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ABSTRACT 
 

The aim of this study was to determine the relationship between EGC degranulation in fish injected 
with formalin-killed Escherichia coli and the effect of dexamethasone, diphenhydramine supplied 
separately and before formalin-killed E. coli. We performed a quantitative analysis of the number of 
cell granules and demonstrated that: compared to the EGCs of animals, the injection of dead E. 
coli with formalin generated degranulation of the EGC, while the administration of dexamethasone 
alone did not show significant differences with control group animals. The administration of 
diphenhydramine alone did not show significant differences neither with the animals of the 
dexamethasone treated group nor with those of the control group. When dexamethasone was 
administered one hour before the E. coli injection, degranulation was apparently inhibited and the 
number of granules did not show significant differences either with the animals in the control group 
or with those treated with dexamethasone. Finally, when this group was compared with the group 
of animals that were only injected with E. coli, the differences were statistically significant. 
However, when diphenhydramine was administered one hour before E. coli injection, a critical 
inhibition of EGC degranulation was evidenced, with a marked increase in the number of granules. 
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All this seems to show that dexamethasone can partially inhibit the release of substances that 
participate in the inflammatory process. Diphenhydramine, a recognized antihistamine, inhibited 
degranulation of EGCs. These results suggest that EGC can release histamine like mammalian 
mast cells. 
 

 
Keywords: Degranulation of EGC; dexamethasone; diphenhydramine; tilapia. 

 
1. INTRODUCTION 
 
Eosinophilic granule cells (EGC) are 
mononuclear cells that contain abundant and 
prominent eosinophilic granules. The 
histochemical characteristics of EGCs and their 
participation in tissue reactions in various 
pathologies have led to the suggestion that 
EGCs are analogous to mammalian mast cells 
[1-4]. In a previous work we have examined the 
distribution of EGCs in Prochilodus platencis, 
their staining qualities and we analyzed the 
heterogeneity of granular metachromasia, which, 
as in mammalian mast cells, may depend on the 
expression of cellular proteoglycan [5,6]. The 
distribution around vascular structures, its 
relationship with infection by parasites and its 
ability to stimulate granulocyte migration suggest 
that this cell actively participates in the 
inflammatory response, and furthermore, EGCs 
seem to be closely related to the defense 
mechanisms of the fishes. The reason for this is 
that cytoplasmic degranulation can be observed 
after inoculation of some substances (eg, 
Aeromonas salmonicida and Vibrio anguilarum 
toxins, substance P, capsaicin) [7,8]. 
 
Dexamethasone is a glucocorticoid that causes 
various metabolic effects. One known effect is 
impaired immune response [9]. Dexamethasone 
was used primarily in human and veterinary 
medicine for its anti-inflammatory effects.  
 
Histamine is obtained from three main sources, 
histidine decarboxylation in tissues, histidine 
decarboxylation by bacteria in the gut, and diet. 
Most of the histamine remains as granules in the 
cytoplasm of mammalian mast cells and possibly 
in fish EGCs. The types of histamine receptors 
that have been described are: H1 and H2 
receptors that participate in the regulation of the 
immune system and in the control of histamine 
feedback, the H3 receptors that participate in the 
modulation of cholinergic neurotransmission in 
mammals [10]. Diphenhydramine hydrochloride 
is an antihistamine medication. These drugs are 
generally an H1 receptor antagonist. In human 
medicine, diphenhydramine is used to alleviate 
the symptoms of various allergic conditions [11].  

The objective of this study was to determine the 
relationship between the degranulation of the 
EGCs in fish injected with killed Escherichia coli 
with formalin and the effect of dexamethasone, 
diphenhydramine applied individually and 
previously applied the dead Escherichia coli with 
formalin. Some authors show the inhibitory effect 
of cortisol on EGC degranulation in tilapia [12], 
but the effect of diphenhydramine on EGC 
degranulation has not been studied in fish.  
 

2. MATERIALS AND METHODS  
 
We studied 30 male Nile tilapia, Oreochromis 
niloticus (Linnaeus, 1759), weight 550.89 + 5.2 g, 
acclimatized for approximately one month on the 
3000-L plastic track. During this time, the water 
temperature was 24ºC, with continuous aeration 
and systematic recirculation through a biological 
filter, and the tank was supplied with a constant 
flow of dechlorinated water. The photoperiod was 
from 6:00 a.m. to 6:00 p.m., provided by a 
fluorescent light (daylight; 350 lux). The fish were 
fed daily with dry pellets (38% protein; Ganave 
Argentina). The animals were separated into six 
groups of five fish each group:  
 
Group I: Killed Escherichia coli with formalin 
(strain: AMI 1239) (1 mg / fish) was injected by 
the intaperitoneal (IP) route. Group II: 
Dexamethasone (Sidus, Argentina) 30 mg / kg of 
fish weight were injected for IP. Group III: 
Diphenhydramine (Elea, Argentina) 20 mg / kg of 
fish weight were injected for IP. Group IV: 
Dexamethasone 30 mg / kg of body weight was 
injected into fish intraperitoneally 1 hour before 
injecting Escherichia coli. Group V: 20 mg / kg of 
diphenhydramine were injected into fish 
intraperitoneally 1 hour before injecting them with 
Escherichia coli. Group VI: Control group, the 
fish were injected with distilled water.  
 
