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ABSTRACT

Di-Ethylhexyl phthalate (DEHP) is a global environmental pollutant. Human exposure to
DEHP occurs through environmental sources. Community exposure (food, air, water), as well as
medical settings’ exposure, impose crucial effects on human health. DEHP had been reported to
have cytotoxic, immunotoxic, genotoxic, and reproductive toxic properties. This work aims to
assess the possible toxic effects of DEHP on adult albino rats' lungs and to evaluate the possible
protective effects of N-acetylcysteine (NAC) using bodyweight and relative lung weight
parameters. Assessment of DHEP toxicity is measured by biochemical, histopathological, and
immunohistochemical methods. Fifty male adult albino rats were divided into five equal groups
as follows: Group I (Negative control group), Group II (Positive control group), Group III
(NAC-treated group): was given NAC orally (200 mg/kg/day), Group IV (DEHP-treated group):
was given DEHP orally (3gm/kg once daily for 4 weeks) and Group V: (DEHP + NAC-treated
group): was treated with DEHP concomitantly with NAC at the same previous doses. The results
of the present study revealed that DEHP has significantly increased the lipid peroxidation level
and significantly reduced glutathione content (GSH), superoxide dismutase (SOD) activity, and
catalase activity. The histological results of group IV showed inflammatory cellular infiltration
of the lungs associated with interstitial edema, hemorrhage, and inter-alveolar septal thickening
that were markedly reduced in group V. Also, group V, showed a significant decrease in the
collagen fibers accumulation and caspase-3 expression as compared to group IV. Conclusion:
treatment with NAC can protect against DEHP induced pulmonary toxicity in rats by decreasing
oxidative stress, inflammation, and apoptosis.
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INTRODUCTION

Di-Ethylhexyl phthalate (DEHP) is a
diester of phthalic acid (PAE) that is used
globally, as a plasticizer to improve the
flexibility and elasticity of plastics. DEHP is
used in several polyvinyl chlorides (PVC)
products such as plastic sheets, wire
coverings, artificial leather, agricultural
vinyl films, adhesive agents, and medical
products (JCIA, 2018).

Di-Ethylhexyl phthalate is a viscous,
colorless substance that is soluble in
lipophilic liquids. It can easily diffuse and
accumulate in the environment under high
temperatures  or  through  contacting
hydrophobic substances. However, little
DEHP can be detected in the air because it
does not evaporate easily (JCIA, 2018 and
Rowdhwal & Chen 2018). Over 470
million pounds of PAE are manufactured
annually throughout the world, and they
exist in many consumer products such as
food packaging materials, construction
materials,  children's  toys, = medical
equipment, and other products (MuczynskKi
et al., 2012; Bernard et al., 2014).

Di-Ethylhexyl phthalates are bound to the
polymer they are associated with by non-
covalent bonds. This allows for leaching of
these compounds to occur leading to
increased risk of environmental pollution
and eventually adverse effects on human
health (Junaid et al., 2018).
In living organisms, DEHP is metabolized to
mono-Ethylhexyl phthalate (MEHP), by
glucuronidation as well as by the lipases’
action. MEHP can be further degraded to
phthalic acid and other metabolites and it
represents around 12 % of DEHP
metabolism that is recognized as the key
metabolite (Ticker et al., 2001).

Different ways of human exposure to
DEHP are reported such as inhalation, oral
ingestion, and  dermal exposure. Orally
ingested DEHP is mainly absorbed through
the intestinal mucosa into the blood and
consequently, it can reach the lungs (Engel
and Wolff, 2013).

Di-Ethylhexyl phthalate or its metabolites
have been demonstrated to induce various
negative health effects in the liver, genital
tract, kidneys, lungs, and heart. DEHP
appears to produce a relatively low risk of
cancer liver in humans. So, the possibility of
developing DEHP related malignancies in
humans cannot be excluded (Ticker et al.,
2001).

An estimation of the exposure dose of
DEHP that is taken by inhalation is about
2.5 mg/kg/day for newborns and children.
As regards to the adults, the estimated dose
isabout 0.14- 95 mg/kg/day
(Sathyanarayana, 2008).

