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The African giant rat (Cricetomys gambianus, Waterhouse) is a wild rodent in sub-Saharan Africa 

widely hunted as popular meat delicacy. Domestication of this rat has been poor, probably due to 

nutrition among other factors. Developmental studies of the duodenum, jejunum and ileum as well 

as investigations of diet-based structural modifications of the small intestine were carried out in the 

rats using neonates, juveniles and adults with the aim of providing useful research information 

which could lead to improved domestication. The mean body weights of the animals were 

39.67±1.45 g, 225.00±25.00 g and 742.90±62.13 g, respectively for the neonate, juvenile and adult 

rats. Significant differences were also observed in the villus height, villus width and crypt depth 

between the neonates and juveniles, unlike between juvenile and adult rats. These changes in 

intestinal morphology between the neonate and juvenile rats could be a measure of the neonates’ 

adaptation to shifts from digestion of maternal milk to the consumption of solid and semisolid 

forages. Respectively for neonates, juvenile and adult rats, 188%, 228% and 30% increases in villus 

height for the duodenum, jejunum and ileum respectively, were observed. This is suggestive of 

larger surface area of the small intestine for digestion and absorption. This study elucidates the 

structural modifications of the small intestine which can be applied to dietary modifications in 

response to age in an effort to achieve a more successful domestication of the animal. 
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Introduction 

The African giant rat (Cricetomys gambianus, 
Waterhouse) is a wild rodent widely spread in sub-Saharan 
Africa (Moutairu et al., 1996; Olude et al., 2017). It 
belongs to the order rodentia and is quite common in 
Nigeria being more dominant in the Savannah areas of the 
country (Ajayi, 1974). The African giant rat (AGR) has 
been reported to have attained an enormous weight of 
about 1.40 kg with a total length of 83 cm from the tip of 
the nose to the tip of the tail (Happlod, 1987). The animal 
is a popular meat delicacy among the local people who hunt 
it for food. Unlike this rodent, the domestication of the 
African greater cane rat, a closely related rodent (also 
widely hunted for its acceptance as meat delicacy), has 
been successful with age-related documentations available 
(Monadjem et al., 2015; Omirinde et al., 2019).  

There are two important periods in the gastrointestinal 
adaptation of the newborn mammal to enteral nutrition: birth 
and weaning (Weaver and Carrick, 1989). Those changes 
which occur perinatally have been well studied, particularly 
in rodents (Weaver, 1986; Henning, 1987). Changes in the 

morphology of the intestines are largely concerned with the 
transition from intrauterine parenteral nutrition to extra-
uterine enteral nutrition. Weaning, the period of transition 
from milk to solid feeding, has also been the subject of 
studies in the rat and mouse but little is known of the process 
in several other rodent species, especially the AGR (Van den 
Bogert et al., 2011; Hugeholtz and de Vos, 2018).  

Morphometric studies in a number of rodents 
indigenous to Africa had been reported by a few authors: 
the biometrical observations on the testis and epididymis 
of the domesticated African greater cane rat (Olukole et al., 
2009); morphometric analysis of the kidneys of the 
domesticated African greater cane rat (Olukole, 2009); 
age-related changes in brain morphology (Olude et al., 
2017) among others. Recent studies on the African giant 
rat had mainly focused on hematology (Durotoye and Oke, 
1990) and reproduction (Oke et al., 1988, 1989 and Oke 
and Aire, 1996). Recently, Ellis et al. (2017) demonstrated 
the reproducibility of African giant pouched rats detecting 
Mycobacterium tuberculosis. 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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Little is known about the developmental anatomy of the 

small intestine of the African giant rat. This study was 

therefore designed to investigate the gross and histological 

aspects of the developmental morphology of the small 

intestine of the African giant rat with the aim of providing 

useful information which could lead to an improved 

domestication of the animal with respect to structural 

modifications in neonate, juvenile and adult animals. 

 

Materials and Methods 

 

Experimental Animals 

Fifteen African Giant rats of three developmental 

stages (neonate, juvenile and adult) which were captured 

directly from the wild were used for the study. The protocol 

used in the study was approved by the University of Ibadan 

Animal Care and Use Research Ethics Committee Review 

(UI-ACUREC) UI-ACUREC/18/0120. 

Five rats per developmental stages were identified as 

earlier reported by Olude et al. (2017) The rats were kept at 

the African Giant Rat Unit of the Animal House, Faculty of 

Veterinary Medicine, University of Ibadan, Nigeria, where 

they were fed with commercial pelletized rat feed (Ladokun 

Feeds®) ad libitum and were acclimatized for 7 days prior to 

slaughtering. They were examined and found to be 

physically healthy, anaesthetized using chloroform and 

weighed with the aid of a Microvar® weighing balance 

before being slaughtered by cervical decapitation. Following 

this, each rat was placed on a dissection board in dorsal 

recumbency while a shallow medioventral incision was 

made from the xiphoid cartilage to a point cranial to the anus 

in order to expose the abdominal and pelvic cavities. The 

entire gastro-intestinal tract was then carefully harvested. 

