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INTRODUCTION
Diclofenac sodium (DS) belongs to the chemical
group of non-steroidal anti-inflammatory drugs

(NSAIDs. It

inflammatory conditions

is one of most currently used
medications of the NSAIDs group for the treatment
of varieties of common chronic and acute
in the obstetrics and
gynecologic areas and clinics. It is also widely

ABSTRACT
Background: Diclofenac sodium (DS) can induce developmental
abnormalities in embryos if consumed during pregnancy.
Objective: To assess the effect of prenatal administration of therapeutic
dose of DS during the critical period of organogenesis on development of
different neonatal organs of albino rats and on maternal organs, as well as to
spotlight on the immunohistochemical reactions that may explain the
possible impacts of DS.
Material and Methods: After mating, 18 pregnant rats were allocated into
three groups. Group (I): received balanced diet, Group (lI): received
intraperitoneal injection (IP) of 1mL/kg/day of distilled water, Group (ll1):
received IP of 1.5mg/Kg.bw/day of DS dissolved in distilled water from 7% -
14" days of gestation. The mothers (6/group) and their newborns (10/group)
were anaesthetized following labor. The placentae and livers from mothers and
hearts, livers, and lungs from their neonates were examined after preparation
using light microscopy, immunohistochemical, morphometric studies and
statistical analysis.
Results: Histologically, in all DS-treated groups, there was degenerative
histopathological changes in the organs of both pregnant albino rats and their
neonates. Morphometric and statistical analysis showed highly significant
increase in the area percentages of positive TNF-a and iNOS
immunoreactions in all DS-treated groups as compared to their control
groups. Moreover, the most affected organ in mothers was the ® ®
placenta while, the lung tissues in neonates. 3
Conclusion: The current investigation found that giving
therapeutic doses of DS during the period of organogenesis
caused significant histopathological alterations in both maternal
and neonatal organs enhanced by upregulation of proinflammatory markers
linked to oxidative stress.
Key words: Diclofenac sodium, Maternal and Neonates, albino rats, TNF-a,
iNOS.

of:

Utilizing NSAIDs during early pregnancy may be
attributed to unawareness of pregnancy or a disregard
for self-medication drug compositions. This may
have adverse side effects and many negative alarming
impacts on the mother and on development of fetal
organs (4-6). The use of NSAID during pregnancy
has been mentioned to cause difficult births or to
increase the hazard of miscarriage in some women (7,

utilized by women in different periods as post- 8).

puberty for the management of pain of menorrhagia
and dysmenorrhea and also during preghancy and
lactation for treatment of rheumatic disorders (1-3).

Despite the fact that diclofenac's toxicity and
teratogenicity have been recorded, inconsistent data
has been published. Fetuses born following
diclofenac treatment, displayed intrauterine growth
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retardation, different skeletal, visceral and
morphological anomalies, (9, 10) or associated with
oligohydramnios (low amniotic fluid production)
(112), cardiac septal defects (12), premature closure of
the fetal ductus arteriosus (DA) (13), pulmonary
hypertension, severe respiratory distress (14, 15),
morphological fetal renal abnormalities and neonatal
renal failure(16), abnormal development of caudal
neural tube and hind limb bud (17) and impairment
development of peripheral nervous system (18).
Furthermore, in comparison to other NSAIDs, long-
term use of Diclofenac treatment can cause liver
damage and hepatotoxicity in both adult animals and
human, and the severity of the injury is dependent on
the length of exposure and dosage (19, 20).

Diclofenac displays its influence through the
suppression of various events as cyclooxygenases
(COX) enzyme activity (COX 1 and COX 2), and
thus inhibits the transfer of arachidonic acid to a
number of prostaglandin (PG) derivatives which are
responsible for pain felling, inflammation, edema,
and platelet aggregation (2, 21).

The impact of prostaglandin production
inhibitors on development of fetal organs are not fully
realized (22, 23). The studies dealing with the
histological study of diclofenac toxicity on the
developmental organs, were investigated on fetal and
newly born Kidneys (24, 25), on newborn testis (26),
on newborn hippocampus (23), on cerebellum (27).
on ovary and uterine horn (28) and on maternal and
fetal livers (29).

To our knowledge, there no published works
dealing with histopathology of different organs of
both mothers and their offspring maternally treated
with DS.

The aim of the present study is to assess the
prenatal effect of administration of therapeutic dose
of diclofenac sodium during critical period of
organogenesis on architecture of  different
developmental organs of neonatal albino rats and on
the maternal organs as well with spotlight on the
immunohistochemical reactions that may explain its
possible impacts. The effect was evaluated by
histological, Immunohistochemical, morphometric
studies and statistical analysis.

MATERIAL AND METHODS
Chemical: The drug chosen in the present study was
diclofenac sodium (DS) (Declophen; pharco
pharmaceutical company, Egypt). The selected dose
of DS was 1.5 mg/kg body weight (bw) by
intraperitoneal injection (IP) according to previous
investigators (25). This diclofenac dose generated in
rats, is nearly within the human therapeutic dose and
it matches to the No Observed Adverse Effect Level
(NOAEL) for fetal and maternal toxicity. A low
effective dose for oral pain treatment in humans is 0.4
mg/kg/bw/6 hours (equivalent to 1.2 mg/kg/bw/day)
(30).
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Animals:

In this study, 18 healthy non pregnant adult female
Wistar albino rats and 9 adult male albino rats (150-250
gm) were used for mating. The animals were gained
from scientific medical research center (ZSMRC) at the
Faculty of Medicine, Zagazig University. The
experiment has been revised and accepted by
Institutional Animal Care and Use Committee
Zagazig University (ZU-IACUC) (approval number:
ZU-1ACUC/3/F/109/2021).

For one week prior to the study, all animals
were housed and kept in good hygienic
circumstances under a 12/12-hour light/dark cycle
and fed a balanced meal and tap water ad libitum.
The rats were permitted to mate in individual
plastic cages (females with males 2:1 respectively).
When female rats' vaginal smears contained
sperm or seminal plug after mating with males, it
was considered the zero day of pregnancy. The
Pregnant rats were equally allocated into three groups
(6 rats /each group).

Group (I): Control group: 6 pregnant rats did not
receive any treatment but fed only distilled water and
balanced diet until the end of experiment.

