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Effect of caloric and non-caloric sweeteners on liver lipid metabolism in rats 
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Target audience: This work is relevant to the field of liver lipid metabolism in general and in particular dietary factors affecting liver lipid metabolism. 

Purpose: The abnormal and excessive accumulation of fat in the liver (hepatic steatosis) is a histological hallmark of non-alcoholic fatty liver disease (NAFLD). 
Hepatic steatosis occurs when the rate of delivery and uptake of fatty acids from the circulation exceeds the rate of export and oxidation. It has been shown that not only 
diets high in fat induce hepatic steatosis, but also carbohydrates, such as glucose and fructose, which are present in high amounts in caloric sweetened beverages. The 
latter can be explained by a process termed de novo lipogenesis, in which excess carbohydrates are being converted to fat in the liver1-4. A way of fighting weight gain is 
the use of non-caloric sweeteners such as aspartame, but their effects on liver lipid metabolism remain largely unknown5. The aim of this study was to determine the 
effect of caloric and non-caloric sweeteners on intracellular hepatic lipid (IHCL) content using 1H MRS. In addition, we investigated whether caloric and non-caloric 
sweeteners affect dietary fat uptake using proton-observed carbon-edited  (1H-[13C]) MRS in combination with the oral administration of 13C-labeled lipids. 

Methods: Twenty-four male Wistar rats (10-11 weeks of age; 343 ± 2 g) were divided into 4 diet groups receiving 
water (CON), a 13% glucose solution (GLU), a 13% fructose solution (FRUC), or a 0.4% aspartame solution 
(ASP). After 7 weeks of diet, 1H-[13C] MRS experiments were performed at baseline and 4 h after the oral 
administration of 1.5 g [U-13C] Algal lipid mixture per kg body weight. All experiments were executed on a 7 T 
horizontal Bruker MR system with a 1H surface coil (20 mm) combined with a 13C butterfly coil (40/100 mm). A 
voxel of 5x2x4 mm3 was localized in the median lobe of the liver using the LASER sequence, which was 
combined with a POCE element for 13C editing [5]. The 13C-editing pulse (AFP, pulse length=2 ms, bandwidth=5 
kHz) was centered on the lipid methylene resonance and the POCE echo time was tuned to 1/1J1H-13C for lipid 
methylene protons (7.9 ms). Other LASER-POCE parameters were as follows: TR=2 s, TE=26.8 ms, SWAMP 
water suppression, 13C WALTZ decoupling, 16 averages, 64 sequential experiments, scan time = 34 min. Spectra 
obtained with and without the POCE 13C-editing pulse were subtracted to give a difference 1H spectrum. Spectra 
were analyzed using AMARES in jMRUI. The CH2 signal from intrahepatocellular lipids (IHCL) at 1.3 ppm 
(Figure 1) was used to calculate the total IHCL content from the spectra without 13C editing and was expressed as a 
percentage of the unsuppressed water signal. From the difference spectra, 13C-enriched IHCL content was 
calculated and expressed as a percentage of the total IHCL content. All data are expressed as means ± SEM.  
Statistical analysis was performed using ANOVA (SPSS). 

Results: Seven weeks of diet resulted in a larger body weight 
gain in GLU animals compared with ASP animals, but 
otherwise the different sweeteners did not induce differences 
in weight gain (Table 1). Although animals in the GLU and 
FRUC groups consumed less food compared to CON and 
ASP animals, their total energy consumption was higher due 
to the excess intake of calories from sugar (glucose or 
fructose) in their drinking water. Liver weight of animals in 
the FRUC group was larger compared with the ASP and GLU 
groups. IHCL content was higher in both GLU and FRUC 
animals compared with ASP animals (Figure 2). In FRUC 
animals IHCL content was also higher compared with CON. 
At baseline, the average 13C enrichment of IHCL for all 
animals was 1.31±0.09 %, which is slightly higher than the 
natural abundance of 13C (Figure 3). Four hours after the 
administration of 13C-labeled lipids, 13C enrichment of IHCL 
was equally increased in all 4 groups, showing that dietary 
lipid uptake was not different between groups.  

Discussion and Conclusion: The non-caloric sweetener 
aspartame did not have any effect on body weight, energy 
intake, IHCL content, or dietary lipid uptake. The animals that 
received a caloric sweetener consumed more calories,  but this 
only resulted in a larger body weight gain in the animals 
receiving glucose. Both caloric sweeteners increased liver 
lipid content, which was however not associated with an 
increased uptake of dietary lipids during the early 
postprandial phase. The elevated liver lipid content in animals 
consuming glucose- and fructose-sweetened water is therefore 
likely caused by increased de novo lipogenesis.  
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Figure 1. Example of LASER-POCE spectra of the 
liver without 13C editing (top), with 13C editing 
(middle), and the calculated difference (bottom). H2O, 
water; Cho, choline; IHCL, intrahepatocellular lipids. 

Table 1. Animal characteristics. 

 CON (n = 6) GLU (n = 6) FRUC (n = 6) ASP (n = 6) 

Weight gain (g) 94±6  115±8 † 111±4  89±7  

Food intake (kJ/wk) 2212±32  1210±29 *† 1298±22 *† 2082±32 * 

Fluid intake (ml/wk) 120±2  661±18 *† 570±11 *†$ 127±5  

Total energy intake (kJ/wk) 2212±32  2647±60 *† 2538±35 *† 2091±33  

Liver weight (g) 10.7±0.2  10.1±0.2  11.3±0.2 †$ 10.2±0.4  

* p < 0.05 vs CON; † p < 0.05 vs ASP; $ p < 0.05 vs GLU 

             

Figure 2. Total IHCL content expressed as percentage 
of unsuppressed water signal. * p < 0.05 vs CON, † p < 
0.05 vs ASP. 

Figure 3. 13C enrichment of IHCL expressed as 
percentage of the total IHCL content. General time 
effect (p < 0.001). 
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