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Abstract 

This short review summarizes the effects of low calorie sweeteners (fructose, non-

nutritive low calorie sweeteners) on gut functions focusing on the gut sweet taste 

receptor system. The effects of these molecules on secretion of gut peptides 

associated with glycemic homeostasis and appetite regulation is reviewed as well as 

effects on gastric emptying and glucose absorption. 

 

Introduction 

Obesity is caused by an imbalance between food intake and energy expenditure. 

Especially the increasing intake of sugar and fat are key factors in the development 

of obesity. Decades ago it was reported already that too much sugar can be harmful 

for human health (2) with a clear association between sugar consumption and 

coronary heart disease. The leading sugar in terms of negative health effects is today 

the fruit sugar fructose (3, 22) mainly in the form of high-fructose corn syrup (HFCS), 

used in processed food and beverages (22). The development of non-caloric low 

calorie sweeteners was therefore considered a health benefit because they provide 

sweet taste without calories or glycemic effects. Six compounds (saccharine, 

aspartame, acesulfame-K, sucralose, tagatose, and steviol glycoside) are approved 

by the FDA and generally considered as safe. Research from the last decades 

suggests, however, that the increased use of non-caloric low calorie sweeteners, 

especially in the form of soda drinks, can be associated with the development of 

obesity (for details see review of Pepino) (13); the issue is, however, scientifically 

controversial. Three main pathways have been proposed to explain the unexpected 

metabolic disturbance: 1) non-caloric low calorie sweeteners might interact with 

sweet taste receptors in the gut, which participate in regulating glucose absorption 
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and promote insulin release through incretin pathways (3); 2) non-caloric low calorie 

sweeteners interfere with microbiota, which might induce insulin resistance via 

different pathways (14); 3) non-caloric low calorie sweeteners could modulate brain 

responses through the gut-brain axis (12). 

In the following short review, the effect of high intensity sweeteners on 1) the gut 

sweet receptor system and its associated hormone release, 2) on glucose 

absorption, and 3) on gastric emptying is summarized with a focus on glucose, 

fructose and non-caloric low calorie sweeteners. 

High intensity sweeteners and the sweet taste receptor system 

In the last decade specific receptor- and transporter-systems, which are located in 

the membrane of specialized epithelial cells such as enteroendocrine cells, have 

been identified (4). These systems are able to sense ingested nutrients in the gut 

lumen. The gastrointestinal gustatory system consists of a neural-epithelial 

machinery linking the sensory epithelial cells of the gut to the first gustatory relay 

center in the brain (4). The system contains neuroactive peptides such as glucagon 

like peptide-1 (GLP-1), peptide tyrosine tyrosine (PYY) and cholecystokinin (CCK); 

these peptides are secreted upon specific nutrient stimulation. G protein-coupled 

receptors and solute transporters expressed on the apical end of taste receptor cells 

function as the receptors for these luminal nutrients and induce the release of 

specific signaling molecules such as CCK, GLP-1 and PYY (5). The main ligands for 

these receptor- and transporter- systems in the gut are the three macronutrients 

(proteins, fats and carbohydrates) as well as their breakdown products, including 

amino acids, long-chain and short-chain fatty acids and monosaccharides. 

The discovery of chemosensory cells in the gastrointestinal tract has triggered 

studies on the physiological role of these receptors in the gut (4, 8, 11). These 
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receptors can sense at least five basic tastes (sweet, umami, bitter, sour and salty) 

similar to the tongue and serve as interface between the nutrients in the lumen and 

the human body: the gut tastes what we eat.  

Sweet taste receptor. The sensation of sweet taste is mediated by the heterodimer 

receptor T1R2/T1R3 (sweet taste receptor). Glucose and low calorie sweeteners 

bind to T1R2/T1R3 that is coupled to the heterotrimeric G-protein (α-gustducin, Gβ3 

and Gγ13) (7, 11, 21). Through activation, the G-protein subunits separate to α-

gustducin and βγ-unit (Gβ3-Gγ13); the latter activates an intracellular cascade, which 

results in the release of Ca2+ from internal stores.  

