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ABSTRACT  
 
Aluminium compounds are used in pharmaceuticals and in water treatment processes.This study were aimed at 
determining and evaluating the possible effects that aluminium chloride exposure could have on the body weight of 
Wistar rats. Fifty Wistar rats were used for this study. They were divided into five groups: Group I was the control 
that received distilled water only while the other four groups II-V received 475 mg/kg, 950 mg/kg, 1,425 mg/kg and 
1,900 mg/kg of aluminium chloride, respectively through oral intubation for duration of eight weeks. The weights of 
the Wistar rats were taken before the commencement of the experiment and after the experiment; and the results 
obtained was subjected to paired sample statistics (t-test) and correlations test. The results obtained were expressed 
as mean± SEM and level of significant were taken at P< 0.05.Our results showed that there was weight loss in 
aluminium treated groups when compared with control that experienced weight gain and this was statistically 
significant at P< 0.05. There was strong positive correlation between weight gain (increased weight) in the control 
group I that received only distil water and also strong correlation in weight loss (decreased weight) in the treated 
groups II to V. Based on our observations, we therefore conclude that aluminium chloride exposure resulted into 
weight loss in Wistar rats. 
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INTRODUCTION 

 
Human exposure to Aluminium (Al) has been increasing over the decades. It appears mostly in products of food and 
in drinking water derived from both natural sources and treatment methods [1].  Drinking water contribution was 
estimated to be ranging from 3 to 8% [2, 3].    
 
Al has for a long time been considered on an indifferent element from a toxicological point of view. However, it is 
unclear whether normal environmental levels of Al especially Al contained in food, exert many toxic effect without 
the aid of supplementary substances, in view of the fact that, the toxic effects of environmental factors are usually 
enhanced by their interactions with other factors [4]. Al toxicity has been well documented in the pathogenesis of 
many disorders in patients undergoing long term dialysis including dialysis encephalopathy [5]. 
 
Al compounds were found to possess an increased toxicity when administered parenterally rather than orally. The 
effect depends on the dose, the Al compound used and the particular animal model. It can show a discrepancy from 
death to behavioural change (memory loss), loss of weight or slight changes in Al buildup in bone [6-9].  
     
Environmental pollution with different Al contain compound, particularly those in industrialized waste expose 
people to higher than normal levels of Al [10]. Particulate matters distributed by cement – producing factories 
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contain, high amount of Al and populations residing in the vicinity are exposed to the pollution [11]. Evidence for 
the contribution of Al to Alzheimer’s disease (AD) remains contradictory [12, 13]. However, epidemiological 
studies have indicated a link between Al in drinking water and AD and a variety of human and animal studies have 
implicated learning and memory deficits after Al exposure [14-17].      
 
Studies on workers exposed to Al dust in industrial environments demonstrate similar effects. [18-21]. Many 
researchers have found elevated Al levels to be associated with a decline in memory, attention, concentration, 
function of frontal lobe and lower vocabulary scores in hemodialysis patients [22]. 
 
Other severe neurological diseases, such as amyotrophic lateral sclerosis, Parkinsonism and the dementia complex 
of Guam, have been related to Al accumulation in the brain [23-25]. However, the role of Al in these conditions is 
still under considerable scientific debate. 
 
It has been suggested that Al exposure is a risk factor for the development or acceleration of onset of Alzheimer's 
disease (AD) in humans [26, 27]. The precise pathogenic role of Al in AD is judged controversial and remains to be 
defined [28-30].   
 
Weight is the amount or quantity of heaviness or mass; it is system of units for expressing heaviness or mass: 
measure of the heaviness of an object; the amount anything weighs [31]. In science and engineering, the weight of 
an object is usually taken to be the force on the object due to gravity [32, 33].  
 
The most common definition of weight found in introductory physics textbooks defines weight as the force exerted 
on a body by gravity [32, 34]. This is often expressed in the formula W = mg, where W is the weight, m the mass of 
object, and g is denoted as gravitational acceleration. 
 
The reason for conducting the present study was to determine and evaluate the possible effects that aluminium 
chloride (AlCl3) exposure could have on the body weight of Wistar rats. 
 

MATERIALS AND METHODS 
 

This experiment was conducted in the Department of Human Anatomy, Ahmadu Bello University, Zaria, Kaduna 
State, Nigeria. Rules and regulations governing animal handling of Ahmadu Bello University were observed. 
 
