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Potential protective effect of
eicosapentaenoic and docosahexaenoic
acids versus necrotizing enterocolitis,
mitochondrial and rough endoplasmic
reticulum stress mediated pathway
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SUMMARY

Necrotizing enterocolitis (NE) is a medical
condition mediated by oxidative stress to the small
intestine. Fish oil is a natural component rich in
healthy fatty acids such as eicosapentaenoic and
docosahexaenoic acids with anti-inflammatory
anti-apoptotic role. Endoplasmic reticulum stress
mediates many oxidative diseases such asdiabetes
mellitus and neurodegeneration, associated
by the release of many caspase subtypes that
promotes cellular apoptosis. Mitochondrial stress
also causes the release of many caspase variants
together with mitochondrial Deoxyribonucleic
acid (mtDNA). The aim of the present study is to
appraise the role mediated by both endoplasmic
reticulum (ER) &mitochondria stress in the
pathogenesis of necrotizing enterocolitis
and to explore the therapeutic effects of
eicosapentaenoic and docosahexaenoic acids.
Ninety rats’ pups were used (one day old), divided
into three groups, (1) C-group: control group; (2)
NE-group: necrotizing enterocolitis group, and (3)
NE-FO-group: necrotizing enterocolitis pre-fed
with fish oil group. At day 11, 12 and 13 ten pups
from each group were sacrificed for intestinal
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sample collection. Histological examinations,
Enzyme-linked immunosorbent assay, and
western and Southern blot were performed. NE
group showed severe histopathological changes.
NE-FO group showed regain of most of normal
histopathological feature. Levels of TNF-o and
IL-6 increased markedly in NE group if compared
to NE-FO group. Caspase 12 and caspase 9 levels
in NE group were higher than in NE-FO group.
The levels of GRB-78 and mtDNA were high in
NE-FO group if compared to control group, but
lower than levels of NE group. In conclusion,
eicosapentaenoic acid and docosahexaenoic
acid can protect against neonatal necrotizing
enterocolitis. Mitochondrial and endoplasmic
stress pathway demonstrated to
mediate necrotizing enterocolitis pathological
changes. Thus, fish oil offers a natural option to
prevent and treat the clinical manifestation of NE.
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INTRODUCTION

Necrotizing enterocolitis (NE) is a medical
emergency (Mehdi et al., 2012), first described
in the eighteenth century and affecting mainly
newborn infant of both sexes during the first four
weeks of life. The underlying cause is poor blood
supply to the intestine; resulting in tissue hypoxia,
oxidative stress, inflammation [mediated by tumor
necrosis factor-a (TNF-0) and interleukin-6(IL-6)]
and cellular apoptosis (Li and Sheng, 2018).
Drinking breast milk [rich in docosahexaenoic acid
(DHA)] during the first days of life is considered
prophylactic to the intestine from such pathology,
as announced in 2012 by American Academy of
Pediatrics (Pet et al., 2018). The typical clinical
picture is feeding intolerance, abdominal
distention and bloody stool. It may cause intestinal
perforation and peritonitis. Many promising
approaches for medical treatment appear in the
horizon such as usage of DHA and arachidonic
acid (Najm et al., 2017). Fish oil (FO) is extracted
from fish, especially oily ones; it is marketed as
a dietary supplement and ointments. Salmon-,
sardine- and mackerel-extracted FO is the richest
in content of healthy fatty acids (Serdarevic et al.,
2019). To gain relative prophylaxis against prostate
cancer, cardiovascular diseases, hypertension,
Alzheimer disease and psoriasis, the daily dietary
recommended intake of fish oil is 200 mg (Parker
et al,, 2019). FO was found to be very protective
against many inflammatory bowel diseases such
as Crohn’s disease (Parian and Limketkai, 2016),
asitcontains many anti-inflammatory compounds
(Goel et al., 2018). It is very rich in omega-3 and
omega-6 fatty acids, such as eicosapentaenoic
acid (EPA) AND docosahexaenoic acid (DHA),
which have anti-inflammatory role protecting
the mucosal lining of the intestine (Zhang et al.,
2018). These two fatty acids have an anti-apoptotic
effect on hepatic, cardiac and nervous tissue cells
through their rough endoplasmic reticulum and
mitochondrial supporting role (Ajith, 2018).

