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Introduction

Ascaridia spp. are the most common and important worms in poultry, and infection can 
produce a variety of clinical signs including intestinal blockage, diarrhoea and even death 
of affected avian species [1]. Gradual obtaining of resistance to the deworming drugs forces 
the researcher to find alternative strategies for treating of parasite infections in poultry 
production. The life cycle of Ascaridia galli is direct and birds get infection by ingestion of 
embryonated eggs [2]. Ingested, embryonated eggs are transported to the duodenum and/or 
jejunoileum. In these segments of intestine they hatch and larvae are released within 24 h [3]. 
The embedded larvae induced changes in the mucosal thickness as reduced villi height at 7, 
10, 14, 21, and 28 dpi and influenced the degree of general cellular infiltration in the lamina 
propria of the mucosal layer [2]. Two weeks after infection, lesions such as the formation of 
lymphoid aggregations and mild lymphocytic infiltration were determined in the jejunal lamina 
propria of inoculated birds [4]. Zinc supplementation decreases oxidative stress markers 
and increases phagocytosis. Moreover, Zn promotes monocyte adhesion to endothelial cells 
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Abstract

To obtain more information of zinc influence to nematode infection in intestine, we studied the effect of 
inorganic zinc and Ascaridia galli infection on morphometry of jejunum in chicken broilers. Thirty five 
day old chickens (n= 24), COBB 500 breed were included in a 14-day experiment. Chickens were divided 
into 4 groups of 6 chickens each: control (C), Ascaridia galli (AG), Zinc group (Zn), and combined group 
(AG+Zn). Samples from jejunum for determination of villus height, cutting surface area and depth of crypt 
were taken at 7 and 14 day during necropsy. Positive effect of zinc on the height of villi was observed 
at the second sampling in the combined group. Similarly, depth of crypts was significantly shorter in 
chickens of combined AG+Zn group in comparison to AG group. The ratio of villus height to depth of crypt 
in jejunum demonstrated significantly lower coefficient in Ascaridia galli infected group what supposed 
severe accumulation of immunocompetent cells and oedema in pure AG group. The data of our findings 
suggest that dietary supplementation of inorganic Zn into the diet of chickens improved small intestinal 
morphology in nematode infected broilers what can suggest better feed conversion in Ascaridia galli 
infected intestine.
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in vitro what is important for the production of pro-inflammatory 
cytokines [5]. There is several studies followed beneficial effect 
of zinc on some immunological parameters of nematode infected 
intestine in chickens. On the other hand, no information is available 
in the literature regarding the effects of zinc source focusing to 
the morphometry of intestine infected nematode in broilers. To 
obtain more information of zinc influence to nematode infection in 
intestine, we studied the effect of inorganic zinc and Ascaridia galli 
infection on morphometry of jejunum in chicken broilers.

Material and Methods

Experimental design

Thirty five day old chickens (n=24), COBB 500 breed were 
included in a 14-day experiment. Chickens were randomly divided 
into 4 groups of 6 chickens each (n=6): control (C), Ascaridia Galli 
(AG), Zinc group (Zn), and combined group (AG+Zn). The infected 
groups (AG; AG+Zn) were inoculated orally with 500 embryonated 
A. galli eggs in 0.5ml of Phosphate Buffered Saline (PBS) per bird 
at day 2 of experiment. The infection was carried out using a 
plastic Pasteur pipette inserted via the oesophagus to the level 
of the crop. Inorganic form of zinc was administered daily per os 
to Zn and AG+Zn groups from day 2 to 13 day of experiment.  At 
the end of experiment the chickens were first anesthetised using 
intra-abdominal injection of xylazine (Rometar 2%, SPOFA, Czech 
Republic) and ketamine (Narkamon 5%, SPOFA, Czech Republic) 
at doses of 0.7ml/kg body weight and then were exsanguinated. 
The broilers were sacrificed by decapitation. After sacrifice, the 
abdominal cavity was opened and whole small intestine was 
open to check the changes on mucous membrane and presence of 
parasites. Samples from mid part of jejunum in 3cm length were 
taken. All procedures were carried out in accordance with the 
European Community guidelines (EU Directive 2010/63/EU) for 
the care and use of animals for scientific purposes.