The anatomical orientations of the duodenum, jejunum and 

the ileum were then carefully identified and separated out. 

The gross morphometric parameters were investigated 

using metric tape: the Crown- Rump length (CRL) as well 

as the lengths and widths of the intestinal sections. The 

weight of each segment of the small intestine was obtained 

with the aid of a digital weighing balance while their 

volume was determined by water displacement method 

using a calibrated measuring cylinder. 

Samples were taken from the duodenum, jejunum and 

ileum and fixed in buffered neutral formaldehyde. These 

tissues were later processed for histological examinations. 

Sections of 5 µm thick were stained with Hematoxylin and 

Eosin. For each of the three developmental stages, ten 

measurements were made per section using a calibrated eye-

piece micrometer (Graticules Ltd. Toubridge Kent). The 

histological parameters measured for the three segments of the 

small intestines were villus height, crypt depth, epithelial 

thickness, villus width. Also measured were the widths of 

submucosa, lamina propria, lamina muscularis, serosa and the 

thickness of the muscularis mucosa. 

 

Statistical Analysis 

All data were expressed as means and standard error of 

means and were subjected to Analysis of Variance (ANOVA) 

using the Graphpad Prism version 4.00 for Windows 

(Graphpad®) Significance was reported at P<0.05. 

 

Results 

 

The mean weights for the animals used in this study 

were 39.67±1.45 g, 225.0±25 g and 742.9±62.13 g, 

respectively for the neonate, juvenile and adult rats. The 

crown-rump lengths of the rats showed significance 

differences (P<0.05) across the three developmental stages 

(Table 1). There was a positive correlation (r =0.60, 0.73 

and 0.75) between the crown- rump length and the weight 

of the animals in each of the three developmental stages. 

The length of the entire small intestine unlike its weight 

and volume showed significant differences (P<0.05) across 

the three developmental stages of the rats (Table 1). 

 

Table 1. Comparison of means and SEM of gross body and intestinal parameters in the different developmental stages in 

the African giant rat (Cricetomys gambianus, Waterhouse). 

Parameters Neonates Juveniles Adults 

WtA (g) 39.67±1.45 225.0±25 742.9±62.13 

CRL (cm) 11.5±0.44a 17.0±1.5b 25.33±0.78c 

VSI (cm³) 7.03±0.15a 6.5±0.0a 11.21±0.86b 

VOD(cm³) 1.90±0.06a 2.75±0.25a 4.43±0.30b 

LOD(cm) 4.700±0.27a 12.75±2.75b 17.21±1.14c 

WOD(cm) 0.52±0.04 1.15±0.05 1.00±0.02 

WtD(g) 1.67±0.01a 2.85±0.25a 3.96±0.34a 

VOJ(cm³) 3.10±0.06 2.75±0.25 3.36±0.52 

LOJ(cm) 11.60±0.35a 27.85±1.55b 33.71±4.76b 

WOJ(cm) 0.40±0.06 0.65±0.05 0.61±0.06 

WtJ(g) 1.81±0.02a 3.80±0.40b 7.79±1.0c 

VOI(cm³) 2.03±0.09 1.0±0.0 3.29±0.29 

LOI(cm) 13.40±1.51a 36.70±0.70b 45.84±6.39c 

WOI(cm) 0.43±0.03 0.6±0.1 0.71±0.05 

WtI(g) 1.77±0.02 3.35±0.25 10.01+1.86 

LSI(cm) 30.03±2.00a 77.3±3.60b 96.34+3.16c 

WSI(cm) 0.53±0.03 1.15±0.05 0.97+0.04 

WtSI(g) 5.33±0.03a 10.0±0.40b 21.33+2.31c 
WtA: weight of animal, CRL: crown- rump length, VSI: volume of small intestine, VOD: volume of duodenum, LOD: length of duodenum, WOD: 

width of duodenum, WtD: weight of duodenum, VOJ: volume of jejunum, LOJ: length of jejunum, WOJ: width of jejunum, WtJ: weight of jejunum, 
VOI: volume of ileum, LOI: length of ileum, WOI: width of ileum, WtI: weight of ileum, LSI: length of small intestine, WSI: width of small intestine, 

WtSI: weight of small intestine, Means with different superscripts within rows are statistically significant (P<0.05). 
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Figure 1. Light Micrograph of the small intestines of the African giant rat (H&E, × 100). 

Duodenum of neonate (A), Juvenile (B) and Adult (C) rats showing crypt (C), mucosa (M), submucosa (SM), muscularis externa (ME), 

muscularis interna (MI), villus (V). Jejunum of neonate (D), Juvenile (E) and Adult (F) rats showing mucosa (M), submucosa (SM), villus (V).  

