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 The intestinal epithelium is protected from the 
adverse effects of gastric acid and enzymes by a protective 
mucous layer. In intestine, this mucous is secreted by 
goblet cells and submucosal Brunner’s gland. Goblet cells 
are present throughout the lining epithelium of the intestine 
as well as mucosal glands (Crypts of Lieberkϋhn). The 
mucosal glands are present within the tunica mucosa and 
open at the villous base. These are simple tubular glands 
having goblet cells within their secretory epithelium. 
Brunner’s gland is present specifically in the submucosa of 
duodenal segment of small intestine of all the mammals 
(Verdiglione and Montesi, 2019). They are branched 
tubulo-alveolar glands and have functional importance 
owing to mucous secretions in order to neutralize the 
acidic ingesta entering the small intestine from stomach 
and lubricating the intestinal mucosa. So, before the chyme 
proceeds further down, it acidity gets balanced (Zheng et 
al., 2009). Furthermore, the rabbits are caecotrophic in 
nature, i.e. during the night time; they directly feed their 
own soft faeces. Hence, the re-ingested faeces need further 
protective mucous coating to protect the microbes from 
acidic pH of the stomach (Halls, 2008). Mucous is a gel 
like substance comprising of water, mucin and some 
electrolytes. This mucin is a high molecular weight 
glycoprotein that has gel forming properties which is 
responsible for its protective functions (Schumacher et al., 
2004).

 Hence, this research work was designed to investigate 
the histological details of goblet cells, mucosal glands and 
Brunner's gland in rabbit, as the rabbit intestine has 

anatomical similarities with that of human intestine 
(Amiry et al., 2019) that can provide the basic information 
for further work focused on intestinal diseases using the 
rabbit model for pre-clinical studies.

MATERIALS AND METHODS

 The present research work was carried out on twelve 

adult rabbits between body weights of 1.0 to 1.5 kg as per 

IAEC guidelines. The animals were euthanized and the 

tissue samples were collected from every 10 cm interval of 

intestine and quickly fixed in 10% Neutral buffered 

formalin (10% NBF) and Bouin's fixatives after properly 

washing in 0.9% normal saline solution. Processing of 

tissue samples was done by acetone-benzene schedule and 

5-6 μm thick sections were obtained on clean glass slides. 

The sections were stained with Haematoxylin and eosin 

(H&E) for routine morphology, Masson's trichrome 

method for collagen fibers, Gridley’s method for reticular 

fibers, Weigert’s method for elastic fibers and PAS-AB 

(pH 2.5) for mucopolysaccharides contents (Luna, 1968). 

Micrometrical observations were recorded using Leica 

Qwin Image Analyzer software and microscopic 

photographs of stained slides were taken in Leica DM 

2000 microscope. The data analysis was done using SPSS 

statistical software.

RESULTS AND DISCUSSION

Goblet cells

 In between the columnar epithelial cells of intestine 
and within the mucosal glands (crypts of Lieberkϋhn), 
goblet cells were interspersed which were histologically 
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characterized by clear apical cytoplasm with basal nuclei 
(Fig. 1) which accorded with the reports of Mohammad et 
al. (2020) in sheep and rabbit. Special staining with PAS-
AB (pH 2.5) indicated presence of strong alcinophilic 
mucinous granules within the cytoplasm of goblet cells 
(Fig. 2) which was in accordance with the reports of 
Schumacher et al. (2004) in cotton-tailed and domestic 
rabbits, Ergϋn et al. (2010) in Angora rabbits and Al-
Kennany et al. (2012) in mice.

 The average goblet cell population in the small 
intestine increased from oral to aboral direction which was 
similar with the reports of Jawad et al. (2019) in rabbit and 
rats. Within the crypts and mucosal epithelium, there was 
significantly highest number of goblet cells in the ileum as 
compared to duodenum and jejunum. The goblet cell count 
further increased in large intestine; however, within the 
mucosal epithelium the goblet cell number did not varied 
significantly while within the crypts of Lieberkϋhn, the 
goblet cell count in the colon was significantly high as 
compared to caecum and rectum (Table 1). Oliver et al. 
(2011) also reported the presence of abundant goblet cells 
within the colon of the African giant rat that indicated its 
role in increased mucosal protection and lubrication for 
fecal expulsion. Keskin et al. (2012) reported similar 
observation in mouse. The caecotrophic activity of rabbit 
has been reported by Halls (2008) which include re-
ingestion of soft faeces passed out at night time. The 
mucous coating over the soft faeces would further prevent 
the caecal microbes adhered and mixed with the faeces 
from acidic gastric pH.

