
Personal non-commercial use only. PUJ copyright © 2021. All rights reserved                                                            DOI: 10.21608/PUJ.2021.62660.1107

86

INTRODUCTION                                                                 

Heterophyiasis is an intestinal illness caused by 
flukes belonging to the genus Heterophyes. The disease 
is endemic in many parts of the world, particularly 
the Nile Delta of Egypt and Southeast Asia[1,2]. Raw 
or inadequately cooked freshwater fish harboring 
viable EMC are the main source of human infection[3]. 
The disease typically presents with gastrointestinal 
symptoms that include mucoid diarrhea, abdominal 
colic, nausea and vomiting[4]. While asymptomatic 
infections are the most common, heavily infected 
cases are at the potential risk of extra-intestinal 
heterophyiasis. Ectopic lesions frequently involve 
heart, brain and spinal cord[5]. Crypt hyperplasia, 
villous atrophy and cellular infiltrations are among 
the main associated histopathological features. The 
infected intestinal mucosa may show blunting and 
edema of the villi, congestion, mastocytosis and goblet 
cell hyperplasia[6]. In experimental animal models 

infected with H. heterophyes, involvements of Peyer's 
patches and mesenteric lymph nodes were frequently 
seen[7]. 

The role of NO was reported among the immune 
mechanisms described in helminth infections[8]. 
It is known that NO is a free radical with different 
signaling functions in many cells[9]. It is produced by 
nitric oxide synthase (NOS) during the conversion 
of L-arginine to citrulline, with the participation of 
nicotinamide adenine dinucleotide phosphate as a 
cofactor. Three isoforms of NOS have been identified, 
which include inducible (iNOS), neuronal (nNOS) 
and endothelial (eNOS)[10]. It is known that iNOS is 
present in many cell types, including macrophages, 
neurons, and endothelial cells[11]. Whereas nNOS is 
mainly located in the central and peripheral nerves 
but has also been detected in non-neuronal cells, e.g. 
mast cells, epithelial cells, and neutrophils[12]. The 
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ABSTRACT
Background: Heterophyiasis is one of the food-borne trematode infections, caused by the intestinal fluke 
Heterophyes heterophyes. The exact role of nitric oxide (NO) in the immune response against the majority 
of parasites remains controversial. It proved protective against a wide range of protozoan and helminthic 
parasites. Nevertheless, its role in intestinal heterophyiasis is yet to be explored.
Objectives: The study aims to explore the possible roles of inducible nitric oxide synthase (iNOS) and 
neuronal nitric oxide synthase (nNOS) in experimental intestinal heterophyiasis.
Material and Methods: The experimental study design included infection of male puppies with H. 
heterophyes encysted metacercariae (EMC), followed by treatment with aminoguanidine (AG) and 
7-nitroindazole (7-NI) drugs, as selective inhibitors of iNOS and nNOS, respectively. Controls included 
non-infected and infected untreated puppies. Intestinal tissue sections from all puppies were stained for 
histopathological and immunohistochemical (IHC) assessments.
Results: Different intensities of iNOS and nNOS isoenzymes were observed in intestinal sections. The study 
showed the highest concentration of iNOS isoenzyme in the infected-7-NI treated group. The control non-
infected puppies exhibited the highest levels of nNOS expression, with statistical significance (P<0.05). 
The study also showed that AG significantly reduced the degree of inflammatory cellular infiltrations. 
Additionally, the over-production of NO worsened the degree of intestinal apoptotic changes.
Conclusion: Results obtained in the study suggested that inhibition of iNOS, to some extent, improved 
intestinal architecture, while inhibition of nNOS failed to eliminate experimental intestinal heterophyiasis.

Abbreviations: 7-NI: 7-Nitroindazole; AG: Aminoguanidine; ECM: Encysted metacercaria; IHC: Immunohistochemical; iNOS: 
Inducible nitric oxide synthase; NO: Nitric oxide; NOS: Nitric oxide synthase; nNOS: Neuronal nitric oxide synthase.
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eNOS was first identified in endothelial cells but is also 
present in smooth muscle cells, epithelial cells and T 
cells[13]. Both nNOS and eNOS are constitutively present 
in many cells and tissues where they participate in 
normal physiological responses. On the other hand, 
iNOS is an immune-inflammatory factor with critical 
signaling transduction events during infections[14].