Infective material and inoculation

Ascaridia galli eggs were obtained from adult female worms 
from the intestines of naturally infected chickens. The eggs were 
isolated from the female worm uterus according to Permin A et 
al. [6] by a gentle mechanical maceration in 0.5 N NaOH. The eggs 
were embryonated in 0.1 N NaOH for 4 weeks at 28 °C in the dark. 
During incubation the egg suspensions were oxygenated three 
times per week by stirring. Eggs embryonation was evaluated 
microscopically on weekly basis starting from day 14. Finally, the 
embryonated A. galli eggs were stored in 0.1 N NaOH at 4-6 °C and 
regularly oxygenated until the infection of experimental animals. 
The infected groups were inoculated orally with 500 embryonated 
A. galli eggs in 0.5ml of Phosphate Buffered Saline (PBS) per bird. 
Aqueous solution of inorganic form of zinc, 0.5ml/50mg ZnSO4 

(Lachema Brno, ČR) was administered daily per os to Zn and AG+Zn 
groups from 2 to 13 days of the experiment.

Sample collection

Samples from intestine for determination of villus length, 
cutting surface area and depth of crypth were taken at 7 and 14 day 
during necropsy.

Intestinal histomorphology

Jejunum samples were fixed in 10% neutral buffered formalin 
and prepared using paraffin embedding techniques. Three 
consecutive sections (5µm) from each jejunum were stained using 
haematoxylin and eosin and observed for histomorphology. The 
villus height and its surface area (from the tip of the villus to the 
crypt junction), crypt depth, villus height-crypt depth ratio were 
measured from 70 to 100 randomly selected villi with one section 
per chicken at 100× magnification. The morphometry was evaluated 
by using the NIS-Elements Advanced Research Programme (Ver. 
3.00, Nikon, Japan).

Statistical analysis

Statistical analysis was done using one-way ANOVA with the 
post hoc Tukey multiple comparison test (GraphPad Prism 5.0, 
San Diego, CA, USA) to determine significant differences between 
experimental groups. For the ratio of depth crypts to height of 
villi structures was used the Dunnett’s test, in order to compare 
experimental group again control group. The values in the graphs 
are presented as means ± Standard Deviation (SD), and  p-values 
<0.05 were considered statistically significant.

Results

Morphometry of villi showed increase of height of villi in AG+Zn 
group to controls (p < 0.05) and in Ag group to Zn chickens (p < 
0.001) in the first sampling (Graph 1). On the other hand, second 
sampling demonstrated increase of villi in Zn group to AG+Zn group 
(p < 0.05) and Zinc group to AG group (p < 0.001). Cutting surface 
of villi showed significant changes only in the first sampling (Graph 
2). Differences were found in AG+Zn and AG group to controls (p 
< 0.001). Similarly, cutting surface was changed in AG+Zn and AG 
group to zinc group (p < 0.001). Depth of crypts demonstrated 
changes in AG group to controls (p < 0.001) in the first sampling and 
in AG group to AG+Zn chickens (p < 0.001) in the second sampling 
(Graph 3). Ratio of height of villi to depth of crypt in each group 
showed any significant changes at first sampling. Second sampling 
demonstrated decreased ratio height of villi versus depth of crypts 
in AG group (p < 0.05) comparing to control (Graph 4). The most of 
larvae were found deeply in the jejunal mucosa, i. e. in the lumen of 
the crypts (Figure 1) or in the lamina propria of the villi (Figure 2) 
during first sampling.
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Figure 1: Larvae of ascaridia galli in jejunal crypt (white arrow) 7 days after infection (H&E, bar = 20μm).

Figure 2: Larvae of ascaridia galli in jejunal lamina propria (white arrow) 7 days after infection (H&E, bar=10μm).

Graph 1: Height of villi in jejunum (abp < 0.05; acp < 0.001).
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Graph 2: The cutting surface of villi structures in jejunum (acp < 0.001).

Graph 3: The depth of crypts in jejunum (acp < 0.001).

Graph 4: The ratio of height of villi to depth of crypts structures in jejunum (abp < 0.05).
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Histological examination showed the similar density of A. 
galli larvae in both AG and AG+Zn groups. Also size of larvae was 
unchanged in A. galli infected groups.

Discussion

The morphology of small intestine is considered as the main 
indicator of normal gut histology [7]. A part of the functional status 
of the small intestine is defined by villus height and crypt depth 
[7]. The measurements of villus height and crypt depth provide an 
indication of the maturity and functional capacity of small intestinal 
enterocytes [8]. Various substances and also different physiological 
or pathological conditions including lesions induced by parasites 
may change the villus height and crypt depth.

