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ABSTRACT 
 

Aims: To investigate if there is a possible protective role of FGF21 in malnourished adult mice 
which have been exposed to stress during their intrauterine life. 
Place and Duration of Study: University of Patras, Department of Medicine, between September 
2015 and August 2016. 
Methodology: Five wild type and 5 FGF21 knockout mice, which have been subjected 50% caloric 
limitation during their embryonic life, were fed with high fat diet. As control 3 other sets of mice 
groups were used. One set was composed of 5 WT and 5 FGF21 KO mice, which had a normal 
embryonic life and fed with high fat diet, another set of 4 wild type and 4 knockout mice, with 
normal intrauterine life, were fed with chow diet, and another set of 4 wild type and 4 knockout 
mice which had subjected caloric limitation during their embryonic life, also fed with chow diet. All 
mice were male, 6-weeks old, when the diet (chow or high fat) was started and lasted for 12 
weeks. Every week the mice were weighted, and the means of the weights and the weight gaining 
rates were calculated for each mice group. 
Results: Although none of the differences was significant, the weight gaining rates of the high fat 
fed mice that had subjected 50% caloric limitation during their embryonic life presented higher than 
and the mice which had normal embryonic life. Furthermore, knockout mice appeared to have 
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higher weight gaining rates than the wild type. The mice which received chow diet for the same 
period of their lives (6-18 week) appeared very tiny weight gaining rates and no differences 
appeared. 
Conclusion: FGF21 maybe plays a protective role against excessive weight gain in adult mice, in 
cases of high-fat diets, especially in mice malnourished during their embryonic life. 
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ABBREVIATIONS 
 
FGF21 :  Fibroblast Growth Factor 21  
WT :  Wild Type  
KO :  Knock Out  
HF :  High Fat 
 
1. INTRODUCTION 
 
Fibroblast Growth Factor 21 (FGF21), the 21st 
discovered member of the superfamily of FGFs, 
first reported in 2000 [1], is widely recognized as 
an endocrine metabolic regulator and a stress 
hormone. The circulated levels of FGF21 under 
ideal conditions are conserved steadily by               
liver secretion [2]. However, under stressful 
conditions, the FGF21 is also secreted by 
several other tissue types such as adipose and 
muscle and its levels rise [3]. Malnutrition [4], 
exercise [5] and cold exposure [6] have been 
shown to increase the circulated levels of 
FGF21. Generally, FGF21 acts through 
stimulating ketogenesis [7], lipid catabolism, 
gluconeogenesis and glucose uptake [8]. 
 
In humans and animals, intrauterine life has been 
shown to have consequent affects on the adult 
life [9-11] In this study, in order to investigate if 
there is a possible protective role of FGF21 in 
malnourished adult mice which have been 
exposed to stress during their intrauterine life, 
wild type (WT) and FGF21 knock out (KO) adult 
mice that had been exposed to undernutrition 
during their embryonic life, were subjected to 
high fat diet and their weights were compared 
with those of other adult WT and FGF21 KO 
mice, which also fed with high fat diet but had a 
normal embryonic life. 
 
2. MATERIALS AND METHODS 
 
Female C57BL/6J FGF21 (+/-) mice, were mated 
with same strain and same genotype male mice 
and were subjected to 50% caloric limitation 
during gestation days: 8-15 (those gestation 
days, pregnant mice got the 50% of the calories 

that would be ate ad libitum). The offsprings 
where weaned at the 21th day and fed chow diet 
ad libitum until the sixth week, when 5 WT 
(Group I) and 5 FGF21 KO (Group II) male mice 
were exposed to ad libitum high fat (HF) diet 
(60% fat, Open Source Diets, #D12450J) for the 
next 12 weeks. Every week the mice were 
weighted along with 5 WT (Group III) and 5 
FGF21 KO (Group IV) male mice which they got 
the same ad libitum HF diet, but they had had a 
normal intrauterine life. Along with the HF diet 
fed mice, another set of 4 WT (Group V) and 4 
FGF21 KO (Group VI) mice which had been 
subjected, and also 4 WT (Group VII) and 4 
FGF21 KO (Group VIII) mice which had not been 
subjected caloric limitation during their embryonic 
life, were getting ad libitum chow diet for the 
same period of their life (6-18 week of life). For 
every weekly measurement the means of the 
weights and the weight gaining rates were 
calculated for each mice group. The means of 
the weights and the weight gaining rates values 
were analyzed using Anova test for all the mice 
groups and t-test to compare the means of                
the 2 groups which presented the maximum 
differences. 
 