Group (II): vehicle control group: 6 pregnant rats
were given daily IP of 1 mL/kg of distilled water from
7t -14% days of gestation.

Group (I11): DS-treated group: 6 pregnant rats were
received daily IP of 1.5 mg/Kg bw of diclofenac
sodium (DS) dissolved in distilled water from 7t -14"
days of gestation.

At the end of experiments, after labor, the mothers
(6/ each group) and their neonates at 1 postnatal day
(PD1) (10/each group) (19-25 g) were anesthetized by
thiopental sodium (50 mg/kg bw) by IP (31). For
neonates, they were fixed in formalin (10% neutrally
buffered) for three days. To permit quick and
complete penetration of the fixative to their internal
organs, their skin was incised in various thoracic and
abdominal places in addition to, 0.5 cm. of fixative
was injected in their peritoneal cavities. The body was
split longitudinally into two halves after the first 24
hours of fixation, returned to the fixative to finish
fixation, and then rinsed under running water for 10-
24 hours. However, for mothers, their abdomen was
opened after dissection, the livers and placentae were
quickly removed and were fixed in 10% neutral
buffered formalin. The specimens were dissected out
carefully, rinsed in phosphate buffer saline, prepared
and examined by light microscopy,
immunohistochemical and morphometric studies.
I-Histological examination:

A-Preparation for Light microscopy:

After collection and fixation of the samples, they
were dehydrated in ascending grades of alcohol (50
% , 70 %, 90 %, and 95 %) then in absolute alcohol
(100 %) for two changes (1 hour each) and processed
to be implanted in paraffin according to previous
investigators (32). Specimens slide sections of 4-5
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um were stained with Hematoxylin and Eosin. The
histopathological examination and photography were
established using light microscope (Leica DM500
with Leica ICC50 W" digital Camera) at the Image
analysis unit of human anatomy and embryology
department, Faculty of medicine, Zagazig University.
B-Preparation for Immunohistochemical (IHC)
study:

Immunostaining was carried out by dewaxing of
the paraffin sections (4 pm thickness), in fresh xylene
for 20 minutes and transferred into descending grades
of ethanol. The endogenous peroxidase activity was
blocked by dealing with 10 % H202 for 15 minutes
at room temperature. For one hour, the sections were
incubated with the primary antibody against Tumor
Necrosis Factor-alpha (TNF-a), used as a marker for
proinflammatory cytokines (anti-TNF-a, a mouse
monoclonal antibody; Dako, California, USA,
Carpinteria; at a dilution of 1:50). In the same way,
the sections were incubated with primary antibody
against Inducible Nitric Oxide Synthase Enzyme
(iNOS) as an oxidative stress marker (anti-iNOS,
rabbit anti-rats polyclonal antibody, M-19/Sc 650, at
1:100 dilution, Santa Cruz Biotechnology, Santa
Cruz, CA, USA). By using the streptavidin-biotin-
peroxidase technique, the sections were incubated (20
min) with a secondary biotinylated antibody after
rinsing with Phosphate-buffered saline (PBS). The
secondary antibody binding was detected after
incubation in 3,3-diaminobenzoic acid (DAB) as a
chromogen for 20 min. The sections were washed
with PBS before each step. The sections were then
counter-stained using Mayer’s hematoxylin. By
omitting the primary antibody, the negative control
sections were prepared. To confirm the success of the
technique for all stains, the positive control slides
were used. All slides were inspected by light
microscopy and the cellular site of reactions were
demonstrated in the cellular cytoplasm for the two
markers. The presence of brown and yellow brown
staining in TNF-o and iNOS immunostaining
respectively, was documented as positive
immunoexpression while the absence of staining was
identified as a negative immunoreaction. All previous
techniques for TNF-a and for iNOS immunostaining
were done similar to the procedures of previous
investigations (24) and (33) respectively. The
immunostained  slides were examined and
photographed using Leica light microscope at Image
analysis unit of human anatomy and embryology
department, Faculty of medicine, Zagazig University.
I1-Morphometric analysis:

The area percentages (%) of positive TNF-o and
for iINOS immunostaining was morphometrically
assessed in the stained sections at x100 and %400
magnifications using image analyzer (public domain
image-processing software), “Image J” 1.49v/Java
1.6.0 244" (National Institutes of Health, USA).
Firstly, the image analyzer was automatically
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adjusted to transform the image analyzer's measuring
units (pixels) into real micrometer units. Ten non-
overlapping fields were chosen at random from five
slide slices from each specimen/group. The results
were recorded as meanz standard deviation (SD) and
compared to the control group by statistical analysis.
I11-Statistical analysis:

Since the statistics had a normal distribution
(parametric), the quantitative variables were provided
in the form of mean * standard deviation (SD). The
GraphPad Prism® software programme, version 7,
was used for statistical analysis (GraphPad Prism 7
Software Inc.,, San Diego, CA, USA). The
independent T-test was used to discover significant
differences between the control and treatment groups.
When the P-value was <0.05, the values were judged
statistically significant (*), and when the P-value was
<0.0001, they were regarded highly significant (***).

RESULTS
I-Morphological assessment:

No aborted fetuses or dead rats or gross anomalies
of organs were observed in the DS-treated group.

II- Histological examination using hematoxylin
and eosin staining:

Histological examination of the sections of
groups | and Il revealed no difference. Therefore,
results of group | were represented as the control
group.

A-Maternal organs:
1-Placenta at term: (Figure 1. a-j):

Section of full-term maternal control placenta
(group 1) revealed that it was composed of three zones
named; the decidua basalis, basal zone and the
labyrinth zone. The labyrinth zone included the chief
part of the placenta (Fig. la). The basal zone
exhibited three differentiated cell types named;
glycogenic, trophoblastic giant and numerous
numbers of spongiotrophoblast cells (Fig. 1b). The
trophoblastic giant cells lied just above the decidua
basalis and had characteristic shapes with large nuclei
and prominent dense nucleoli (Fig. 1c). Many
glycogenic cells were seen aggregated in islands
while, small dense basophilic spongiotrophoblast
cells were dispersed within the basal zone (Fig. 1d).
However, the labyrinth zone contained also three
components named; maternal sinusoids, fetal
capillaries and trophoblastic cells in between. The
fetal capillaries were lined by double endothelial
layers containing erythroblast however, the maternal
sinusoids contained erythrocytes. The trophoblastic
cells showed small rounded densely stained nuclei
(Fig. 1e).