Ileum of neonate (G), Juvenile (H) and Adult (I) rats showing mucosa (M), submucosa (SM), villus (V). 
 

Table 2. Comparative histomorphometry of the duodenum at different developmental stages in the African giant rat 

(Cricetomys gambianus, Waterhouse). 

Parameters Neonates Juveniles Adults 

Villus Height (µm) 183±0.011a 527±0.05b 529±0.05b 

Villus Width (µm) 60.0±0.004a 138±0.01b 151±0.16b 

Crypt Depth (µm) 26.0±0.003a 50.0±0.01b 81.0±0.01c 

Epithelial Height (µm) 10.0±0.001a 32.0±0.00b 62.0±0.03c 

Lamina proprial Width (µm) 43.0±0.003 70.0±0.01 87.0±0.02 

Submucosal width (µm) 48.0±0.004a 117±0.02b 80.7±0.04 

Muscularis mucosal width (µm) 209±0.009a 577±0.05b 610±0.05b 

Lamina muscularis width (µm) 51.0±0.004a 128±0.01b 127±0.05b 

Serosal width (µm) 16.0±0.02 18.0±0.00 19.0±0.01 
Means with different superscripts within rows are statistically significant (P<0.05) 

 

The histological features of the small intestine of the 

African giant rat show a submucosa bounded by a thin 

layer of muscle, the muscularis externa (Figure 1). The 

submucosal surface from without inward is followed by the 

mucosa which bears the villus and then the lumen. The 

histological features of the duodenum, jejunum and ileum 

are given in Figure 1A-I. For the duodenum, jejunum and 

ileum, villus height and width, lamina propria width, 

submucosal width, muscularis mucosal width and lamina 

muscularis width all showed significant differences 

(P<0.05) between the neonates and juveniles while these 

parameters showed no significant differences (P<0.05) 

between the juvenile and adult rats (Tables 2-4). However, 

the duodenal epithelial height and crypt depth increased 

significantly across the three developmental stages of the 

rats (Table 2). In the jejunum and ileum, there were 

significant differences (P<0.05) in epithelial height and 

crypt depth between the neonates and juveniles (Tables 3 

and 4). However, in the duodenum, jejunum and ileum, 

serosal width showed no significant difference (P<0.05) 

across the three developmental stages of the rat (Tables 2-4). 
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Table 3. Comparative histomorphometry of the jejunum at different developmental stages in the African giant rat 

(Cricetomys gambianus, Waterhouse).   

Parameters Neonates Juveniles Adults 

Villus Height (µm) 109±0.01a 357±0.03b 373±0.03b 

Villus Width (µm) 39.0±0.00a 114±0.01b 104±0.00b 

Crypt Depth (µm) 14.0±0.00a 49.0±0.01b 42.0±0.00b 

Epithelial Height (µm) 16.0±0.02 24.0±0.00 22.0±0.00 

Lamina proprial Width (µm) 25.0±0.01 66.0±0.02 57.0±0.00 

Submucosal width (µm) 33.0±0.00a 73.0±0.01b 91.7±0.00b 

Muscularis mucosa width (µm) 53.0±0.00a 163±0.01b 176±0.00b 

Lamina muscularis width (µm) 40.3±0.00 51.3±0.00 77.0±0.00 

Serosal width (µm) 11.0±0.00 11.0±0.00 11.0±0.00 
Means with different superscripts within rows are statistically significant (P<0.05) 

 

Table 4. Comparative histomorphometry of the ileum at different developmental stages in the African giant rat 

(Cricetomys gambianus, Waterhouse).  

Parameters Neonates Juveniles Adults 

Villus Height (µm) 205±0.02a 267±0.03b 267±0.04b 

Villus Width (µm) 291±0.25a 89.0±0.01b 100±0.02b 

Crypt Depth (µm) 18.0±0.01a 33.0±0.01b 35.0±0.01b 

Epithelial Height (µm) 17.0±0.01 30.0±0.00 34.0±0.00 

Lamina proprial Width (µm) 23.0±0.00a 48.7±0.00b 48.0±0.01b 

Submucosal width (µm) 55.0±0.01 59.0±0.00 77.0±0.01 

Muscularis mucosa width (µm) 223±0.02 300±0.03 301±0.02 

Lamina muscularis width (µm) 55.0±0.01 69.7±0.02 62.3±0.00 

Serosal width (µm) 11.0±0.00 11.0±0.00 11.0±0.00 
Means with different superscripts within rows are statistically significant (P<0.05) 

 

Discussion 

This study shows that the crown- rump length, as well 

as the weight, width and length of the duodenum, jejunum 

and ileum, all increase with increase in age. This can be 

attributed to physical, physiological and anatomical 

adaptation to allow for change in diet in the animal. These 

are in conformity with the findings of Weaver and Carrick 

(1989), who observed changes in upper intestinal epithelial 

morphology and kinetics in the growing guinea pig. 