Mucosal glands (Crypts of Lieberkϋhn)

 The mucosal glands (crypts of Lieberkϋhn) were 
present within the lamina propria of the entire length of 
intestine that opened between the villous bases. These 
glands were arranged in different layers within the lamina 
propria (Fig. 3). These simple branched tubular glands 
were lined by cuboidal to low columnar epithelium having 
basal spherical to oval nuclei and acidophilic cytoplasm 
(Fig. 4) which was in accordance with the reports of Kumar 
et al. (2013) in sheep and Mohammad et al. (2020) in sheep 
and rabbit. Special staining with PAS-AB (pH 2.5) 
revealed that the crypts were positive for neutral 
mucopolysaccharides with presence of alcinophilic goblet 
cells within their secretory epithelium (Fig. 2) which was 

similar with the reports of Al-Samawy et al. (2020) in rats 
and rabbits.

 The cryptal depth in duodenum (188.13±22.361 
µm) was significantly higher than that of the jejunum 
(95.69±8.596 µm) and ileum (103.08±9.877µm). That 
might be due to the reason that the crypts of Lieberkϋhn 
were present in various superficial and deeper parts in the 
lamina propria of duodenum (Fig. 3) and more 
superficially arranged in jejunum and ileum. In the large 
intestine, the cryptal glands within the lamina propria of 
caecum and rectum were relatively short and straight 
while, the lamina propria of colon had long and straight 
mucosal glands (Fig. 5) that significantly increased the 
mean thickness of tunica mucosa of the colon (600.84± 
16.066 µm) as compared to caecum (247.35±17.536 µm) 
and rectum (481.83±30.938 µm). Presence of numerous 
goblet cells and intestinal glands in colon of the African 
giant had also been observed by Oliver et al. (2011).

Submucosal glands (Brunner’s gland)

 Brunner’s glands were observed specifically in the 
submucosal layer of the duodenum (Fig. 3) only, while the 
remaining segments of the small intestine were completely 

thdevoid of it. Within the duodenum also, the cranial 3/4  of 
the total length presented densely packed Brunner’s gland 
within its submucosa while the rest of the caudal duodenal 
length showed a decreasing concentration and was almost 
absent in the last few sections which was in accordance 
with the reports of Al-Samawy et al. (2020) in rats and 
rabbits.

 These glands were observed to be branched tubulo-
alveolar, densely packed within the submucosal connective 
tissue and opened at the base of the intestinal mucosal 
glands (crypts of Lieberkϋhn), due to which, the average 
thickness of submucosal layer of duodenum (177.14± 
7.960 µm) was significantly more than that of the jejunum 
(24.31±1.545 µm) and ileum (44.76±5.550 µm) which 
accorded with the reports of Ergϋn et al. (2010) in Angora 
rabbit.

 In routine histological staining with H & E, it was 
observed that the lining epithelium of glands were 
cuboidal to pyramidal. The nuclei of the glandular 
epithelium were flattened to oval, heterochromatic, 
basally located and strongly basophilic. The cytoplasm 

2Table 1. Number of Goblet cell /10,000 µm  area of stained slides of different parts of intestine.

Structure Duodenum Jejunum Ileum Caecum Colon Rectum

a a c b d cCryptal epithelium 5.1±0.64  3.35±0.334  12.45±0.958  9.55±1.243  21.4±0.916  12.9±0.817
a a b a a aMucosal epithelium 6.0±0.580  7.3±0.598  10.8±1.037  6.2±0.484  7.6±0.654  6.4±0.373

N.B. – Mean Values having different superscripts in a row differ significantly, where P<0.05
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Fig. 3. Photomicrograph of rabbit duodenum showing all the tunics viz; 
Tunica mucosa (TM), Tunica submucosa (TS), Tunica muscularis 
(Tms) and Tunica Serosa (Tse). The tunica mucosa has numerous crypts 
of Lieberkϋhn (red circle) arranged in several layers. The tunica 
submucosa is filled with numerous Brunner’s gland (BG). H&E 20x.

