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ABSTRACT

Di-Ethylhexyl phthalate (DEHP) is a global environmental pollutant. DEHP is ingested by people through environmental sources. Both community exposure (food, air, and water) and exposure in hospital settings have a significant impact on human health. DEHP had been reported to have cytotoxic, immunotoxic, genotoxic, and reproductive toxic properties. This study uses bodyweight and relative lung weight measurements to investigate the potential harmful effects of DEHP on the adult albino rats' lungs and the potential protective effects of N-acetylcysteine (NAC). Utilizing biochemical, histological, and immunohistochemical techniques, the toxicity of DHEP is evaluated. Fifty male adult albino rats were divided into five equal groups as follows: Group Ι (Negative control group), Group ΙΙ (Positive control group), Group IΙΙ (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 present study's findings showed that DEHP has significantly increased the lipid peroxidation level and significantly reduced glutathione content (GSH), superoxide dismutase (SOD) activity, and catalase activity. The inter-alveolar septal thickness, bleeding, and inflammatory cellular infiltration of the lungs seen in group IV's histological results were significantly diminished in group V. Also, group V, compared to group IV, exhibited a significant reduction in the accumulation of collagen fibres and caspase-3 expression. Conclusion: By reducing oxidative stress, inflammation, and apoptosis, NAC therapy can defend against DEHP-induced lung damage in rats.
Keywords: Di-Ethylhexyl Phthalate, N-acetylcysteine, lung, lipid peroxidation; glutathione.
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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. Numerous polyvinyl chlorides (PVC) goods, including plastic sheets, wire covers, faux leather, agricultural vinyl films, adhesives, and medical supplies, employ DEHP (JCIA, 2018).
Di-Ethylhexyl phthalate is a viscous, colorless substance that is soluble in lipophilic liquids. Under high temperatures, it can easily disperse and collect in the environment. 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 can be found in many consumer goods such are goods used in the packaging of food, building supplies, toys for children, and other things (Muczynski 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 further broken down 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 through inhalation, oral intake, and skin contact. 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 harmful health impacts on the heart, lungs, kidneys, liver, and genitalia. In humans, DEHP seems to have a comparatively low risk of liver cancer. Therefore, it is not possible to rule out the development of DEHP-related cancers in people (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 is about   0.14-   9.5                      mg/kg/day
(Sathyanarayana, 2008).
Respiratory issues have frequently been related to phthalate exposure in the environment and at workplace, according to epidemiological research (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 byproducts cause 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



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 H2O2 is SOD. CAT enzymes or the GSH redox cycle are used to further degrade H2O2 (Beers, 2008).
the tissues' synthesis and ROS degradation are out of equilibrium leads to oxidative stress phenomena. These ROS- induced tissue injuries are characterized by oxidative damage of the DNA, lipids, and proteins. Malondialdehyde (MDA) is recognised as a symptom of oxidative stress since it is created during lipid peroxidation in tissues (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 an amino acid that comes before L-cysteine (Mokhtari et al., 2016). NAC metabolites are good sources of sulfhydryl groups which stimulate GSH production to enhance detoxification and to directly act as a scavenger of the free radicals (Saha et al., 2013). It is one of the suggested solutions for treating disorders linked to the production of ROS because of its potent antioxidant action (Shahin et al., 2009).

In light of the above-mentioned background, This study evaluates the pulmonary toxicity of DEHP in adult albino rats and potential protective benefits of NAC against its toxicity (biochemical, histological, and immunohistochemical study).
REFERENCES
Abdel-gawad,   S.K.   and   Atia,   T.   (2013):
Histological and ultrastructure changes induced by di (2- Ethylhexyl) phthalate (DEHP) in the alveolar tissue of adult albino rats and the possibility of recovery.
J. Cell Sci.Therapy, 4: 141.
Ameisen, J.C. (1996): The origin of programmed     cell     death.     Sci.,
272:1278-1279.
Arikan, D.C.; Bakan, V.; Kurutas, E.B.; Sayar, H. and Coskun, A. (2010):
Protective   effect   of   tadalafil   on
ischemia/reperfusion injury of rat ovary. J. Pediatr. Surg., 45: 2203-
2209.
Avery, S.V. (2011): Molecular targets of oxidative stress. Biochem. J., 434:201-210.