Findings from the study, especially with the adult African 

giant rat conform with those of Nzalak et al. (2015) who 

investigated the gross and histological features of small 

intestine of the adult African giant rat. As observed with 

the adult rats in the present study, Nzalak et al. (2015), had 

earlier reported that the jejunum is the longest portion of 

the small intestine of the African giant rat while the ileum 

is the shortest. It could be inferred that the digestive and 

absorptive roles of the small intestine in this rat is carried 

out more at the jejunum. The significant differences 

(P<0.05) observed between neonates and juveniles with 

respect to the height and width of the villi are suggestive of 

anatomical modifications to meet dietary demands. This is 

in conformity with the findings of Nwaogu and Ezeasor 

(2009), who worked on changes in the morphological 

features of the duodenum and jejunum of prenatal and 

postnatal West African Dwarf goats (Capra hircus).  

The significant differences (P<0.05) observed in the 

villus height, villus width and crypt depth between the 

neonates and juveniles could be a measure of the neonates’ 

adaptation to shifts from maternal milk to the consumption 

of solid and semisolid forages. Similar observation has been 

reported in six-weeks old pigs (Randal et al., 2001) and two 

to eight-weeks old lambs (Poole, 2001). This period of 

adaptation to change in diet is critical as significant and rapid 

changes in function and morphology of the gastro-intestinal 

tract (GIT) are known to be affected by certain growth 

factors (Klurfeld, 1997) such as epidermal and insulin- like 

growth factors (Pacha, 2000; Donovan et al., 2004) as well 

as secretions like bile, pancreatic juice, polyamines, GIT 

hormones, neural and genetic programming (Pacha, 2000).  

Comparing villus height between the neonates and 

juveniles not only showed significant differences (P<0.05) 

but also revealed 188%, 228% and 30% increases for the 

duodenum, jejunum and ileum, respectively. This suggests 

larger surface area of the small intestine for digestion and 

absorption. These observations corroborate previous reports 

on villus height, crypt depth and cells per villus in pigs (Van-

Ginneken et al., 2002; Mekbungwan et al., 2004), chicken 

(Moon and Skartvedt, 1975), guinea pigs (Weaver and 

Carrick, 1989), lambs (Poole, 2001) and rabbits (Gutierrez 

et al., 2002) during the first few weeks of post natal life. 

However, the observed increase in villus height with age is 

at variance with the report of Moon and Joel (1975), that the 

villi of new born lambs were longer than those of sheep at 

three weeks, three months and more than a year of age. 

Numerous glands were present in the lamina propria of 

duodenum, jejunum and ileum as well as submucosa of the 

duodenum in the rats. These together with the presence of 

blood vessels indicate increased digestive and absorptive 

functions. The thickness of the tunica muscularis 

significantly increased (P<0.05) between the neonates and 

juveniles for the duodenum, jejunum and ileum suggestive 

of increased in muscular activity (peristalsis) in the rats. 

Nevertheless, this observation is at variance with the report 

that there was reduction in the thickness of tissue layers 

under the mucosa, especially tunica muscularis within the 

first 24 hours after birth in piglets (Randal et al., 2001). 
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The significant difference (P<0.05) observed in the 

submucosa and submucosal widths of the neonates and 

juveniles are in conformity with previous report (Weaver 

and Carrick, 1989), on changes in mucosal morphology in 

rodents during the transition period between suckling and 

weaning. Gradual changes in mucosal morphology, 

functions and cytokinetics in the precocial guinea pig, 

accompany a relatively long and gradual weaning process. 

These changes could be brought about by dietary, 

hormonal and genetic factors (Yeh, 1976; Henning, 1987; 

Diamond, 1986). The mechanisms entailed in these had 

been related to changes in epithelial cell structure and 

function (Weaver and Carrick, 1989). These may involve 

either change in the epithelial cell population (Tsuboi et al., 

1981) such as transcription or translation of enzyme 

activity (Henning, 1987; Koldovsky, 1972 and Koldovsky 

et al., 1983). 

It can be concluded from this study that both the gross 

and histological parameters of the small intestine increase 

with a concomitant increase in the age of the animals. It has 

also shown that there is no significant difference between 

the intestinal morphology of juvenile and adult rats unlike 

those seen between neonate and juvenile rats. The outcome 

of this work, therefore, provides baseline data on the 

developmental morphology of the small intestine in the 

African giant rat (Cricetomys gambianus Waterhouse) and 

is expected to be useful in a better understanding of the 

structural modifications of the small intestine in an effort 

to achieve a more successful domestication of the animal. 
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