It is worth mentioning that the expression of NO 
contributes to regulating various processes in the 
gastrointestinal tract. The constitutive NOS enzymes 
have critical physiological functions such as maintaining 
motility and blood flow[15]. Additionally, iNOS acts as an 
anti-pathogen with tumoricidal activities. It is mainly 
involved in the defense mechanisms against infections 
and mediation of the inflammatory responses[16]. 
However, its over-production may cause detrimental 
consequences because of its cytotoxic activities[17].

Despite the wide evidence of using iNOS due to 
its anti-parasitic effects in different experimental 
infections of trichinellosis[18], fascioliasis[19] and 
strongyloidiasis[20], reports investigating the impact 
of nNOS in intestinal parasitic infections is lacking. 
Accordingly, we assessed, for the first time, the roles 
of iNOS and nNOS in intestinal heterophyiasis. After 
selective inhibition of both isoenzymes using 7-NI and 
AG, we examined the possible consequences of such 
inhibition on experimentally infected puppies through 
parasitological, histopathological and IHC approaches.

MATERIAL AND METHODS                                                                 

This experimental study was conducted at the 
Medical Parasitology Department (Post-Graduate 
Research Laboratory), Faculty of Medicine, Zagazig 
University, Zagazig, Egypt, during the period from July 
2020 to December 2020.

Study design: EMC were collected to infect forty-four 
male puppies equally divided into four groups (11 
puppies each). Control groups included non-infected 
puppies (G1) and infected untreated puppies (G2). 
Groups 3 and 4 included infected puppies treated with 
7-NI and AG, respectively. Both drugs were administered 
after confirmation of the infection by detection of eggs 
in fecal samples. Drug treatment continued for 14 
days post-infection. Three weeks post-infection, all 
puppies were sacrificed, and the whole intestines were 
resected, for further parasitological assessment, as well 
as histopathological and IHC evaluations.

Experimental animals: The puppies were of matched 
age (5 to 7 weeks old) and weight (3-3.5 kilograms). 
They were housed at the Parasitology Department, 
Faculty of Veterinary Medicine, Zagazig University, 
Zagazig, Egypt, in well-ventilated cages and fed bread 
and milk. Three consecutive fecal samples were 
examined to exclude any parasitic infections. 

Collection of EMC and infection of puppies: One 
hundred Mugil cephalus and 200 Tilapia nilotica fish 
species were collected from local fish  markets  in 
Suez and Sharkia  Governorates. They  were  placed  in 
iceboxes, transferred to the Laboratory, and examined 
for the presence of EMC according to Mahdy et al.[21]. 
Detection of H. heterophyes EMC was based on their 
characteristic location between the muscle fibers, 
thick cyst wall and their relative large size[22]. Further 
microscopic identification was by the compression 
method[23]. Detected EMC were separated from 
the infected fish samples using artificial digestion 
method[24]. Only EMC with morphological characteristics 
compatible with those of H. heterophyes were used for 
infection. The final volume of EMC suspension was 
adjusted by saline to contain ~300/0.5 ml (the infective 
dose)[25]. Infection of puppies was carried out orally 
using a stomach tube and mouth gage[26].

To collect worms, the mucosa was gently scraped, 
and the contents were transferred to Petri dishes 
containing physiological saline. The collected worms 
were stained using the acetocarmine stain[27] and were 
morphologically identified according to Witenberg[28].

Drugs: Both 7-NI and AG drugs were obtained from 
Sigma-Aldrich (St Louis, MO, USA). The first was 
dissolved in dimethylsulfoxide (DMS) and made up to 
final volume by adding 0.9% NaCl (DMS content was 
15%). The first was given intraperitoneally at a dose 
of 30 mg/kg/day[29]. The second was administered by 
intraperitoneal injection once daily (100 mg/kg)[30]. 

Histopathological studies: The resected intestinal 
specimens from all study groups were fixed in 10% 
formalin, dehydrated through grades of ethyl alcohol, 
cleared in xylol, and then processed for paraffin 
embedding. Serial cut sections of 5 µ thickness were 
stained with haematoxylin and eosin (H&E)[31]. 
Sectioned worms were studied concerning their site 
and the surrounding cellular infiltration. Intensity of 
infection was estimated by grading the sectioned worms 
per puppy. It was calculated in a semiquantitative 
manner according to Seo et al.[32] as follows: score 0 (-): 
no worms; score 1 (+): less than 500; score 2 (++): 500 
to less than 3000; and score 3 (+++): more than 3000.

