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ABSTRACT
Multiple studies have shown the importance of adequate nutrition for animals and humans and its effect on overall 

health. Therefore, the aim of this study was to investigate the effects of different nutritional regimes on the intestinal health 
of rats by evaluating different morphological and morphometric characteristics of small intestines, with the emphasis on 
the villus height:crypt depth ratio (V:C). For the experimental study, 24 clinically healthy adult Wistar rats were used. The 
rats were randomly divided into 3 groups: the control group (group A) was fed with conventional food, the second group 
(group B) with bakery products, and the third group (group C) with meat products. Samples of the duodenum and jejunum 
were collected for detailed morphological and morphometric analysis. A significant increase in the duodenal villi height 
was reported in group B (661.59 µm) and C (602.83 µm) compared to the control group (475.34 µm). The crypt depth values 
in the jejunum were significantly higher in group B (191.41µm) and C (246.23 µm) compared with the control (145.14 µm). 
The jejunal V:C ratio was significantly lower in groups B and C. The study showed significant morphological changes in the 
intestinal parameters in rats fed predominantly with meat and bakery products. These findings could be applicable in both 
veterinary and human medicine, underlining the significance of consumed food on gut health. 
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INTRODUCTION

Rats belong to the order Rodentia with two 
incisors in the upper and two in the lower jaw. 
They are omnivores, with a diet consisting mostly 
of cereals, plants, different roots, and seeds.  
Rats’ natural habitats are areas with moderate 
climate in Asia, mostly around the Caspian Sea. With 
the human civilization and societies’ development, 
the population of rats has increased and spread to 

other areas (1). The rat was the first mammal used 
for scientific purposes, and together with mice, 
they are considered as the most commonly used 
laboratory animals (2). Rats are a suitable model for 
research of digestive disorders, including chronic 
inflammatory bowel disease (3), lipid digestion (4), 
functional dyspepsia (5), intestinal microbiota (6), 
and many more. 

The small intestines are responsible for nutrient 
transport which occurs through the villi and 
microvilli (7). The nutrition may affect the size and 
number of villi, as well as the intestinal physiology. 
Various physiological and pathological conditions 
can cause changes in the size and number of the 
villi. Thus, the functional morphology of the 
intestinal mucosa is of great importance for the 
animal’s health (8).

The food consumed has a key role in the 
health and proper functioning of the intestines and 
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intestinal mucosa. Proteins and carbohydrates are 
considered to have significant role in the nutrition 
of humans and animals among other nutritional 
compounds. Meat represents an important source 
of proteins and other essential nutrients, acting 
as a pharmakon with both positive and negative 
effects on health (9). Meat consumption or high-
protein diet helps the regulation of body fat. These 
and similar high-protein diets have an impact on 
weight loss and lower the chance of regaining the 
mass. In addition, proteins provide greater satiety 
compared to carbohydrates (10, 11). Contrary to 
it, the overconsumption of meat is associated with 
obesity in people (12). Some researches show that 
high intake of red and processed meat can increase 
the risk of gastrointestinal disease (13, 14). These 
meat products increase the risk of colorectal cancer. 
Various supplements are continuously studied for 
treatment of colorectal cancer. For instance, the 
honey combination with 5-Fluorouracil has shown 
positive effects in colon cancer model rats (15). 
Other researchers have also confirmed the benefits 
of honey and bee products in treating colorectal 
cancer (16, 17, 18). The carbohydrates are regarded 
as the main component of food which provides 
energy and other nutritive substances. Complex 
carbohydrates, especially those that contain 
fibers, are of great importance. In contrast, simple 
carbohydrates, such as refined sugar and processed 
cereals, rapidly increase the levels of blood sugar. 
Constant use of carbohydrates with a high glycemic 
index can lead to insulin resistency and intestinal 
inflammation, decreasing mucosal immunity (19). 
A positive correlation has been established between 
the villus height-crypt depth ratio (V:C ratio) and 
gut health (20). This could show the importance of 
a proper nutritional regime in the diet of animals 
and humans and its effect on overall health. Thus, 
the goal of this study was to investigate the effect of 
different nutritional regimes on V:C ratio. Various 
morphological and morphometric characteristics 
of the small intestines were examined with the 
emphasis on the V:C ratio. 

