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Abstract
Background: little information is availaible on the effect of fructose on bile lipids. The first stage in the formation of gallstones corresponds to 
biliary cholesterol crystallization, derived from the vesicular transporters. The aim of this study was to investigate the influence of consuming 
diets with different fructose concentrations on serum lipids and their implications on gallstones formation.

Methods: BALB/c mice divided into a control group as well as groups were treated with different fructose concentrations (10 %, 30 %, 50 % or 
70 %) for different periods (1, 2 or 5 months). Blood, liver and bile samples were obtained. In bile samples, cholesterol and phospholipids levels 
were analyzed, and cholesterol transporters (vesicles and micelles) were separated by gel filtration chromatography.

Results: treated animals showed: 1) increases in body weight similar to the control group; 2) a significant increase in plasma triglycerides only at 
very high fructose concentrations; 3) a significant increase in total serum cholesterol in the treatment for 1 month; 4) no variations in HDL-cho-
lesterol; 5) a significant increase in serum glucose only at very high fructose concentrations in the second month of treatment; 6) no differences 
in the plasma alanine-aminotransferase activity; 7) a significant increase in liver triglyceride levels only at very high fructose concentrations; 8) 
no change in biliary lipid concentrations or in micellar and vesicular phospholipids.

Conclusion: changes in plasma, liver and bile lipids were only observed at very high fructose concentrations diets. We conclude that fructose 
apparently does not alter the gallstone formation process in our experimental model.
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Resumen
Introducción: se dispone de escasa información sobre el efecto de la fructosa sobre los lípidos biliares. La primera etapa en la formación de 
cálculos biliares corresponde a la cristalización del colesterol biliar, derivado de los transportadores vesiculares. El objetivo de este estudio fue 
investigar la influencia del consumo de dietas con diferentes concentraciones de fructosa en los lípidos séricos y sus implicaciones en el proceso 
de formación de cálculos biliares.

Métodos: ratones BALB/c fueron tratados con diferentes concentraciones de fructosa (10 %, 30 %, 50 % o 70 %) durante diferentes períodos 
(1, 2 o 5 meses). Se obtuvieron muestras de sangre, hígado y bilis. En muestras de bilis se analizaron los niveles de colesterol y fosfolípidos, y 
los transportadores de colesterol (vesículas y micelas) se separaron mediante cromatografía de filtración en gel.

Resultados: los animales tratados mostraron: 1) aumentos en el peso corporal similares al grupo de control; 2) aumento significativo en los 
triglicéridos plasmáticos sólo a concentraciones muy altas de fructosa; 3) aumento significativo del colesterol sérico total en el tratamiento 
durante 1 mes; 4) ninguna variación en los niveles de HDL-colesterol; 5) aumento significativo en glucosa sérica solo a concentraciones muy 
altas de fructosa; 6) ninguna diferencia en la actividad de la alanina-aminotransferasa plasmática; 7) aumento significativo en los niveles de 
triglicéridos hepáticos sólo a concentraciones muy altas de fructosa; 8) ningún cambio en las concentraciones de lípidos biliares o en los fos-
folípidos micelares y vesiculares.

Conclusión: se observaron cambios en los lípidos plasmáticos, hígado y bilis sólo en dietas con concentraciones muy altas de fructosa. Con-
cluimos que la fructosa aparentemente no altera el proceso de formación de cálculos biliares en nuestro modelo experimental.

Palabras clave: 

Colelitiasis. Fructosa 
dietética. Metabolismo 
lipídico.