In the DS-treated placenta (group Ill), as regard
to the basal zone, there was marked reduction of
islands of glycogenic cells with the development of
enormous coalescing cysts (containing eosinophilic
cellular debris) instead. Single island of glycogenic
cells was seen migrating in labyrinth zone instead of
its location in basal zone. The normal
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spongiotrophoblasts cells were decreased in number
with necrosis and pyknosis of some of them. The
trophoblastic giant cells were markedly decreased in
number and size and appeared with shrinked or
disintegrated nuclei. In addition, there was apparent
dilatation and congestion of blood vessels within the
basal zone (Figs. 1f-1g). In the labyrinth zone,
extensive hemorrhage with rupture of the nearby
blood vessels were well observed (Fig. 1h).
Moreover, in the labyrinth zone, marked
vasodilatation and congestion of both maternal
sinusoids and fetal capillaries were also
demonstrated. Many numbers of trophoblastic cells
were obviously degenerated if compared with the
control group within the labyrinth zone (Figs. 1i, 1j).
2- Maternal liver (Figure 2. a-e):

Light microscopic examination of the maternal
control liver (group 1) indicated its normal structure.
Well-formed hepatic cords were seen radiating from
a thin walled central vein. The hepatic cords exhibited
well-developed polygonal-shaped hepatocytes. The
hepatocytes contained central rounded vesicular
nuclei with small nucleoli inside acidophilic
cytoplasm. Vascular spaces called blood sinusoids
between the hepatic cords were seen lined by flat
endothelial cells (Fig. 2a). There was a small portal
area with branches of typical portal vein, hepatic
artery, and bile ductule lined by simple cuboidal
epithelial cells. The portal area was surrounded by
thin periportal connective tissue (Fig. 2b).

The DS maternal treated group (I11) revealed many
signs of hepatic structure deteriorations. The blood
sinusoids were moderately dilated and contained
proliferated kupffer lining cells. The central veins and
some sinusoids were seen dilated and congested with
hyaline casts. (Fig. 2c). Most of hepatocytes appeared
swollen and vacuolated. Some of them appeared with
large nucleoli within vesicular nuclei and some were
necrotic marked by pyknotic nuclei with condensed
chromatin (Fig. 2d). Moreover, the portal area was
extensively enlarged and contained markedly dilated
and congested thick-walled portal vein. Bile ductule
proliferation was well seen and was bordered by
dense connective tissue. The hepatic arteries with
thickened wall were also demonstrated (Fig. 2e).
B-Neonatal organs (1% postnatal day, PD1):

1- Neonatal liver: (Figure 3. a-f)

The hepatic parenchyma of the newly born rat
control liver of group (I) displayed small sinusoidal
spaces between the hepatic cords, drained into central
vein which was lined by thin endothelium. The
hepatocytes exhibited acidophilic cytoplasm with
central vesicular nuclei. The hematopoietic (blood
forming) cells were observed densely stained and
aggregated in groups (Fig. 3a). In addition, the portal
area contained portal vein, hepatic artery and bile
ductules lined by simple cuboidal epithelium (Fig.
3b).
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In the neonatal treated liver (group II), showed
extensive destructive changes in the form of
congestion and dilatation of the central veins,
extensive cytoplasmic vacuolations of hepatocytes
and some hemorrhagic areas in between (Fig. 3c). In
other areas, the central vein appeared dilated without
congestion but with distorted epithelial lining.
Moreover, necrosis of many hepatocytes was also
observed (Fig. 3d). The hematopoietic (blood
forming) cells were increased in number and seen
dispersed. Some of them appeared collected nearby
the dilated sinusoid or present within the lumen of
central vein. Many binucleated giant cells were also
noticed (Fig. 3e). Marked dilatation of portal vein and
proliferation of bile ductules with thickening of their
walls were also observed in the portal area (Fig. 3f).
2- Neonatal lung: (Figure 4. a-f):

The control lung tissue of newly born albino rat
(group 1) showed normal structures in the form of;
terminal bronchioles, dispersed air saccules and air
spaces separated by relatively thick mesenchymal
tissue of lung parenchyma. The air spaces showed
secondary crests projecting from their walls to form
saccules. The pulmonary vessels with thin walls were
seen associated with terminal bronchioles and
adjacent to air spaces (Fig. 4a). The terminal
bronchioles were lined with respiratory epithelium.
The mesenchymal tissue of lung parenchyma was
composed of numerous cells possessing darkly
stained nuclei (Fig. 4b).

By comparing with the control group, the neonatal
lung treated with DS (group 1) showed shrinkage of
lung tissue and the air spaces appeared markedly
decreased in size. The pulmonary blood vessels
nearby terminal bronchioles appeared markedly
dilated and congested (Fig. 4c). Other degenerative
changes to the treated lung tissues were in the form
of; extensive cytoplasmic vacuolations in
mesenchymal cells of lung parenchyma and within
the epithelium of terminal bronchioles, detachment
and disruption of epithelial lining of the terminal
bronchioles, edema and hemorrhage in mesenchymal
tissue and dispersed blood spots between the
mesenchymal tissues (Fig. 4d-4e). The congested
blood vessel next to bronchiole had also vacuolated
cells in its wall as well (Fig. 4f).

3- Neonatal heart: (Figure 5a-¢)

The control sections of the ventricular wall of
newly born rat heart (group 1) showed bundles of
longitudinal and transverse fibers of cardiac muscles.
The longitudinal bundles were composed of
elongated muscles fibers called cardiac myocytes or
cardiomyocytes (Fig.5a). The cardiomyocytes
exhibited striated eosinophilic cytoplasm and slightly
elongated central vesicular nuclei. Narrow connective
tissue (CT) spaces between the cardiac muscle fibers
showed few fibroblasts with flat nuclei and small
blood capillaries (Fig. 5b).
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However, the DS-treated neonatal rat heart (group
I11) when contrasted with control group of the same
age revealed massive degenerative changes. Between
the cardiac muscle fibers, extensive areas of
hemorrhage, extravasated hemorrhage and markedly
dilated and congested blood capillaries were seen.
Moreover, extensive cytoplasmic vacuolations with
nuclear pyknosis of cardiomyocytes and extracellular
edema in between were also clearly observed (Figs.
5c-5e).