Fig. 2. Photomicrograph of rabbit ileum showing numerous alcinophilic 
goblet cells within the lining epithelium (black arrow) and within the 
crypts of Lieberkϋhn (brown arrow). PAS-AB 40x.

Fig. 4. Photomicrograph showing cross-sections of crypts of 
Lieberkϋhn (mucosal glands) within the lamina propria of intestine lined by 
cuboidal to low columnar epithelium with basal spherical to oval 
nucleus and acidophilic cytoplasm. H&E 100x.

Fig. 5. Photomicrograph showing cross-sections of crypts of Lieberkϋhn 
(mucosal glands) within the lamin a propria of caecum and colon in rabbit. 
The cryptal glands in caecum are relatively short and straight while, 
very long and straight cryptal glands are present in colon. PAS-AB 10x.

Fig. 1. Photomicrograph of rabbit ileum showing numerous goblet cells 
with clear apical cytoplasm (arrow) within the lining epithelium. H&E 
20x. [Inset: Goblet cells. H&E 100x]

was finely granular and eosinophilic (Fig. 6) which was in 
accordance with the reports of Verdiglione and Montesi 
(2019) in bovines. Kumar et al. (2013) also reported 
varying shapes and dimensions of the acini of Brunner’s 
glands in sheep duodenum with simple columnar 
glandular epithelium. The nucleus was strongly 
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Fig. 8. Photomicrograph showing very sprase distribution of collagen fibers around Brunner’s glands [arrow; (A)] elastic fibers are present in blood 
vessels only [arrow; (B)] and reticular fibers are present as thick bands around Brunner’s glands [arrow; (C)].

A B C

Fig. 6. Photomicrograph showing cross-sections of Brunner’s glands 
(Submucosal glands) within the tunica submucosa of duodenum in 
rabbit. The nuclei of the glandular epithelium is flattened to oval, 
basally located and strongly basophilic (arrow). The cytoplasm is finely 
granular and eosinophilic. H&E 100x.

Fig. 7. Photomicrograph showing cross-sections of Brunner’s glands 
(BR; Submucosal glands) within the tunica submucosa and crypts (CR; 
mucosal glands) within the lamina propria of duodenum in rabbit. The 
Brunner’s glands and secretory duct (Sd) opening at the base of crypt are 
highly alcinophilic, while the crypts are positive for PAS with 
alcinophilic goblet cells (arrow). PAS-AB 40x.

basophilic, elongated and pushed towards the base. The 
gland concentration reduced towards the caudal part of the 
descending duodenum.

 After specific staining with PAS-AB (pH 2.5), it was 
observed that these Brunner’s gland consisted of strong 
alcinophilic mucous cells. The secretory granules within 
the mucous cells and the excretory duct did not react for 
PAS but was strongly positive for AB at pH 2.5 (Fig. 7). 
Very few serous cells present within the mucous acini were 
weakly positive for PAS. Thus it can be inferred that the 
mucous cells of the Brunner’s gland contained acid 
mucopolysaccharides in a very high concentration. Krause 
(2000) and Verdiglione et al. (2002) also reported a species 
variation regarding mucin content of the Brunner’s glands.

 Upon staining for connective tissue fibers, it was 
evident that the submucosal layer was rich in collagen and 
reticular fibers along with connective tissue cells, but very 
sparse collagen fibers were evident around the Brunner’s 
gland which was in conformity with the reports of 
Burgisser et al. (2024) in rabbit who also observed the 
presence of weak collagen staining around Brunner’s 
gland. Elastic fibers were evident within the wall of blood 
vessels. Individual alveolar masses were distinctly 
separated from each other by thick bands of reticular fibers 
(Fig. 8).