Other pathological changes such as intestinal polyps 
and apoptotic changes were also recorded. Apoptosis 
was graded as mean number of apoptotic cells/10 
high power fields[33] where 1 = well-differentiated, 2 = 
moderately differentiated, and 3 = poorly differentiated; 
with corresponding mean numbers of apoptotic count/ 
high power fields of 0.86, 2.21, and 3.50, respectively.

Immunohistochemical studies: The expressions 
of both iNOS and nNOS isoenzymes were evaluated 
using the avidin-biotin-peroxidase complex (ABC) 
method[34]. Sections from paraffin blocks were dewaxed 
and antigens were retrieved in a microwave oven for 
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20 min. For blocking intrinsic peroxidase activity 
3% hydrogen peroxide solution was used. Primary 
antibody (rabbit anti-rat nNOS and iNOS antibody) 
(Beijing Zhongshan Biotechnology Co., Ltd, Beijing, 
China), in 1:200 dilution, was added and left overnight 
at 4℃. Sections were then washed with phosphate-
buffered saline and incubated with biotin-labelled goat 
anti-rabbit antibody for 35 min, then again incubated 
with ABC kit, PK-4000 (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). Immunolabeling was attained 
by diaminobenzidine substrate which was added at 
room temperature. The slides were examined under 
light microscopy and the expression of the markers 
was recorded in a semiquantitative manner through 
optical density average by MetaMorph and computer 
image process software. 

Statistical methods: The data were checked and 
analyzed using Statistical Package for the Social 
Sciences (SPSS) version 22. In the current study, non-
parametric statistical methods were used[35]. Mann–
Whitney (U) test was used as an alternative to the 
independent sample t-test which is used for comparing 
two groups[36]. The Wilcoxon signed-ranks test was 
used as the non-parametric alternative for the paired 
samples t- test[37]. Significance was considered when P 
value was < 0.05. 

Ethical considerations: The dogs were reared and 
sacrificed according to the international guidelines 
approved by the Institutional Animal Care and Use of 
Zagazig University Committee (IACUC- ZU) for animal 
use in research and teaching.

 RESULTS                                                                 

Parasitological results: Light microscopic examination 
of the fish samples revealed H. heterophyes EMC. They 
were found scattered in-between the striated muscle 
fibers and under the scales of the examined fish 
specimens (Fig. 1a, b). The majority of H. heterophyes 
adult worms (Fig. 1c) were collected from the upper 
portions of the small intestines. Few H. heterophyes 
eggs were recovered from the fecal samples of the 
infected animals one-week post-infection (Fig. 1d).

Intestinal sectioned worms: In G2, H. heterophyes 
adult worms were embedded in-between severely 
deformed and inflamed intestinal crypts and villi along 
with marked hyperplasia of lymphoid tissues (Fig. 2a, 
b). After administration of 7-NI in G3, worms were 
noticed between highly necrotic villi (Fig. 2c). In G4, 
AG significantly decreased the level of lymphocytic 
infiltration; however, it failed to eliminate the infection 
(Fig. 2d).

Intensity of infection: Figure (3) showed severe 
degrees of infection in 81.8% of both G2 and G4, and 
in 72.7% of G3. Also, both G2 and G3 (18.2%), and 
G4 (9.1%) displayed moderate degrees of infection. 
According to the obtained results and differences 
among the studied groups, severe worm scores of 
grade 3 (> 3000), and moderate scores of grade 2 (500-
<3000), were used to statistically compare reduction in 
intensity of infection between G2 and G3, and between 
G2 and G4, respectively. No significant reduction of 
intensity of infection (P>0.05) was observed after 

Fig. 1. Light microscopic examination showing: (a, b) H. 
heterophyes EMC in-between fish muscles (Aceto-carmine stain, 
X100); (c) H. heterophyes adult worm (Acetocarmine stain, X40); 
(d) H. heterophyes egg (X 400).