The expression of signaling components of the sweet taste receptor outside the 

tongue was first described by Höfer et al. (6). He reported that α-gustducin is 

expressed in the stomach, duodenum and pancreatic duct of rats. Later it was shown 

in humans that T1R3 and α-gustducin is expressed in the colon and that α-gustducin 

is localized in enteroendocrine L- and K-cells (5, 15). The observed co-localization of 

α-gustducin with PYY and GLP-1 in human colonic cells confirmed these findings (8). 

In a subset of CCK cells, α-gustducin and T1R2 were co-expressed suggesting that 

these cells can respond to sweet compounds (16). The expression of the different 

taste-signaling elements in enteroendocrine cells of the human gut was confirmed by 

work carried out in different laboratories (5, 7, 15, 18).  

The role of sweet taste receptors in incretin release. Jang et al. showed that plasma 

GLP-1 levels following glucose gavage were reduced in α-gustducin (α-gust-/-) or 

T1R3 (T1R3-/-) knockout mice compared to wild-type mice leading to impaired insulin 

release and elevated blood glucose levels (7). These results were confirmed in 

T1R3/- knockout mice with impaired glucose and insulin homeostasis during oral 

glucose challenges (5). Based on these data, we performed experiments in humans 
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to determine the functional importance of sweet taste receptors in glucose-stimulated 

secretions of GLP-1, PYY and CCK (18). Glucose was a potent stimulus for GLP-1 

and PYY secretion, whereas equisweet fructose was markedly less effective. To test 

whether the glucose effect was mediated via the sweet taste receptor, we used 

lactisole (a competitive inhibitor of the sweet taste receptor subunit T1R3) to block 

the sweet taste receptors in the gut. Lactisole significantly attenuated the glucose-

stimulated secretion of GLP-1 and PYY. In contrast, CCK secretion was unaffected 

by lactisole, indicating that glucose-induced CCK secretion is not mediated by the 

sweet taste receptor and that other glucose-sensing receptors must be involved. 

More important, lactisole had no effect on mixed liquid meal-stimulated GI peptide 

secretion (18). The liquid meal consisted of glucose, proteins, fats, and other 

complex carbohydrates. The lack of effect of lactisole with a mixed meal stimulation 

suggests that these nutrients induce the release of satiation peptides via other 

mechanisms and these mechanisms seem to outweigh the effect of sweet receptor 

blockade. Long-chain fatty acids, apart from glucose, are also potent luminal 

secretagogues for GLP-1 release (1). Thus, the fast response to glucose is based on 

sensing and activation of the sweet receptor system, whereas the effects of a mixed 

meal are also mediated by breakdown products of lipids and perhaps proteins.  

Role of sweet taste receptors in glucose absorption. Glucose is absorbed from the 

gut via the sodium-dependent glucose co-transporter (SGLT-1) on the apical 

membrane and the glucose transporter 2 (GLUT2) on the basolateral membrane of 

the enterocyte (8). Sweet taste receptor expression in the GI tract regulates the 

transport of glucose (17). The Adelaide group (24) has documented that sweet taste 

receptor expression is unchanged by acute variations of glycemia, both in healthy 

subjects and in patients with type 2 diabetes mellitus, but increases upon exposure to 

luminal glucose in euglycemia. Increased expression of the sweet taste receptor 
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system in the gut during euglycemia induces increased glucose absorption, both in 

healthy persons and type 2 diabetic subjects. In contrast, sweet taste receptor 

transcript levels decreased during hyperglycemia in healthy subjects in response to 

duodenal glucose perfusion, but increased in type 2 diabetic subjects suggesting that 

a disturbed regulation of the sweet taste receptor system can aggravate postprandial 

hyperglycemia.  

Role of sweet taste receptors in artificial sweetener sensing. Both, non-nutritive 

(artificial) and caloric sweeteners bind to the oral sweet taste receptors resulting in 

the conscious sensation of sweetness. It was therefore a small step to hypothesize 

that low calorie sweeteners could bind to the sweet taste receptors in the gut. This 

possibility has been explored in multiple models with inconsistent results. 

