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Abstract: The present work analyses the possible influence of the colon in weight gain of obese animals. Subtotal 
colectomy was performed in rats fed with standard chow or high-fat diets. The results, suggested that subtotal colectomy 
did not exert any effect on the % of weight gain in rats administered a high-fat diet during the whole experiment as 
compared to controls. Animals submitted to a high-fat diet during the pre-surgery period and to a standard diet during the 
post-surgery period gained a lesser % of weight gain as compared to control or high-fat fed rats, together with a decrease 
in this parameter in colectomized animals. These changes did not agree with average food intake in rats fed with standard 
or high-fat diets. Surprisingly, the increase in body weight of sham-operated or subtotal colectomized rats fed with high-
fat diet cannot be explained by a diminished food intake when compared to controls. Moreover, the change in food intake 
after surgery showed a correlation with body weight in sham-operated animals, although this correlation disappeared in 
colectomized rats. Mortality only appeared in colectomized rats administered a high-fat diet. However, stool was 
normalized and presented normal characteristics when animals returned to be fed with their respective diet after surgery. 
The results of this study support the concept that the maintenance of a high fat diet may originate a decrease of the intake, 
overall in subtotal colectomized rats, possibly through neuroendocrine mechanisms related to gut hormones or to adaptive 
mechanism along the gastrointestinal tract. 
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INTRODUCTION 

 The manipulation of the gastrointestinal tract has been 
widely studied in rats and in humans. [1]. Nowadays, some 
of these manipulations were recuperated for obesity 
treatment [2, 3].  
 In previous studies from the laboratory, a mal-absorption 
syndrome, induced by biliopancreatic diversion, was 
developed to treat obesity in both humans [4-6] and rodents 
[7, 8], obtaining better long-term results [4] than other 
treatments [9]. However, one third of the patients or rodents 
gained weight again showing similar results [4, 5, 8]. This 
undesirable effect may be due to a not well-defined gut 
adaptation mechanism, [5] in which the colon may be 
involved. In fact, this adaptive mechanism was suggested in 
previous works from the literature [10-12]. Moreover recent 
data directly implicated the colon in body weight gain, 
through changes in the number and bacterial strains present 
in this segment of the gut, thus modifying the carbohydrate 
absorption rate [13, 14] although other works did not show 
such effects [15]. 
 Considering all the above mentioned data the aim of the 
present work was to analyse the effects of surgical resection 
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of the colon on body weight gain, stool quality and food 
intake in obese male rats.  

MATERIAL AND METHODS 

Animals  

 Adult male Wistar rats were used in this study. They 
were maintained under standard conditions with controlled 
light (12:12 h light/dark schedule; lights on at 08:00 h) and 
temperature (22 ± 2 C). The care and use as well as all 
procedures involving animals were approved by the 
Institutional Animal Care Committee, Complutense 
University, Madrid, Spain. The study was also done in 
accordance with the guidelines of the Institutional Care and 
Use Committee of the National Institute of Health and the 
Guide for the Care and Use of Laboratory Animals (Institute 
of Laboratory Animal Resources, 1996) [16]. 
 Animals were divided into three groups: 
 GROUP A: 8 controls and 8 subtotal colectomized rats 
fed with a standard diet for the pre surgery and post surgery 
periods. Specifications of the diet can be seen in Table 1. 
 GROUP B: 7 control and 7 subtotal colectomized rats fed 
with a high fat diet during the pre and post surgery periods. 
Specifications of the diet can be seen in Table 1. 
 GROUP C: 8 control and 8 subtotal colectomized rats fed 
with a high fat diet during the pre-surgery period followed 
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by a standard diet from the post-surgery period to sacrifice. 
Specifications of the diets used can be seen in Table 1. 

Surgical Procedure 

 The animals were individually caged and fasted for 24 h 
before surgery. Animals were anaesthetized with a mixture 
of 3 parts of halothane and 8 parts of oxygen to be inhaled. A 
medial laparotomy to reach the colon followed by a subtotal 
colectomy, were performed. The surgery comprises terminal 
ileum up to 1 cm to the ileocecal valve, ascending, 
transverse, and descending colon up to sigmoid colon 
leaving 3 cm of colon up to the rectum. Intestine continuity 
was performed through an end-end ileo sigmostomy using a 
6/0 silk inverting purse-string suture. After surgery animals 
remained isolated for another 4 days and fed with a 5 % 
glucose solution in water plus antibiotics (Baytril, 
Pittsburgh, PA , USA; 25 mg/kg) and meloxicam (Metacam 
Boehringer Ingelheim Ltd UK; 1 mg/kg). From day 5 on, the 
animals were fed ad libitum with the corresponding diet 
according to the groups described above: high fat. (Harland 
Tekland D03307, 35% Lard Diet, Barcelona Spain) or 
standard diet ( SAFE Panlab A04, Barcelona, Spain). Diet 
details are given in Table 1. 
 Animal were weighted and sacrificed through 
decapitation 14 weeks after surgery. Also, food intake, stool 
quality and spontaneous mortality were evaluated.  

