long term 

effects of HFCS can cause increase boy weight 

and serum triglycerides .The significant 

decrease in serum adiponectin shown by the 

present study could be considered as another 

reason for the increased body weight, and 

abdominal fat based on the known role of 

adiponectin in increased lipid metabolism, fatty 

acid oxidation in skeletal muscle (14). It seem  

 

 

from the results of lipid profile showed in table 

(2) that serum TC , TAG LDL-C and VLDL-c 

increased significantly in animals exposed to 

20% HFCS compared with other groups , the 

possible explanations may be due to increased 

serum leptin which correlated positively with 

serum cholesterol , LDL-c , triglyceride and 

consequently VLDL-c whereas it correlated 

negatively with HDL-c (15 ) . The decreased 

serum level of adiponectin in HFCS exposed 

rats can also explain the results of lipid profile , 

according to Izadi et al. (16 ) who reported that 

serum adiponectin inversely correlated with 

VLDL-C and LDL-c  and triglycerides and 

directly correlated with serum HDL-c .Another 

study suggested that high fructose diet deceases 

the high molecular weight adiponectin (17) The 

rise in resistin hormone can considered as an 

Hormone        

 

Groups 

Adiponectin 

(pg /ml) 

Leptin 

(pg/ml) 

Resistin 

(pg/ml) 

Group A 
2.01 ± 0.08 

b 

12.97 ± 3.34 

b 

3.37 ± 0.99 

b 

Group B 
1.84± 0.83 

b 

17.96 ± 1.90 

a 

5.63 ± 1.48 

a 

Group C 
2.17 ± 0.25 

b 

13.76 ± 0.94 

b 

3.25 ± 0.67 

b 

Group D 
2.12 ± 0.29 

b 

15.14 ± 2.27 

b 

3.79 ± 0.53  

b 

Group E 
2.90 ± 0.57 

a 

6.69 ± 2.22 

c 

2.09 ± 0.50 

c 

Table (3):  Effect of high fructose corn syrup on some adipose – derived hormones in male 

rats 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Izadi%20V%5Bauth%5D


Wasit Journal for Science & Medicine                                    2015: 8(3): (10-17) 

 

16 

 

important sign of obesity (18) . The results of 

the current study disagreed with Pollock  et al. 

(19) who reported that no relations between 

total fructose intake and plasma total 

cholesterol, serum leptin , and  plasma 

resistin. We can conclude from the present study 

that HFCS can induce obesity and risks of 

excessive HFCS more than that caused by 

sucrose consumption. 

 

References 

1-Bray, G.A.  and Popkin, B.M.(1998). 

Dietary fat intake does affect obesity! Am J 

Clin Nutr; 68:1157–1173. 

2-Smith, S.M. (1998). High fructose corn 

syrup replaces sugar in processed food. 

Environ Nutr; 11:7–8. 

3-White, J.S.; Foreyt ,J.P. ; Melanson ,K.J. 

; and  Angelopoulos , T.J. (2010). High-

fructose corn syrup: controversies and 

common sense. Am J Lifestyle Med.; 4:515–

520. 

4-Putnam, J.J.; and Allshouse, J.E. (1999). 

Food consumption, prices and expenditures. 

Department of Agriculture Economic 

Research Service statistical bulletin no. 965. 

Washington, DC: US Government Printing 

Office. 

5-Johnson , R.J. ; Segal, M.S. ; Sautin ,Y. ; 

Nakagawa ,T. ; Feig  ,D.I. ; Kang , D.H. ; 

Gersch ,M.S. ; Benner ,S. ; and Sanchez-

Lozada ,L.G. (2007). Potential role of sugar 

(fructose) in the epidemic of hypertension, 

obesity and the metabolic syndrome, 

diabetes, kidney disease, and cardiovascular 

diseased. Am JClin Nutr.; 86:899–906. 

6-Gutierrez , D. A.   Puglisi, M. J. 

;and  Hasty , A.H. (2009). Impact of 

increased adipose tissue mass on 

inflammation, insulin resistance, and 

dyslipidemia. Curr Diab Rep; 9(1): 26–32. 

7-Dandona , P.; Aljada , A.;and 

Bandyopadhyay , A.( 2004). Inflammation: 

the link between IR ,obesity and diabetes. 

Trends Immunol. 25, 4–7. 