INTRODUCTION

Cholelithiasis is one of the most prevalent and expen-
sive gastroenterologic diseases. The etiology of cholesterol 
cholelithiasis is multifactorial, where genetic and environ-
mental factors interact. Several studies have examined the 
role of dietary components as a potential risk factor for gall-
stone formation in humans (1). More studies have evaluated 
the effect of carbohydrates and have shown that consumption 
of refined sugars is directly associated with gallstone disease, 
suggesting that the quality of carbohydrate intake is important 
in the development of this disease (2,3). Fructose consump-
tion has dramatically increased in past few decades, mainly 
consumed through added sugars (sucrose and high fructose 
corn syrup), and represents up to 10  % of total energy in 
the US and in several European countries (4,5). Many studies 
have assessed the effects of diets providing large amounts 
of fructose on various species. The general conclusions from 
these studies are that a high fructose intake almost invari-
ably leads to increased total energy intake, body weight gain, 
increased plasma triglyceride concentrations, hepatic and 
extrahepatic insulin resistance, and diabetes mellitus (6,7). 
But other investigations concluded that there is no clear or 
convincing evidence that any dietary or added sugar has a 
unique or detrimental impact on the development of obesity 
or diabetes compared to any other source of calories (8,9). 
Often inadequate consideration is given to the dose at which 
these effects occur (10). Studies have also shown that the 
metabolic effects of fructose differ between individuals based 
on their genetic background, suggesting heterogeneity in 
metabolic responses to dietary fructose in humans (11). 

The first stage, in the process of cholesterol gallstones for-
mation, is the presence of a cholesterol supersaturated bile, 
followed by the formation of cholesterol crystals, which later ag-
gregate and grow to finally constitute the macroscopic stone. The 
crystallization process is generated when the capacity of micellar 
transporters to solubilize cholesterol bile is exceeded, forming 
vesicular transporters, which are thermodynamically unstable, 
resulting in cholesterol crystals formation (12).

Some studies have revealed that the consumption of refined 
sugars can increase the risk of developing gallstones by inducing 
changes in lipoprotein metabolism, which causes changes in bile 
composition (13,14). However, other clinical studies in patients 
with gallstones did not detect changes in bile composition when 
a diet rich in refined sugars was administered (15,16). Therefore, 
additional studies are necessary to clarify their relevance in the 
pathogenesis of gallstone disease.

To determine the influence of dietary fructose on the predispo-
sition to the development of cholelithiasis, we studied the effect 
of different concentrations of fructose on the lipid composition 
of the vesicular and micellar transporters of biliary cholesterol in 
BALB/c mice. 

MATERIALS AND METHODS

METHODOLOGICAL DESIGN

The design used in this study was of a prospective experimen-
tal quantitative type.

ANIMALS

As an experimental model, male mice of the BALB/c strain 
were used, as they are easy to handle, presenting a genome 
very similar to that of humans, and mainly because they possess 
gallbladders. The animals were purchased from the Public Health 
Institute at 5 weeks old, with an average weight of 20 g. They 
were randomly distributed in individual cages, in different groups: 
control groups and groups treated with different concentrations 
of fructose (10 %, 30 %, 50 % or 70 %) for different periods  
(1, 2 or 5 months). The animals were kept at a room tempera-
ture of 20 °C, with 12 h light/dark cycles. The control group 
received normal drinking water while the remaining groups re-
ceived different concentrations of fructose in their drinking water. 
They were fed a defined composition ad libitum, and their body 
weights and food intake were recorded 3 times a week. The feed 
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conversion efficiency was calculated according to the following 
equation: feed conversion efficiency = increase in body weight 
(g) / feed consumed (g). After the different treatment periods, 
the animals were sacrificed, after fasting for 12 hours, obtaining 
blood, biliary and liver samples. The animals were kept in accor-
dance with international standards given by the “Guide for the 
care and use of laboratory animals”, published by the National 
Institute of Health (17). The authors ensured that all steps were 
taken to minimize the animals’ pain and suffering. 

DIET

A commercial pellet composed of 20  % protein, 9.2  % fat, 
54.6 % carbohydrates and 6.2 % fiber was used as the base 
food.

PLASMA LIPID ANALYSIS

Plasma lipids (cholesterol, HDL-cholesterol, triglycerides) were 
quantified by enzymatic methods, using commercially available 
kits.