I11- Immunohistochemical analysis:
1- TNF-o immunostaining for Maternal
organs:(Figure 6a-d):

Sections of control groups (I) showed faint TNF-
a reactions in the basal zone of placenta (6a) and in
the cytoplasm of hepatocytes (6b). However, the DS-
treated groups (I11) displayed wide areas of strong
positive TNF-a immune reactions (as brown
coloration) in the labyrinth and basal zones of
placenta (6¢) but moderate reaction in cytoplasm of
hepatocytes (6d) as compared with placenta.
2- TNF-a immunostaining for Neonatal organs
(Figure 7a-f):

Sections of neonatal control liver (7a), lung (7b)
and heart (7c) of groups (I) showed negative TNF-a
immune reactions. However, the DS-treated groups
(1) showing apparent patches of positive TNF-a
immune cytoplasmic reactions as (brown coloration)
in liver (7d), lung (7€) and heart (7f) tissues.

3- INOS immunostaining for maternal
organs:(Figure 8a-d):
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Sections of control groups (1) showed faint iNOS
expression in the basal zone of placenta (8a) and
negative reaction in the cytoplasm of hepatocytes
(8b). However, the DS-treated groups (111) displayed
strong positive iINOS immune expression (as yellow
brown coloration) in the labyrinth and basal zones of
placenta (8c) and in cytoplasm of hepatocytes (8d).
4- INOS immunostaining for neonatal organs
(Figure 9a-1):

Sections of neonatal control liver (9a), lung (9b)
of groups (I) showed negative iINOS immuno-
expressions but faint in heart (9c). However, the DS-
treated groups (I11) showed strong positive iNOS
immune cytoplasmic expressions (as yellow brown
coloration) in liver (9d) and in lung (9e) tissues but
mild positive expression appeared in heart tissue (9f)
as compared with other treated organs.

IVV- Morphometric and statistical analysis:

In all studied groups, the statistical results using
independent T-test, showed highly significant
increase in the mean values of area % of positive
TNF-o and iNos immuno-reactions (P<0.0001) in the
DS-treated groups (I11) as compared to their control
groups (). Moreover, the most affected organ in
mothers was the placenta (area % of TNF-a and iNOS
immunostaining = 6.9 + 0.60 and 14 + 3.3
respectively), while in neonates was the lung (area %
of TNF-a and iNOS immunostaining = 1.4 + 0.34 and
16 £ 2.4 respectively) if they compared with area %
of other treated organs (Tables 1 and 2) and (Bar
charts 1-10 in figures 6-9).

Table 1. Statistical assessment of mean values of area percentages of positive TNF-o, immuno-reaction among

control and SD- treated groups using independent T-test.

Placenta 0.58 £ 0.015
Maternal liver 0.083+£0.01
Neonatal liver 0.034 £ 0.027
Neonatal lung 0.060 + 0.042
Neonatal heart 0.040 £ 0.0070

6.9 +0.60 <0.0001***
1.3+0.10 11 <0.0001***
0.74 £ 0.091 25 <0.0001***
1.4+0.34 13 <0.0001***
0.88 = 0.055 50 <0.0001***

N=10 for each subgroup

***: Highly significant difference (P<0.0001) between control and DS treated group
Table 2. Statistical assessment of mean values of area percentages of positive iNOS immuno-reaction among

control and SD- treated groups using independent T-test.

Placenta 1.1+0.37
Maternal liver 0.046 + 0.018
Neonatal liver 0.080 + 0.047
Neonatal lung 0.094 + 0.062
Neonatal heart 0.17 £ 0.048

N=10 for each subgroup

14 £33 13 <0.0001***
10+ 3.6 9.5 <0.0001***
13+3.3 14 <0.0001***
16+£24 22 <0.0001***
1.9+0.20 28 <0.0001***

*** Highly significant difference (P<0.0001) between control and DS treated group
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Fig. [1.a-e]: Photomicrographs of sections of full-term maternal placentae of control albino rats. [a]: showing three
zones of placenta naming; decidua basalis (Db), basal zone (BZ) and labyrinth zone (LZ). (H&E x40) [b]: showing
the basal zone (BZ) containing glycogenic (gl), trophoblastic giant (Gt) and numerous numbers of
spongiotrophoblasts (St) cells. (H&E x100) [c]: The trophoblastic giant cells (Gt) lie above decidua basalis (Db)
and exhibit large nuclei (N) and prominent dense nucleoli (arrowheads) within the basal zone (BZ). Notice the
newly formed (gl) and newly developed glycogenic cells (*) are clearly seen. [d]: The glycogenic cells (gl) are
aggregated in islands. Small spongiotrophoblasts (St) cells appear basophilic and dispersed. [e]: The LZ contains
maternal sinusoids (ms), fetal capillaries (Fc) and trophoblastic cells (Tc) in between. Notice the fetal capillaries
(Fc) are lined by double endothelial layers (arrowheads). The trophoblastic cells (Tc¢) have small rounded densely
stained nuclei. (H&E c-e x400)

Fig. [1.f-j]: Photomicrographs of sections of full-term maternal placentae of DS-treated albino rats. [f-g]: showing
marked reduction of islands of glycogenic cells (gl) in the basal zone (BZ). Enormous coalescing cysts (C) contain
eosinophilic cellular debris (arrow) are seen in BZ. Single island of glycogenic cells (1g) is seen migrating to LZ.
The normal spongiotrophoblasts cells (St) are decreased in number and some of them appear small darkly stained
(arrowhead). The trophoblastic giant cells (Gt) appear small with shrinked or disintegrated nuclei (N). Notice dilated
and congested blood vessels (*) in BZ. Decidua basalis (Db) (H&E f: x100, g: x400) [h]: showing extensive
hemorrhage (H) with nearby ruptured blood vessels (BV) are seen in LZ. (H&E x40) [i-j]: showing vasodilatation
with congestion of both maternal sinusoids (ms) and fetal capillaries (Fc). Many numbers of trophoblastic cells (Tc)
appear degenerated in LZ. (H&E i: x100, j: x400)
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Fig. [2. a-e]: Photomicrographs of sections of maternal livers of control and SD-treated albino rats. [a-b]: sections of control
maternal rat liver. [a]: showing polygonal-shaped hepatocytes (H) organized in cords irradiant from a central vein (CV). The
hepatocytes (H) show central vesicular nuclei with small nucleoli (curved arrow). Narrow blood sinusoids (S) between the cords
are lined by thin flat endothelial cells (Thick arrow) (H&E x 400). [b]: showing portal vein (PV), hepatic artery (ha), bile
ductule (bd) and all are surrounded by thin connective tissue (arrow) (H&E x 400). [c-e]: Sections of maternal rat liver treated
with DS. [c]: showing dilatation and congestion of central vein (CV*) and some sinusoid (S*) with hyaline casts. The dilated
blood sinusoids (S) contain proliferated kupffer cells (arrows) (H&E x400). [d]: showing most of the hepatocytes (H) are
swollen and vacuolated. Some hepatocytes appear with large nucleoli within vesicular nuclei (curved arrow) or with pyknotic
nuclei (arrow). Notice dilated sinusoid (S) and central vein (CV) containing detached its epithelial lining are seen (arrowhead)
(H&E x 400). [e]: Portal vein (PV) has thick wall and markedly dilated, congested with blood cells. The bile ductules (bd) are
dilated and proliferated and surrounded by thick connective tissue (arrow) with few cellular infiltrations (IF). Two hepatic
arteries (ha) appear with thick wall (H&E x 100).