Statistical Analysis 

 Statistical analysis of the results was performed by a one-
way analysis of variance (ANOVA) and a Student’s t test, 

and p values lower than 0.05 were considered statistically 
significant. 

RESULTS 

 In groups A and C, mortality did not occur along the time 
of the experiment. However, in group B, 2 animals died on 
week 8 and 9 after surgery, weighting 480 and 515 grams 
respectively. Those animals did not show any previous 
apparent disease. In operated animals, diarrhoea followed up 
to 3 days after surgery and from this day-point on, the stool 
was gradually thicker and normal, independently of the 
ingested diet or group considered.  

 Body weights can be observed in Table 2. Initial body 
weight increased in those animals fed with the high fat diet 
as compared to the control group. Subtotal colectomy did not 
change the total percent increase of body weight in both 
standard-fed (A) and high fat-fed rats (B). However, rats pre-
surgery submitted to a high fat diet and post-surgically 
administered a standard diet (C) exhibited a differential 
effect on body weight. Whereas in sham-operated rats a 5.6 
±1.3 percent increase in body weight was detected, 
colectomized animals displayed a 5.6±2.3 percent decrease 
in body weight (P < 0.003 vs. initial body weight). 
 Changes in food intake modifications are shown in Table 
3. Independently of the considered group, animals fed with a 
high fat diet tended to consume more food during the pre 
surgery period, as compared to rats fed with a standard rat 
chow. Animals of group A, consumed higher amounts of 
food during the post surgery period as compared to the pre 
surgery period (P < 0.001). Moreover, the increase in food 

Table 1. Diet Composition 

 Standard High Fat Diet 

Fat 3% 35% 

Carbohydrates 60% 35% 

Proteins 16% 20% 

Vitamins and Minerals 21 10 

Kcal/gr. 2.9 5.4 

Table 2. Body Weight Changes (gr) 

 Pre-Surgery 1st Week after Final % Weight-Gain 

GROUP A 

Control 434.4±40 461.3±15.2 543.2±13.8 +23.2±3.6 (1) 

Operated 465.1±7.6 418.5±10.4 564.15±9.4 +17.4±1.8 

GROUP B 

Control 544.86±11 533.7±6.4 663.8±11.9 +21.9±1.2 (2) 

Operated 562.33±11.5 504.7±8.5 699.5±34.3 +23.2±8.4 

GROUP C 

Control 469.1±13.4 448.9±5.6 495.10±6.5 +5.5±1.3 (3) 

Operated 501.4±13.4 439.4±7.3 472.15±10.9 -5.6±2.3 
(1)P < 0.201 
(2)P < 0.833 
(3)P < 0.003 
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intake during the post surgery period in subtotal 
colectomized rats of this group was significantly higher (P < 
0.004) as compared to sham-operated controls.  
 In rats of group B, subtotal colostomy significantly 
reduced food intake (P < 0.001) as compared to sham-
operated control animals of the same group or from the A 
group (P < 0.001). It is of interest to note that colectomized 
animals of group B ingested the lowest amount of food 
during the post surgery period as compared to any other 
group. 

 In rats of group C, food intake was not significantly 
increased during the post surgery as compared to the pre 
surgery periods. However, these values were statistically 
significant when compared those in animals fed with a high 
fat diet (group B) during the post surgery period. Globally 
the change in diet intake after surgery in group C, tended to 
increase food intake to that consumed by rats of the group A, 
fed with a standard diet. 

 Animals fed with a standard diet during all the 
experiment (group A) and animals fed with a standard diet 
only during the post surgery period (group C) ingested a 
higher amount of food (P < 0.001). This effect was more 
evident in colectomized rats of group A (P < 0.004). 