Fig. 2. Sectioned H. heterophyes worms in intestinal tissues of 
different study groups. Infected untreated group (G2) showed 
(a) H. heterophyes worm embedded in-between intestinal crypts 
(yellow arrow) and lymphoid tissue swelling (green arrows); (b) 
H. heterophyes adult between intestinal villi; (c) 7-NI treated group 
(G3) with the parasite (green arrow) between the necrotic villi 
(yellow arrow); (d) AG treated group (G4) with the parasite in-
between the crypts (green arrow) and reduction of inflammatory 
infiltration (yellow arrow) [H&E stain, X 100 (a, c) X 400 (b, d)].
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administration of either 7-NI (G3) or AG (G4) when 
compared to infected untreated puppies (G2) (Table 1).

Histopathological changes: Normal features of the 
small intestinal sections were observed in G1 (Fig. 
4a), as compared to sections of G2, in which there is 
a characteristic loss of the normal crypt architecture 
and marked lymphocytic inflammatory infiltrations 
(Fig. 4b). Other pathological mucosal changes were 
also recorded in G2 such as goblet cell loss and villous 
blunting (Fig. 4c, d). Following the administration 
of 7-NI in G3, a notable loss of the intestinal tissue 
architecture was demonstrated (Fig. 5a). The degrees 
of both lymphocytic and eosinophilic inflammatory 
cellular infiltrations were markedly increased (Fig. 5 a, 

b). Other pathological changes were also detected such 
as apoptotic changes (Fig. 5c) and intestinal polyp (Fig. 
5d).

According to the obtained results, administration 
of 7-NI in G3 significantly worsened the degrees of 
apoptosis (P<0.001), when compared to the infected 
untreated group (G2). No significant increase in the 
apoptotic grades (P>0.05) was observed after the 
administration of AG in G4 when compared to G2 
(Table 2).

Despite the persistence of erosions in the intestinal 
sections of G4 (Fig. 6a), the degree of inflammatory 
infiltration remarkably decreased (Fig. 6b), with a 

Fig. 3. Grading of the sectioned H. heterophyes worms in intestinal tissues of different study groups. (-): no worms; Score 1 (+): less 
than 500; Score 2 (++): 500 to less than 3000; Score 3 (+++): more than 3000.
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Table 1. Comparison of grading scores of worm’s infections between the studied groups.

Grade Group No. Infection% Mean rank Sum of ranks Statistical analysis@

3 G2
G3

11
11

81.8
72.7

11.54
10.63

761.50
701.50

U = 333.00, Z = -0.143
P > 0.050 (NS)

2 G2
G4

11
11

18.2
9.1

11.63
10.54

767.50
595.50

U = 327.00, Z = -0.172
P > 0.050 (NS)

Grading score 2: 500-<3000 worms; Grading score 3: More than 3000 worms; G2: Infected untreated group; G3: Infected 7-NI 
treated group; G4: Infected AG treated group; No.: Number of puppies in each group; @: Mann-Whitney test; NS: Non-significant 
(P>0.05).

Fig. 4. Histopathological intestinal features of G1 and G2. 
(a): Control non-infected group (G1) showed normal tissue 
architecture. (b-d): Infected non-treated group (G2) showed 
(b) marked lymphocytic infiltration (red arrow) with loss of 
normal crypt structure (yellow arrow); (c) marked goblet cell 
loss; (d) severe villous blunting (yellow arrow) [H&E stain, X 
100 (a , d), and X 400 (b, c)].

Fig. 5. Histopathological intestinal features of 7-NI treated 
puppies (G3) showed (a) loss of normal tissue architecture 
with severe lymphocytic infiltration (yellow arrow); (b) 
marked eosinophilic cellular infiltrations (yellow arrows); 
(c) distinctive apoptotic changes (green arrows); (d) 
intestinal polyp (yellow arrow) [H&E stain, X 100 (a ,d) and 
X 400 (b, c)].



PARASITOLOGISTS UNITED JOURNAL

90

statistically significant difference (P<0.001) compared 
to G2 (Table 3). There was also a notable recovery of 

goblet cells (Fig. 6c). Moreover, intestinal architecture 
was nearly restored to normal (Fig. 6d).