Bancroft, J.D. and Layton, C. (2013): The hematoxylin and eosin, connective and mesenchymal tissues with their stains. In: Suvarna SK, Layton C, Bancroft JD (eds). Bancroft’s Theory and practice of histological techniques. (7th edition). Churchill Living stone, Philadelphia; 173- 212.
Beers, M.F. (2008): Fishman's Pulmonary Disease and Disorders. 4th edition. New York: McGraw Hill; 2624- 2628.
Bernard, L.; Décaudin, B.; Lecoeur, M.; Richard, D; Bourdeaux, D.; Cueff, R. et al. (2014): Armed Study Group. Analytical methods for the determination of DEHP plasticizer alternatives present in medical devices: a review. Talanta, 129:39-54.
David, R.M.; Moore, M.R.; Finney, D.C. and Guest, D. (2000): Chronic toxicity
of di (2- Ethylhexyl) phthalate in mice. Toxicol. Sci., 58: 377-385.
Engel, S.M., and Wolff, M.S. (2013): Causal inference       considerations       for
endocrine disruptor research in children's health. Annu. Rev. Public Health, 34:139-58.
Eren, I.; Naziroglu, M. and Demirdas, A. (2007):     Protective     effects     of
lamotrigine, aripiprazole, and escitalopram on depression-induced oxidative    stress    in    rat    brain.
Neurochem. Research, 32:1188-95.
Erkekoglu, P.; Zeybek, N.D.; Giray, B.; Asan, E.;  Arnaud,  J.  and   Hincal,  F.
(2011): Reproductive toxicity of di
(2-Ethylhexyl) phthalate in selenium-       supplemented       and
selenium-
 (
F
a
r
a
g
 
et
 
al.
) (
100
)



deficient rats. Drug  Chem. Toxicol., 34: 379-389.
Fakher, H.M.; Ahmed, M. K.; Haggag, O.G.; Madboly,  A.G.  and  Abdrhabu,
R.M. (2018): Subchronic Toxic Effects of Di- Ethylhexyl Phthalate
on Ovary and Testis of Adult Albino Rats. Egypt J. Forensic Sci. Appli, 18(2): 119-135.
Gavrilescu, M.; Demnerová, K.; Aamand, J.; Agathos, S. and Fava, F. (2015):
Emerging pollutants in the environment:   present   and   future
challenges	in
biomonitoring, ecological risks, and bioremediation. N. Biotechnol., 32(1): 147-15.
Golbs, A.; Heck, N. and Luhmann, H.J (2007): A new technique for real-
time analysis of caspase-3 dependent neuronal cell death.
J. Neurosci. Methods, 161:234- 243.
Gray,  T.J.B.;  Butterworth,  K.B.R.;  Gaunt,
I.F .; Grasso, G.P. and Gangolli,
S.D. (1977): Short- term toxicity study     of      di-(2-     Ethylhexyl)
phthalate   in   rats.  Food   Cosmet.
Toxicol., 15(5): 389-399.
Gui-sheng, Z. (2014): Effect of  diethyl phthalate    on    the    biochemical
markers of brain, testis, and testicular     tissue     structure     in
Cyprinus carpio Linnaeus. J. Environ. Safety, 5: 075.
Hoppin, J.A.; Jaramillo, R.; London, S.J.; Bertelsen, R.J.; Salo, P.M.; Sandler, D.P. et al. (2013): Phthalate exposure and allergy in the U.S. population: results from NHANES 2005–2006.
Environ. Health Perspect., 121:1129-1134.

Itsuki-Yoneda,  A.;  Kimoto,  M.;  Tsuji,  H.; Hiemori, M. and Yamashita,
H. (2007): Effect of a hypolipidemic      drug,      di      (2-
Ethylhexyl) phthalate, on mRNA- expression associated fatty acid and
acetate metabolism in rat tissues. Biosci. Biotechnol. Biochem., 71: 414- 420.
Jaakkola, J.J. and Knight, T.L. (2008): The role of exposure to phthalates from
polyvinyl chloride products in the development of asthma and allergies:  a systematic review and
meta-analysis. Environ. Health Perspect., 116: 845-853.
JCIA	(Japan	Plasticizer	Industry Association)	(2018):	Statistical
database [Internet]. Available from:http://www.kasozai.gr.jp/data/
(Accessed 25Feb 2019).
Junaid,  M.;  Jia,  P.P.;  Tang,  Y.M.;  Xiong, W.X.; Huang, H.Y.; Strauss,
P.R. et al. (2018): Mechanistic toxicity         of         DEHP         at
environmentally relevant concentrations        (ERCs)        and
ecological risk assessment in the Three Gorges Reservoir Area, China. Environ. Pollut., 242: 1939-
1949.
Koch, R. J.; Barrette, A. M.; Stern, A. D.; Hu, B.; Bouhaddou, M.;
Azeloglu, E. U.; et al. (2018): Validating Antibodies for Quantitative Western Blot Measurements      with Microwestern Array. Sci. rep., 8(1): 11329.
Larsen,  S.T.;  Hansen,  J.S.;  Hansen,  E.W.; Clausen,	P.A.	and   Nielsen,
G.D.            (2007):            Airway
inflammation     and      adjuvant