SEPARATION OF BILIARY CHOLESTEROL 
TRANSPORTERS

Due to the low volume of bile in mice (approx. 100 µl/mouse), 
we carried out the determinations in a pool of bile from 5 identical-
ly treated mice. For this, the vesicular transporters were separat-
ed from the micellar transporters by gel filtration chromatography 
(17). The native bile was centrifuged at 11,200 g x 10 min, and 
20 µl of the supernatant was applied on a column (30 x 1.5 cm)  
containing Bio-Gel A-5m (operating range: 10 to 5,000 kDa). The 
chromatographic fractions (0.3 ml/fraction; flow: 0.5 ml/min) 
were obtained after eluting with 20 M Tris-HCl buffer (pH: 8.0), 
140 mM NaCl, 5 mM sodium azide, containing 5 mM sodium 
cholate to prevent disruption of micellar transporters.

BILE LIPID ANALYSIS

Biliary cholesterol was quantified using a chemical method 
(18). Bile phospholipids and chromatographic fractions were de-
termined by inorganic phosphorus analysis (19).

LIVER LIPID COMPOSITION

Liver simples were homogenized in ice-cold 2 x PBS. Tissue 
lipids were extracted with methanol/chloroform (1:2), dried, and 
resuspended in 5 % fat free BSA. The levels of total cholesterol 
and triglycerides in the liver tissues were analyzed using stan-
dard enzymatic assays.

STATISTICAL ANALYSIS

Data were expressed as mean values ± SEM. The GraphPad 
Prism 6 program (GraphPad Software, San Diego, CA, USA) was 
used to verify that raw data have normal distribution, and to per-
form two-tailed, two-way ANOVA followed by the Tukey post-hoc 
test. A two-tailed p-value of p < 0.05 was considered significant.

REAGENTS

The following reagents were purchased from Sigma (St. Louis, 
MO): sodium cholate, cholesterol, phosphatidylcholine, dextran 
blue. Bio-Gel A-5m was obtained from Bio-Rad. Fructose was 
purchased from Merck.

RESULTS

BODY WEIGHT AND FOOD CONVERSION 
EFFICIENCY

Animals treated with fructose at different concentrations 
(10 %, 30 % and 70 %) for one and two months showed in-
creases in body weights similar to the control group. However, 
the groups of animals treated with fructose registered lower total 
food consumption in relation to the control group, which resulted 
in a higher food conversion efficiency (Table I).

SERUM LIPIDS, GLUCOSE CONCENTRATIONS 
AND ALT ACTIVITY

The effects of the intake of different concentrations of fructose 
serum lipid levels over different periods (1, 2 and 5 months) are 
shown in table II. A significant increase in total cholesterol con-
centrations is observed in the 1-month treatment in all fructose 
concentrations. However, the total cholesterol values normalized 
after 2 months of treatment at very high fructose concentrations. 
No variations in HDL-cholesterol concentrations were observed at 
low and high fructose concentrations during the respective treat-
ment periods. Triglyceride concentrations varied in relation to the 
periods and fructose concentrations used. During the first month 
of treatment, an alteration in plasma triglyceride concentrations 
is not observed at 10 % and 30 % fructose concentrations, but 
a significant increase in plasma triglycerides is observed at very 
high fructose concentrations in the second month of treatment.

Regarding serum glucose, no significant differences were ob-
served in comparison to the control group during the first month 
of treatment with different fructose concentrations. A significant 
increase in serum glucose is only seen at very high fructose con-
centrations in the second month of treatment (Table II).

There was no difference in enzymatic activities of plasma 
ALT (alanine-aminotransferase) between the control groups and 
those treated at the different fructose concentrations over the 
different periods (Table II).



197EFFECT OF VARIOUS DIETARY FRUCTOSE CONCENTRATIONS ON THE GALLSTONE FORMATION PROCESS IN MICE
 

[Nutr Hosp 2024;41(1):194-201]

LIVER LIPID COMPOSITION

Table III shows the effect of consuming different fructose con-
centrations on the lipid accumulation in the liver. 

