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I Abstract

Introduction: The role of artificial sweeteners in body-weight regulation is still unclear. Replacing sugar with low-calorie
sweeteners is a common strategy for facilitating weight control. Whether using artificial sweeteners may augment positive
energy balance through increased food intake was investigated. The effects of sweet taste and its sources (carbohydrate
and non-caloric sweeteners) on diet growth efficiency, fasting and postprandial glucose and insulin plasma concentrations
were also compared.

Material and method: 140 male Sprague-Dawley rats (initial body mass: 325 + 19g) were randomly divided into 4 groups.
Each group was provided with isoenergetic diets: 3 with the same sweet taste intensity (with sucralose — SU, sucrose — SC
and maltodextrine — M) and one diet non-sweet (NS). Food intake was recorded daily and body weight measured twice a
week/controlled every two days. After 3 weeks, animals were euthanized as follows: fasting and 30, 60, 120, 180 min. after
an appropriate meal (n=7 from each group/time point).

Results: The group receiving sucralose consumed more feed and had significantly increased body weight compared to the
other groups. The diet growth efficiency in groups SU was statistically higher than in NS and SC groups, but did not differ
from group M. In SU group, postprandial increases in glucose and insulin levels were significantly lower compared to both
SC and M groups, but no different from group NS. Fasting HOMA insulin resistance index was not significantly different
among the groups.

Conclusions: The results indicate that the sweet taste of a diet derived from non-caloric sweeteners may increase food
intake sufficiently to cause a significant increase in body weight gain. These results could support the hypothesis that artificial

sweeteners weaken a predictive relationship between sweet taste and the caloric consequences of eating.
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INTRODUCTION

Excessive consumption of sucrose is one of the most serious
causes of obesity and comorbidities, such as hypertension,
diabetes, dyslipidaemia, and coronary heart diseases, which
are associated with a significant increase in mortality and
morbidity rates. Growing public awareness regarding
the dangers imposed by refined sugars has prompted a
reduction in their consumption by replacing them by
artificial sweeteners. Artificial sweeteners are widely used
in many products, such as desserts, gums, diet beverages and
yogurts, as a means of combating body mass gain, metabolic
syndrome, diabetes, and all risk factors for heart disease.
According to the International Food Information Council
Foundation (2012), 73% of respondents who were consuming
noncaloric sweeteners reported doing so to reduce total
calories consumed. However, in 2012, the American Heart
Association (AHA) and American Diabetes Association
(ADA) concluded that there are still insufficient data to
determine the role played by artificial sweeteners in the
regulation of energy balance, appetite, body weight, and
influence on cardiometabolic risk factors [1].
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There is evidence that non-caloric sweeteners increase
appetite, promote overeating, and lead to body mass gain
[2,3,4,5, 6]. The mechanisms by which this occurs remains
unknown. It is probable that a significant role in this
mechanism is played by the sweet taste receptors TIR2 and
T1R3, which recently have also been found in the duodenum,
small intestine and pancreas [7, 8]. Stimulation of these
receptors by artificial sweeteners changes the activity of
clue metabolic hormones, including GIP, GLP-1 and insulin
7,9, 10, 11, 12].

One of the hypothesis maintains that artificial sweeteners
weaken a natural predictive relationship between sweet taste
and the calorie intake during eating. As a consequence, the
organism receiving non-caloric sweetenter, which is very
sweetand free from energy value, tends to offset energy deficit
during the next meal [2, 6]. It is known that from the earliest
years the body associates orosensory cues such as sweet taste
with the postprandial caloric or nutritive consequences of
eating [13, 14, 15].

In order to extend knowledge about the influence of dietary
non-caloric sweeteners on energy balance, food intake and
body mass was compared, as well as plasma levels of insulin
and glucose in rats fed with non-sweet diet and diets differing
in the source of sweet taste.
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MATERIALS AND METHOD

Male Spraque-Dawley rats obtained from the Medical
Research Centre of the Polish Academy of Sciences in
Warsaw, Poland, were placed in individual cages and
accommodated for seven days in standard environmental
conditions at a temperature of 23+1 °C, a 12-hour light/dark
cycle, 50-65% humidity, with food (Labofeed) and water
supplied ad libitum.

140 male Sprague-Dawley rats (initial body mass: 325 + 19g)
were randomly divided into 4 groups. Each was provided with
ad libitum isoenergetic diets (1g=3,766 kcal): 3 with the same
sweet taste intensity which corresponded to 10 g of sucrose
(with sucralose - SU, sucrose — SC and maltodextrine - M)
and one diet non-sweet (NS). Diet composition is presented
in Table 1.