Many epidemiological studies have
discussed the association between phthalates
exposure and respiratory symptoms in both
residential and occupational environments
(Hoppin et al., 2013). Researches have
discussed the possible relationship and
mechanisms of respiratory diseases such as
asthma and allergy among plastic industry
workers and the children exposed to
phthalates and PVC (Jaakkola and Knight,
2008).

The parent compound (DEHP) and its
metabolites induce hazardous effects in the
airways of neonatal rats, particularly in the
alveoli. Multiple effects have been noted
such as alveolar simplification where the
alveoli become larger but fewer in numbers
with  decreased  septation,  impaired
alveolarization process, and a decrease in
the levels of the surfactant protein. Such
effects suggest that the lung and the alveolar

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 21(2), June 2021



Farag et al.

91

epithelium could be target sites for phthalate
toxicity (Rosicarelli and Stefanini, 2009).

Superoxide dismutase (SOD), -catalase
(CAT), and glutathione-dependent enzymes
(GSH) represent an antioxidant defense
system that can control the reactive oxygen
species (ROS) levels in the tissues (Eren et
al., 2007; Arikan et al., 2010). One of the
lung principal enzymes responsible for
catalyzing the dismutation of O2 to H2O; is
SOD. H202 is further broken down by
either the GSH redox cycle or by CAT
enzymes (Beers, 2008).

An imbalance between the production and
degradation of ROS in tissues leads to
oxidative stress phenomena. These ROS-
induced tissue injuries are characterized by
oxidative damage of the DNA, lipids, and
proteins. Malondialdehyde (MDA) is known
to be an indicator of oxidative stress as it is
produced during tissues’ lipid peroxidation
(Laskin et al., 2010).

Studies done on aquatic organisms have
shown that exposure to DEHP results in
lipid peroxidation as well as to changes in
the activities of the enzymatic antioxidant
(Yuan et al., 2017).

N-Acetylcysteine (NAC) is
characterized by being an inexpensive and
commonly used drug. It is the precursor of
the amino acid L-cysteine (Mokhtari et al.,
2016). NAC metabolites are good sources of
sulthydryl groups which stimulate GSH
production to enhance detoxification and to
directly act as a scavenger of the free
radicals (Saha et al.,, 2013). It has a
powerful antioxidant activity and it is one of
the suggested alternatives for treating
diseases associated with the generation of
ROS (Shahin et al., 2009).

In light of the above-mentioned
background, this work aims to assess the
toxic effects of DEHP on adult albino rat’s
lung and the possible protective effect of
NAC against its toxicity (biochemical,
histological, and immunohistochemical
study).

MATERIAL AND METHODS

A- Chemicals:

Di-Ethylhexyl phthalate (DEHP) is
provided in a liquid state of purity +99 %
(The CAS number 117 -81-7), Corn oil is
also a liquid of purity £99% (The CAS
number 8001-30-7), and N-acetylcysteine
(NAC) as a powder (CAS number 616-91-1)
were obtained from Sigma-Aldrich (USA).
The assay kits used for biochemical
measurements of lipid peroxidation and
antioxidants markers in the lung tissue were
purchased from BioDiagnostics Company
(Dokki, Giza, Egypt) (CAS number 324-24-
2). Whereas, the assay kit used for protein
estimation in the supernatants was obtained
from Thermo Scientific (Rockford, Illinois,
USA).

B- Experimental design and animal
grouping:

Fifty adult male Wistar albino rats,
weighing between 180-200g and their age
ranges between 90-120 days old at the
beginning of the experiment were included
in this study. Rats were purchased from the
animal house at the Faculty of Veterinary
Medicine, Benha University (Egypt). Rats
were allowed for adaptation (1week before
the experiment) at the Anatomy Department,
Faculty of Medicine, Benha University, to
ascertain their physical wellbeing, and to
exclude any diseased animal. The rats were
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housed in separate fairly ventilated cages (5-
rat per cage). All rats were receiving the
same diet (wheat, bread & milk) with tap
water ad libitum, and were housed under
standard conditions of temperature (25 +
2°C), humidity (50 = 5%), and 12-hour
dark/light cycles. The time of the DEHP
administration was fixed for all the animals
(12:00 PM). The study design was accepted
by the Committee of Animal Research
Ethics of the Faculty of Medicine, Benha
University, Egypt.