Liver lipid levels varied in relation to ingested fructose con-
centrations. No major difference was observed in triglyceride 

levels at concentrations of 10 % and 30 % of fructose, but there 
was a significant increase at very high fructose concentrations. 
Similarly, a low and medium fructose intake did not significantly 
change the liver cholesterol profile, but a very high fructose in-
take caused a significant decrease in liver cholesterol level at the 
second month of treatment.

Table I. Effect of fructose on weight gain and food conversion efficiency

Weight gain 
1 month

Weight gain
 2 months

Food conversion 
efficiency 
1 month

Food conversion 
efficiency 
2 months

Control (n = 8) 6.4 ± 0.3 10.5 ± 0.3 0.052 ± 0.008 0.056 ± 0.009

Fructose 10 % (n = 4) N.D. 8.8 ± 0.6 N.D. 0.056 ± 0.018

Fructose 30 % (n = 5) 7.8 ± 0.6 12.0 ± 0.7 0.088 ± 0.005* 0.079 ± 0.003*

Fructose 50 % (n = 5) 6.4 ± 0.2 10.5 ± 0.1 0.073 ± 0.002* 0.100 ± 0.007*

Fructose 70 % (n = 5) 5.9 ± 0.3 10.0 ± 1.1 0.127 ± 0.009* 0.093 ± 0.006*

Data are means ± SEM. N.D.: not determined. *p < 0.005 compared to their control group.

Table II. The effects of different dietary fructose concentrations on circulating levels  
of glucosa, lipids and ALT activity

Experimental groups/
variables     

Control F10 % F30 % F50 % F70 %

Serum glucose (mg/dL):
Month 0 85 ± 6 (27) 87 ± 8 (10) 96 ± 7 (5) 100 ± 10 (9) 107 ± 8 (10)

Month 1 109 ± 9 (15) 109 ± 9 (5) 114 ± 8 (10) 87 ± 5 (10) 97 ± 7 (10)

Month 2 107 ± 6 (31) 98 ± 13 (5) 116 ± 7 (10) 155 ± 8 (5)* 155 ± 18 (5)*

Month 5                 N.D. N.D. 116 ± 6 (5) N.D.

Serum total cholesterol (mg/dL): 
Month 0 94 ± 5 (12) N.D. 93 ± 6 (5) N.D.

Month 1                                      73 ± 5 (10) N.D. 101 ± 10 (10)* 101 ± 4 (5)* 101 ± 11 (5)*

Month 2                                      79 ± 2 (26) 86 ± 5 (5) 97 ± 8 (10)* 85 ± 7 (5) 88 ± 7 (5)

Month 5                                          N.D. N.D. 100 ± 4 (5) N.D. N.D.

Serum HDL-cholesterol (mg/dL):
Month 0                                          N.D. N.D. N.D. N.D. N.D.

Month 1                                          N.D. N.D. 70 ± 6 (5) 56 ± 2 (5) 59 ± 4 (4)

Month 2                                      52 ± 4 (27) 59 ± 7 (5) 62 ± 7 (15) 53 ± 4 (4) 53 ± 4 (5)

Month 5                                          N.D. N.D. 61 ± 5 (5) N.D. N.D.

Serum triacylglycerol (mg/dL):
Month 0                                     140 ± 20 (7) 140 ± 39 (4) N.D. N.D. 138 ± 15 (9)

Month 1                                     130 ± 35 (4) 92 ± 20 (8) 77 ± 9 (4) 40 ± 5 (5)* 60 ± 7 (4)

Month 2                                         61 ± 6 (27) 72 ± 15 (8) 64 ± 4 (5) 234 ± 114 (3)* 147 ± 20 (4)*

Month 5                                          N.D. N.D. 26 ± 4 (5)* N.D. N.D. 

Serum ALT activity (U/L):
Month 0                                          N.D. N.D. N.D. N.D. N.D.