3. RESULTS 
 
The weights of the mice subjected the HF diet 
are presented at Fig. 1. At the beginning of the 
HF diet, WT and FGF21 KO mice that had a 
normal intrauterine life (Groups III & IV 
respectively) generally were appeared to be 
heavier than the mice, which they had been 
subjected the caloric limitation during their 
embryonic life (Groups I & II). Furthermore, the 
WT mice tended to be heavier than the FGF21 
KO ones. At the end of the 12-weeks HF diet,    
the FGF21 KO mice seem to have similar 
weights with the WT ones and the differences 
between those mice suffered caloric limitation as 
embryos and the mice with normal intrauterine 
life tended to be minor. Although, no difference 
between the mice groups was determined to be 
significant. 
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Fig. 1. The weights of the mice during the 12-weeks ad libido high fat diet 
Groups I & II: WT and KO mice which they had been subjected the caloric limitation during their embryonic life. 

Groups III & IV: WT and KO mice that had a normal intrauterine life 
No difference was significant (P > 0.05) 

Mean values ± Standard Deviation of 5 mice 
 
The weight gaining rates of the mice subjected 
the ad libido high fat diet are presented at Fig. 2. 
The weight gaining rates of the WT and FGF21 
KO mice which subjected the caloric limitation 
during their embryonic life (Groups I & II 
respectively) were presented generally higher 
than the WT and FGF21 KO mice that had a 
normal intrauterine life (Groups III & IV 
respectively). Furthermore, FGF21 KO mice 
tended to have higher weight gaining rates than 
the WT mice. The FGF21 KO mice which 
suffered caloric limitation as embryos appeared 
to have the highest weight gaining rate. Again, 
no difference between the mice groups was 
determined to be significant. 
 
The weights of the mice subjected ad libido chow 
diet are presented at Fig. 3. WT and FGF21 KO 
mice that had a normal intrauterine life (Groups 
VII & VIII respectively) generally were appeared 
to be heavier than the respective mice, which 
they had been subjected the caloric limitation 
during their embryonic life (Groups V & VI). 
Furthermore, the WT mice tended to be heavier 
than the FGF21 KO ones. No difference between 
the mice groups was determined to be 
significant. 

The weight gaining rates of the mice that have ad 
libido chow diet, presented at Fig. 4. Very low 
weight gaining rates were presented by the mice 
irrespective of the group, and no differences 
between the mice groups were presented. 
 
4. DISCUSSION 
 
The differences presented among the weight 
gaining rates of the different mice groups at         
Fig. 2 and in a smaller extend at the beginning 
and at the end of the 12-week HF diet presented 
at Fig. 1, although not statistically significant, 
implies a possible protective role of FGF21 
against obesity in case of high fat diet, especially 
for mice exposed to malnutrition during their 
embryonic life. At Fig. 2, Group II (FGF21 KO 
mice that had suffered caloric restriction during 
intrauterine life) appeared to have the highest 
weight gaining rates among the 4 mice groups 
(Groups I to IV). Figs. 3 and 4 shows that mice 
irrespectively of their genotype (WT/KO) or their 
embryonic life (typical/caloric restricted) when fed 
with chow diet didn’t appear differences in weight 
gaining or in weight gaining rates as those 
presented with the HF diet. Although in this study 
none of the recorded difference in weights or 
weight gaining rates was determined as 
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statistically significant (due to the limited 
available mice subjects and the weight variations 
inside the mice groups), a future study, free of 
these problems, could prove a protective role of 

FGF21 against obesity in the case of HF diet, 
especially in the case where a background of 
intrauterine malnutrition exists. 

 

 
 

Fig. 2. The weight gaining rates of the mice during the 12-weeks ad libido high fat diet 
Groups I & II: WT and KO mice which they had been subjected the caloric limitation during their embryonic life. 

Groups III & IV: WT and KO mice that had a normal intrauterine life. 
No difference was significant (P > 0.05) 

Mean values ± Standard Deviation of 5 mice 
 

 
 

Fig. 3. The weights of the mice during 12-weeks ad libido chow diet 
Groups V & VI: WT and KO mice which they had been subjected the caloric limitation during their embryonic life 

Groups VII & VIII: WT and KO mice that had a normal intrauterine life 
No difference was significant (P > 0.05) 

Mean values ± Standard Deviation of 4 mice 
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Fig. 4. The weight gaining rates of the mice during the 12-weeks ad libido chow diet 
Groups V & VI: WT and KO mice which they had been subjected the caloric limitation during their embryonic life. 

Groups VII & VIII: WT and KO mice that had a normal intrauterine life. 
No difference was significant (P > 0.05) 

Mean values ± Standard Deviation of 5 mice 
 

5. CONCLUSION 
 
FGF21 may play a protective role against 
excessive weight gain in adult mice, in cases of 
high-fat diets, in mice malnourished during their 
embryonic life. 
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