MATERIAL AND METHODS

Animals and ethics
The experimental study included 24 clinically 

healthy adult Wistar rats. Twelve male and twelve 
female individuals were used. They were 2 to 3 
months of age with an average weight of 200-300 g.  
The animals were placed in adequate cages with 

free access to food and water under a controlled 
temperature (20-23 °C) and humidity (60±10%). 

Study permission was obtained from the Ethics 
Committee of Veterinary Faculty of Sarajevo 
(Decision no. 07-03-1012-4/21). All procedures 
performed in studies involving animals were 
in accordance with the ethical standards of the 
institution or practice at which the studies were 
conducted.

Experimental design
The rats were randomly divided into 3 groups. 

The first group (A) contained eight individuals 
fed with conventional food for rats, as the control 
group. The second (B) group was fed with products 
rich in carbohydrates, and the third group (C) was 
fed with products rich in meat protein. The animals 
consumed the food for seven weeks.

The control group (A) consumed a standardized 
feeding mixture in form of granules that contained 
balanced nutrient composition in the following 
proportions: protein 14.0%, raw fibers 14.5%, raw 
fats 3.0%, raw ash 7.5 %, calcium 1.1%, phosphorus 
0.5%, and sodium 0.2%. 

After completing the 7-week feeding period, 
euthanasia was performed by overdose with 
ketamine hydrochloride (50 mg/kg) injected into 
the hindlimb musculature. After confirming the 
absence of vital parameters, the abdominal cavity 
was opened and all the organs were extirpated. 
All the thoraco-abdominal organs were weighed 
separately using a Silver crest laboratory balance 
(600 g/0.1g) (Owim, Germany). The small intestine 
and large intestine segments were measured with a 
ruler. The individual segments of the intestines were 
subjected to detailed histopathological analysis. 

Histopathology and morphometric analysis
For the histopathological examinations, samples 

of the caudal third of duodenum and middle and 
caudal third of jejunum were obtained and fixed 
with 10% buffered formalin. After the conservation 
process, the tissues were processed in a MICROM 
Model STP-120 (Thermo Fisher Scientific, USA) 
rotational tissue processor in standard line with 
alcohol: 48 hours in 70% alcohol, 24 hours in 96% 
alcohol, and 24 hours in 100% alcohol. Sample 
dehydration was performed by immersion in 
alcohol and toluene solution for 2 hours, and then 
for 4 additional hours in toluene solution. After 
dehydration, the samples were molded into paraffin 
blocks. Using a digital microtome LEICA RM 2145  
(Leica, Germany), a 5 µm thick slide was cut 
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from every paraffin block for the standard 
histopathological staining with hematoxylin-eosin 
stain (H&E). All specimens were observed under 
an OLYMPUS BX51 light microscope (Olympus, 
Japan) at magnifications from 40 to 100x. 
Multiple samples of individual animal duodenum 
and jejunum were obtained. Villus height, crypt 
depth, and villus width were measured on multiple 
sections of duodenal and jejunal samples of each 
rat. Measurement of the villus height was done 
from villus tip to villus-crypt junction and the crypt 
depth from the villus-crypt junction to lower limit 
of the crypt. Villus width was measured in the lower 
third of the villus (21). Morphometric analysis and 
measurement of the mucosa in the small intestines 
was performed with Cell software (Cell Software 
Services, UK) and the mucosa parameters were 
measured as shown in Fig. 1. The villus height:crypt 
depth (V:C) ratio was estimated by dividing the 
villus height value by the crypt depth value. 