Our current results demonstrated that infection of Ascaridia 
galli extended height of villi in first sampling. On the other hand, 
seven days dietary supplementation of zinc did not influence height 
of villi in this period. However, second sampling showed positive 
effect of zinc on growth of jejunal villi and differences between other 
groups were lower as in first sampling. Similarly, cutting surface of 
villi was increased in infected groups and later also in zinc group. 
Positive effect of inorganic zinc on growth of villi demonstrated 
Levkut M et al. [9] in previous experiment. Shao Y et al. [10] found in 
intestine of chickens after dietary supplementation of zinc repaired 
intestinal injury by reducing the apoptotic index of ileal epithelial 
cells, enhancing villus height and villus-height/crypt-depth ratio. 
Finally, better feed conversion after dietary supplementation of 
zinc demonstrated De Grande A et al. [11]. An increased villus 
height is related to an increased digestion and absorption of 
nutrient [12]. Collet SR [13] supposed that intestinal surface is 
directly proportional to digestive and absorptive efficiency and can 
influence feed conversion. Taking this into account, improved villus 
and crypt morphology after supplementation of dietary zinc could 
have positive impact on intestinal health and growth performance 
in Ascaridia galli infected broilers in our experiment. Similarly, 
our data showed that administration of dietary zinc influenced 
height of villi and positively changed ratio of height to depth of 
crypt what can suggest better feed conversion in parasite infected 
intestine. Previously presented evaluation of metallothionein in 
intestinal tract [9] in current trial showed higher values in zinc 
group what was connected with administration of inorganic zinc. 
Tran CD et al. [14] found shorter villi in duodenum and jejunum 
of metallothionein (MT) -/- mice fed 15mg Zn and/or 50mg Zn 
compared with MT +/+ mice. Authors concluded that presence of 
MT may enhance morphological and functional development of 
the gut. Our unpublished results are consistent with study Tran CD 
et al. [14] showing increased level of MT to better ratio of villus 
height: crypt depth. 

In contrast, Zn deficiency has been shown to cause villus atrophy, 
elevated levels of mucosal cell apoptosis, ulceration, inflammation 
as well as reduction in crypt proliferation [11]. Considering the role 
of zinc as a coenzyme for more than 300 enzymes particularly in 
RNA-DNA synthesis and cell proliferation [15], these enhancements 
in intestine morphology may be explained by the beneficial effects 
of zinc on cell proliferation and differentiation.

Changes in depth of crypts with coefficient ratio villus 
height: crypt depth were demonstrated mainly in second 
sampling. Decreased ratio of height of villi to depth of crypts 
was demonstrated in Ascaridia galli infected group at 14 day of 
infection. Luna-Olivares LA et al. [2] observed reduced height of villi 
at 7 and 14 day of experiment in infected group. In our experiment 
height of villi increased at these days of experiment. We suggest 
that increase of villi in AG group in our experiment was caused 
by oedema and infiltration with immunocompetent inflammatory 
cells. Our consumption is supported by coefficient of ratio villus-
depth of crypt which demonstrated the lowest ratio number in AG 
group. This number shows an inflammatory process in crypt part of 
jejunum. This is consistent with increase of eosinophils, heterophils, 
CD4+, CD8+ and IgM+ lymphocytes in crypts and villi previously 
reported from this experiment [16]. Similarly, increased cutting 
surface of villi in infected groups corresponds with inflammatory 
signs in first sampling of our experiment [17,18]. This experiment 
also showed that administration of inorganic zinc did not influence 
the density and size of larvae. On the other hand, our previously 
published results from this experiment demonstrated beneficial 
effect on immunological parameters.

Conclusion

Positive effect of zinc on height of villi was followed at the 
second sampling in combined AG+Zn group. Similarly, depth of 
crypts was shorter in AG+Zn group. Ratio of height of villi to depth 
of crypt demonstrated the significantly decreased coefficient in 
Ascaridia galli infected group what supposed severe accumulation 
of immunocompetent cells and oedema in AG group. The data of 
these findings suggest that dietary supplementation of Zn into the 
normal diet of chickens improved small intestinal morphology in 
nematode infected broilers what can suggest better feed conversion 
in Ascaridia galli infected intestine.
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