Rats were randomly divided into five groups
(10 rats /each group) as follows:

Group (I) negative control group:

This group is left without intervention to
measure the basic parameters, with free
access to food and water for 4 weeks.

Group (II) positive control (corn oil-treated)

group:
Each rat received 1 ml/ day of corn oil by
oral gavage for 4 weeks according to Takai
et al. (2009).

Group (IIT) NAC treated group:

NAC was dissolved in distilled water and
the rats received NAC in a daily oral dose of
200 mg/kg bodyweight  for 4 weeks
(Maheswari et al., 2014).

Group (1V) DEHP treated group:

DEHP was dissolved in corn oil and given to
the rats by oral gavage at a dose of 3gm/kg
once daily for 4 weeks according to Takai et
al. (2009).

Group (V) DEHP + NAC treated group:
Rats received combined treatment of both
DEHP and NAC at the same previously
mentioned doses and route of administration
for 4 weeks.

Before each administration, both drugs
were freshly prepared by dissolving DEHP
in corn oil (used in many types of research
as a delivery vehicle for fat-soluble
compounds including toxins) and NAC in
distilled water to acquire the prerequisite
drug level in one ml solution. All Animals
were kept fasting for 4 hours, weighed
before gavage, and received their respective
substance dosage once daily for 4
consecutive weeks. The doses were
calculated according to animals' daily
weights.

Lungs sampling:

Twenty-four hours after the last dose of
each drug is given for each group and under
ether inhalation anesthesia animals’ weight
was taken and they were subjected to
thoracotomy incision to collect their lungs
and then all the animals were sacrificed by
cervical dislocation. The right lungs were
perfused gently with 10 ml of 0.9% saline to
remove the blood, and then they were cut
into pieces and put in Eppendorf tubes for
biochemical analyses. The Eppendorf tubes
were stored in the deep freezer at -80°C. The
left lungs were fixed in 10% formalin for
histopathological and
immunohistochemically studies (Morton
and Snider, 2017).

C) Biochemical analysis

Biochemical analysis was done to test
for the lipid peroxidation marker (MDA)
and the antioxidants (GSH, CAT, and SOD)
in the lung tissues.
Mortar and pestle were used to
homogenize100 mg of the rats’ lung tissues
in 2 mL of an ice-cold buffer (50 mmol/L
potassium KPO4, pH 7.5, 1 mmol/L EDTA).
Then, centrifugation of the homogenized
lung tissue was done at 4 °C for 15 min. The
supernatant was stored at —20 °C until being
analyzed for oxidant/antioxidant
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markers of oxidative stress. The supernatant
concentrations of (MDA), reduced
glutathione (GSH), (SOD) (Nemmar et al.,
2013), and (CAT) activity (Nabavi et al.,
2012; Nemmar et al., 2015) were evaluated
using colorimetric assays according to the
details given in each kit’s instructions.

D) Western Blot Analysis

Western blotting was used to measure
protein expressions for cleaved caspase-3 in
the lung tissues. Lung tissue was first frozen
with liquid nitrogen at —80°C. Then the lung
tissue was washed with salt. This step is
followed by homogenization of the lung
tissues by using a lysis buffer (pH 7.4) that
contains (300mM) KCI, (140mM) NaCl,
(10mM) trizma base, (ImM) EDTA, sodium
deoxycholate 0.5 g/100ml distilled water,
protease, Triton X-1000.5/100ml distilled
water and phosphatase inhibitor. Then lung
homogenate was centrifuged at 4°C for
15min. The supernatants were collected and
the Pierce bicinchoninic acid protein assay
kit was used for protein estimation. The
cleaved caspase-3 level was estimated by
using a sample of (80 pg) protein that was
separated by 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. Then it
was probed with the rabbit monoclonal
cleaved caspase-3 antibody (1:250 dilutions,
Cell Signaling Technology) at 4°C overnight
(Koch et al., 2015).