Animals in each group were sacrificed 2 hours 
after the end of the experiment, deeply 
anesthetized and injected with absolute ethanol 
into the swim bladder to avoid degranulation of 
EGC during necropsy and swim bladder 
preparation. The stretched swim bladder 
preparations were according to [13,14]. The 
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swim bladders were removed with clamps 
stretched and fixed to a vinyl board previously 
cut to the appropriate dimensions. The board and 
tissue were immersed in absolute ethanol for 
fixation for 10 minutes. Fixed tissue was stained 
with Giemsa's solution for 6 to 12 h. The sample 
was then washed and dehydrated with acetone 
to remove excess stain and dehydrate the 
sample. The preparation was transferred to 
xylene for cleaning, cut (20 x 20 mm) and 
mounted with Canada balsam [15].  
 
The quantitative analysis by light microscopy, 
number of granules per cells (G / C), was carried 
out according to the methods [16,17,18]. 
Statistical analysis: The results were expressed 
as mean (± S.E). Statistical analysis was 
performed using Student's t test; P <0.05 was 
considered significant.  
 
3. RESULTS AND DISCUSSION 
 

EGC granules were stained with Giemsa stain. 
Most of the EGCs of the swim bladder were 
located around the blood vessels (Fig. 1).  
 

In the group I animal (injected with Escherichia 
coli killed with formalin) the number of granules 
per cells (GC) was 39.7 ± 6. 9, these animals the 
EGC showed fusion of adjacent granules and the 
formation of cytoplasmic vacuoles was 
considered as evidence of degranulation (Fig. 2). 
 
In the group II animal (treated with 
dexamethasone) the GC was 80.5 ± 7.2. In the 
group III animal (treated with diphenhydramine) 
the GC was 82.7 ± 5.4. In the latter two groups, 
EGCs showed Giemsa metachromatically 
stained granules and did not show fusion of 
adjacent granules or vacuole formation. In the 
group IV animal (treated with dexamethasone 
and previously injected with killed Escherichia 
coli with formalin) the GC was 83.8 ± 3.1. In the 
group V animal (treated with diphenhydramine 
and previously injected with dead Escherichia 
coli with formalin) the GC is 160.2 ± 6. 1. In these 
last two groups, the EGC showed an increase in 
the number of granules with affinity staining. 
similar groups II and III (Fig. 3). In the animal of 
group VI (control group) the fish were injected 
with distilled water, the GC is 79.5 ± 7.2. 

 
The swim bladder is a hydrostatic organ that 
contains gas. The lumen of the swim bladder is 
lined with a simple epithelium, below which are 
smooth muscle cells. A layer of loose connective 
tissue separates these epithelial and muscle 

layers from an outer layer of fibrous connective 
tissue that has smooth muscle cells, capillaries, 
and EGCs [19]. In contrast to the roles played by 
monocytes, macrophages, neutrophils, and 
lymphocytes, the roles of EGCs in teleosts are 
areas of controversy [20,21]. Functionally, EGCs 
show great similarity to mammalian mast cells. 
Acute tissue damage causes degranulation of 
EGCs and the release of inflammatory 
mediators, whereas an increase in the number of 
these cells is often found in chronically inflamed 
tissues [22]. Other authors have shown the 
involvement of EGC's in the inflammatory 
process in the hybrid tambacu, injecting 
Carrageenin and thioglycollate in the swim 
bladder and evaluated the exudate cells [23], 
which differs from our work, as we evaluate the 
entire fabric of the swim bladder. 
 
In this study we carried out a quantitative 
analysis of the number of granules per cell (GC) 
in different situations, stimulating the 
degranulation of EGC, injected intraperitoneally 
dead E. coli with formalin and our results suggest 
that, compared to EGC of control animals (group 
VI) (79.5 ± 7.2 GC), the injection of killed E. coli 
with formalin (group I) generated a marked 
degranulation of the cells (39.7 ± 6.9 GC), while 
the administration Dexamethasone alone (group 
II) did not show statistically significant differences 
with the animals of the control group (80.5 ± 7.2 
GC). In the same way, the administration of 
diphenhydramine alone (group III) (82.7 ± 5.4 
GC) did not show statistically significant 
differences neither with the animals of the treated 
group nor with those of the control. When 
dexamethasone was administered one hour 
before the injection of killed E. coli with formalin 
(group IV), degranulation was apparently 
inhibited (83.8 ± 3.1 GC) and the number of 
granules did not show significant differences 
even with the animals. of the control group. nor 
with those treated with dexamethasone. Finally, 
when this group was compared with the group of 
animals that were only injected with E. coli, the 
differences were statistically significant. 
However, when diphenhydramine was 
administered one hour before the injection of 
dead E. coli with formalin (group V), a critical 
inhibition of EGC degranulation was evidenced, 
with a marked increase in the number of 
granules in the cell cytoplasm (160 ± 6.1 GC). 
This seems to show that dexamethasone can 
partially inhibit the release of substances that 
participate in the inflammatory process. 
Diphenhydramine, a recognized antihistamine 
drug, inhibited EGC degranulation.  
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Fig. 1. Swim blamder stained with Giemsa. The EGCs located around a blood vessel (arrows). 