Table 1. Diet composition (g/1009)

RESULTS

Body weight and food intake. After 3 weeks of the
experiment, the highest daily body mass gain was observed in
SU group compared to NS (p<0.001), SC (p<0.001), M (p<0.001)
groups. Daily body mass gain in SC group was significantly
higher than in groups NS (p<0.001) and M (p=0.009).

Daily energy intake and daily food intake expressed in g of
diet were higher in SU group than in groups: NS (p<0.001),
M (p<0.001) and SC (p<0.001). In SC group, food intake
was higher than in both NS (p<0.001) and M (p<0.001)
groups. Diet growth efliciency in group SU was statistically
significantly higher than in NS (p<0.001) and SC (p<0.001)
groups and not different from group M (Tab. 2).

Table 2. Daily body weight gain, intakes of food and total energy in rats
fed experimental diets. Values statistically significantly different (p<0.05)
are indicated by different letters

Ingredients DIETS

NS Ne M SU
Wheat starch 62.9 529 0 62.9
Sucrose 0 10 0 0
Sucralose 0 0 0 0.02
Maltodextrine 0 0 62.9 0
Fiber 5 5 5 5
Casein 20 20 20 20
Soybean oil 7 7 7 7
Mineral mix 35 35 35 35
Vitamin mix 1 1 1 1
L-cystein 0.3 03 03 0.3
Choline bitartrate 0.25 0.25 0.25 0.25
Tert-butylhydroquinone 0.0014 0.0014 0.0014 0.0014

NS - non-sweet diet with, SC - diet with sucrose, M - diet with maltodextrine, SU - diet with

sucralose

Variables Dietary groups ~ Mean SE
NS 273 0.51
SC 3.31° 0.29
Daily body mass gain (g)
M 3.09 0.26
SsU 3.68¢ 0.32
NS 25.16° 1.56
SC 29.35° 0.49
Food intake (g /day)
M 27.032 1.64
SU 32.19¢ 1.15
NS 0.112 0.02
Diet growth efficiency SC 0110 0.01
(g body weight gain /g of food intake) M 0.12° 0.01
Su 0.12° 0.01
NS 94.76* 5.87
Ne 115.25° 1.96
Daily energy intake (kJ /day)
M 101.02° 6.13
SuU 119.67¢ 4.61

Food intake was recorded daily and body weight measured
3 times per week. After 3 weeks, the animals were anesthetized
by isoflurane as follows: at fasting and 30, 60, 120, 180 min.
after meal (n=7 from each group/time point). Blood was taken
by cardiac puncture and plasma stored at -80°C. Plasma
insulin concentration was measured by using rat insulin
ELISA kit (Demeditec, Germany). Plasma glucose level was
determined enzymatically using PTH Hydrex kit (Warsaw,
Poland).

To assess body insulin sensitivity or resistance, the
index HOMA-IR (Homeostatic Model Assessment-Insulin
Resistance) was calculated. HOMA-IR is a valuable method
that shows a strong relationship with an euglycemic-
hyperinsulinemic clamp [16]. High HOMA-IR scores indicate
low insulin sensitivity (i.e. insulin resistance). The HOMA-IR
index was calculated for fasting groups using the formula:
fasting glucose (mmol/L) x fasting insulin (mU/mL)/22.5
(16, 17].

Statistical analysis (multifactor analysis of variance
followed by post-hoc Tukey test) was performed using
STATISTICA 10 (Statsoft). p-values <0.05 were considered
statistically significant.

Insulin and glucose concentrations in plasma. Fasting
plasma glucose was significantly higher in SC group
compared to NS (p=0.04) and SU (p=0.04) groups, but did
not differ from group M (Fig. 1). The highest postprandial
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Figure 1. Plasma concentrations of glucose [mg/dl] in rats fed NS, SC, M and SU
diets during 3 weeks of experiment. Values are expressed as mean with their
standard errors for 7 animals. Different a, b letters indicate significant differences
within fasting group and 30, 60, 120, 180 min. after meal (p<0.05). Different A, B
letters indicate significant differences between groups - NS, SC, M, SU (p<0.05)
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glucose concentration in SC group was observed 30 min.
after consumption of meal, whereas in groups NS, M and
SU, after 60 min. These peaks were followed by a decrease in
glucose concentration which, at 180 min. after consumption
of a meal, had returned to fasting values in each group. At 30,
60, 120 and 180 min., plasma glucose levels in SU group were
significantly lower compared to group SC (p<0.0001, p<0.001,
p<0.0007, p<0.005, respectively) and M (p<0.004, p<0.002,
p<0.01, p<0.007, respectively), and did not differ from that
observed in NS group. At 30, 60 and 120 min., plasma glucose
concentrations in SC and M groups were significantly higher
than in NS group (p<0.001, p<0.003, p<0.02, respectively)
and did not different at 180 min. At no point did the glucose
levels in SC and M groups differ significantly.