E) Histological study

Neutral buffered formalin (10%) was
used to fix the left lung lobes, and then they
were sliced into transverse sections that
were embedded in paraffin. For light
microscopic evaluation, the tissue specimens
were prepared as 5-um-thick sections and
stained with hematoxylin and eosin (H&E).
The following factors were assessed
(pneumocyte hyperplasia, alveolar septa

Thickening and  inflammatory  cells
infiltration) by using the semi-quantitative
method.

A graded scale of 0- 4 was used to measure
the level of damage. According to the scale,
grade 0 = no damage, grade 1 = very low
level of damage, grade 2 = mild damage,
grade 3 = moderate damage and grade 4 =
severe damage. Sirius Red stain was also
done for observation of the collagen fibers
(Bancroft and Layton, 2013).

F) Immunohistochemical method for
detection of caspase-3:

The immunohistochemical assay of

caspase-3 protein (anti-apoptotic factor) was
done for sections of 4 pm thickness
(Ummanni et al., 2010). Polyclonal rabbit
antibodies were used to detect caspase-3 by
using the avidin-biotin-peroxidase system.
The kit was purchased from sigma
laboratories (Novacastra™ laboratories Ltd.,
UK) (CAS number AB2302).
The kit contains (6 ml) normal rabbit serum-
like protein blocking reagent, (0.3 ml)
avidin, (5 ml) of Poly L- lysine solution as a
tissue adhesive,(0.3 ml) biotinylated rabbit
anti-mouse secondary antibody, and (2 ml)
hydrogen peroxide (H202) with(15) foil-
wrapped diaminobenzidine (DAB).

To ensure good adhesion, paraffin
sections were mounted overnight on the
glass slides and incubated at 65°c. Sections
in  xylene were deparaffinated, then
rehydrated in low alcohol levels, and
subsequently immersed in 3% H.O2 in
methanol for 10 minutes to block the
endogenous peroxidase activity. This was
followed by washing with phosphate buffer
saline (PBS).

To reduce non-specific binding, normal
serum (10 %) was added for 30 minutes.
Then, overnight application of the primary
antibodies was followed by washing with
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PBS. Sections were coated for 30 minutes
with biotinylated secondary anti-mouse
antibody and washed in PBS afterward. For
30 minutes, Avidin-biotin reagent was
applied then washed with PBS. DAB was
mixed for 5 min, as a chromogen and
washed with distilled water followed by
Mayer's Hematoxylin as a counterstain.
Human tonsil (obtained from the pathology
department in our institution) served as a
positive  control  according to  the
Manufacturer Company. Hematoxylin is
used as a counterstain (Zhao et al., 2015).
The same steps are done to prepare the
negative control slides, except that the
antibody diluent was incubated instead of
the primary antibody. A positive reaction for
caspase-3 is demonstrated in the form of
brown nuclear staining (Xia and Xue,
2012).

G) Morphometric study:

It was done by using a computer system
(image analyzer) available at the
morphometric unit in the Histology
Department, Faculty of Medicine, Cairo
University.  Image-Pro  Plus  program
(version 6.0; Media Cybernetics Inc.,
Bethesda, Maryland, USA). Ten high-power
fields (400X) were measured from sections
of all the groups and their mean was taken.
Statistical analysis was performed using
Windows IBM SPSS statistics software
(version 20; IBM Corp., Armonk, New
York, USA). It determines the following (a-
Area percentage of the stained collagen
fibers per high power field. b- Area
percentage for the distribution of the
immune histochemical stains for caspase)
(Weibel et al., 2007).

H) Statistical analysis:

The provided data were analyzed by
using the SPSS software version 20 (SPSS
Inc, Chicago, ILL Company). Continuous

data were analyzed for normality by using
the Shapiro-Wilks test, assuming normality
at P>0.05. To test the differences between
groups, the ANOVA test was used (F test)
for normally distributed variables or the
Kruskal Wallis test for nonparametric ones.
Significant ANOVA or Kruskal was
followed by post hoc multiple comparisons
using Bonferroni tests to determine the
significant pairs. Data were illustrated as bar
charts with standard error bars on the excel
sheet. P <0.05 was considered significant
(Souza et al., 2006).