Immunohistochemical results: Both iNOS and nNOS 
isoenzymes were observed with variable densities in 
the intestinal sections of different study groups. The 
highest concentration of iNOS isoenzyme was detected 
in G3 after administration of 7-NI. While the highest 
detection of nNOS isoenzyme was demonstrated in the 
control non-infected group (G1). There was a significant 
difference (P<0.05) between the distribution of the two 
markers in both G1 and G3. On the other hand, there 
was no significant difference between the distribution 
of the markers in G2 or G4 (Table 4).

Table 2. Comparison of grading scores of apoptotic changes between the studied groups.

Grade Group No. Infection% Mean rank Sum of ranks Statistical analysis@

1 G2
G3

11
11

36.4
18.2

16.27
6.73

179.00
74.00

U = 8.00, Z = 3.560
P < 0.001 *

3 G2
G3

11
11

18.2
45.5

6.00
17.00

66.00
187.00

U = 0.00, Z = 4.421
P < 0.001 *

3 G2
G4

11
11

18.2
27.3

10.13
12.04

668.50
794.50

U = 300.00, Z = -0.29
P > 0.05 (NS)

Grade 1: Well-differentiated cells (0.86); Grade 3: Poorly differentiated cells (3.5); G2: Infected untreated group; G3: Infected 7-NI 
treated group; G4: Infected AG treated group; No.: Number of puppies in each group; @: Mann-Whitney test; NS: Non-significant 
(P>0.05); *: Significant (P<0.001).

Fig. 6. Histopathological intestinal features of AG treated 
puppies (G4), showed (a) intestinal erosion (yellow arrow); 
(b) remarkable reduction of eosinophilic cellular infiltrations 
(red arrows); (c) recovery of goblet cells (yellow arrows); 
(d) restoration of normal architecture [H&E stain, X 400 (a-
c) X 100(d)].

Table 3. Comparison between degrees of inflammatory 
infiltration changes in G2 and G4.

Group No. Mean 
rank

Sum of 
ranks Statistical analysis@

G2
G4

11
11

14.45
7.72

953.50
509.50

U = 141.00, Z = -1.032
P < 0.001 *

G2: Infected untreated group; G4: Infected AG treated 
group; No.: Number of puppies in each group; @: Mann-
Whitney test;  *: Significant (P<0.001).

Table 4. Distribution of nNOS and iNOS markers in the intestinal sections of the studied groups.

Group Ranks No. Mean rank Sum of ranks Statistical analysis@

G1

Negative ranks
Positive ranks
Ties

Total

2
4
5

11

2.58
3.33
0.00
-----

31.00
80.00
0.00
-----

Z = - 0.415
P < 0.05*

G2

Negative ranks
Positive ranks
Ties

Total

1
0

10
11

1.00
0.00
0.00
-----

1.00
0.00
0.00
-----

Z = - 1.000
P > 0.05 (NS)

G3

Negative ranks
Positive ranks
Ties

Total

7
0
4

11

4.00
0.00
0.00
-----

28.00
0.00
0.00
-----

Z = - 2.530
P < 0.05*

G4
Negative ranks
Positive ranks
Ties

Total

2
0
9

11

1.50
0.00
0.00
-----

3.00
0.00
0.00
-----

Z = - 1.342
P > 0.05 (NS)

G1: Control non-infected group; G2: Infected untreated group; G3: Infected-7-NI treated group; G4: Infected-AG treated group; 
nNOS: Neuronal nitric oxide synthase; iNOS: Inducible nitric oxide synthase; Negative rank: Intestinal nNOS < intestinal iNOS; 
Positive rank: Intestinal nNOS > intestinal iNOS; Ties: Intestinal nNOS = intestinal iNOS; *: Significant (P<0.05); NS: Non-significant 
(P>0.05); @: Wilcoxon signed ranks test.
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Isoenzymes expression in intestinal sections 
of different study groups: Control non-infected 
dogs (G1) showed negative expression of the iNOS 
isoenzyme (Fig. 7a). After H. heterophyes infection 
in G2, moderate iNOS concentration was detected 
(Fig. 7b). It was observed that 7-NI caused a notable 
increase in the marker expression in G3 (Fig. 7c). On 
the other hand, the intestinal sections of G4 exhibited a 

negative expression of the marker (Fig. 7d). Concerning 
nNOS, high levels were demonstrated in the intestinal 
sections of the control non-infected group (G1) (Fig. 
8a). Strong expression of the marker was also reported 
in the intestinal glands of G2 (Fig. 8b). Negative nNOS 
expression was detected in the intestinal sections of G3 
(Fig. 8c). In G4, AG induced a notable reduction in the 
nNOS enzyme expression (Fig. 8d).