Month 1                                          N:D. N.D. 33 ± 10 (4) 47 ± 12 (4) 20 ± 4 (5)

Month 2                                      30 ± 4 (25) 25 ± 3 (3) 28 ± 6 (5) 37 ± 5 (7) 27 ± 7 (4)

Month 5                                          N.D. N.D. 30 ± 12 (4) N.D. N.D.
Data are means ± SEM. Numbers included within parenthesis are n values. N.D.: not determined; F10%: 10 % fructose solution; F30%: 30 % fructose solution; 
F50%: 50 % fructose solution; F70%: 70 % fructose solution. *p < 0.05 compared with control group.              



198 R.   Del Pozo et al.

[Nutr Hosp 2024;41(1):194-201]

Table III. The effects of different dietary fructose concentrations on the lipid accumulation  
in the liver

Experimental groups/
variables     

Control F10 % F30 % F50 % F70 %

Hepatic triacylglycerol (% of control):
Month 0 N.D. N.D. N.D. N.D. N.D.

Month 1 N.D. N.D. N.D. N.D. 187 ± 13 (5)*

Month 2 100 ± 15 (14) 46 ± 8 (5) 76 ± 7 (5) 174 ± 33 (5) 198 ± 31 (4)*

Month 5                  N.D. N.D. 23 ± 11 (4) N.D.

Hepatic cholesterol (% of control):
Month 0 N.D. N.D. N.D. N.D.

Month 1                                         N.D. N.D. N.D. 113 ± 9 (5) 67 ± 4 (5)

Month 2                                     100 ± 10 (14) 75 ± 10 (5) 107 ± 12 (5) 49 ± 20 (5)* 52 ± 20 (4)*

Month 5                                          N.D. N.D. 89 ± 8 (4) N.D. N.D.
Data are means ± SEM. Numbers included within parenthesis are n values. N.D.: not determined; F10%: 10 % fructose solution; F30%: 30 % fructose solution; F50%: 
50 % fructose solution; F70%: 70 % fructose solution. *p < 0.05 compared with control group.

BILIARY LIPID CONCENTRATIONS

Figure 1 shows the biliary lipid concentrations (cholesterol 
and phospholipids) when the mice were treated with increas-
ing fructose concentrations and increasing treatment times. It 
can be observed that the levels of biliary cholesterol were not 
altered with a treatment with fructose concentrations of 10 % 
or 30 %. There is only a tendency of increase in biliary cho-

lesterol at very high fructose concentrations (fructose 50 % 
and 70  %), especially after 2 months of treatment. On the 
other hand, no significant differences were observed in bile 
phospholipid levels throughout the fructose treatment range. 
There were no observed variations in the biliary cholesterol/
phospholipid ratio in the entire range of fructose concentra-
tions used, nor in the increasing treatment time with different 
fructose concentrations.

Figure 1. 

Effect of fructose on biliary lipid concentration 
(determinations were carried out the in a pool 
of bile from 5 identically treated mice).
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Figure 2 shows the presence of vesicles and micelles in the 
mice bile after treatment with different fructose concentrations 
and exposure time. No significant differences are observed in ves-

icles or micelles levels compared to treatment with fructose 10 %, 
30 %, or 50 %, even with long-term treatments. A vesicle/ micelles 
ratio increase is only seen with a 70 % fructose treatment. 

Figure 2. Effects of fructose on biliary choles-
terol transporters (determinations were carried 
out the in a pool of bile from 5 identically treated 
mice).

DISCUSSION

Several studies have described a relationship between the in-
crease in the prevalence of obesity and its comorbidities with the 
consumption of foods rich in fructose. Among the reported harm-
ful effects of this sugar on health are obesity, insulin resistance, 
type 2 diabetes, dyslipidemia, hyperuricemia, non-alcoholic fat-
ty liver and kidney damage (20-22). However, the results from 
clinical trials do not support a significant detrimental effect of 
fructose on metabolic health (9). Other studies concluded that the 
available evidence is not sufficiently robust to draw conclusions 
regarding effects of fructose consumption on NAFLD (24,25). So 
far most studies have been limited to relative short-term inter-
ventions. Therefore, we decided to carry out a study with increas-
ing doses of fructose consumption over extended periods. 