In vitro studies with the human L-cell line, NCI-H716, as well as with the mouse 

GLUTag cell line, documented secretion of GLP-1 induced by sucralose (artificial 

sweetener); the effect was blocked by the sweet taste receptor antagonist lactisole 

and by siRNA targeting α-gustducin (7, 10). These results are, however, controversial 

and could not be confirmed in two further studies (reviewed by Brown et al. (3)). In 

healthy humans administration of oral sucralose or intragastric administration of 

sucralose, aspartame, or acesulfame-K failed to stimulate GLP-1, PYY, or GIP 

secretion (2, 19). Similar findings were obtained in a study in which sucralose neither 

stimulated GLP-1 nor PYY release in fasted subjects. Six studies in humans have 

been published: none of them detected effects of non-nutritive, low calorie 

sweeteners on gut hormone release or glucose absorption (for details see (2)). In 

one study the effect of non-nutritive low calorie sweeteners in a commercially 

available diet soda on GLP-1 secretion in combination with caloric sugars was 

investigated; the authors reported that the plasma GLP-1 area under the curve after 

glucose ingestion was significantly higher after diet soda compared with carbonated 
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water. The results would suggest that diet soda (presumably via the non-nutritive 

sweeteners) enhances glucose-stimulated GLP-1 secretion (2). It is not clear from 

the experiment whether this effect was mediated via sweet-taste receptors, as diet 

soda contains many other ingredients apart form non-nutritive sweeteners. More 

important, the results could not be confirmed in another study (23). Taken together, 

these data support the notion that low calorie sweeteners in isolation, are not a 

sufficient stimulus for sweet taste receptors to induce GI peptide secretion in 

humans. Whether higher doses of low calorie sweeteners, as used in in vitro 

experiments, would stimulate incretin release is not known but the information would 

be of little practical relevance. 

Effect of sweeteners on gastric emptying. Intestinal exposure of the gut to glucose 

stimulates the release of GLP-1, which subsequently slows gastric emptying. This 

effect is, at least in part, mediated by the sweet taste receptor system. Gastric 

emptying of glucose is dependent on the osmolality of the ingested glucose drink. 

Increasing loads of glucose induce a load dependent slowing of gastric emptying. 

Equisweet solutions of fructose, aspartame, and saccharin had no effect on gastric 

emptying rates, but glucose slowed gastric emptying (10). Fructose when given 

intravenously slows gastric emptying; the magnitude is similar to an identical 

intravenous glucose load (20). A limitation in the literature is that studies with 

sweeteners (glucose, fructose, low calorie sweeteners) are difficult to compare as 1) 

different methods are used to assess gastric emptying, 2) different test drinks are 

given (should equisweet or equimolar test drinks be used?), and 3) only a limited 

number of subjects are tested in a given protocol. Thus, the available information 

suggests that glucose and fructose have similar decelerating effects on gastric 

emptying, whereas low calorie sweeteners have no effect. 
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Summary and Conclusion 

The discovery of the sweet taste receptor system in the gut has led to new concepts 

linking nutrient sensing to physiological mechanisms. Glucose and, to a lesser 

degree, fructose stimulate incretin release and the effect seems to be mediated by 

the sweet taste receptor. The ability of low calorie sweeteners to regulate digestive 

functions and glucose homeostasis is equivocal in the literature with apparent 

discrepancies between animal research and human studies. In humans, low calorie 

sweeteners have failed to stimulate incretin release or gastric emptying, which does 

not exclude an effect on other digestive functions. We infer from these observations 

that low calorie sweeteners have little if any effect on gastric emptying and incretin 

release in humans. We cannot exclude interactions of low calorie sweeteners with 

the microbiome triggering indirect effects. Based on these data, it is not possible to 

draw firm conclusions in relation to the prevention of obesity. The developing story is 

complex, but has an important influence on taste research. The available data 

suggest that some complex challenges have to be sorted out. 
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Table 1: Effect of glucose, fructose and low calorie sweeteners on GLP-1, PYY 
release and gastric emptying 
 

Parameter Glucose Fructose Sucralose Ace-K Aspartame 

GLP-1 
release 

Potent 
secretagogue 

Poor 
secretagogue 

No effect No effect No effect 

GIP release 
 

Potent 
secretagogue 

Poor 
secretagogue 

No effect Not tested Not tested 

PYY 
release 

Poor 
secretagogue 

Poor 
secretagogue 

No effect No effect No effect 

Gastric 
emptying 

Load 
dependent 
slow down 

Load 
dependent 
slow down 

No effect No effect No effect 

References 3, 4, 5, 19, 23 
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