Fig. 7. Immunohistochemical expression of iNOS in the 
intestinal sections of different study groups showed (a) 
negative expression in control non-infected group (G1); (b) 
moderate expression in infected non-treated group (G2) 
(brown coloration, pink arrows); (c) strong expression inside 
the villi (brown coloration, red arrows) and inside lamina 
propria (brown coloration, green arrow) in 7-NI treated group 
(G3); (d) negative expression in AG treated group (G4) (IHC 
stain, X 400).

Fig. 8. Immunohistochemical expression of nNOS in the 
intestinal sections of different study groups showed (a) control 
non-infected group (G1) with high density of nNOS infiltration 
(brown coloration); (b) infected non-treated group (G2) with 
strong marker expression in the intestinal glands (brown 
coloration, red arrows); (c) 7-NI treated group (G3) with 
negative marker expression; (d) AG treated group (G4) with 
weak nNOS expression in-between intestinal glands (brown 
coloration, green arrows) [IHC stain, X 100 (a-c) X400  (d)].

DISCUSSION                                                                 

The effective immune response against helminth 
infection is mainly a Th2- mediated response. Yet, 
various studies have shown that the release of NO 
may have a vital role in the elimination of extracellular 
parasites such as, B. malayi[38], A. suum[39] and E. 
histolytica[40]. The functional roles of NO and NOS 
isoforms in the anti-parasitic immune response, 
especially in heterophyiasis, is not yet completely 
understood. In this respect, this study aimed to explore 
the possible effects of iNOS and nNOS in experimental 
intestinal heterophyiasis. Puppies were chosen as 
relatively large animal models for infection because the 
innervation of their intestinal tract is similar to that of 
humans[41].

The degree of pathological changes in heterophyiasis 
is apparently related to the intensity of the infection[22]. 
In the current study, 81.8% of H. heterophyes infected 
puppies in G2 exhibited a severe degree of the infection 

(Fig. 3), which resulted in several pathological events: 
marked lymphocytic inflammatory infiltration, loss 
of normal intestinal tissue architecture, goblet cell 
loss and villous blunting (Fig. 4b-d). The recorded 
pathological impacts are in accordance with those 
reported by Daoud et al.[41]. Also, Shams-Eldin[42] 
reported inflammatory cellular infiltrations, congestion 
and fibrosis in the intestinal tissue sections of dogs 
experimentally infected with H. heterophyes. 

Inhibition of nNOS and the subsequent up-
regulation of iNOS after 7-NI administration in G3 
failed to eliminate the infection, where 72.7% exhibited 
severe degrees of the infection (Fig. 3). In support, Li 
et al.[43] observed that while NO production by iNOS is 
not necessary for G. lamblia elimination, nNOS played 
a vital role in the elimination of giardiasis. Therefore, 
the pathological changes recorded in G3 could be 
attributed to increased expression of iNOS enzyme 
and reduced nNOS levels. These pathological changes 
included increased lymphocytic and eosinophilic 
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inflammatory infiltration, distinctive apoptotic changes 
as well as intestinal polyp formation (Fig. 5). According 
to table (2), marked degrees of apoptotic changes were 
reported in G3 compared to G2, with a statistically 
significant difference (P<0.001). The harmful effects of 
increased iNOS isoenzyme expression on the integrity of 
the intestinal mucosa were also recorded by Lu et al.[44] 
who demonstrated a significant correlation between 
intestinal injury in neonatal rats due to necrotizing 
enterocolitis and iNOS increased expression. 

The degree of cellular inflammatory infiltration was 
significantly reduced (P<0.001) after AG administration 
when compared to the infected untreated group  
(G2) (Table 3). Tahir et al.[45] confirmed the anti-
inflammatory effect of AG as a selective inhibitor of 
iNOS. Moreover, Salvemini et al.[46] demonstrated the 
involvement of NO in the development of inflammation. 
In the present study, inhibition of NO by AG resulted in 
significant goblet cell recovery (Fig. 6c). Weidinger et 
al.[47] substantiated the key role of NO in up-regulating 
goblet cells and increasing mucous secretion. Despite 
the persistence of parasitic infection in G4, following the 
administration of AG, the intestinal tissue architecture 
was nearly restored to normal (Fig. 6d). Also, Malinski[48] 
described the toxic impacts of increased levels of NO on 
healthy tissues. 