RESULTS

A-Weight of the body and lung organ:

This study revealed a non-significant
(p >0.05) difference between all rat groups
as regard to their body weight in comparison
to the control groups and the NAC-treated
group before treatment [df (4, 45), F
ratio=0.55] and after the 1% [df (4, 45), F
ratio=0.57] and the 2" weeks of treatment,
but a highly significant (p <0.001) decrease
in the mean values of the bodyweight of
DEHP-treated group was detected after the
3" and the 4" weeks of treatment and also a
highly significant (p <0.001) decrease in the
mean values of body weight of DEHP-
treated group was detected in comparison to
DEHP + NAC treated group after the 4™
weeks of treatment. Also, DEHP+ NAC
treated group showed a highly significant (p
<0.001) decrease in the mean values of the
body weight in comparison to the control
groups after the 4th week of treatment as
illustrated in fig. 1.

The current work showed a significant (p
<0.006) reduction in the mean values of
relative lung weights of the DEHP-treated
group in comparison to the control groups at
the end of the experiment as shown in fig. 2.
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Fig. (1): The effect of DEHP exposure on the rats’ weight as compared to that of
the other groups over the study period
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B-Lung biochemical oxidant finding (fig.
3):

Malondialdehyde (MDA) level

Group (IV) DEHP-treated rats showed
a highly significant increase (P<0.001) in the
MDA level of lung homogenates as
compared to both groups | and Il (negative
and positive control groups).
In group (V) DEHP + NAC treated rats,
there was a highly significant reduction in
the elevated level of lipid peroxidation
marker (MDA) in the lung as compared to
group (V).
GSH content

The GSH level in the lungs of the rats
treated with DEHP showed a highly
significant reduction as compared to its level
in the rats of the two control groups
(P<0.001). Concomitant administration of
NAC with DEHP treatment showed a highly
significant elevation in the lung GSH level
(P<0.001).
CAT activity

The CAT activity in the lung
homogenates of DEHP-treated rats was
highly significant (P<0.001) lower than that
of both control groups.

In the lung homogenates of DEHP + NAC
treated rats, highly significant improved
CAT activity was detected as compared to
the control groups (P<0.001).

SOD activity

The SOD activity in the lung
homogenates of DEHP-treated rats was
highly significant (P<0.001) lower than that
of both control groups. In the lung
homogenates of DEHP + NAC treated
group, the SOD activity was highly
significant elevated than those of the DEHP
—treated group (P<0.001).

C- Western Blot Analysis for the
Detection of Caspase-3:

The effect of DEHP administration on
the apoptotic marker cleaved caspase-3 is
demonstrated as a significant increase of
cleaved caspase-3 as compared with control
groups (P < 0.05). Concomitant
administration of NAC with DEHP showed
a highly significant reduction in the cleaved
caspase -3 level in the rats’ lungs (P<0.001)
as in Fig.4.
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Fig. (3): Alteration of the lipid peroxidation markers in the lung tissue of all the
studied groups (expressed as MDA level, GSH content, CAT, and SOD
activities).
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Fig. (4): A & B: Western blot analysis of cleaved caspase-3 protein and graphic
representation of cleaved caspase-3 protein levels in the lung tissues of the control groups as
well as DEHP and NAC -treated groups.

Egypt J. Forensic Sci. Appli. Toxicol. Vol 21(2), June 2021



Farag et al.

98

D- Histological & Immunohistochemical
results:

4+ H&E results

Examination of the lung sections of the

control rats’ groups showed normal lung
structure with bronchioles and blood vessels
in between the lung alveoli that have thin
inter-alveolar septa (Fig. 5 A&B). The lung
alveoli of group IV (DEHP- treated group)
showed thick inter-alveolar septa with
inflammatory ~ cells infiltration  and
extravasated red blood cells (Fig. 5 C&D).
Sections of DEHP-treated rats receiving
NAC showed thin interalveolar septa with
less cellular infiltration and less extravasated
RBCs in comparison to DEHP- treated
group (Fig. 5 E&F).