Both at fasting and 180 min., postprandial plasma insulin
concentrations did not differ statistically significantly
between groups (Fig. 2). The patterns of postprandial changes
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Figure 2. Plasma concentrations of insulin [pg/L] in rats fed NS, SC, Mand SU diets
during 3 weeks of experiment. Values are expressed as mean with their standard
errors for 7 animals. Different a, b letters indicate significant differences within
fasting group and 30, 60, 120, 180 min. after meal (p<0.05). Different A, B letters
indicate significant differences between groups - NS, SC, M, SU (p<0.05).

in plasma insulin concentrations were similar in SC and M
groups, and in NS and SU groups. A significant increase above
fastinglevel in SCand M groups occurred 30 min. after a meal,
and persisted to 120 min., then fell after 180 min. to values
that did not differ from those observed during fasting. At 30,
60 and 120 min. after consumption of a meal, in SC group
plasma insulin levels were significantly higher compared to
groups NS (p<0.00004, p<0.0002, p<0.02, respectively) and
SU (p<0.003, p<0.0005, p<0.03, respectively). In M group at
30 and 60 min., insulin concentrations were higher than in
NS (p<0.0003, p<0.008, respectively) and SU (p<0.01, p<0.02,
respectively) groups.

Fasting HOMA-IR did not differ significantly in the
experimental groups (Fig. 3).

©
L

~
e

HOMA-IR
o
|

w
L

|
|

NS SC M

~
L

SU  Group

Figure 3. HOMA-IR index in rats fed NS, SC, M and SU diets during 3 weeks of
experiment. Values are expressed as mean with their standard errors for 7 animals

DISCUSSION

The results indicate that both the presence of sweet taste
in diet and the type of its source influence feed intake and
growth. It can be supposed that sweet taste increased food
intake, since the lowest consumption was observed in rats
receiving unsweetened feed. However, food intake in this
group did not differ significantly from that observed in rats
receiving maltodextrine. Among the groups given different
sweet sources, the highest food intake was observed in the
group fed a diet with sucralose. It is noteworthy that the food
intake in this group exceeded that observed in the groups
receiving natural sweeteners, saccharose or maltodextrine.
Body weight gain reflected the amount of food consumed and
was the highest in rats given sucralose, which indicate that
non-caloric sweeteners may increase food intake sufficiently
to cause a significant increase in weight gain. On the other
hand, other results suggest that artificial sweeteners may
promote body weight gain. Martinez et al. [3] showed that
rats who drank water with aspartame and sucralose were
fatter than both control and sucrose groups, in spite of the
fact that total caloric intake in the sucrose group was higher
than in both groups with artificial sweeteners.

The results of human studies also prompt the assumption
that artificial sweeteners may promote body mass gain. The
Multi-Ethnic Study of Atherosclerosis [MESA] conducted
over an 8-year period on 5,011 participants aged 45-84 years,
revealed that consumption of artificial sweeteners in beverages
at least daily was associated with significantly greater risks
of select incident metabolic syndrome components (36%
greater) and type 2 diabetes (67% greater) [18]. Fowler et al.
confirmed a positive correlation between artificial sweetener
consumption and body mass gain in 3,682 participants [19].
It was reported that consuming more than 21 artificially-
sweetened beverages per week was associated with an almost-
doubled risk of overweight and obesity. Average BMI among
artificial sweetener users were 47% greater than among
nonusers. Similarly, Appleton et al. reported higher BMI in
artificiall-sweetened beverages users who consumed more
than 825 ml of artificially sweetened beverages per day,
compared to non-users [20].