[ AZ ol Fa PV et
Fig. [3. a-f]: Photomicrographs of sections of neonatal livers of control and SD-treated PD1 albino rats. [a-b]:
Sections of control rat liver. [a]: showing central vein (CV) with normal endothelial lining (arrowhead), sinusoids
(S), hepatocytes (H) and hematopoietic cells (hp). [b]: showing portal vein (PV), hepatic artery (ha) and bile
ductules (Bd). [c-f]: Sections of newly born rat liver treated with DS. [c]: showing dilated, congested central veins
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(CV), extensive number of vacuolated hepatocytes (arrowheads) and areas of intercellular hemorrhage (arrow). [d]:
showing dilated central vein (CV) with distorted epithelial lining (arrowhead) and necrotic hepatocytes (zigzag
arrow). [e]: showing increased the number of hematopoietic cells (hp) forming blood (arrow). Notice some of them
(zigzag arrows) are present adjacent the dilated sinusoid (s) or within the lumen of central vein (CV). Many
binucleated giant cells (arrowheads) are seen. [f]: showing markedly dilated portal vein (PV). The bile ductules
(Bd) are seen upregulated. (H&E x 400).

Fig. [4.a-f]: Photomicrographs of sections of neonatal lungs of control and SD-treated PD1 albino rats. [a-b]:
Sections of control rat lung. [a]: showing terminal bronchioles (B), air spaces (As) and saccules (s). The air spaces
(As) appear with secondary crests (arrowheads) projecting from their walls. Relatively thick mesenchymal tissue
(M) of lung parenchyma is present in-between these structures. (H&E x100) [b]: The terminal bronchioles (B) are
lined with respiratory epithelium (arrowheads) with normal blood vessel (BV) is seen nearby it. The mesenchymal
tissue (M) shows numerous cells possessing darkly stained nuclei. (H&E x400) [c-f]: Sections of rat lung treated
with DS. [c]: Air spaces (As) appear markedly decreased in size. Markedly dilated and congested pulmonary blood
vessels (BV) adjacent to terminal bronchiole (B) are seen. (H&E x100) [d]: showing extensive cellular vacuolations
(thick arrows) of mesenchyme (M) and within the epithelium of terminal bronchioles (thin arrows). The epithelial
lining of the terminal bronchiole (B) is seen detached (arrowhead). (H&E x400) [e]: showing the terminal
bronchiole (B) surrounded by hemorrhagic (H) and edematous (*) mesenchyme. Notice disrupted bronchiolar
epithelium (arrows) and dispersed blood spots (arrowheads) between mesenchymal tissue. (H&E x400) [f]: The
congested blood vessel (BV) next to bronchiole (B) shows vacuolated cells (arrow) in its wall. (H&E x400)
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Fig. [5.a-f]: Photomicrographs of sections of neonatal hearts (ventricular wall) of control and SD-treated PD1 albino
rats. [a-b]: Sections of control rat heart. [a]: showing bundles of longitudinal (Lf) and transverse (Tf) fibers of
cardiac muscles (my). (H&E x100) [b]: showing cardiomyocytes (my) containing striated eosinophilic cytoplasm
and ovoid or slightly elongated central vesicular nuclei (arrowheads). Narrow CT spaces (curved arrow) between
muscle fibers contain few fibroblasts with flat nuclei (arrows) and small blood capillaries (zigzag arrow). (H&E
x400). [c-f]: Sections of rat heart treated with DS showing extensive areas of hemorrhage (H), extravasated
hemorrhage (eH), vasodilated and congested blood capillaries (bc) in between cardiomyocytes (my). Extensive
vacuolations (arrows) and nuclear pyknosis (arrowheads) of cardiomyocytes with extracellular edema (*) between
muscle fibers are also clearly observed. (H&E c,d x100 e,f x400)
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Fig. [6. a-d]: Photomicrographs of TNF-a immunostained sections of full-term maternal placentae and livers of
control and SD-treated albino rats. [a-b]: sections of control groups showing faint TNF-o. immune reaction in the
basal zone of placenta (a) and in the cytoplasm of hepatocytes (arrow) (b). However, [c-d]: sections of the DS
treated groups showing strong brown positive TNF-a immune reactions (arrows) in the labyrinth and basal zones
of placenta (c) and moderate reaction in cytoplasm of hepatocytes (arrow) (d). [TNF-e THC (placenta x100) and
(liverx400)]. Bar charts (1-2): showing statistical assessment of the mean values of area % of TNF-a expression
in placenta and maternal liver of control and treated groups as ***highly significant difference (P < 0.0001) as
compared with the same control group by using independent T-test. The values are presented as mean + SD.
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Fig. [7. a-f]: Photomicrographs of TNF-o. immunostained sections of neonatal livers, lungs and hearts of control and SD-treated
PD1 albino rats. [a-c]: Sections of control groups showing negative immune reactions in liver (a), lung (b) and heart (c) tissues.
However, [d-f]: Sections of the DS treated groups showing apparent patches of brown positive TNF-o. immune cytoplasmic
reactions in liver (d), lung (e) and heart (f) tissues (arrows). (TNF-a IHC x400). Bar charts (3-5): showing statistical
assessment of the mean values of area % of TNF-a expression in neonatal liver, lung and heart of control and treated groups as
***highly significant difference (P<0.0001) as compared with the same control group by using independent T-test. The values
are presented as mean + SD.
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Fig. [8. a-d]: Photomicrographs of iNOS immunostained sections of full-term maternal placentae and livers of control and SD-
treated albino rats. [a-b]: sections of control groups showing faint iNOS immune reaction (arrow) in the basal zone of placenta
(a) and negative reaction in hepatocytes (b). However, [c-d]: sections of the DS treated groups showing strong yellow brown
positive INOS immune reaction (arrows) in the labyrinth and basal zones of placenta (c) and in cytoplasm of hepatocytes (d).
[INOS IHC (placenta x100) and (liverx400)]. Bar charts (6,7): showing statistical assessment of the mean values of area %
of INOS expression in maternal placenta and liver of control and SD-treated groups as ***highly significant difference (P <
0.0001) as compared with their control groups by using independent T-test. The values are presented as mean + SD.
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Fig. [9. a-f]: Photomicrographs of iNOS immunostained sections of neonatal I|vers, lungs and hearts of control and SD-treated
PD1 albino rats. [a-c]: sections of control groups showing negative immune reactions in liver and lung but faint in heart tissue
(arrow). However, [d-f]: sections of the DS-treated groups showing strong yellow brown positive iNOS immune cytoplasmic
reactions in liver (d) and lung (e) tissues but mild positive reaction in heart (f) (arrows). (iNOS IHC x400). Bar charts (8-10):
showing statistical assessment of the mean values of area % of iINOS expression in neonatal liver, lung and heart of control and
SD-treated groups as ***highly significant difference (P < 0.0001) as compared with their control groups by using independent