= Sirius red stain results:
Sections of the control groups revealed
fine thin collagen fibers in between the

alveoli (Fig. 6A). In the DEHP-treated
group (group 1V), thick bronchioles and
thick interalveolar septa with condensed
collagen fibers in between them were
detected (Fig. 6 B&C).

In lung sections of rats treated with
DEHP+NAC (group V) apparent decrease in
the collagen fibers between the alveoli of
bronchioles was detected when compared
with group 1V (fig.6 D).
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Fig. (5): A) A photomicrograph of a section of a control rat’s lung showed many alveoli
with thin alveolar walls (arrow). Notice the blood capillary in between alveoli "V". B) A
photomicrograph of a section of a control rat’s lung showed many alveoli with thin
alveolar cells; pneumocyte type | with their flattened nuclei (black arrow) and
pneumocytes type Il with rounded nuclei (*). Notice the part of a bronchiole "B" and
alveolar duct "A". C&D) Photomicrographs of a section of lung treated rats by DEHP
(Group 1V) showed areas of inflammatory cell infiltration (*), vascular congestion V",
collapsed alveoli "C" and thickened interalveolar septae (arrow), dilated pulmonary blood
vessel "V" and inflammatory cells infiltration (*). There is a fragmentation of the
surrounding bronchial muscle layer (arrow). E&F) Photomicrographs of a section of lung
of treated rats by DEHP+NAC (Group V) showed numerous alveoli "A" with a thin
alveolar wall. Notice the part of a bronchiole lined by ciliated columnar epithelium
(arrow) and dilated congested blood vessels "V". (A&B and E) H&E,x 200 (C&D and F)
H&E,x 400.
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Fig. (6): A) A photomicrograph of a section of a control rat’s lung showed alveoli with
the presence of a minimal amount of collagen fibers (continuous reddish-brown) in the
interalveolar septa (arrow 1) and around bronchiole (*). Sirius red, x 400.

B&C) photomicrographs of a section of lung of treated rats by DEHP (Group 1V) showed
areas of extensive accumulation of collagen fibers around bronchioles "B" within the
interalveolar septa (arrow 7). Notice the congested blood vessels "V". Sirius red, (B) x

100 and (C) x 400.

D) A photomicrograph of a section of a lung of DEHP+NAC-treated rat (Group V)
showed mild to moderate accumulation of collagen fibers around the alveoli (arrow?t),
and around the bronchioles "B". Sirius red, x 400

= Immunohistochemical results:

Immunostained sections of control
groups revealed negative (caspase-3)
immunostaining of interalveolar septa
(Fig.7A), while, group 1V showed strong

positive  caspase-3  immunostaining
(Fig.7B). Sections of DEHP rats
receiving NAC (group V) showed
apparently decreased caspase-3
immunostaining (Fig.7 C).

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 21(2), June 2021



Farag et al. 101

Y Y

3 .Jol U--l& %\E ~“:’%:¢' .
8?“0& , afp ' o
X ; ’ N g:\ ‘ ‘

% ~
¢ 7 & _. L
Fig. (7): A) A photomicrograph of a section of a control rat’s lung showed few negative
caspase-3 immunoreactivities within the nuclei of the alveolar lining cells (arrow?). B) A
photomicrograph of a section of the lung of DEHP -treated rat (Group 1V) showed moderate
positive caspase -3 immunoreactivity within the nuclei of the alveolar lining cells and the
nuclei of the bronchiolar epithelium (arrows?). C) A Photomicrograph of a section of a lung
of DEHP+NAC treated rat (Group V) showed mild positive caspase-3 immunoreactivity

within the nuclei of the alveolar lining cells (arrows?). [Immunostaining for caspase-3 X400].
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#+ Morphometric results: fibers in the DEHP-treated group
-The alveolar septal wall compared with the control groups (P <
thickness: (fig. 8) 0.001) and a highly significant decrease