Body mass gain and overeating after consumption of
products containing artificial sweeteners can be explained
by the hypothesis that artificial sweeteners disrupt the body’s
natural ability to predict the caloric contents of food on
the basis of sweet taste, which leads to greater body mass
gain through increased food intake during the next meal
to compensate the energy deficit and/or diminished energy
expenditure. Rats given saccharine solutions both ate
significantly more and gained significantly more weight
than the rats given the glucose solution [5, 6].

Mattes and Popkin in their review listed various
mechanisms of the effects of artificial sweeteners on
compensatory appetite, food intake and hunger through
their influence on cephalic phase stimulation, gut peptide
response, palatability, and natural ability to learn to like
a repeated exposure to sweet taste which may preserve a
preference for sweetness in the diet, including products
sweetened with natural sweeteners [21].

Is possible that increased consumption of diets containing
non-caloric sweeteners can also be associated with their
effects on satiety. Drinking saccharin solution, but not water,
elevated the mRNA levels of orexin and neuropeptide Y.



96

Journal of Pre-Clinical and Clinical Research, 2012, Vol 6, No 2

Anna Bigos, Ewelina Palkowska, Danuta Rosotowska-Huszcz. Effect of artificial and natural sweeteners on glucose and insulin in plasma of rats...

Activation of orexigenic neuropeptides, such as orexin and
neuropeptide Y induced by the sweetness of saccharin, but
not by neutral fluid, suggests that palatability is one of the
factors that augments food intake during application of
artificial sweeteners [19].

Consumption of sweeteners such as sucrose or saccharin
elevate b-endorphin levels, both in the cerebrospinal fluid and
plasma more effectively than the intake of other taste solutions
or water. In turn, opioids are involved in the generation of
palatability and facilitation of food consumption [22].

Rats from SC group ate more and elicited greater body
mass gain than rats from M group. This could be due to the
presence of fructose derived from hydrolysis of sucrose in
SC diet. It is noteworthy that, based on the differences in
the metabolic pathways for fructose and glucose, fructose
consumption gives less satiety, leads to increased food intake
and body mass gain compared to glucose [23, 24, 25].

The lowest daily food intake and weight gain were recorded
in NS group. These results are consistent with the observation
of Graaf et al. [26] who found significantly higher sweet diet
intake than with a starch diet. Other authors claim that
sweet taste promotes palatability of the diet, which in turn
contributes to overconsumption [27, 28, 29, 30].

Postprandial increase in glucose and insulin levels in SU
group was at the level of NS group, and significantly lower
than in groups receiving natural sources of sweet taste, which
indicates a lower glyacemic index of SU diet. It is generally
accepted that alower glycaemic index of food is connected with
lower lipogenic potential. Unfortunately, rat body composition
was not estimated and therefore it could not be assessed
whether higher body mass gain in SU groups was due to greater
body fat. But if this was the fact, it could indicate that SU diet
promoted body mass gain, despite a lower glycaemic index.

Lack of differences between fasting and postprandial
plasma glucose in SU and NS groups is consistent with
the research by Grotz et al. [31] which demonstrated that
sucralose consumption for 3 months had no effect on glucose
homeostasis in individuals with type 2 diabetes, and was as
equally well tolerated as the placebo. However, some authors
have observed an increase in plasma glucose and insulin
levels in rats in response to acesulfame potassium, sucralose
or saccharin [10, 32]. This was mediated via stimulation of
sweet-taste receptors in L-cells by artificial sweetener, and
subsequent increase in GLP-1 [9] and GIP secretion, as well
as SGLT1 [33] and GLUT?2 expression [32].

Insulin plays akeyrole in both short- and long-term increase
of satiety and termination of eating [34, 35]. Postprandial
increase in the level of plasma insulin inhibits the secretion
of ghrelin [36]. It is possible that the considerably lower
postprandial insulin plasma concentration in SU group
reduced satiety, leading to increased food intake. The higher
body mass weight in SC and M groups compared to NS group
may be due to lipogenic effects of insulin on adipocytes [37].

CONCLUSIONS

1. Non-caloric sweeteners can increase food intake sufficiently
to cause a significant increase in weight gain.

2. Dietary sucralose intake induces lower levels of plasma
glucose and insulin than both sucrose and maltodextrin.

3. The body weight increasing effect of sucralose occurs despite
the low glycaemic index of a sucralose containing diet.

REFERENCES

1.Gardnem Ch, Wylie-Rosett ], Gidding S, Steffen L M, Johnson R K,
Reader D, Lichtenstein A. Nonnutritive Sweeteners: Current Use and
Health Perspectives. A Scientific Statement From the American Heart
Association and the American Diabetes Association. Diabetes Care.
2012, 35(8):1798-1808.