Experimental Animals and Sources of Aluminium Chloride: Total of fifty Wistar rats was used for this study. 
The ages of the Wistar rats were between eight and ten weeks.  The Wistar rats were housed in steel cages 
maintained at good environmental conditions with adequate food, water and under good ventilation. The Wistar rats 
were kept back for two weeks (14days) before commencement of administration; this was to enable them to 
acclimatize. The AlCl3 was manufactured from Fischer’s Scientific Company, manufacturing Chemist-
Fairlawn,N.J., U.S.A. The composition of the feed contain the following: Crude Protein- 15% (min.); Fat- 7% 
(max.); Crude Fibre-10% (Max.); Calcium-1.0% (min.); Available Phosphorus- 0.35% (min); Metabolisable 
Energy- 2550Kcal/Kg(min); other ingredients include Cereals/Grains, Vegetable Protein, Premix (Vitamins/ 
Minerals), Essential Amino Acids, Salt, Antioxidant, Anti-toxins and Prebiotic. 
 
Experimental Design: The Wistar rats were divided into five groups: Group I was the control that received distil 
water only, Group II received 475 mg/kg Group III received 950 mg/kg Group IV received 1,425 mg/kg and Group 
V received 1,900 mg/kg 
 
The administration was through oral intubation for duration of eight weeks. The weights of the Wistar rats were 
taken before the commencement of administration and later re-weighted after expiration of eight weeks of the 
experiment with the aid of weighing balance (i.e. Mettler Instrument AG., CH-8606 Greifensee-Zurich; Made in 
Western Germany. The weights were recorded before and after administration; and they were tested statistically 
using the paired samples statistics (T- test) and paired sample correlations. The probability level was set at P < 0.05 
(95% confidence interval).  
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RESULTS AND DISCUSSION 
 

Table1. Effects of Aluminium chloride on the weights of Wistar rats showing weight gain (increased weight) 
in the control group and weight loss (decreased weight) in the treated groups II-V. 

 
 
 
 
 
 
 
 
 
 
 
 

*Means significant difference at P<0.05. 

 
Table2. Paired sample correlations of weight of Wistar rats showing very high correlation in differences 

between weights before and after the experiment. 
 

Groups(G) N Correlations Significance 
G.I before &after  10 0.966 .00 
G.II before &after  10 0.992 .00 
G.III before &after  10 0.997 .00 
G.IV before &after  9 0.985 .00 
G.V before &after  9 0.986 .00 

 
 

Fig.1. Effects of aluminium chloride on the body weights of both sexes (Male and Female) of wistar rats 
 

 
 
 
 
 

Groups Mean Values(g) N Std Deviation Std error mean 
(S.E.M.) P. value 

(Control) 
I Before 
I. After 

 
164.30 
190.80* 

 
10 
10 

 
24.47 
19.27 

 
7.74 
6.09 

.000* 
 

II. Before 
II. After 

179.30 
172.20* 

10 
10 

40.93 
39.41 

12.94 
12.46 

.002* 

III. Before 
III. After 

157.00 
151.00* 

10 
10 

38.96 
34.77 

12.32 
10.10 

.005* 

IV. Before 
IV. After 

174.11 
160.78* 

10 
9 

34.18 
31.96 

11.39 
10.65 

.000* 

V. Before 
V. After 

176.56 
162.56* 

10 
9 

40.17 
35.81 

13.39 
11.94 

.001* 
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Fig.2. Effects of aluminium chloride on the body weight of male wistar rats 
 

 
Fig.3. Effects of aluminium chloride on the body weight of female wistar rats 

 
AlCl 3 was implicated to have negative effects on behavioural endpoints of Wistar rats (i.e. alters behaviour), have 
negative effects on anxiety-related behaviour of Wistar rats as it increased the rate of anxiety in Al treated rats, have 
neurodegenerative effect on the histology of cerebral cortex of adult Wistar rats especially at higher dose and had 
detrimental effects on the kidney of Wistar rats [35-38]. 
 
According to World Health Organization, there is little indication that Al is acutely toxic by oral exposure despite its 
widespread occurrence in food, drinking-water, and several antacid preparations [39]. In 1988, a population of about 
20,000 individuals in Camelford, England, was exposed for no less than 5 days to unknown but increased levels of 
Al accidentally distributed to the population from a water supply facility using aluminium sulfate for treatment. 
Symptoms including vomiting, nausea, diarrhea, mouth ulcer, skin ulcers, rashes and arthritic ache were eminent. It 
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was concluded that the symptom were mostly mild and short-lived. There was no long-term effects on health could 
be ascribed to the known exposures from Al in the drinking-water [40]. 
 