T-test. The values are presented as mean * SD.
DISCUSSION

As analgesics, anti-inflammatories, and
antipyretics, NSAIDs are frequently used in the
treatment of a wide range of medical problems (23).
Diclofenac sodium (DS), which was employed in this
study, is an NSAID derivative and one of the
medicines routinely prescribed by obstetricians,
gynecologists, and orthopedists. (3). Despite the fact
that the medical community is aware of the dangers
of DS, most women are uninformed that NSAIDs are
not recommended during the first and third trimesters
of pregnancy. Furthermore, because many NSAIDs
are accessible over the counter, the general public has
a perception of safety. NSAIDs are commonly used
to treat common illnesses in women, such as
headaches, joint pain, and menstruation pain and so
these patients often remain use NSAID in pregnancy
(34). Furthermore, the United States Food and
Medicine Administration (US.FDA) has categorized
diclofenac as a pregnancy risk class C drug before 30
weeks of gestation and class D drug after 30 weeks
and recommended that it should be used with caution
during pregnancy(35). Consequently, DS was chosen
as a pharmacological agent in the current study.

The main objective of this study was to investigate
the prenatal impact of therapeutic dosage
administration (1.5 mg/Kg bw) of DS on architecture
of different developing organs of neonatal albino rats,
as well as maternal organs throughout the critical
period of gestation.

Unlike previous studies (5, 36) in which DS was
given from the early gestational period until the end
of pregnancy, we prefer to administer the drug during
the middle week of the gestational period only and not

until advanced gestational age. The most serious
period of organogenesis in rats is from 6% -15" days
of gestation for development of cardiovascular and
midline organs. This period is corresponding to 3-6
weeks post fertilization in human embryos. The
organs are tremendously susceptible to the influence of
the toxic materials in these periods (37).

The adverse effects of toxic doses of DS was
assessed by many studies, so the chosen dose of
diclofenac used in our study is nearly within the
human therapeutic dose and it matches to the No
Observed Adverse Effect Level (NOAEL) for
maternal and fetal toxicity (30). Specifically, to
report any possible teratogenic effects that may arise
as a result of common drug abuse, NSAIDs are not
recommended throughout the first and third
trimesters, but their use is on the increasing.

In this work, we used a low dose of the drug
(1.5 mg/Kg bw) to make in consideration the species
differences, as suggested by Yilmaz et al. (38) who
demonstrated considerable differences in pulmonary
metabolic activity between humans and rats, owing to
species and tissue dependent expression of drug
metabolizing enzymes.

Poor palatability of the treated diet or water will
result in a dose-related decrease in food or water
consumption and will have an impact on the test drug
intake (39), Therefore, In the current study we prefer
the intraperitoneal injection as the route of drug
administration.

NSAIDs may not be recognized as a safe
analgesic or antipyretic treatment in the advanced 2nd
trimester, according to the recent study (40). After
prenatal exposure to NSAIDs, fetal and neonatal
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deleterious effects on the brain, kidney, lung, bone,
gastrointestinal tract, and cardiovascular system have
been observed (4). In addition, Chan et al. (17)
revealed that DS had a direct teratogenic effect on rat
embryos developed in vitro from gestational day 9.5
to11.5, even at low concentrations.

It is necessary to investigate the harmful effects
of diclofenac on several mammalian cells in order to
establish its mode of action, mechanisms, and severe
toxic impacts, thereby aiding in the awareness against
this developing contaminant (41). To our knowledge,
there was no published works dealing with
histopathology of different organs of both mothers
and their offspring maternally treated with DS.

The placenta not only serves as a link between two
unique individual circulations (maternal and fetal)
and promoting normal fetal development and growth,
it also acts as a protective barrier for the fetus against
xenobiotics in the maternal circulation(42, 43).

The placental barrier permeability to the drug,
fetal gestational age are factors that influence
deleterious consequences in pregnancy (2). To some
extent, the placenta is selectively permeable.
Diclofenac is thought to be the most toxic member of
NSAIDs, can breach the placental barrier and pass
from mother to fetus during the first trimester of
pregnancy, causing fetal drug accumulation (4, 44).

The use of precise histopathological studies to
investigate the pathogenesis of placental toxicity is
thought to be a useful tool for understanding the
mechanism of teratogenicity and developmental
toxicity with embryo mortality (45).

The results of this study confirmed that pregnant
rats given therapeutic doses of DS, had severe
structural deterioration of the placenta. The lesions of
basal zone were in the form of massive cystic
degeneration of glycogen cells and decreased number
and necrosis of spongiotrophoblasts and trophoblastic
giant cells. Similar placental degenerative changes
were seen in previous literatures that used Diclofenac
Potassium (29).