2.Davidson TL, Martin AA, Clark K, Swithers SE. Intake of high-
intensity sweeteners alters the ability of sweet taste to signal caloric
consequences: Implications for the learned control of energy and body
weight regulation. Q J Exp Psychol. 2011; 64(7): 1430-1441.

3.Martinez C, Gonzalez E, Garcia RS, Salas G, Constantino-Cassas F,
Marcias L, et al. Effects on body mass of laboratory rats after ingestion
of drinking water with sucrose, fructose, aspartame and sucralose
additives. Open Obes J. 2010; 2: 116-124.

4.Pierce WD, Heth CD, Owczarczyk JC, Russell JC, Proctor SD. Overeating
by young obesity-prone and lean rats caused by tastes associated with
low energy foods. Obesity (Silver Spring) 2007; 8: 1969-1979.

5.Swithers SE, Davidson TL. A role for sweet taste: calorie predictive
relations in energy regulation by rats. Behav Neurosci. 2008; 122(1):
161-173.

6.Swithers SE, Martin AA, Davidson TL. High-intensity sweeteners and
energy balance. Physiol Behav. 2010; 100(1): 55-62.

7.Jang HJ, Kokrashvili Z, Theodorakis MJ. Gut-expressed gustducin and
taste receptors regulate secretion of glucagon-like peptide-1. Proc Natl
Acad Sci USA 2007; 104(38): 15069-15074.

8.Scrafani A. Sweet taste signaling in the gut. Proc Natl Acad Sci USA
2007; 104(38): 14887-14888.

9.Brown RJ, Walter M, Rother KI. Ingestion of diet soda before a glucose
load augments glucagon-like peptide-1 secretion. Diabetes Care 2009;
32(12): 2184-2186.

10.Just T, Wilhelm H, Ulrike P, Engler U, Hummelb T. Cephalic phase
insulin release in healthy humans after taste stimulation? Appetite
2008; 51(3): 622-7.

11.Nakagawa Y, Nagasawa M, Yamaada S, Hara A, Mogami H, Nikolaev
VO. Sweet taste receptor expressed in pancreatic Beta-Cells activates
the Calcium and Cyclic AMP Signaling Systems and stimulates
insulin secretion. PLoS One 2009, www.plosone.org/article/
info%3Adoi%2F10.1371%2Fjournal.pone.0005106 (access: 2012.09.12)

12.Black RM, Leiter L A, Anderson GH. Consuming aspartame with and
without taste: differential effects on appetite and food intake of young
adult males. Physiol Behav. 1992; 53(3): 459-466.

13.Sclafani A. Post-ingestive positive controls of ingestive behavior.
Appetite 2001; 36(1): 79-83.

14. Tordoff MG, Alleva AM. Oral stimulation with aspartame increases
hunger. Physiol Behav. 1990; 47(3): 555-559.

15.Smeets PAM, De Graaf C, Stafleu A, Osch MJP, Grond J. Functional
magnetic resonance imaging of human hypothalamic responses to sweet
taste and calories. Am J Clin Nutr. 2005; 82(5): 1011-1016.

16.Bonora E, Targher G, Alberiche M, Bonadonna R, Saggiani F, Zenere M,
Monauni T, Muggeo M. Homeostasis model assessment closely mirrors
the glucose clamp technique in the assessment of insulin sensitivity:
studies in subjects with various degrees of glucose tolerance and insulin
sensitivity. Diabetes Care 2000; 23(1): 57-63.

17.Matthews D, Hosker J, Rudenski A, Naylor B, Treacher D, Turner
R. Homeostasis Model Assessment: insulin resistance and B-Cell
function from fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985; 28(7): 412-419.

18.Nettltton JA, Polak JF, Tracy R, Burke GL, Jacobs DR. Dietary patterns
and incident cardiovascular disease in the Multi-Ethnic Study Of
Atherosclerosis. Am J Clin Nutr. 2009; 90(3): 647-654.

19.Fowler SP, Williams K, Resendez RG, Hunt KJ, Hazuda HP, Michael P,
Stern MP. Fueling the obesity epidemic? Artificially sweetened beverage
use and long-term weight gain. Obesity 2008; 16: 1894-1900.