Humans are uniformly exposed to Al that is present in the soil, food and drinking water [12]. AlCl3 was said to have 
detrimental effects on the integrity of the testes and histology of the lungs of Wistar rats, which was eminent in the 
congested blood vessel engorged with blood, with evidence of congestion and hemorrhage. [41, 42].Al is potentially 
neurotoxin, though; its biological effects are not thus far well known [43]. However, another findings indicated that 
although, AlCl3 decreased the level of sperm count, but it did not result into infertility; this they reported could be as 
a result of the fact that the Wistar rats that received the highest dose of AlCl3 (1,900 mg kg-1) had an average sperm 
count of 19.75 million (106) which was close to 20 million sperm count required for fertility while the other treated 
groups had sperm count above 20 million per milliliters [44]. AlCl3 exposure was reported to have no effects on the 
histology of the epididymis and hence storage of sperm cells (spermatozoa) by the epididymis could be safe [45]. 
The toxic effects of Al appear to be mediated, at least partly, by free-radical generation [46, 47]. 
 
Losing weight is always difficult but it becomes even more so the older we get. Weight loss takes a lot more effort 
after we turn 40years because our metabolisms start to slow down. In addition to this, our whole body – all the way 
down to our cells – starts to change. It doesn’t help that the energy levels of a person over 40 start to drop, as does 
physical ability.  Weight loss, in the context of medicine, health or physical fitness, is reductions of the total body 
mass, due to a mean loss of fluid, body fat or adipose tissue and/or lean mass, namely bone mineral deposits, 
muscle, tendon and other connective tissue. It can occur unintentionally due to an underlying disease or can arise 
from a conscious effort to improve an actual or perceived overweight or obese or state. Unintentional weight loss 
occurs in many diseases and conditions, including some very serious diseases such as cancer, AIDS, and a variety of 
other diseases. In addition to weight loss due to a reduction in fat and lean mass, fluid loss can be triggered by 
illnesses such as diabetes, certain medications, lack of fluid intake or other factors. Fluid loss in addition to 
reduction in fat and lean mass exacerbates the risk for cachexia [48].  
 
Infections such as HIV may alter metabolism, leading to weight loss [49]. Hormonal disruptions, such as an 
overactive thyroid (hyperthyroidism) may also exhibit as weight loss [50]. One cutoff value of where unintentional 
weight loss is of significant concern is where there's a weight loss of more than 5% in the past month, or at least 
10% during the last 6 months [51].   
 
One study that assessed the effect of weight change found a prospective protective effect of beverage consumption 
that occurred only in participants who had previously lost weight [52]. 
 
Studies have shown that long-term consumption of caffeine [53-55], caffeinated cola [56] and caffeinated tea [57], 
decreases body weight in rodents. Some studies have also found decreases in adipose-pad weight [53-58] and the 
number of adipocytes [54], sometimes without a decrease in daily caloric intake[53,56,57].It was found that adding 
cola to an ad libitum Purina chow diet increased total energy intake by 50% and decreased the rate of body weight 
gain in rats [58].   
 
Animal studies and prospective epidemiologic studies on weight loss [59, 60], suggest that long-term caffeine and 
coffee consumption could decrease body weight in humans. 
 
The results of the present study revealed that the mean weight of Wistar rats of both sexes(male and female) in the 
control group before the commencement of the experiment was 164.30±7.74g which subsequently increased to 
190.80±6.05g after eight weeks of administration of distil water only and the increase(weight gain) observed was 
statistically significant at P=.000. The mean weight of Wistar rats in group II before the experiment was 
179.30±12.94g which was subsequently decreased to 172.20±12.46g after eight weeks of administration of 475 
mg/kg of AlCl3 and the decrease observed was statistically significant at P=.002. The mean weight of Wistar rats in 
group III before the experiment was 157.00±12.32g which was subsequently decreased to 151.00±10.10g after eight 
weeks of administration of 950 mg/kg of AlCl3 and the decrease observed was statistically significant at P=.005. 
The mean weight of Wistar rats in group IV before the experiment was 174.11±11.39g which was subsequently 
decreased to 160.78±10.65g after eight weeks of administration of 1,425 mg/kg of AlCl3 and the decrease observed 
was statistically significant at P=.000. The mean weight of Wistar rats in group V before the experiment was 
176.56±13.39g which was subsequently decreased to 162.56±11.94g after eight weeks of administration of 1,900 
mg/kg of AlCl3 and the decrease observed was statistically significant at P=.001( See Table 1). 
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Our results revealed that there was weight gain in the control group that received distil water only while there was 
significant weight loss in the Al treated Wistar rats of both sexes (table 1 and Fig.1). 
 