There was a highly significant increase in the mean area percentage of collagen
(P< 0.001) in the alveolar septal wall fibers in DEHP+NAC treated group
thickness after DEHP administration as when compared with the DEHP-treated
compared to control groups. The group (P < 0.001).
decrease in the alveolar wall thickness -The caspase-3 (fig .8)
after receiving NAC was highly The mean area percentage of caspase-
significant as compared to the DEHP- 3positive immune-staining was markedly
treated group (P < 0.001). increased in the DEHP-treated group as

-The collagen fibers (fig .8) compared with the control groups and
There were highly significant differences this increase was highly significant (P <
in the mean area percentage of collagen 0.001).
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Fig. (8): Morphometric study of septal alveolar wall thickness (um), the mean area percentage of
collagen fibers, and mean area percentage of caspase-3 in different studied groups.
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DISCUSSION

DEHP a common type of phthalate
plasticizer has become a  major
environmental toxic hazard to human health
(Fakher et al., 2018).

The plasticizer DEHP is commonly
used in the production of plastic products
due to its fluidity and stability. DEHP is
abundant in the environment despite being
banned by the European Union and the
United States and is considered an emerging
pollutant (Gavrilescu et al., 2015; Net et
al., 2015).

Most of the researches conducted on
DEHP over the past few decades had been
investigating its harmful role in reproduction

and tumor genesis (Voss et al., 2005).
Furthermore, DEHP can cause an
inflammatory response in several cell types
(Larsen et al., 2007; Nishioka et al., 2012).

The present study revealed that the
mean values of the body weight in DEHP
treated rats are decreased as compared to the
other groups, which were a non-significant
reduction after the 1%t & 2" weeks, and it
became highly significant after the 3 & 4™
weeks of treatment. Furthermore, it was
found that NAC supplementation is partially
protective.

A study conducted by Liu et al., 2014
showed that; at the end of the 1% week of
DEHP oral exposure at a dose of 1000 or
3000 mg/kg, there was a non-significant
difference in the mean body weights of rats
but after two and three weeks, the weights of
rats treated with DEHP were significantly
reduced, and at the end of 4" week the mean
body weights of DEHP treated rats were
significantly decreased as compared to the
control rats.

Another study found that the
administration of 1000 mg/kg of DEHP to
rats by oral gavage results in a significant
decrease in the body weights after 10 days

of DEHP exposure (Erkekoglu et al,
2014).

At the end of the experiment, the
relative lung weight is found to be
significantly decreased in DEHP -treated
group as compared to the control and NAC-
treated groups.

This was in concordance with the
study of Gray et al. (1977) who found that
the absolute weights of most organs in the
rats given DEHP were lower than those of
the controls. In another study by David et al.
(2000) the relative lung weights were found
to be significantly higher for the 2500- and
12,500-ppm male rat groups than for the
controls.

Bodyweight is an important non-
specific indicator that fully reflects
substance toxicity and can be used to assess
the DEHP effect on rat growth status. DEHP
exposure has been recorded to be able to
reduce body weight gain by interfering with
fat metabolism and synthesis (ltsuki-
Yoneda et al., 2007). The present study
confirmed that DEHP- treated group showed
a highly significant increase in the (MDA)
level of the lung homogenates as compared
to the control groups but in the
(DEHP+NAC) treated group, there was a
highly significant reduction in its level.
Also, there was a significant decrease in the
GSH content, SOD, and CAT in the DEHP -
treated group in comparison to that of the
other groups.

It is well known that when the
amounts of ROS exceed the capacity of
endogenous antioxidants, oxidative distress
is activated and the cellular antioxidant state
is altered. Oxidative stress manifestation
includes cell and mitochondrial membrane
lipid peroxidation, ATP depletion, protein
oxidation, and unfolding, DNA oxidation,
and ultimately cell death. The main ROS
produced during oxidative stress are
superoxide anions (O2%), hydroxyl radicals
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(OH %) and hydrogen peroxide (H20,)
(Avery, 2011; Sies et al., 2014).