Statistics
The sample size was determined with one-

way ANOVA-sample size calculator with 95% 
confidence interval and 80% power test. The 
results were recorded in a table as means and 
standard errors. Using SPSS Software (IBM, USA),  

Kruskal-Wallis test was performed to test the 
statistical differences between the parameters 
while Mann-Whitney U test was used to check the 
statistical significance among two groups.

RESULTS

The body weight significantly differed between 
the groups (Table 1). The highest mean total body 
weight (317.50±14.25 g) was noted in group B, while 
the lowest in group C (220.70±8.60 g). The increase 
in total bodyweight was positively correlated with 
the organ weight. Duodenum length was non-
significantly lower and jejunum length was non-
significantly higher in B and C groups compared to 
the control (Table 2).

The duodenum differed both in length and in 
histomorphometry parameters (Fig. 2). The tunica 
muscularis had similar structure and size in all 
groups.

The duodenal villi of the control group had  
similar size with small spaces between them. Group B  
duodenal villi had larger spaces, especially  
near the crypts. Several samples in group C had 
detachments from the villus tips. A significantly 
higher duodenal villus height was observed in  

Figure 1. Histological parameters of the small intestines. H&E, 40X 
1. Villus height, 2. Crypt depth, 3. Villus width
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B (661.59±8.38 µm) and C group (602.83±31.78 µm)  
compared to the control.  The  villus height was 
significantly different between the groups, however, 
the crypt depth was not (Table 3). 

The villi of the jejunal mucosa were evidently 
lower compared to the duodenal villi (Table 4).  
Significant amount of desquamated cells were 

observed on the luminal side of the jejunum 
compared to the luminal side of the duodenum in 
all three groups (Fig. 3). The jejunal crypt depth 
was significantly higher in B (191.41±4.34 µm) and 
C groups (246.23±9.42 µm) compared to the control 
(145.14±4.76 µm). The V:C ratio has changed 
accordingly.  

Table 1. Weight parameters of rat organs (mean ± SE, g)

Weight parameters Control group (A) Bread Group (B) Meat Group (C)

Mean Mean Mean

Total body 249.20±25.14 317.50±14.25 220.70±8.60

Internal organs 39.87±1.83 51.41±1.49 54.20±4.09

Heart + Lung 3.87±0.51 4.63±0.16 3.90±0.39

Liver 8.62±0.53 12.21±0.33 9.75±0.67

Spleen 0.75±0.07 1.26±0.08 1.12±0.12

Stomach 3.62±0.18 5.05±0.42 6.62±1.14

Kidneys 1.52±0.12 2.76±0.11 1.75±0.41

Small intestines 5.87±0.51 7.80±0.34 9.00±0.88

Large intestines 8.50±0.90 11.22±0.40 6.30±0.56

Table 2. Morphometric parameters of the rat internal organs (mean ± SE, cm)

Length parameters Control group (A) Bread Group (B) Meat Group (C)

Mean Mean Mean

Duodenum 10.31±0.53 9.95±0.27 9.60±0.31

Jejunum 91.75±1.84 102.35±2.50 97.18±3.09

Ileum 7.68±0.46 6.77±0.32 5.75±0.23

Cecum 3.81±0.16 3.81±0.11 3.16±0.21

Colon 8.00±0.40 9.45±0.36 8.81±0.46

Rectum 6.31±0.31 5.51±0.30 4.75±0.29

Table 3. Effects of different food regimes on the histomorphometry parameters of the duodenum in rats  
(mean ± SE, µm; p value)

Control Group (A) Bread Group (B) Meat Group (C)

Mean Mean Mean p value

Villus height 475.34±16.69ab 661.59±8.38a 602.83±31.78b .000

Crypt depth 252.66±4.92a 191.78±5.62a 237.14±10.14 .000

Villus width 111.52±2.41 102.35±2.25 106.70±9.42 .417

V:C ratio 1.88 3.44 2.54 /

a,b,-different letters represent statistical significance among groups
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Table 4. Effects of different food regimes on the histomorphometric parameters of the jejunum in rats 
(mean±SE, µm; p value)