Furukawa et al. (45) stated that the emergence
of widespread cytoplasmic vacuolation within
glycogen cells, followed by cytolysis and
amalgamation to form giant cysts filled with
homogenous acidophilus material and cell debris,
may explain the presence of enormous coalescing
cysts that indicated massive cystic degenerations of
glycogen cells in our current work.

On the other hand, The materno-embryonic gases
exchange and nutrition is thought to take place in the
labyrinth, according to previous investigation (46). In
the current study, necrosis of trophoblastic cells,
marked vasodilatation and congestion of maternal
sinusoids and fetal capillaries, ruptured capillaries
with extensive internal hemorrhage in the labyrinth
zone were clearly seen in the treated placenta. Similar
degenerative findings were also observed in other
previous studies (29, 43, 47). Furukawa et al. (45)
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revealed that trophoblasts in the fetal part of the
placenta have been discovered to be a common target
for chemical and pharmacological toxicity due to
their high proliferative activity. On the other hand, the
trophoblastic Giant cells are assumed to be progenitor
cells for highly differentiated trophoblasts, and their
degeneration causes trophoblast reduction, according
to these researchers (48).

The necrosis in the labyrinth and in maternal
decidua in the current study were also mentioned by
Omer et al. (43) who attributed this finding due to
poor maternal vascular circulation and low
utero/placental/fetal oxygenation. According also to
the study of Price et al. (34), who concluded that
taking NAIDs during the third trimester of pregnancy
can have negative consequences such as altering
uteroplacental blood flow.

The vascular congestion, ruptured capillaries
and extensive internal hemorrhage of the labyrinth
zone in our results indicated the breakdown of
placental blood barrier that separates the maternal
blood from fetal capillaries and so allowing the
maternal and fetal blood to mix. This finding was also
mentioned before by Hosseini et al. and Omer et al.
(43, 47) who claims that significant labyrinth
congestion indicates a malfunction within the
placental blood barrier, with consequent decrease of
nutrients reaching the fetal circulation.

The liver is an essential organ for detoxification in
the mammalian system that is essential for metabolic
activities, waste disposal, and purification. Because
the liver is the primary site for biotransformation and
detoxification, it is exposed to a large number of
harmful metabolites (41).

The current study revealed many signs of hepatic
structure deteriorations in both neonatal and adult
treated groups after maternal exposure to therapeutic
dose of DS. The lesions in maternal liver were in the
form of; dilatation and congestion of central veins and
blood sinusoids, proliferation of kupffer lining cells,
swelling, vacuolar degeneration and necrosis of
hepatocytes, marked dilatation and congestion of
portal vein, proliferation of bile ductules, thickening
of wall of portal vein, hepatic arteries and connective
tissue surrounding as well. Similar histopathological
changes in adult liver also observed in the previous
literatures (29, 49).

Although NSAIDs include a hepatotoxicity
warning, diclofenac and sulindac appear to be the
most usually linked to the condition (50). Moreover,
acute diclofenac exposure for 7 days induced
histological changes in the adult rat liver (51, 52).

In addition to the congestion and dilatation of the
central veins that observed in the neonatal treated
liver in this work, extensive cytoplasmic vacuolations
of hepatocytes, distorted epithelial lining of central
vein and increased number of hematopoietic (blood
forming) cells and binucleated giant cells were also
clearly recorded.
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Previous research has concluded that NSAIDs
should not be used because of the known risk of
fetotoxicity. NSAIDs can cause a premature closure
of fetal ductus arteriosus (DA) that leads to
respiratory problems, pulmonary hypertension, and
unwanted impacts on kidney function; this results in
oligohydramnios and neonatal anuria (13-15, 53).
With increasing gestational age, the risk of ductal
constriction and associated problems increases. In the
late third trimester, the ductus arteriosus is extremely
sensitive to prostaglandin inhibitors (54).

The most prominent consequence of DS could be
due to the constriction of the DA caused by DS, which
results in a reduction in the amount of oxygen-poor
blood reaching the liver tissue and possibly liver
parenchymal cell deterioration. As a result of the
restricted DA, pulmonary vascular resistance can
develop, leading to right ventricular dilation and
tricuspid insufficiency. Insufficiency of the right
ventricle impacts the liver, causing hyperemia and/or
congestion as a result of stasis. The inadequate
oxygenation of the liver causes dilated sinusoids,
degenerated hepatocytes and even death of
parenchymal cells (55).

On the hand, Diclofenac is reported to alter the
normal physiological metabolic activities of liver and
was implicated to hepatotoxicity due to the
production of reactive metabolites and reactive
oxygen species (ROS). Reactive metabolites of
diclofenac, such as DAG, 4-and 5-
hydroxydiclofenac, and 2,5-quinone imines,
contribute to the severity of toxicity (56), by creating
covalent modification of proteins that conjugate with
glutathione to form glutathione (GSH) adducts,
provoking immunological responses against these
protein adducts and alteration of cellular proteins
(57). The significance of these protein adducts in the
pathogenesis of DCF-related liver damage, however,
is unknown (58).

Regarding the DS effects on the fetal lung in this
work, the lung tissue showed features of acute
pulmonary inflammation in the form of shrinkage of
lung tissue, marked reduction of air spaces, extensive
cytoplasmic vacuolations in mesenchymal cells of
lung parenchyma and within the epithelium of
terminal bronchioles, edema and hemorrhage of
mesenchyme, dispersed blood spots between the
mesenchymal tissues and congestion of pulmonary
blood vessels. As demonstrated by (59) that acute
lung injury (ALI) and acute respiratory distress
syndrome (ARDS) are disorders characterized by
inflammation, deterioration of lung function, and
increased vascular permeability. It is the lung's
reaction to viral, inflammatory, and chemical insults,
as well as trauma. A major feature of ALI/ARDS is
the disruption of the blood-air barrier, which is
followed by inflammatory cell influx and edema
development.

Volume 29, Issue 2, March 2023, Page (566-582)

Xenobiotic metabolism in the lung, an organ of
initial entry for xenobiotics into the body, is critical
for inhaled substances entering this organ both
voluntarily (e.g. drugs) and accidentally (e.g.
pollutants). Furthermore, local metabolism by
enzymes that predominantly or mainly occur in the
lungs is critical for the beneficial or harmful effects
of xenobiotics that enter the body by pathways other
than breathing (60).