DISCUSSION 

 The results of this study, suggested that subtotal 
colostomy did not exert any effect on the final % of weight 
gain in rats administered a standard rat chow or a high fat 
diet during the whole experiment. Thus, control animals as 
much as subtotal colectomized ones of groups A and B 
increased their body weight as expected, although, the final 
weight of high fat fed rats were significantly higher than 
controls. On the other hand, animals submitted to a high fat 
diet during the pre surgery period (group C) and to a 
standard diet during the post surgery period showed a lesser 
% of weight gain as compared to rats from groups A and B. 
Moreover, a decrease in the % of weight gain was observed 
in subtotal colectomized animals of group C. It is of interest 
to note that the increases in body weight seemed no to be 
dependent of the amount of calories ingested per gram of 

diet (2,9 Kcal/gr. for standard diets or 5,4 Kcal/gr- for high 
fat diets). These changes did not agree with the 
modifications in the amount of diet consumed per average in 
rats of the groups B and C as compared to control animals of 
group A. 
 In our knowledge this is the first report showing the 
effects of subtotal colectomy in obese rats (group B). It is of 
interest to note that there was a similar % of weight gain in 
control animals of group B as compared to control rats of 
group A although the final weight was clearly higher in 
control animals fed with the high fat diet. A similar approach 
can be done for subtotal colectomized rats of both groups A 
and B. Surprisingly, the increase in body weight of sham-
operated or subtotal colectomized animals of group B can 
not be explained by food intake as this parameter was clearly 
reduced when compared the consumption of group A either 
control or subtotal colectomized ones. Moreover, the change 
in the diet consumed by animals from group C indicate that 
there was a correlation between bodies weigh and food 
intake in control animals, although this correlation 
disappeared in subtotal colectomized rats of the same group. 
 As expected, the results obtained for the weight changes 
and food intake in subtotal colectomized animals of the A 
group confirmed previous works from the literature [15]. 
However, the data obtained in groups B and C may indicate 
that the high fat diet administered during the pre surgery 
period may be inducing changes in number and strains of 
colon bacteria [17, 18] thus modifying carbohydrate 
absorption in the this segment of gut. This is important as 
carbohydrate absorption through the colon might exert a 
major influence in the host energetic balance [19,20]. 
According with this mechanism, the maintenance of a high 
fat diet reduced the long-term food intake of control obese 
rats. This effect was more evident in rats of the same group 
subjected to subtotal colectomy, which drastically reduced 
the number of bacteria. However, this effect of food intake 
tended to normalize when the animals changed the consumed 
diet from high fat to standard rat chow. Another explanation 
may include adaptive mechanisms of the gastrointestinal 
tract in response to both the diet and the subtotal colectomy 
[15]. 

Table 3. Food Intake Measurements (Mean Weekly Value in gr.) 

 Before Surgery After Surgery % 

GROUP A 

Control 124.13±1.86(1) 163.63±5.65 +23.9 

Operated 124.14±1.83(1) 187.66±5.94(2) +33.6 

GROUP B 

Control 135.24±4.6(1) 106.40±1.94 -27.3 

Operated 139.9±4.82(1) 87.6±3.96(3) -37.4 

GROUP C 

Control 133.07±8.37(1) 139.53±3.89 +4.3 

Operated 130.35±4.67(1) 146.62±6(4) +10.9 
 (1)p<0.001, presurgery vs post surgery period in animals of the same group 
(2)p<0.004 subtotal colectomized rats of group A vs sham operated controls of the same group 
(3)p<0.001 subtotal colectomized rats of group B vs either sham operated controls of the same group or to sham operates controls of group A 
(4)p<0.52 subtotal colectomized rats of group C vs sham operated controls of group A 
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 Although, fat is the group of food with a low satiating 
power [21] it may be possible that its high calorie content 
activate the proximal gut segments signals. These proximal 
signals could induce on the one hand, a rapid PYY secretion 
at the distal gut segment, but in parallel it may induce an 
activation of the distal gut segment signals due to the faster 
arrival of food to sigma and rectum, in which PYY is highly 
accumulated [22]. Also, it has to be considered a decrease of 
ghrelin secretion by overfeeding, as much as the high calorie 
content of food [23]. 
 In summary, subtotal colectomy seems not to modify the 
ultimate body weight of the studied animals. The differences 
found on body weight depended on the diet ingested. The 
results of this study support the concept that the maintenance 
of a high fat diet may originate a decrease of the intake, 
overall in subtotal colectomized rats, possibly through 
neuroendocrine mechanisms related to gut hormones or to 
adaptive mechanism along the gastrointestinal tract. 
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