 (
E
g
y
p
t 
J
.
 
F
o
r
e
n
s
i
c
 
S
ci
.
 
A
pp
l
i.
 
T
o
x
i
c
o
l
.
) (
V
o
l 
2
1
(
2
)
,
 
J
un
e
 
2
0
21
)
effect after repeated airborne exposures to di-(2-Ethylhexyl) phthalate and ovalbumin in BALB/cmice.Toxicol.,      235:119-
129.
 (
P.J.;
 
H
e
i
n
d
e
l,
 
N
.
D
.;
 
S
u
n
i
l,
 
V
.
;
 
e
t
B
eega
m
,
S
.
;
e
t
a
l
(20
1
3):
al
(20
1
0
)
:
O
xida
nt
s
and
I
nflue
n
ce
o
f
)Laskin, J.D.; Black, A.T.; Jan, J.H.; Sinko,

Protective effects of curcumin against sodium fluoride-induced toxicity in rat kidneys. Biol. Trace Elem. Res., 145: 369-374.
Nemmar,  A.;  Al-Salam,  S.;  Subramaniyan, D.;	Yasin,	J.;	Yuvaraju,	P.;




antioxidants in sulfur mustard- induced injury. Ann. N. Y. Acad. Sci., 1203: 92-100.
Liu, T.; Li, N.; Zhu, J.; Yu, G.; Guo, K.;
Zhou,  L.;  Zheng, D.; Qu  X.;
Huang,  J.;  Chen,  X.;  Wang,  S. and Ye, L. (2014): Effects of di-
(2-Ethylhexyl)   phthalate   on   the hypothalamus-pituitary-ovarian  axis in adult  female rats. Reprod.
Toxicol., 46: 141-147.
Maheswari, E.; Saraswathy, G. and Santhranii,           T.           (2014):
Hepatoprotective	and   antioxidant
activity   of   N-acetyl   cysteine   in carbamazepine-administered	rats.
Indian J. Pharmacol., 46: 211-215.
Mokhtari, V.; Afsharian, P.; Shahhoseini, M.; Kalantar, S.M. and Moini,
A. (2016): Review on Various Uses of  N-Acetyl  Cysteine.  Cell  J.,  19
(1):11-17.
Morton,	J.	and	Snider,	T.	A.	(2017):
Guidelines	for	collection	and processing of lungs from aged mice
for	histological
studies.	Pathobiol.	Aging	Age Relat. Dis., 7(1): 1313676.
Muczynski, V.; Lecureui, C.; Messiaen, S.; Guerquin, M.J.; N'tumba- Byn, T.;   Moison,   D.   et   al.  (2012):
Cellular  and  molecular  effect  of MEHP involving LXRα in human
fetal testis and ovary.
P.L.O.S. ONE, 7 (10): e48266.
Nabavi,  S.F.; Moghaddam, H.A.; Eslami,
S.  and  Nabavi,  S.M. (2012):

experimental type 1 diabetes on the pulmonary effects of diesel exhaust particles in mice. Toxicol. Lett., 217:170-176.
Nemmar, A.; Al-Salam, S.; Yuvaraju, P.; Beegam, S. and Ali, B.H. (2015):
Emodin mitigates diesel exhaust particles-induced increase in airway
resistance, inflammation and oxidative stress in mice. Respir. Physiol. Neurobiol., 215, 51-57.
Net, S.; Delmont, A.; Sempéré, R.; Paluselli,
A.   and   Ouddane,   B.   (2015):
Reliable quantification  of phthalates in environmental matrices (air, water, sludge, sediment, and soil): A review. Sci. Total Environ., 515: 162-
180.
Nishioka, J.; Iwahara, C.; Kawasaki, M.; Yoshizaki, F.; Nakayama, H.; Takamori, K.; et al. (2012): Di-(2- Ethylhexyl) phthalate induces production of inflammatory molecules in human macrophages. Inflamm. Res., 61: 69-78.
Rosicarelli, B. and Stefanini, S. (2009): DEHP effects    on    histology    and    cell
proliferation in lung of newborn rats. Histochem. Cell Biol., 131(4):
491-500.