Endoplasmic reticulum (ER) is a membranous
cellular organelle which is classified as a
cytoplasmic organelle (Phillips and Voeltz, 2016).
Two types of ER are found, smooth (SER) and
rough (RER). Both are formed of interconnected
cisternae (Di, 2013), and they can be distinguished
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from each other by the ribosomes that are
attached to the cytoplasmic surface of RER and
absent from SER. RER is responsible for protein
synthesis by transferring unfolded proteins to
the Golgi apparatus, while SER is involved in lipid
synthesis (Wang and Kaufman, 2016). Hypoxia,
glucose deprivation and viral infection slow down
the transfer of proteins from RER, which result in
accumulation of unfolded proteins and glucose
regulated protein-78 (GRP-78) in the cytoplasm of
the cell, which is considered rough endoplasmic
stress (RES) condition (Li et al., 2019). RES is the
common share of many diseases such as diabetes
mellitus, viral infection, neurodegeneration and
neoplasm. RES is associated by the release of
many caspase subtypes located on RER surface,
causing cellular apoptosis (Lin et al., 2017).

Mitochondria is a double membrane enclosed
organelle found in most of eukaryotic cells with
some exceptions such as red blood cells (Nadalutti,
2020). It is responsible for adenosine triphosphate
(ATP) synthesis (Hemono et al., 2020). It has an outer
(smooth) membrane and inner (thrown into folds)
membrane forming a shelf-like projection into the
matrix of mitochondria called cristae. Obesity and
excess oxidation results in mitochondrial stress with
release of many caspase subtypes and mitochondrial
Deoxyribonucleic acid (mtDNA) (Mohamed and
Eltony, 2020; Lyu et al., 2020; Xie et al., 2020).

The aim of the present study is to appraise the
role mediated by both RER and mitochondria
stress in the pathogenesis of necrotizing entero-
colitis and to explore the therapeutic effects of
EPA and DHA.

MATERIALS AND METHODS

Chemicals

Fish oil, lipopolysaccharide water soluble (5
mg/ml), western and southern blot kits were pur-
chased from Sino pharm Chemical Reagent Co.,
Ltd., Shanghai Shi, China.

Animals

Ninety albino Wistar rat pups were used (one day
old), withan averageweightof20gm. Animalswere
housed individually and fed with milk formula by
gavage. 12-hour light/dark cycle was kept. By the



help of air conditions, the temperature was kept at
25° C (in accordance to national and institutional
guidelines), and humidity at 55%. This research
study was approved by the Research and Ethics
Committee, Quality Assurance Unit, Faculty of
Medicine, Tanta University, Egypt.

Experimental design

Rats are divided into three groups (n=30).
The control group (C-group) received saline by
gavage for seven days (5ml/d); the necrotizing
enterocolitis group (NE-group) received saline by
gavage for seven days (5ml/d); and the necrotizing
enterocolitis fed with fish oil group (NE-FO-group)
received fish oil by gavage for seven days (5ml/d).
Throughout the whole first ten days, the general
appearance of abdominal size and stool was
checked daily. NE rat model was performed along
days 8, 9 and10 by creating as state of hypoxia and
hypothermia to the pups, by placing them twice
daily in hypoxic chamber for ninety seconds, and
then Cransferring them to hypothermic chamber
(4°C) for 600 seconds. Between the two settings,
10 mg/kg bw. of lipopolysaccharides were
administered by gavage to pups (Zhu et al., 2020).
On day 11, 12 and 13, ten pups from each group
were sacrificed for intestinal sample collection.

Clinical score

Pups body weight, abdominal distention, stool
macroscopic blood, response to touch and color
of skin were recorded daily and a score is given
ranging from zero (worst) to twelve (best) (Table 1).

Histological examinations

Samples from the terminal part of the ileum were
collected on days 11,12 and 13, and were fixed in
10% buffered paraformaldehyde, dehydrated,
embedded in paraffin, and then sectioned at 5 um
by using 7manually operated rotary microtome
CUT 4050 (4050F, R) (Microtec Laborgerite
GMBH, Germany). Sections were stained with
hematoxylin and eosin for histopathological
assessment. Histopathological
were performed by two expert histopathologists
blinded to our study. Scoring was done as per
lesion severity, as shown in (Table 2).

examinations
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Table 1. Clinical score criteria.