In the course of the study, we lost one Wistar rat each in both group IV and V probably due to toxicity of the drug in 
the groups and that was why we had nine Wistar rats left in groups IV and V respectively at the end of 
administration of drug. We also observed that there was strong correlation between AlCl3 administration and weight 
loss in Al treated groups II-V (Table 2).  
 
There was statistically significant decrease in the mean body weights of the aluminium treated groups of male rats 
only(Fig.2) with group II having mean weight of 200.80±20.93g before administration of aluminium chloride and 
later decreased to 191.00±21.00g after eight weeks of aluminium chloride administration(P<0.01).The mean weight 
of male wistar rats in group III was 167.60± 20.03g before commencement of administration but later decreased 
to160.20±18.73g after eight weeks of AlCl3 administration. Group IV mean weight was 199.40± 7.34g before Al 
administration but later decrease to 185.20±4.95g after eight weeks of administration(P<0.05).The mean weight for 
male wistar rats in group V was 208.00±9.06g before administration and later decreased to 190±9.08g after eight 
weeks of administration (P<0.01) (See Fig.2). 
 
For the female Wistar rats only, there was decreased in the body weight in the Al treated groups after eight week of 
administration of AlCl3 and decreased observed was only significant for group IV (Fig.3). 
Our findings therefore revealed that although there are controversies about the toxicity of Al, it could be a useful 
tool for those interested in weight reduction (weight loss). 
 

CONCLUSION 
 

Based on our observations, we have a tendency to thus conclude that aluminium chloride exposure resulted into 
significant weight loss (reduced weight) in Wistar rats. 
 
Acknowledgement   
The authors wish to acknowledge the immense support given to this research work by the Vice Chancellor, A.B.U. 
Marcarthur foundation Projects (VC/PIMC/DC/P.18752), as well as, the management of Ahmadu Bello University, 
Zaria, Nigeria. 

 
REFERENCES 

 
[1]. R.A.Yokel and P.J. McNamara, mini-review: Pharmacol. Toxicol., 2001,88: 159-167. 
[2]. WHO, Addendum to Vol.2: Published by World Health Organization, Geneva, 1998. 
[3]. Health Canada, Aluminium in drinking Water WHO, 2000: Guidelines for Aluminium, 1997. 
[4]. P. Slanina and Y. Falkeborn, J. Fed. Chem. Toxic., 1984, 22: 291-297. 
[5]. C. Alfrey, R. Legendre and D. Kaehny, New Engl. J. Med., 1976, 294: 184-188. 
[6]. Y.L. Chan, A.C. Alfrey, S. Posen, D. Lissner, E. Hills, C.R. Dunstan and R.A. Evans,  Calcif Tissue Int., 1983; 
35: 344-351. 
[7]. D.A. Henry, W.G. Goodman, R.K. Nudelman, N.C. Didomenico, A.C. Alfrey, E. Slatopolsky, T.M. Stanley and 
J.W. Coburn, Kidney Int, 1984, 25: 362-369. 
[8]. L.D. Quarles, V.W. Dennis, H.J. Gitelman, J.M. Harrelson and M.K. Drezner, J Clin Invest, 1985; 75: 1441-
1447. 
[9]. H. Bräunlich, C. Fleck, L. Kersten, G. Stein, V. Laske, A. Müller and  E. Keil, J Appl Toxicol, 1986; 6: 55-59. 
[10]. H. Kloppel, A. Fliedner and W. Kordel, Review of the scientific literature. Chemosphere, 1997; 35: 353-363.  
[11]. K.F. Shehla, P.A. Prabhavathi, P. Padmavathi and P.P. Reddy, Mutat Res., 2001; 490: 179-186.  
[12]. T. Flaten, Brain Res. Bull., 2001; 55: 187-196. 
[13]. V.B. Gupta, G. Anitha, M.L. Hegda, L. Zecca, R.M. Garruto, R. Ravid, S.K. Shankar, R. Stein, P. 
Hanmugavelu and K.S.  Jagannatha Rao, Mol. Life Sc., 2005; 62: 143-158. 
[14]. A.A. Buraimoh, S.A. Ojo, J.O. Hambolu and S.S. Adebisi, Curr. Res. J. Biol. Sci.,2011a, 3: 509-515.  
[15]. C. Exley, The aluminium-amyloid cascade hypothesis and Alzheimer’s disease aluminium and β-amyloid. 
Alzheimer’s disease; 2005; 38:225-234. DOI: 10.1007/0-387-23226511.  
[16]. M.L. Schmidt, V. Zhukavera, D.P. Perl, S.K.Sheridan, and T. Schuck,  J. Neuropathol. Exp. Neurol., 2001, 60: 
1075-1086.  