Saha, L.; Kaur, S. and Saha, P.K. (2013): N- acetyl cysteine in clomiphene citrate resistant polycystic ovary syndrome: A review of reported




outcomes. J. Pharma., 4(3):187- 191.
Sathyanarayana, S. (2008): Phthalates and children’s  health.  Curr.  Probl.
Pediatr. Adolesc. Health Care, 38 (2): 34-49.
Shahin, A.Y.; Hassanin, I.M.; Ismail, A.M.;
Kruessel,  J.S.  and  Hirchenhain,
J. (2009): Effect of oral N-acetyl cysteine on recurrent preterm labor
following  treatment  for  bacterial
vaginosis. Int. J. Gynaecol. Obstet., 104 (1):44-48.
Sies, C.; Berndt, D.P. and Jones, P. (2017):
Oxidative stress. Ann.  R. Biochem., 86: 715-748.
Souza, J.r.; Soares, B. G., and Pinto, J.C. (2006): SBS/polyaniline or carbon black system: Finding the optimal
process and molding temperaturesthroughexperimental
design. Macromol. Mater. Engin., 291(5): 463-469.
Takai, R.; Hayashi, S.; Kiyokawa, J.; Iwata,
Y.; Matsuo, S.; Suzuki, M.; et al. (2009): Collaborative work on evaluation of ovarian toxicity. 10) Two- or four-week repeated dose studies and fertility study of di-(2- Ethylhexyl) phthalate (DEHP) in female rats. J. Toxicol. Sci., 34 (1):111-119.
Ticker, J.A.; Schettler, T.; Guidotti, T.; McCally,    M.    and    Rossi,    M.
(2001): Health risks posed by use of di-2- Ethylhexyl phthalate (DEHP)
in PVC medical devices: a critical review. Am. J. Ind. Med., 29: 100- 111.
Tsikas, D. (2017): Assessment of lipid peroxidation        by        measuring
malondialdehyde (MDA) and relatives   in   biological   samples:
Analytical and biological

challenges.	Anal.	Biochem., 524:13-30.
Ummanni,		R.;	Lehnigk,	U.; Zimmermann,		U.; Woenckhaus, C.; Walther, R. and
Giebel,	J.	(2010):
Immunohistochemical	expression of   caspase-1   and   -9,   uncleaved caspase-3	and   -6,
cleaved caspase-3 and -6 as well as Bcl-2 in benign epithelium and
 (
Exper. T
h
e
r
.
 
Med
.
,
 
1(
1
):
4
7
-
52.
V
o
s
s,
C
.;
Z
erba
n
, 
 
H
.
; 
 
B
an
n
asch,  
 
P. 
 
and
B
erger,  
 
M.R.  
 
(
200
5
):  
 
Li
f
e
long
expos
u
re
to
d
i
-
(2
-
E
th
y
l
hexy
l
)
-
phth
a
l
a
te 
 
i
ndu
c
es 
 
t
u
m
o
rs 
 
in 
 
l
i
ver
and
 
t
es
t
es
 
o
f
 
S
p
rag
u
e
–
Daw
ley
 
r
a
t
s.
Toxic
o
l., 2
0
6:
 
3
5
9
-
371.
)cancer ofthe	prostate.









Weibel, E.R.; Hsia, C.C. and Ochs, M. (2007): How much is there really? Why stereology is essential in lung morphometry. J.appl. Physiol., 102(1): 459-467.
Xia, L., and Xue, X.Z. (2012):
Immunohistochemical study of NF- κB  p65,  c-IAP2,  and  caspase-  3
expression in cervical cancer. Onco. Lett., 3(4):839-844.
Yuan, L.; Li, M.; Meng, F.; Gong, Y.;
Qian, Y.; Shi, G.; et al. (2017): Growth, blood health, antioxidant status, immune response and resistance to Aeromonas hydrophila of juvenile yellow catfish exposed to di-2-Ethylhexyl phthalate (DEHP). Comp. Biochem. Physiol.
C. Toxicol. Pharm., 202:79-84
Zhao,  H.; Qin, H.Y.; Cao,  L.F.; Chen,
Y.H.; Tan, Z.X.; Zhang, C.; et al. (2015): Phenylbutyric acid inhibits epithelial-mesenchymal transition during bleomycin- induced lung fibrosis.  Toxicol.  Lett.,  232:  213-
220.