8-Zhang, B. ; Chai, J. Y. ; Li , H. W. ; and 

Mulholland , L. (2008) . Effect of des-acyl 

ghrelin on adiposity and glucose 

metabolism,”Endocrinology, 149 (9):4710–

4716. 

9-Wynne, S.; Stanley, B. and Bloom, S .R. 

(2005). Appetite control. Journal of 

Endocrinology, 184(2):291–318. 

10-Friedewald ,W.T. ; Levy  , R.I. ; and 

Fredrickson ,D.S. (1972). Estimation of the 

concentration of low-density lipoprotein 

cholesterol in plasma, without use of the 

preparative ultracentrifuge. Clin 

Chem. 18:499-502. 

11-Angelopoulos, T. J.; Lowndes, J. ; 

Zukley, L. ; Melanson, K. J. ; Nguyen, V. ; 

Huffman, A. ; and. Rippe , J.M. (2009). 

The Effect of high-fructose corn syrup 

consumption on triglycerides and uric acid. J. 

Nutr. 139: 1242S–1245S. 

12-Engl , N. ( 1994). Serum Leptin in normal-

weight and obese humans. J Med; 334:1544. 

13-Bocarslya , M.E. ; Powell , E. S. ;  

Avena , N. M. ; and  Hoebel , B. G. ( 2010) 

. High-fructose corn syrup causes 

characteristics of obesity in rats: increased 

body weight, body fat and triglyceride levels. 

Pharmacol Biochem Behav. 97(1): 101–106. 

14-Robinson, K.; Prins , J. ;  and 

Venkatesh , B. ( 2011) . Clinical review: 

Adiponectin biology and its role in 

inflammation and critical illness. Critical 

Care, 215:221. 

15-Ibrahim, A. E.; EL-Yassin , H. D. ; and  

AL-Janabi , H. K. S. (2011).The association 

between leptin with lipid profile and troponin 

in acute myocardial infarction patients. The 

http://jn.nutrition.org/search?author1=Norman+K.+Pollock&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gutierrez%20DA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Puglisi%20MJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hasty%20AH%5Bauth%5D


Wasit Journal for Science & Medicine                                    2015: 8(3): (10-17) 

 

17 

 

Iraqi Postgraduate Medical Journal, 10 (3): 

332-338. 

16-Izadi , V. ; Farabad , E. ; Azadbakht , L. 

(2013). Epidemiologic evidence on serum 

adiponectin level and lipid profile. International 

Journal of Preventive Medicine, Vol 4, No 2 .Pp 

133-140. 

17-Marek ,G.
;
  Pannu , V.

 
; Shanmugham 

,P.
 
 ;  Pancione , B.

 
; Mascia , D.

 
 ; Crosson 

, S.
 
 ; Ishimoto , T.

 
 ; and  Sautin ,Y.Y. 

(2015). Adiponectin resistance and 

proinflammatory changes in the visceral 

adipose tissue induced by fructose 

consumption via ketohexokinase-dependent 

pathway. Diabetes. ;64(2):508-518. 

18-Wilkinson , M.
 
 ; Wilkinson ,D. 

;  Wiesner, G. ;  Morash , B. ; and Ur, E. 

(2005). Hypothalamic resistin 

immunoreactivity is reduced by obesity in the 

mouse: co-localization with alpha-melano 

stimulating hormone. 

Neuroendocrinology.  81(1):19-30.  

19-Pollock , N. K. ; Bundy, V. ; Kanto , W. 

;  Davis ,  C. L. ;  Bernard , P. J. ; Zhu , H. 

;  Gutin , B. ; and  Dong , Y. (2012). 
Greater fructose consumption is associated 

with cardiometabolic Risk Markers and 

Visceral Adiposity in Adolescents. J. 

Nutr.  vol. 142 no. 2 251-257. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Marek%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pannu%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shanmugham%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shanmugham%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pancione%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mascia%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Crosson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Crosson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ishimoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sautin%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=25187370
http://www.ncbi.nlm.nih.gov/pubmed/25187370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilkinson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15809509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilkinson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15809509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wiesner%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15809509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morash%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15809509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ur%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15809509
http://www.ncbi.nlm.nih.gov/pubmed/15809509
http://jn.nutrition.org/search?author1=Norman+K.+Pollock&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Vanessa+Bundy&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=William+Kanto&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Catherine+L.+Davis&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Paul+J.+Bernard&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Haidong+Zhu&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Bernard+Gutin&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Yanbin+Dong&sortspec=date&submit=Submit