CONCLUSION

 The present research findings revealed a reverse 
relation between the goblet cell count, mucosal gland 
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concentration and Brunner’s gland concentration in 
different segments of rabbit intestine. The average goblet 
cell population in the intestine increased from the oral to 
aboral direction with significantly higher count in ileum 
(small intestine) and colon (large intestine), while on the 
other hand, the submucosal Brunner’s glands were present 
only in the duodenum, the remaining segments intestine 
were devoid of Brunner’s gland. The mucosal glands were 
also present throughout the length of intestine with varying 
anatomical features. Within the duodenum also, the cranial 

th3/4  of the total length presented densely packed Brunner’s 
gland within its submucosa while the rest of the caudal 
duodenal length showed a decreasing concentration and 
was almost absent in the last few sections. Regarding 
functional aspects, both the goblet cells and Brunner’s 
glands were highly alcinophilic while, the mucosal glands 
(Crypts of Lieberkϋhn) were intensely PAS-positive with 
scattered alcinophilic goblet cells within its secretory 
epithelium indicating their role in synthesis and secretions 
of mucous that play definite protective role in neutralizing 
the acidic pH of ingesta passing from stomach to intestine, 
thus preventing the destruction of intestinal mucosal lining 
from corrosive effects of acidic pH of ingesta and other 
proteolytic enzymes.
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ABSTRACT

 This study evaluated the antimicrobial, anti-inflammatory and antioxidant properties of Tridax procumbens leaf extracts. The ethanolic 
extract demonstrated significant antibacterial activity against common bovine mastitis pathogens, including Staphylococcus spp., Bacillus spp., 
Klebsiella spp., E. coli and Pseudomonas spp. Additionally, the extract exhibited potent antioxidant properties, exceeding those of ascorbic acid, 
along with a notable anti-inflammatory effect. Phytochemical analysis confirmed the presence of flavonoids, phenols, tannins and other bioactive 
compounds. These findings indicate that Tridax procumbens extracts have therapeutic potential for treating bovine mastitis, warranting further 
investigation.

Keywords: Anti-Inflammatory, Antimicrobial, Antioxidant properties, Bovine, Mastitis, Tridax procumbens, Phytochemical analysis

PHYTOCHEMICAL ANALYSIS AND IN VITRO STUDY ON ANTIMICROBIAL, ANTI-
INFLAMMATORY AND ANTIOXIDANT ACTIVITIES OF TRIDAX PROCUMBENS EXTRACTS 

AGAINST BOVINE MASTITIS PATHOGENS
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 Mastitis, an inflammatory condition affecting the 
mammary gland, poses a substantial threat to the global 
dairy industry. This condition is marked by changes in 
glandular tissue and milk composition, encompassing 
clinical, physical, chemical, and microbiological aspects 
(Gera and Guha, 2011). Clinical mastitis is an economic 
importance, especially to small and marginal farmers due 
to milk discard, treatment expenses, and other related costs 
(Halasa et al., 2007). The growing issue of antibiotic 
resistance among mastitis-causing pathogens, coupled 
with diminished treatment efficacy, has become 
increasingly prevalent in veterinary care (Wang et al. 
2006). Herders often rely on antibiotics to treat and prevent 
bovine mastitis, but the individual use of these medications 
has exacerbated antibiotic resistance of common 
mastittogens (Srinivasan et al., 2007).

 Mastitis treatment is anticipated to become 
increasingly challenging due to the rapid rise of antibiotic-
resistant pathogens that can be transmitted through 
foodborne infections. Currently, the primary treatment 
approach involves administering antibiotics via 
intramammary infusion, intramuscular injection, or 
intravenous injection (Bhosale et al., 2014). However, the 
growing issue of antibiotic resistance has reduced the 

effectiveness of these treatments, and the presence of 
antibiotic residues in milk and dairy products poses a 
significant public health risk (Yang et al., 2019). In search 
of alternative solutions, research has highlighted the 
potential of plant-based antibacterial agents, such as 
flavonoids, which exhibit therapeutic properties with 
minimal side effects (Lutterodt et al., 1999). Notably, 
Tridax procumbens, a plant traditionally used in India for 
wound healing and other purposes, has demonstrated 
various pharmacological effects, including antimicrobial, 
anti-inflammatory and immunomodulatory activities 
(Taddel and Rosas-Romero, 2007). Given its potential, this 
study investigates the in vitro efficacy of Tridax 
procumbens against common pathogens causing bovine 
mastitis.

MATERIALS AND METHODS

Collection of Samples

 A total of 264 milk samples were collected from 
cows exhibiting udder and milk abnormalities at the 
Veterinary Clinical Complex of Veterinary College and 
Research Institute, located in the Salem district of Tamil 
Nadu. The mastitis milk samples were aseptically 
collected in sterile containers from cows with mastitis and 
transported to the laboratory for further analysis, including 
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