Farag et al. 	109


التأثيرات الوقائية لإضافة ان اسيتيل سيستايين ضد الآثار السامة للداى إيثيل هكسيل فثالات على رئتي الفئران البيضاء البالغة) دراسة هستولوجية - مناعية هستوكيميائية(
أمينة فرج 1، ايمان فاروق2، نشوى حسن أبورية3، تغريد خربوش 4، هايدى فخر1 
1 قسم الطب الشرعى والسموم االكلينيكية، كلية الطب، جامعة بنها 
2 قسم األنسجة و الخاليا، كلية الطب، جامعة بنها 
3 قسم الفارماكولوجيا االكلينيكية، كلية الطب، جامعة بنها 
4 قسم الميكروبيولوجى، كلية الطب، جامعة بنها 

[bookmark: _Hlk125148359]يعتبر الداى إيثيل هكسيل فثالات ملوث بيئي عالمي يتعرض له الإنسان من خلال المصادر البيئية. إن التعرض لهذا الملوث يسبب تأثيرات واضحة على صحة الإنسان سواء كان التعرض له في المجتمع (كالطعام والهواء والماء) أو في المجال الطبي. وقد وجد أن الداى إيثيل هكسيل فثالات له سمية خلوية، ومناعية، وجينية، وتناسلية. لذلك نهدف بهذا العمل لتقييم الآثار السامة المحتملة للداى إيثيل هكسيل فثالات على رئتي الفئران البيضاء البالغة وتقييم الآثار الوقائية المحتملة لدواء أسيتيل سيستايين باستخدام وزن الجسم ومعايير وزن الرئة النسبي. تم تقييم سمية الداى إيثيل هكسيل فثالات باستخدام الطرق البيوكيميائية والهستوباثولوجية والهستوكيميائية. قُسم خمسين فأر أبيض من الذكور البالغين إلى خمس مجموعات متساوية على النحو التالي: المجموعة الاولى (مجموعة ضابطة سلبية): تم اعطائها الوجبة العادية والماء بدون أي علاج لقياس المعايير الأساسية لمدة 4 أسابيع. المجموعة الثانية (مجموعة ضابطة إيجابية): تم اعطاء كل فأر زيت ذرة عن طريق الفم 1مل /يوميا" لمدة 4 اسابيع. المجموعة الثالثة (المجموعة المعالجة ب ان أسيتيل سيستايين: (أعطيت هذه المجموعة ان أسيتيل سيستايين عن طريق الفم (200 مجم / كجم / يوم). المجموعة الرابعة (المجموعة المعالجة ب الداى إيثيل هكسيل فثالات): تم اعطاء كل فأر الداي ايثيل هيكسيل فثالات بعد اذابته بزيت الذرة بالفم 3 جم/ كيلوجرام/ مرة واحدة يوميا لمدة 4 أسابيع. المجموعة الخامسة: (المجموعة المعالجة بكل من الداى إيثيل هكسيل فثالات وان أسيتيل سيستايين): تم عالجها بـ كل الدوائين بنفس الجرعات السابقة. كشفت نتائج الدراسة أن ب الداى إيثيل هكسيل فثالات قد زاد بشكل ملحوظ من مستوى بيروكسيد الدهون وقلل بشكل ملحوظ في محتوى الجلوتاثيون ونشاط سوبر أكسيد ديسموتاز ونشاط انزيم الكاتالاز. أظهرت النتائج النسيجية للمجموعة الرابعة ارتشاحا خلويًا التهابيًا للرئتين، وذمة خلالية، نزيف وسماكة الحاجز السنخي على عكس المجموعة الخامسة، التي أظهرت كذلك انخفاضا كبيرا في تراكم ألياف الكولاجين وانتاج انزيم كاسبيز ٣ بالمقارنة مع المجموعة الرابعة. الخلاصة: العلاج ب ان أسيتيل سيستايين يمكن أن يحمي ضد السمية الرئوية التي يسببها ب الداى إيثيل هكسيل فثالات في الفئران عن طريق تقليل الاجهاد التأكسدي، الالتهاب، و الموت المبرمج للخلايا
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