20. Appleton KM, Conner MT. Body weight, body-weight concerns and
eating styles in habitual heavy users and non-users of artificially
sweetened beverages. Appetite 2001; 37: 225-230.

21.Mattes RD, Popkin BM. Nonnutritive sweetener consumption in
humans: effects on appetite and food intake and their putative
mechanisms. Am ] Clin Nutr. 2009; 89: 1-14.

22.Yamamotoo T, Sakoa N, Maedab S. Effects of taste stimulation on beta-
endorphin levels in rat cerebrospinal fluid and plasma. Physiol Behav.
2000; 69(3): 345-350.

23.Cha SH, Wolfgang M, Tokutake Y, Chohnan S, Lane M. Differential
effects of central fructose and glucose on hypothalamic malonyl-CoA
and food intake. Proc Natl Acad Sci USA 2008; 105(44): 16871-16875.



Journal of Pre-Clinical and Clinical Research, 2012, Vol 6, No 2

97

Anna Bigos, Ewelina Palkowska, Danuta Rosotowska-Huszcz. Effect of artificial and natural sweeteners on glucose and insulin in plasma of rats

24.Lane MD, Cha SH. Effect of glucose and fructose on food intake via
malonyl-Coa signaling in the brain. Biochem Biophys Res Commun.
2009; 382(1): 1-5.

25.Teff KL, Elliott SS, Tschop M, Kieffer T], Rader D, Heiman M, et al.
Dietary fructose reduces circulating insulin and leptin, attenuates
postprandial suppression of ghrelin, and increases triglycerides in
women. ] Clin Endocrinol Metab. 2004; 89(6): 2963-2972.

26.De Graaf C, Schreurs A, Blauw Yh. Short-term effects of different
amounts of sweet and nonsweet carbohydrates on satiety and energy
intake. Physiol Behav. 1996; 54(5): 833-843.

27.Bellisle F, Drewnowski A. Intense sweeteners, energy intake and the
control of body weight. Eur J Clin Nutr. 2001; 61: 691-700.

28.Furudono Y, Ando C, Yamamoto C, Kobashi M, Yamamoto T.
Involvement of specific orexigenic neuropeptides in sweetener-induced
overconsumption in rats, Behav Brain Res. 2006; 175(2): 241-248.

29.Saper C, Chou T, Elmquist J. The need to feed: homeostatic and hedonic
control of eating. Neuron. 2002; 36(2): 199-211.

30.Sorensen LB, Moller P, Flint A, Martens M, Raben A. Effect of sensory
perception of foods on appetite and food intake: a review of studies
on humans. Int ] Obes Relat Metab Disord. 2003; 27(10): 1152-1166.

31.Grotz V, Henry R, Mcgill J, Prince M, Shamoon H, Trout J, Pi-Sunyer
F. Lack of effect of sucralose on glucose homeostasis in subjects with
type 2 diabetes. ] Am Diet Assoc. 2003; 103(12): 1607-1612.

32.Mace OJ, Affec J, Patel N, Kellett GL. Sweet taste receptors in rat small
intestine stimulates glucose absorption through apical Glut2. ] Physiol.
2007; 582: 379-92.

33.Margolskee RF, Dyer J, Kokrashvili Z, Salmon KS, Ilegms E, Daly K,
et al. T1r3 and gusductin in gut sense sugars to regulate expression
of Na-Glucose Cotransporter 1. Proc Natl Acad Sci USA 2007; 104:
15075-15080.

34.Havel PJ. Peripheral Signals Conveying Metabolic Information To The
Brain: Short-Term And Long-Term Regulation Of Food Intake And
Energy Homeostasis. Exp Biol Med. 2001; 226(11): 963-977.

35.Woods SC, Porte DJR, Bobbioni E, Ionescu E, Sauter JF, Rohner-
Jeanrenaud F, Jeanrenaud B. Insulin: its relationship to the central
nervous system and to the control of food intake and body weight. Am
J Clin Nutr. 1985; 42(5): 1063-1071.

36.Mohlig M, Spranger J, Otto B, Ristow M, Pfeiffer AF. Euglycemic
hyperinsulinemia, but notlipid infusion, decreases circulating ghrelin
levels in humans. ] Endocrinol Invest. 2002; 25: 36-38.

37.Thomas S, Wisher M, Brandenburg D, Sénksen P. Insulin action on
adipocytes. Evidence that the anti-lipolytic and lipogenic effects of
insulin are mediated by the same receptor. Biochem J. 1979; 184(2):
355-360.