Control Group (A) Bread Group (B) Meat Group (C)

Mean Mean Mean p value

Villus height 314.10±11.09 309.15±9.70 278.91±20.93 .131

Crypt depth 145.14±4.76a,b 191.41±4.34a,c 246.23±9.42b,c .000

Villus width 90.45±4.28 100.36±6.09 86.31±2.97 .146

V:C ratio 2.14 1.61 1.13

a,b,c- different letters represent statistical significance among groups

DISCUSSION

The three distinct parts of the small intestines 
(the duodenum, jejunum and ileum) are responsible 
for digestion, rendering the chyme compounds 

to absorbable form, and absorption into the 
bloodstream. The current study demonstrated that 
different nutritional regimes caused changes in the 
weight and length parameters of the alimentary 
canal. Total body weight was the highest in the 

Figure 2. Histological structure of the duodenum in rats. H&E, 40X
Control group (A), Bread Group (B),  Meat Group (C)

Figure 3. Histological structure of the jejunum in rats. H&E, 40X
Control group (A), Bread Group (B),  Meat Group (C)
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group fed with bakery products, and the smallest 
was noticed in the group fed with meat diet. The 
weight of the gastrointestinal tract was slightly 
higher than that reported by Silva-Santana et al. 
(22). A previous study (23) had reported that small 
intestine length ranges from 120 to 170 cm, while 
Silva-Santana et al. (22) recorded a significantly 
shorter length of 50.6 cm. A recent study has 
reported small intestines length of 160 cm in 
Common Brown Rat (Ratus norvegicus) (24).  Our 
study corresponds with the first investigation, and 
we recorded similar values for all three groups, 
around 110 cm. 

The current study investigated the influence of 
different food types on intestinal parameters. The 
hypothesis was that the villus height:crypt depth 
ratio (V:C) would significantly decrease in groups 
fed by carbohydrates and meat (Group B and C). 
The results of the V:C ratio of duodenum did not 
follow this hypothesis, since the highest V:C ratio 
was found in animals fed with bread (group B). 
This could be explained by Xu et al., which reported 
that the absorption of glucose mainly occurs in 
the upper part of small intestine (25). Thus, we 
underline the findings in jejunal parameters where 
the main part of nutrients is absorbed. The V:C 
ratio of the jejunum was significantly lower in 
rats that consumed bakery products (group B) and 
meat (group C) compared to the control. This could 
suggest that non-balanced feeding alters intestinal 
health, and lowers the intestinal absorption 
capability. Other studies also mention villi height 
and crypt depth ratio as a possible indicator of 
intestinal function (26, 27). In addition, increased 
villi height and crypt depth are reported to have a 
positive impact on resistance to intestinal diseases 
in studies done on weaned piglets (28, 29). 

The increase in villus height has been related 
to the improved digestion and absorption while it 
also enhances the digestive enzymes activity (30). 
Higher crypt depth is correlated with absorptive 
cells renewal. Researchers reported the increase in 
crypt depth of turkeys after experimental infection 
with Escherichia coli and/or Campylobacter jejuni 
(31, 32). Decrease in crypt depth positively affects 
digestion since the cell renewal process increases 
the requirements for energy leading to a lesser 
absorption and a slower growth rate of animals (33). 
The lower crypt depth in jejunum of the control 
group compared to the B and C groups matches the 
assumption that animals fed with balanced food 
should show better results of intestinal parameters.

In a recent study, the authors investigated 
potential gut health biomarkers including the 

V:C ratio. Broiler chickens were infected with 
C. jejuni, and treated with CID 2000TM which is 
used for disinfection of water systems. The results 
showed changes in V:C ratio in accordance with the  
treatments. The group which was infected with  
C. jejuni and not treated with CID showed significant  
decrease in V:C ratio. Furthermore, the V:C ratio 
increased in the group which was infected and 
treated with CID similarly as in the group which 
was not infected (34).  