There were no significant differences in weight gains in the 
fructose-treated groups compared to the control. But a lower 
food consumption was observed in animals treated with fructose, 
which led to greater efficiency. Long-term fructose consumption 
has been reported to lead to an increase in serum leptin, a hor-
mone that causes satiety (25). Our results agree with those ob-
tained by other authors (26-28). 

Serum lipids abnormalities have been found in patients treated 
with high fructose diets (29). It is generally thought that chron-
ic fructose consumption and the increase in lipid synthesis will 
provide the liver with excess triglycerides, allowing for increased 
VLDL secretion (30). Our study does not show a significant in-
crease in plasma triglyceride levels in animals treated with 10 % 
and 30 % fructose. We only observed increases in plasma tri-
glyceride levels in very high fructose diets. Similarly, we did not 
observe major differences in plasma cholesterol concentrations 
in animals that consumed fructose. We were only able to verify 
increases in plasma cholesterol in high fructose diets, and with 
a long treatment time. On the other hand, we did not observe 
variations in the plasma HDL-cholesterol concentrations neither 
in the animals that consumed high fructose diets nor during pro-
longed periods of fructose treatment. Several overfeeding stud-
ies in non-obese and overweight subjects have confirmed the 
hypertriglyceridemic effect of fructose (31,32). When consumed 
in amounts consistent with the average estimated fructose con-
sumption from Western societies, fructose did not affect plasma 
lipid concentrations (33), but it increased the number of small 
dense LDL particles, which may be associated with an increased 
cardiovascular risk (34).
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The fructose moiety of sugar has been implicated as a potent 
driver of type 2 diabetes due to its unique set of biochemical, met-
abolic, and endocrine responses (35). Contrary to the concerns 
that fructose may have adverse metabolic effects, an emerging 
literature has shown that small doses (≤ 10 g/meal) of fructose 
decrease the glycemic response to high glycemic index meals (36). 
Our data shows an increase in glycemia only at very high doses of 
fructose and/or with prolonged fructose treatments.

Assay of the serum activity of the enzyme alanine aminotrans-
ferase (ALT) has become the primary screening tool for detecting 
acute liver injury (37). Our results did not show differences in ALT 
activities in animals treated with different fructose concentrations 
or with prolonged fructose treatments.

Fructose´s potential to preferentially increase visceral fat 
deposition, especially in the liver, could be of great interest. We 
did not observe an increase in liver triglyceride and cholester-
ol concentrations at low fructose concentrations; an increase 
in liver triglyceride levels was only seen at very high concen-
trations and at prolonged times of treatment with fructose. So 
far fructose-related increases in visceral fat accumulation have 
only been observed in subjects who consumed quite substantial 
amounts (about 150 g/d or more) of fructose for 1 week up to 
6 months and either received a hypercaloric diet per design or 
gained significant amounts of weight during the study (32,38). 
So it is unclear how much of the increase in these fat depots is 
simply due to excess energy intake.    

Some studies have pointed to a number of specific nutrients 
as risk- or protective factors regarding gallstone formation in 
humans (39). It was reported that fructose is associated with 
the formation of biliary sludge and stones during pregnancy (40). 
However, the few current results do not support a significant det-
rimental effect of fructose on gallstone formation. In our animal 
model, we did not observe significant differences in bile choles-
terol and phospholipid concentrations, neither by increasing the 
amounts of dietary fructose nor by increasing ingestion times. We 
also did not observe variations in biliary cholesterol transporters, 
and we only perceived a trend towards an increase in vesicular 
transporters at very high fructose concentrations. Consequently, 
at least in our animal model, we did not observe a significant 
effect of low and moderate fructose diets in the early stages of 
cholesterol gallstone formation.

The effect of some conflicting factors (e.g., fructose consump-
tion) cannot be ruled out, but general recommendations about 
the multiple beneficial effects of diet on cholesterol gallstones 
should be considered, in particular in groups at high risk of gall-
stone formation. 
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