In the current study, IHC labelling of iNOS and nNOS 
isoenzymes was demonstrated in the intestinal sections 
of different groups. Control non-infected puppies (G1) 
showed a negative expression of iNOS isoenzyme (Fig. 
7a), but with high concentration of nNOS isoenzyme (Fig. 
8a). The difference was statistically significant (Table 
4, P<0.05). These findings agree with those reported 
by Takahashi[49] who denoted that iNOS is not usually 
present in tissues under physiological conditions, but 
is induced during tissue injury and inflammation. Also, 
Qu et al.[50] reported that nNOS is the predominant 
isoenzyme form in rat small intestine and accounts for 
more than 90% of the total NO synthases. 

In the infected untreated control G2, heterophyiasis 
induced a moderate increase in iNOS expression (Fig. 
7b). On the other hand, nNOS was strongly expressed in 
the intestinal glands of G2 (Fig. 8b). Babu and Griffith[51] 
reported conditions, other than infections, which could 
cause an up-regulation in the nNOS enzyme level such 
as neurodegenerative disorders, pain and ischemia. 

Following the administration of 7-NI in G3, a marked 
increase in iNOS expression was detected (Fig. 7c); 
coinciding with negative nNOS enzyme expression in 
the intestinal sections (Fig. 8c). Such a difference in the 
concentration between both markers was statistically 
significant (Table 4, P<0.05). The selective inhibitory 
effect of 7-NI on the intestinal nNOS enzyme expression 
was also reported[52]. The researchers showed the anti-
inflammatory effect of nNOS isoenzyme on preserving 
the morphological intestinal integrity of experimentally 

ischaemic dogs when using 7-NI drug as a selective 
inhibitor of nNOS. Also, the reported up-regulation of 
iNOS levels induced by 7-NI was described[44]. Qu et 
al.[53] explained the mechanism of nNOS in regulating 
intestinal levels of iNOS enzyme through modulation of 
nuclear factor kappa B.

Negative iNOS enzyme expression was 
demonstrated in the intestinal sections of AG treated 
G4 puppies (Fig. 7d). The suppressive effect of AG 
on iNOS enzyme was reported by Misko et al.[54] 
who denoted the value of AG in reducing a variety 
of inflammatory and immunologically mediated 
diseases through its inhibition of the nitric oxide 
overproduction. Additionally, AG caused a reduction 
in the nNOS expression in the intestinal sections of G4 
(Fig. 8d). Jianmongkol et al.[55] and Alderton et al.[56] 
demonstrated that AG inhibits all isoforms of NOS, with 
iNOS being much more sensitive than nNOS or eNOS. 
Whereas Jeyabal et al.[57] demonstrated the beneficial 
role of AG in preventing the reduction of duodenal 
nNOS expression in diabetic rats.

 There were two potential limitations in our 
evaluation of NO possible roles in the immune response 
of puppies to heterophyiasis. First, the study should 
have included two additional control non-infected 
puppies treated by 7-NI or AG to show NO role in 
the normal immune response of puppies. Using non-
infected puppies treated with selective inhibitor of 
iNOS may explain the apoptotic changes due to drug 
administration under normal conditions. On the other 
hand, using non-infected puppies treated with selective 
inhibitor of nNOS may explain its failure to eliminate 
heterophyiasis. Second, there may have been a notable 
reduction in severity of apoptic changes if the infected 
puppies were sacrificed at an earlier time, less than 3 
weeks post-infection, or if AG was administered for 
only one week.

To conclude, our study showed that heterophyiasis 
induces an increase in iNOS expression, but with no 
effect on nNOS levels. The study also indicated that 
over-production of iNOS by administration of 7-NI 
exacerbated the pathological deficits in the small 
intestinal sections of the infected puppies, in contrast 
to the deficient iNOS by AG treatment. Selective 
blockage of nNOS failed to clear the infection. Further 
experiments are recommended to elucidate the role of 
nNOS in the elimination of different intestinal parasites.
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