Buraimoh A. A. and Ojo S.A.                                                    Ann. Bio. Sci., 2014, 2 (2):66-73    
_____________________________________________________________________________ 

72 

[17]. R.A.Yokel, review, Neurotoxicology; 2000, 21 (5): 813-828. 
[18]. S.L. Rifat, M.R. Eastwood and D.R.C. McLachlan, Corey PN, Lancet, 1991, 336:1162–1165. 
[19]. R. Bast-pettersen, P.A. Drablos, L.O. Goffeng, Y. Thomassen and C.G. Torres, Am J Ind Med.,1994; 25:649–
646. 
[20]. D.M. White, W.T. Longstreth, L. Rosentock, H.J. Keith, H.J. Clay-poole, C.A. Brodkin, and B.D. Townes, 
Arch Intern Med., 1992, 152:1443–1448.  
[21]. R. Akila, B.T. Stollery and V. Riihimaki, Occup Environ Med., 1999, 56:632–639.  
[22]. K.I. Bolla, G. Briefel, D. Spector, B.S. Schwartz, L. Wieler, J. Herron and L. Gimenez, Arch Neurol., 1992; 
49:1021–1026. 
[23]. D.C. Gajdusek and A.M. Salazar, Neurology, 1982, 32: 107-126. 
[24]. D.P. Perl, D.C. Gajdusek, R.M. Garruto, R.T. Yanagihara and C.J. Gibbs, Science, 1982, 217: 1053-1055. 
[25]. R.M. Garruto, R. Fukatsu, R. Yanagihara, D.C. Gajdusek, G. Hook and C.E. Fiori, Proc Natl Acad Sci (USA), 
1984, 81: 1875-1879. 
[26]. D.R. Crapper McLachlan, Neurobiol Aging, 1986; 7: 525-532. 
[27]. D.R. Crapper McLachlan, W.J. Lukiw and T.P.A. Kruck, Can J Neurol Sci, 1989; 16: 490-497. 
[28]. H.M. Wisniewski and G.Y. Wen, New York, Chichester, Brisbane, Toronto, John Wiley and Sons, 1992, 142-
164. 
[29]. C.M. Wischik, C.R. Harrington, E.B. Mukaetova-Ladinska, M. Novak, P.C. Edwards and F.K. McArthur, 
Aluminium in biology and medicine; New York, Chichester, Brisbane, Toronto, John Wiley and Sons, 1992, 268-
302. 
[30]. J.A. Edwardson, Munro H & Schlierf G ed.  Nutrition of the elderly. New York, Raven Press, 1992, 193-202. 
[31]. A. Christine, The American Heritage Dictionary of Idioms. Published by Houghton Mifflin. 1997. 
[32]. C.M. Richard, The Physics Teacher, 1999, 37:51. Bibcode 1999.doi: 10.1119/1.880152. 
[33]. G. Igal, International Journal of Science Education, 2001, 23: 1073.  Bibcode 1999.doi: 
10.1080/09500690110038585. 
[34]. I. Galili, Y. Lehavi, American Journal of Physics, 2003, 71 (11): 1127-1135. Bibcode 2003 AmJPh. Doi: 
10.1119/1.1607336.  
[35]. A.A. Buraimoh, S.A. Ojo, J.O. Hambolu and S.S. Adebisi, Br. J. Pharmacol. Toxicol., 2011b, 2: 273-276. 
ISSN: 2044-2467.  
[36]. A.A. Buraimoh, S.A. Ojo, J.O. Hambolu and S.S. Adebisi, American Journal of Neuroscience, Science 
Publication, 2011c, 2(2): 65-69, ISSN 1948-9900.  
[37]. A.A. Buraimoh, S.A. Ojo, J.O. Hambolu and S.S. Adebisi, Journal of Biology and Life Science@Macrothink 
Institute, 2012a, 3, 1.  
[38]. A.A. Buraimoh and S.A. Ojo, Int J Bio Pharm. Allied Sci., 2012a; I (11), 1556-1568. 
[39]. WHO. Aluminium. Geneva, World Health Organization, International Programme on Chemical Safety, 
Environmental Health Criteria, 1997, 194. 
[40]. D.B. Clayton, Report of the Lowermoore incident health advisory committee. Truro, Cornwall District Health 
Authority, 1989, 22. 
[41]. A.A. Buraimoh, S.A. Ojo, J.O. Hambolu and S.S. Adebisi, American International Journal of Contemporary 
Research, 2012b, 2, (5).  
[42]. A.A. Buraimoh and S.A. Ojo, Journal of Applied Pharmaceutical Science, 2013, 3(1): 108-112. 
[43]. J. Walton,  Neurosci. Lett., 2007,  412; 29–33. 
[44]. A.A. Buraimoh, S.A. Ojo, J.O. Hambolu and S.S. Adebisi, Asian J. Biol. Sci, 2012c, 3 (2): 435-438. 
[45]. A.A. Buraimoh, S.A. Ojo, J.O. Hambolu and S.S. Adebisi, American Medical Journal, 2012d, 3(2): 210-219, 
Science Publications. 
[46]. R. Moumen, N. Ait-Oukhatar and F. Bureau, J. Trace Elements Med. Biol., 2001,15:89–93.  
[47]. R. Anane and E.E. Creppy, Human Exp. Toxicol., 2001, 20:477–481.  
[48]. J.E. Morley, D.R. Thomas and G.W. Margaret-Mary, American Journal of Clinical Nutrition, 2006, 83 (4): 
735–743. 
[49]. A. Mangili, D.H. Murman, A.M. Zampini and C.A. Wanke, Clin. Infect. Dis., 2006, 42 (6): 836–42. Doi: 
10.1086/500398. PMID 16477562.  
[50]. AmericanThyroid Association, 2005, http:// www. hyroid. org/ patients /brochures /Thyroid and _Weight.pdf. 
2005. Retrieved 2011-01-26.  
[51]. Institute of Medicine, Committee on Nutrition Services for Medicare Beneficiaries, 2000, 67, ISBN 0-309-
06846-0, ISBN 978-0-309-06846-8.  
[52]. J.A. Greenberg, K.V. Axen, R. Schnoll and C.N. Boozer, Int J Obes Relat Metab Disord, 2005, 29:1121–9. 