In a study performed on broiler chickens, a 
positive correlation was found between the V:C 
ratio, the number of lactic acid bacteria, and 
intestinal score (20). A recent study investigated the 
effect of Pinus pinaster extract supplementation on 
the intestinal morphology in broiler chickens fed 
with low protein diets. The jejunal villus height 
and crypt depth were higher in groups treated with  
Pinus pinaster extract and encapsulated Pinus pinaster  
extract, compared to control group (35). This study 
in broilers shows similarities with the current 
research where the most notable changes were in 
histomorphology of jejunum. 

Food additives have been frequently investigated 
in trials with rats, but few have investigated the 
effect of various food types. Different doses of 
the Spirulina platensis herb were investigated in 
rats, where a significant increase in the V:C ratio 
was recorded in the group with a higher dose (21). 
It was more than double (5.33±0.46) compared 
to the control group (2.44±0.10). A study on the 
influence of methionine on the histomorphological 
characteristics of the rat intestinal tract, showed 
significant changes in the size of the villi (36). 
The study was conducted over a period of 20 days 
during which two groups received intraperitoneal 
administration of methionine at doses of 100 mg/kg  
and 200 mg/kg, respectively. All three parts  
of the small intestine (duodenum, jejunum, and 
ileum) showed a significant increase in villus 
height, particularly the duodenum. The villus 
height was 389.47 µm in the control, 533.84 µm in 
the Met100 group, and 525.82 µm in the Met200 
group. Additionally, the villus width was higher in 
the methionine groups (103.22 µm and 106.66 µm,  
respectively) compared to the control group  
(69.47 µm). 

Predominant feeding with one food type can 
have adverse effects on V:C ratio as shown in our 
study. Despite the numerous negative effects of 
predominant meat protein consumption, it is highly 
important to be part of a balanced diet. Positive 
effect of glutamine amino acid as an additive was 
observed in broiler chickens. Glutamine showed 
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improved trophic effect on intestinal epithelium 
with increased V:C ratio (37). Conversely, a 
protein-free diet altered the intestinal architecture 
and decreased the V:C ratio compared to the 
group fed with casein (38). Another study showed 
significantly higher villi height and crypt depth 
in rats fed with different doses of Soluble Dietary  
Fiber (Pectin) (39). The villus height was 539.9±25.5 µm  
in the control and 672.1±63.7 µm in the group that 
consumed 10% pectin in their meals. Crypt depth 
had increased from 149.2 µm to 292.5 µm. In a 
study conducted by Xun et al., a dose-dependent 
increase of the jejunal V:C ratio was noticed in 
piglets fed with curcumin-supplemented meals 
which had higher ratio (2.17) compared to the group 
that had meals without curcumin (1.48) (40). 

Rat nutrition using dominantly bakery 
products caused significant changes in the blood, 
including sideropenic hypochromic anemia, with 
lower erythrocyte and hemoglobin, as well as 
some atypical forms of red cells, anulocytes, and 
spherocytes (41). 

The above-mentioned studies mostly indicate 
the positive effects of supplementary products in 
the rat meals which increase the V:C ratio. This 
matches with our results where the rats fed with 
balanced food (group A) had the highest V:C ratio. 
However, we did not include any supplementary 
products which could be considered as a limitation 
of our study. 

CONCLUSION

The present study revealed the detailed 
histological structure of the rat intestines when 
fed with different foods. The results showed 
morphological changes in the intestinal parameters 
in rats fed predominantly with meat and bread 
diets. A significant increase in the duodenal villi 
and jejunal crypt depth was recorded in the control 
which was fed with balanced meals, resulting in 
highest V:C ratio. The use of confectionery products 
in laboratory rat nutrition can cause significant 
changes in their digestive system, and therefore 
make them not suitable for scientific research.  

These findings could be applicable both in 
veterinary and human medicine, underlining 
the significance of consumed food on gut health. 
Further studies are needed to elucidate whether 
the V:C ratio could be used as reliable gut health 
indicator.
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