In the current study we chose intraperitoneal
injection as the drug's route of administration to avoid
the drug's hepatic first-pass metabolism before it
entered the systemic circulation. This is in accordance
with Yilmaz et al. (38) who stated that lungs are a
well-perfused organ that receives the whole cardiac
output. Consequently, all drugs given intravenously,
intramuscularly, subcutaneously, or topically pass
through the lungs before reaching the liver. Because
circulating molecules will be exposed to pulmonary
enzymes, pulmonary first pass may be important for
drugs given through these routes and this may explain
in this study why statistically, the most affected organ
in neonates was the lung if compared with other
treated organs.

The fetal toxicity was explained by prostaglandin
suppression by NSAIDs, as prostaglandins produced
in various tissues and membranes played a critical
role in embryonic development (61). Therefore,
prostaglandins (PGE2) plays significant roles in the
lung and supports lung microvascular integrity.
Therefore, PGE2 could be the epithelium-derived,
barrier-promoting mediator (62). Prostaglandins
(PGE2) are metabolites of arachidonic acid that act
by binding to four distinct G protein coupled
receptors (EP1-EP4) with tissue-specific distribution.
It enhances the barrier function of human and mouse
pulmonary microvascular endothelial cells via EP4
receptor activation and diminished the barrier
disruption induced by lipopolysaccharide (LPS)-
induced acute lung injury (63). Furthermore, under
basic conditions, primary mouse alveolar epithelial
cells type | (ATI) cells released large levels of PGE2.
Release of PGE2 was noticeably diminished by
Diclofenac administration (59).

Additionally, the most prominent features of
histopathological examination of lung tissue in the
current study were hemorrhage, congestion and
edema which are in accordance with and can be
explained by Siu and Lee (15) who found that early
closure of the DA after short-term maternal exposure
to DS caused severe pulmonary hypertension and
transient hypertrophic cardiomyopathy on the right
side of the heart in neonatal rats.

On contrast to the results of current study, there
was no apparent change in lung histological
examination between the control and DS-treated
prenatal groups in previous study (36). This
discrepancy could be due to the various measures
used in the DS -treated group, which the drug was
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given by IP injection between days 5 and 19
gestational age of pregnancy. While the time of
sacrifice was at postnatal weeks 4 and 20 (12 pups).
Consequently the prolonged discontinuation of the
drug can cause recovery as demonstrated by Ueda et
al. (64) who hypothesized that DS-induced
pneumonitis would resolve quickly if the diclofenac
was stopped.

According to neonatal cardiomyocytes of the
ventricular ~ wall  treated with DS, the
histopathological results in the current study revealed
massive degenerative changes including extensive
cytoplasmic vacuolations and nuclear pyknosis of
cardiomyocytes with extracellular edema in between.
These results were in agreement with Gevrek et al.
(5) as they reported more extracellular matrix and
weaker muscle fibers. Ghosh et al. (65) also
suggested that pharmacological levels of diclofenac
in diclofenac treated heart mice caused cardiac cell
death in neonatal cardiomyocytes with cardiac
dysfunction.

The results suggested that diclofenac may exert its
effect on cardiac cells was by inhibiting
mitochondrial C-111 activity which leads to excessive
ROS generation (65). Moreover, it could prevent
several mechanisms, such as phospholipase C
enzyme activation, ion transport, mitochondrial
oxidative phosphorylation, and cell interaction (66).

The marked congestion of blood vessels and
extravasated hemorrhage which have reported in
neonatal heart in our results, can be explained by
previous studies reported that DS  has some
important, specific, and adverse effects on the ductus
arteriosus (DA), the most important being the
contraction of the fetal DA (67). Narrowing or closure
of fetal DA was described in 33 human fetuses in the
2nd trimester (40). The most prominent effect
contraction of the fetal DA may result in negative
events such as escape back to the tricuspid
encountering marked congestion of blood vessels and
rupture of blood capillaries revealing the presence of
the extensive areas of hemorrhage, right sided
ventricular heart failure, and shunting between the
atriums in the heart.

From the previous discussion, our results
concluded that, by prenatal administration of
therapeutic dose of DS, there were significant
histopathological changes in all DS-treated groups of
both mothers and their neonates.

Moreover, in the current study, the statistical
results showed highly significant increase in the mean
values of area percentages of positive TNF-o and
iINOS immuno-reactions (P <0.0001) within the DS-
treated groups when compared to their control groups
in all studied groups.

Among the three types of NSAIDs, diclofenac is
regarded to be the most potent non-selective COX
inhibitor among NSAIDs, capable of increasing
expression of the key proinflammatory cytokine;
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tumor necrosis factor-o (TNF-a). As a result, the

degree of COX inhibition is correlated with rising of

TNF-a levels (24, 68, 69) and so may worsen the

proinflammatory environment both inside the

rheumatoid arthritis joint and across the body (70). In
addition, TNF-a is the key factor in the pathogenesis
of indomethacin-induced small intestinal damage and
it may be a potential target for treating NSAID-

induced small intestine injury (71).

Furthermore, TNF-o stimulates the activation of
NF-xB in the epithelial cells with the production of
different inflammatory chemokines consequently,
recruitment of the different immune cells initiating an
inflammatory response (72).

On the other hand, the INOS generates enormous
amounts of a free radical gas known as nitric oxide
(NO). upon stimulation by excess proinflammatory
cytokines e.g. TNF-a and Interferon gamma. In
pathological circumstances, iNOS is considered a
detrimental enzyme and is thought to be a key
contributor to cardiovascular disorders such as
atherosclerosis (73, 74). Induction of the high-output
iNOS usually occurs in an oxidative environment,
and thus large amounts of NO have the chance to react
with superoxide Oy (precursor of most reactive
oxygen species (ROS), leading to peroxynitrite
production and cell toxicity (75). Moreover, NO is a
potent smooth relaxant, which can be produced from
iNOS by the induction of TNF-a (76).

From our finding result and from previous
literatures, the oxidative stress in addition to TNF-a
release are the key mechanisms of DS-induced organ
harm in both maternal and neonatal organs.

CONCLUSION

The current investigation found that giving
therapeutic doses of DS during the period of
organogenesis caused significant histopathological
alterations in both maternal and newborn organs, as
well as enhancing the inflammatory response by up-
regulation of pro-inflammatory markers linked to
oxidative stress.
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