VL: Vascular lumen. Giemsa. Bar: 100 μm 
 

 
 

Fig. 2. EGCs showed fusion of adjacent granules and formation of cytoplasmic vacuoles 
(arrows). Giemsa. Bar: 10 μm 

 

 
 

Fig. 3. EGCs showed a higher number granules (arrows), in group V animals (treated with 
diphenhydramine and before injected with formalin-killed Escherichia coli) Giemsa.   

Bar: 100 μm 



 
 
 
 

Romano and Pedrosa; AJRIZ, 4(2): 20-26, 2021; Article no.AJRIZ.68145 
 
 

 
24 

 

In the inflammatory process, histamine remains 
the first substance considered in any discussion 
of the natural mediators of this process. 
Historically, histamine is widespread in tissues 
and, in particular, is associated with granules of 
mammalian mast cells [24,25]. To date, the 
classification of histamine receptors has been 
based on a rigorous classical pharmacological 
analysis and, thus far, the classification of the 
three histamine receptors that have been defined 
by this process (i.e., the H1, H2 and H3) have 
not been added due to more recent molecular 
biological approaches [26,27,28]. Some authors 
state that intestinal EGCs of rainbow trout show 
low tissue concentrations of histamine could be 
measured in the posterior gut, the authors 
described in general, there is a very good 
correlation between histamine present in cells 
and the tissue concentration and conclude what 
the EGCs be considered as homologous with 
mammalian eosinophils and not with mast cells 
[29]. However, many authors found similar 
characteristics between mammalian mast cell 
and EGCs of the fishes. Although fishes EGCs 
are considered mammalian’s mast cell 
analogues from their staining affinity and 
responses to noxious agents [30].  
 
However, it seems that there is a similarity 
between EGC and mammalian mast cells, some 
authors who have already studied these cells in 
depth in tilapia, define them as fish mast cells 
(fMC) [31]. These authors conclude that fish 
vascular endothelial cells express some 
neutrophil addition molecules that alter 
stimulation with various substances similar to 
mammalian mast cells. This work suggests that 
an antihistamine such as diphenhydramine 
inhibits or decreases EGC degranulation. This 
suggests that EGC, among other substances that 
participate in the inflammatory process, can 
release histamine like mammalian mast cells.  
 
In mammals, different populations of mast cells 
have been demonstrated. Mast cells in various 
stages of maturation were observed in these 
populations. In sensitization and activation 
experiments with IgE-deficient mice, high levels 
of histamine were tested in serum and also 
evidenced that tidular mastocites undergo great 
degranululation, even in the absence of IgE [32].  
 
Mast cell maturation is related to the acquisition 
of several receptors that activate the release of 
mediators such as b-hexosaminidase and 
histamine at levels that are comparable to        
those achieved in mature mast cells [33]. As 

demonstrated in the study cited above, the 
histamine-releasing activity of mammalian mast 
cells is already at early maturation levels, 
indicating that histamine production and release 
is a typical mast cell activity. With this in mind, if 
EGC are considered equivalent to mammalian 
mast cells, the histamine production of this cell 
must be considered as its own. 
 

Diphenhydramine is a first-generation 
antihistamine that is used in a variety of 
conditions to treat and prevent various histamine-
induced pathologies. 
 

Regarding the mechanism of action, 
diphenhydramine acts mainly by antagonizing 
the H1 receptor. The H1 receptor is found in 
smooth muscles, vascular endothelial cells, the 
gastrointestinal tract, heart tissue, cells of the 
immune system, and neurons of the nervous 
system. When the H1 receptor is stimulated in 
these tissues, it produces a wide variety of 
actions including increased vascular 
permeability, promotion of vasodilation that 
causes redness, decreased conduction time of 
the atrioventricular node, and eosinophilic 
chemotaxis that promotes allergic immune 
response. Since diphenhydramine is a first-
generation antihistamine, it readily crosses the 
blood-brain barrier and reverse agonizes CNS 
H1 receptors. Diphenhydramine is metabolized 
by the liver through CYP450. It is excreted 
unchanged in the urine and has a half-life of 3.4-
9.2 hours. Its peak time, serum is 2 hours 
[34,35].  
 

4. CONCLUSION 
 

In summary, at work we saw that between the 
animals of the control group (GVI) and those 
injected with E. coli (GI), there is no significant 
difference. There are no significant differences 
between the animals belonging to those treated 
with dexamethasone (GII) and diphenhydramine 
(GIII). There is a significant difference between 
the animals that were given E. coli and 
subsequently treated with dexamethasone (GIV) 
and the animals that were given E. coli and 
subsequently treated with diphenhydramine 
(GV), (P <0.05). These data suggest that 
diphenhydramine inhibits the release of EGC 
granules, so it can be inferred that these 
granules contain histamine. 
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