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EFFECTS OF A HIGH FAT LOW CARBOHYDRATE DIET ON PLASMATIC PARAMETERS, IN
VIVO GLUCOSE METABOLISM AND FATTY LIVER DEVELOPMENT IN RATS: A STUDY

UNDER DIFFERENT ENERGETIC CONDITIONS

Abstract
During recent years, increasing amount of evidence suggest that very-low-
carbohydrate diets could have a therapeutic role in numerous diseases.
However, harmful effects have also already been demonstrated, such as fatty
liver. Considering this aspect, it has already been shown that fatty liver
development occurs, even in conditions where total caloric intake does not
increase. Nonetheless, it is unclear if the same occurs under low caloric intake
and weight loss. Therefore, the aim of this work was to investigate the effects
of a high fat, low carbohydrate (HFLC) diet on several plasmatic parameters, in
vivo. The results shown that fatty liver occurred independently of diet energetic
supply and body weight.

Acknowledgements
Authors thanks to CAPES to financial support.

Recommendations
1Heymsfield SB, Wadden TA. Mechanisms, pathophysiology, and management
of obesity. N Engl J Med. 2017;376(3):254–66. doi:10.1056/NEJMra1514009

2Hite AH, Berkowitz VG, Berkowitz K. Low-carbohydrate diet review: shifting
the paradigm. Nutr Clin Pract Off Pub Am Soc Parenter Enteral Nutr
2011;26(3):300e8.

3Gibas MK, Gibas KJ. Induced and controlled dietary ketosis as a regulator of
obesity and metabolic syndrome pathologies. Diabetes Metab Syndr. 2017;11
(Suppl 1):S385–S390.

4Westerbacka, J., Lammi, K., Häkkinen, A.-M., Rissanen, A., Salminen, I., Aro,
A., & Yki-Järvinen, H. (2005). Dietary Fat Content Modifies Liver Fat in
Overweight Nondiabetic Subjects. The Journal of Clinical Endocrinology &
Metabolism, 90(5), 2804–2809. doi:10.1210/jc.2004-1983

Introduction
Obesity is a worldwide problem that has been increasing over the years, caused

mainly by the population's lack of healthy habits, thus suffering complications such

as the development of fatty liver, insulin resistance and dyslipidemia. Because of

this, many diets began to be studied in an attempt to control this epidemic, such as

diets with low amounts of carbohydrates [1,2].

Very-low-carbohydrate diet is widely used for the treatment of several

diseases, showing good results for the control of fat in the liver, improvement of

insulin sensitivity and weight loss[3]. However, the opposite has also been

observed, causing these cases to worsen [4]. Therefore, the objective of this work

was to observe the plasmatic parameters, biometric parameters of very-low-

carbohydrate diet at different energy intakes.

Materials and methods
For this study were used Male Wistar rats (350-400g). Control group received

a standard rodent diet (16.7% fat, 19% protein, and 64.3% carbohydrates in

Kcal%; Nuvilab®). HFLC diet consisted of 79% fat, 19% protein, and 2%

carbohydrates in Kcal% (6.5 kcal/g) and was administered for 4 weeks under three

different energetic conditions: 1) ad libitum (hypercaloric); 2) isocaloric (pair-

feeding with control group); 3) hypocaloric (energetic reduction of 20%). At the

end of the experimental phase, the oral glucose tolerance test (GTT) was

performed. The animals were fasted for 12 hours and then weighed for initial

blood collection, receiving glucose orally and measuring blood glucose using a

glucometer 15, 30, 60, 120 minutes after ingestion. Subsequently, the animals

were anesthetized (ketamine (70 mg/kg) + xylazine (7 mg/kg) + fentanyl (0.06

mg/kg) and the liver was collected and homogenized with saline (0.9%), methanol

and chloroform to extraction of total fat levels. Deposits of white adipose tissue

(retroperitoneal, mesenteric and periepididymal), leg muscles (Gastrocnemius

and soleus) were collected and weighed. The animals' weight variation was

observed during the weeks. The collected plasma was used for the evaluation of

glucose, total cholesterol, HDL cholesterol, tryglycerides, ketone bodies with

commercial kits.

The animal protocol was approved by the Ethics Committee for Animal

Experimentation of UEM.

Results Fig. 1A) and B) showed that the hypercaloric group gained more

weight and the hypocaloric group lost weight, as expected, while the

isocaloric group gained weight more similar to the control group,

following the logic of caloric consumption in fig. 1C. However, it was

observed that, regardless of energy intake, the diet groups had

higher total lipids in the liver compared to the control. Fasting blood

glucose levels were 35% higher in hypercaloric group, although no

differences were observed between the other groups. Plasma

triglycerides were reduced by 25% and 38% in hypocaloric and

hypercaloric groups, respectively. No alterations were observed for

total cholesterol and HDL plasma cholesterol (Fig. 2A). The area

under the curve on glucose tolerance test (GTT) were significantly

higher in isocaloric and hypercaloric groups (Fig. 2B). White adipose

tissue deposits were increased both in hypercaloric and isocaloric

groups but decreased on hypocaloric group (Table 1).

Conclusion

Altogether our results demonstrate that fatty liver development

occurred independently of diet energetic supply and body weight.

Also, this manifestation wasn´t directly correlated with a worse

plasma glucose and lipid levels, nor with glucose intolerance.. This

study supports the notion that fat intake is more important than

total caloric intake for the development of fatty liver
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Fig. 1. A. Bodyweight variation over time. B. Bodyweight
gains. C. Total caloric intake. D. Total liver lipids in mice with
differents energy intake of very-low-carbohydrate diet.  
Hyper: Hypercaloric diet, Iso: Isocaloric diet, Hypo: 
Hypocaloric diet

Fig. 2A. Effects of very-low-carbohydrate diet in plasmatic
parameters. Fig. 2B. Glucose tolerance test (GTT). Hyper: 
Hypercaloric diet, Iso: Isocaloric diet, Hypo: Hypocaloric diet, 
AUC: Area under the curve. 
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