Superoxide  dismutase is  the

antioxidant enzyme of the first line of body
defense that can remove free oxygen
radicals. MDA is one of the final lipid
peroxidation products. MDA is usually
referred to as the marker of oxidative stress
and antioxidant status (Tsikas, 2017). On
the other hand, the enzyme CAT is needed
to hydrolyze H,O> into H.O and Oz, when
depletion occurs, tissue change this process
to Fenton's response by generating big
quantities of (OH %) from H,O, (Sies et al.,
2014).
In the current study, DEHP is responsible
for the oxidative damage as shown by the
high rise in MDA level and the reduction in
GSH, CAT, and SOD levels in the lung
tissues of the DEHP treated male albino rat
group. Whereas, NAC ameliorate the
DEHP-induced oxidative damage and
apoptosis in a dose-dependent manner. This
research revealed that DEHP may result in
severe damage to the antioxidant protection
system. A possible explanation is that the
excess amount of free radicals produced
after exposure to DEHP has exceeded the
eliminating ability of SOD and CAT
enzymes (Gui-sheng, 2014).

The histopathological study of the lung
alveoli of DEHP treated group showed thick
inter-alveolar septa with cellular infiltration
and extravasation of the RBCs while
sections of the lungs of DEHP+NAC treated
rat group illustrated thin interalveolar septa
and decrease in the cellular infiltration and
fewer RBCs extravasation in comparison to
that of the control groups. By Sirius red
stain, the DEHP- treated group showed thick
bronchioles and thick inter-alveolar septa.
The study also detected condensed collagen
fibers in between the alveoli. On the
opposite side, the lungs of the DEHP&NAC
treated rat group showed apparently

decreased collagen fibers and thickness of
the bronchioles, when compared with the
lungs of the DEHP, treated group.

Another study reported a marked rise
in the density of the inter-alveolar septa with
the deposition of collagen and inflammatory
cellular infiltration. This was also associated
with many collapsed alveoli in the lungs of
the DEHP- treated rats after 2 weeks of
DEHP administration (Abdel-gawad and
Atia, 2013).

Increased epithelial and mesenchymal
cell proliferation was also reported in the
distal lung parenchyma of the rats treated
with DEHP (Rosicarelli and Stefanini,
2009).

DEHP may act through peroxisome
proliferator-activated receptors (PPARS) that
have  been  over-expressed in the
pneumocytes of type Il culture. In type Il
pneumocytes, overexpression of PPARs
gamma induces inflammatory reaction
associated  with  inflammatory  cell
infiltration, and T-cell suppression in the
lung tissue.

DEHP induced release of lysosomal
enzymes from the cultured alveolar
macrophages is combined with pulmonary
vasoconstriction and edema (Ummanni et
al., 2010; Abdel-gawad and Atia, 2013).

Apoptosis is a crucial method for
eliminating unwanted or defective cells
through a cellular disintegration process
(Ameisen, 1996). There are few reliable,
specific ways to detect apoptosis. However,
caspase-3 indicates cell death induction and
is considered as the main component in
apoptosis. Activation of Caspase-3 often
results in a cellular irreversible commitment
to apoptosis.

Thus, caspase-3 has been stated as an
important marker of apoptosis (Golbs et al.,
2007). In this study, the activity of caspase-3
was evaluated to determine the apoptotic
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status of the lung cells. It was found that the
caspase-3 and the histological damage were
much higher in the DEHP-treated group
when compared to the other groups.

Based on the results of the present
study, NAC protective effects against the
oxidative damage of DEHP were observed,
both biochemically and histopathologically,
in the examined sections of DEHP-induced
lung injury.

CONCLUSION

In this study, we can conclude that
DEHP toxicity revealed the apoptotic status
of the lung cells that was mediated by lipid
peroxidation and by the increase in the
activity of caspase-3. The utilization of
NAC to overcome the lung toxicity
provoked by phthalates is recommended for
further studies with an elaborative study of
their ~ pharmacologic  properties  and
biological effects.
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