Touch Skin color

response

Score | Abdomen | Stool
distention | blood

12 Non Non Normal Pink
9 Mild Mild Sluggish Pale on
pressure
6 Moderate Moderate | Response | Pale without
to crude pressure
touch
3 Sever Sever Response | Limbs
to pain cyanosis
0 Extensive Extensive | Non Generalized
cyanosis

Table 2. Scoring of histopathological sections, if score is > 2
NE was considered.

Score | Feature

0 Intact villous and mucosa

1 Mild separation between submucosa and lamina
propria

2 Moderate separation between submucosa and

lamina propria

3 Sever separation between submucosa and lamina
propria or fall out of villi

4 Villi necrosis and disappearance

Enzyme-linked immunosorbent assay

Intestinal tissue was homogenized and centri-
fuged at 4000 rpm. Supernatant was used to de-
tect TNF-a and IL-6 by help of the ELIZA kit (Sino
pharm). Coating, blocking, incubation with en-
zyme-labelled antibody, substrate addition and sig-
nal detection are the main steps followed to detect
the inflammatory markers (Kragstrup et al., 2013).

Western and southern blot

They are used to estimate the intestinal tissue
content of caspase-9 and mtDNA as indicators
for mitochondrial stress, and caspase-12 &
GRB-78 as indicator of endoplasmic reticulum
stress. Western blotting methodology started
by extraction of proteins from intestinal tissues
by the help of radioimmunoprecipitation assay
(RIPA) buffer, followed by protein separation by gel
electrophoresis, transfer to polyvinylidene fluoride
(PVDF) membrane, blocking the rest of surface of
high protein affinity membrane, incubation with
primary antibody (caspase-12, caspase-9 & GRB-
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78) overnight, then incubation with secondary
antibody for one hour finally analysis of the data
expressed. Southern Blot kits were purchased
from Thermo Fisher Scientific Inc. (USA). Anza™
T4 DNA Ligase Master Mix, IVGN2108 was used for
mtDNA digestion. Fragmented DNA was typically
electrophoresed on an Acrylamide gels; then
DNA was transferred to a positively charged nylon
membrane. Nucleic acid probe, RadPrime DNA
Labeling System, 18428011 was incubated with the
substrate, followed by hybridization and washing.
BrightStar BioDetect Kit was used for mitochondrial
DNA detection. (Dandelot and Gourdon, 2018).
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RESULTS

Clinical score

The control group scored the best results
after daily observation and scoring of each pup
according to body weight, abdominal distention,
stool macroscopic blood, response to touch and
skin color. NE group showed significant (p < 0.05)
score decrease, while NE-FO regained good results
if compared to NE group, but its scoring was non-
significantly (p > 0.05) lowered if compared to
control group (Fig. 1).

Clinical score
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Fig. 1.- Clinical score represents changes in body weight, abdominal distention, stool macroscopic blood, response to touch and color of skin. (C)
control group, (NE) necrotizing enterocolitis group, (NE-FO) necrotizing enterocolitis fed with fish oil group. * significant difference (p < 0.05) in

comparison to C-group. **

Statistical analysis

Statistical Package for Social Sciences (SPSS)
software, 20 V. (SPSS Inc., USA) was used for
data analysis. The statistical significance of
differences between groups was validated
using one-way analysis of variance (ANOVA).
Post hoc Tukey-Kramer test was used for group
comparison. Data were expressed in mean *
standard deviation and probability value was
considered significant if < 0.05.
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significant difference (p < 0.05) in comparison with NE-group. Data are presented as mean + standard deviation, (n = 30).