Buraimoh A. A. and Ojo S.A.                                                    Ann. Bio. Sci., 2014, 2 (2):66-73    
_____________________________________________________________________________ 

73 

[53]. G. Zheng, K. Sayam, T. Okubo, L.R. Juneja and I. Oguni, In Vivo, 2004, 18:55–62. 
[54]. W.T. Cheung, C.M. Lee and T.B. Ng, Pharmacology, 1988; 36:331–9. 
[55]. K. Muroyama, S. Murosaki, Y. Yamamoto, H. Odaka, H.C. Chung and M. Miyoshi, Nutr Sci Vitaminol 
(Tokyo), 2003, 49:56–63. 
[56]. S.B. Choi, C.H. Park and S. Park, J Nutr Biochem, 2002, 13:727–33. CrossRefMedline. 
[57]. L.K. Han, T. Takaku, J. Li, Y. Kimura and H. Okuda, Int J Obes Relat Metab Disord., 1999, 23:98–105. 
CrossRefMedline. 
[58]. L.J. Bukowiecki, J. Lupien, N. Follea and L. Jahjah, Am J Physiol., 1983; 244:R500–7.Medline. 
[59]. R.M. Van Dam, W.C. Willett, J.E. Manson and F.B. Hu, Diabetes Care, 2006, 29:398–403. 
[60]. E. Lopez-Garcia, R.M. van Dam, S. Rajpathak, W.C. Willett, J.E. Manson and F.B.  Hu, Am J Clin Nutr, 2006, 
83:674–80. 
 