Histological examinations

Histopathological examination of the intestinal wall
showed normal histological architecture of intesti-
nal wall layers in the control group, the four layers
of intestinal wall (mucosa, submucosa, muscularis
propria & adventitia) appeared healthy. NE group
showed severe histopathological changes on day 13,
mucosal inflammation, sloughing of villi, inflamma-
tory cells infiltration and spacing between submuco-
sa & muscularis mucosa were noticed. NE-FO group
showed regain of most healthy histological feature if
compared to control group, while some inflammato-
ry cell infiltration was noticed on day 13 (Fig. 2).
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Fig. 2.- Photomicrograph of sections of rats’ terminal part of the ilium stained with hematoxylin and eosin, magnification (x 1000). (A, B, C) represent
control group on days 11, 12 and 13 respectively. (D, E, F) represent NE group on days 11, 12 and 13 respectively. (G, H, I) represent NE-FO group on
days 11, 12 and 13 respectively. Note: villi (black arrow), submucosal edema (blue arrow), inflammatory cells infiltration (yellow arrow).

Scoring of histopathological findings are shown in
(Fig.3).Onday 11,12 and 13, NE-FO group score was
significantly (p < 0.05) lower than that of NE group,
by 40.81%, 23.53%, and 34.34%, respectively.
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Fig. 3.- Scoring of histopathological finding done by blinded observer to
our study. * significant difference (p < 0.05) in comparison to C-group.
** significant difference (p < 0.05) in comparison with NE-group. Data
are presented as mean + standard deviation, (n = 30).

Enzyme-linked immunosorbent assay

Levels of TNF-a and IL-6 increased
significantly (p < 0.05) in NE group if compared

to NE-FO group. Inflammatory markers levels
in NE-FO group were significantly (p < 0.05)
higher than that of the control group (Fig. 4).
IL-6 scores of NE group on day 11,12 and13
were higher than those of control group by
8.08%, 61.74%, and 78.58%, respectively, and
those of TNF-a in the NE group were higher
than C group by 5.62%, 42.01%, and 72.82%,
respectively.

Western and southern blot

Blotting of intestinal tissue proteins showed
that caspase - 9, 12 levels in NE group were sig-
nificantly (p < 0.05) increased if compared to NE-
FO group. The levels of GRB-78 & mtDNA were
significantly (p < 0.05) higher if NE-FO group was
compared to control group, but significantly (p <
0.05) lower than that of NE group (Fig. 5).
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Fig. 4.- Level of inflammatory markers in the intestinal tissueon days
11, 12 and 13 (A) IL-6 level. (B) TNF-a level. * significant difference (p
< 0.05) in comparison to C-group. ** significant difference (p < 0.05)
in comparison with NE-group. Data are presented as mean + standard
deviation, (n = 30).

DISCUSSION

Necrotizing enterocolitis is a medical problem
that came to the surface along the past 30 years.
90% of NE patients are premature infants with
20% mortality rate. This research paper was de-
signed to understand the underlying mechanism
NE on a cellular basis and to explore the protec-
tive effects of some omega-3 fatty acids.

Our results showed that there is a marked de-
crease in NE clinical score if compared to the con-
trol group, which comes in agreement with other
researchers. Aktas et al. (2017) reported massive
fecal blood as a common sign of NE, mainly in
premature infants. Abdominal distention and ab-
sence of intestinal sound was reported by Lin et al.
(2019). We found a decrease in response to touch
with peripheral cyanosis in NE group, and to a
less extent in NE-FO group in certain parameters
such as abdominal distention. The clinical score
of NE-FO was enhanced due to the effect of the in-
gested fish oil as agreed by Najm et al. (2017), who
reported the beneficial effects of fish oil on necro-
tizing enterocolitis, bronchopulmonary dysplasia
and patency of ductus arteriosus.

Histopathological examination of terminal part
of the ileum in the control group showed healthy
layers of intestinal wall with vivid villi, submucosa,
muscle layer and the outer serosa covering
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(Inamoto et al., 2008). In NE group, our results
showed a severe intestinal wall inflammation with
inflammatory cells infiltration (mainly mucosal
lining) with necrosis and sloughing of willi.
Edema and spacing appeared between mucosa
and submucosa, which comes in agreement with
Gross et al. (2017), who added that inhibition
of 5-hydroxytryptamine synthesis reduced the
mucosal inflammation on intestine. McElroy et al.
(2013) hypothesized that blood vessels vasculitis
and occlusion may be the direct cause of villous
necrosis in NE. While, MohanKumar et al. (2019)
reported that submucosal edema occurs within
twelve hours of NE onset associated with sever
mucosal inflammation and villous necrosis.

In the present study, the intestinal histological
architectureinNE-FOgroupappearedtobehealthy,
with regain of most of normal histopathological
feature after fish oil pretreatment: this could be
explained by its content of both docosahexaenoic
and eicosapentaenoic acids with their anti-
inflammatory and antioxidant potential. Molfino
et al. (2017) reported that DHA has the ability
to inhibit different inflammatory pathways
by inhibiting inflammatory-related cytokines
synthesis. This anti-inflammatory potential
was reported by Irun et al. (2019), who reported
that the anti-inflammatory potential of DHA is
not associated with immunosuppression. Ochi
et al. (2018) reported the antioxidant and anti-
inflammatory capacity of EPA mainly in muscle
tissue after exercise related stress.

Our study showed that Levels of TNF-a and IL-6
increased markedly in NE group if compared to
NE-FO group. This comes in concession with Li et
al. (2018), who reported that inflammatory markers
reach their peak within twenty-four hours and start
to fall after seventy-two hours. This could be due to
the anti-inflammatory capacity of eicosapentaenoic
acid as stated by Augimeri et al. (2019).

However, Gomes et al. (2017) mentioned that
NE is associated with elevated levels of caspase-3
which mediate cellular apoptosis. In addition,
Buyuktiryaki et al. (2019) reported elevated levels
of caspase 3, 8 and 9 in NE. In our study, NE group
showed elevated caspase 9 and caspase12levelsin
intestinal tissue higher than those of NE-FO group.
Katoh et al. (2004) mentioned that caspase-9
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Fig. 5.- (A, B and C) represent western blot quantitative analysis of caspase 12, caspase 9 and GRB-78, respectively. (D) represents southern blot quan-
titative analysis of mtDNA in the intestinal tissue (days 11, 12 and 13). (E) Histogram represents the ratio of optical density of caspase-12, caspase-9,
GRB-78 and mtDNA. * significant difference (p < 0.05) in comparison to C-group. ** significant difference (p < 0.05) in comparison with NE-group. Data

are presented as mean + standard deviation, (n = 30).

accumulate in the stressed mitochondria. Other
researcher stated that caspase-12 is elevated in
ischemic brain tissue after ischemia-reperfusion
model as a sign of endoplasmic reticulum stress
(Xing et al., 2019). The relative decrease in
apoptotic markers noticed at our research in NE-
FO group could be related to the anti-apoptotic
effect of EPA. Fayez and Zaafan (2018) reported
the potent antiapoptotic, anti-inflammatory and
antioxidant capacity of EPA.

In our study, levels of GRB-78 and mtDNA
were high in NE-FO group if compared to control
group, but lower than levels of NE group which
could result from endoplasmic reticulum and

mitochondrial stress respectively. Zhu et al. (2020)
linked between ER stress and elevated tissue level
of GRP-78. Ding et al. (2011) mentioned also the
elevated level of GRB-78 in the kidney tissue
resulting from ER stress. Baregamian et al. (2009)
stated that necrotizing enterocolitis is associated
with disturbed mitochondrial functions and
elevated levels of mtDNA in intestinal tissue.
Other researcher (Sas et al., 2018) related healthy
mtDNA to properly functioning mitochondria.
Shao et al. (2006) reported the upregulated
mtDNA in cases of mitochondrial stress. The
decreased levels of GRB-78 and mtDNA after
fish oil pretreatment in NE-FO group may be
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due to the anti-apoptotic effect of DHA, as
stated by Bazan et al. (2010). In conclusion, the
present study revealed the shielding effect of
eicosapentaenoic acid and docosahexaenoic
acid against neonatal necrotizing enterocolitis
through their anti- inflammatory and antioxidant
effects. We also demonstrated that necrotizing
enterocolitis is mediated by mitochondrial and
endoplasmic reticulum stress pathway. So, fish
oil offers a natural option to prevent and treat the
clinical manifestation of NE. Further studies are
requires determining the exact signaling pathway
mediating NE pathological changes.
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