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ABSTRACT
Introduction: The lung is the primary organ for inhaled irritants. Chlorine (Cl2) has high solubility in water. It can 
dissolve into epithelial lining fluid when contacting mucosal surfaces. Vitamin C provided an important antioxidant 
defense against hypochlorous acid-mediated injury in atherosclerosis. Vitamin C supplementation decreased lipid and 
protein oxidation in vivo.  
Aim: To study the possible protective role of Vitamin C against the toxic effects of Cl2 on the lung of adult albino rats 
with special emphasis on the vascular endothelial growth factor (VEGF). 
Materials and Methods: Forty male rats were divided into four equal groups. Group (A) control rats, group (B) rats 
received Vitamin C (500 mg/kg) orally once per day for 8 weeks, group (C) rats were exposed to Cl2 for 4 h daily for of 
8 weeks and group (D) Cl2-Vitamin C group received Vitamin C and exposed to Cl2 as in group B and C. At the end of 
the experiment lungs were prepared and stained with H&E, Masson’s trichrome and immunohistological stain for VEGF. 
Results: Examination of specimens of group C showed marked loss of normal architecture. The lung showed widen alveoli 
containing vacuolated acidophilic exudate entangled with polymorph nuclear leucocytes. The wall of the bronchioles 
showed vacuolated acidophilic exudate. Lung specimens stained by Masson’s trichrome stain showed increased collagen 
deposition around the bronchioles and the blood vessels. Also this group showed strong positive reaction to vascular 
endothelial growth factor (VEGF). Group D showed improved lung architecture and VEGF moderate reaction.
Conclusion: Cl2 has destructive changes in the architecture of the lung. In addition, it creates a case similar to hypoxia 
indicated by strong reaction to VEGF that has been ameliorated by vitamin C.
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INTRODUCTION                                                                 

Chlorine (Cl2) is a highly reactive oxidant gas widely 
used in many industries. Cl2 is used in the manufacture of 
paper, plastics, solvents, cleaning agents, pharmaceuticals 
and textiles. Cl2 is one of the most commonly used 
disinfectants for the drinking water and for the swimming 
pools[1]..

Accidental exposure to Cl2 is relatively common in 
the industrial release, transportation mishaps, swimming-
pools' preparations and even in household release through 
inappropriate mixing of domestic cleaning agents, such as 
hypochlorite (bleach) and acids (cleaners)[2].

Cl2 exposure can result in injury to the eyes, skin, and 
airways. The airway is especially affected from the nose 
to the level of the bronchi. Few years ago, it has been 
suggested that there is a strong correlation between chronic 
lung exposure to Cl2 and the rising numbers of patients 

with asthma[3]. Moreover, high dose exposures may lead to 
acute lung injury and death 4]. 

The respiratory tract is the primary organ for inhaled 
irritants. Cl2 has higher solubility in water than other 
strong irritants such as ozone. It can form hypochlorous 
acid and hydrochloric acid (HCL) as it dissolves readily 
into epithelial lining fluid when contacting mucosal 
surfaces and airways[5].

Cl2 also causes direct oxidative injury to the epithelium 
with subsequent migration and activation of inflammatory 
cells within the airway epithelium, together with release of 
oxidants[2].

Following Cl2-induced injury, lung management doesn’t 
regain its normal function and structure. Subepithelial 
fibrosis, mucous hyperplasia, and nonspecific airway 
hyper-responsiveness have been commonly reported after 
recovery from Cl2 injury[6].
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Vitamin C (ascorbate) is an aqueous phase antioxidant 
in biological fluids. It presents in relatively high 
concentrations in the epithelial lining fluid and lung 
tissues. Vitamin C levels in alveolar macrophages are 30 
times higher than that in plasma[7].

Deficiency of vitamin C causes oxidative stress and 
tissue injury. Also, its supplementation protects against 
the effect of ozone on the pulmonary function of asthmatic 
children[8]. It also provides an important antioxidant 
defense against hypochlorous acid-mediated injury in 
atherosclerosis[9]. Moreover, it can decrease lipid and 
protein oxidation in vivo[10].

AIM OF THE WORK                                                                

This research aimed to study the possible protective role 
of Vitamin C against the toxic effects of Cl2 on the histology 
of the lung of adult albino rats with special emphasis on the 
vascular endothelial growth factor (VEGF).

MATERIALS AND METHODS                                                                

Experimental animals
Forty healthy adult male albino rats aged six month, 

locally bred at the animal house of Bilharzial Research 
Unit, Faculty of Medicine, Ain Shams University. Rats 
were treated in accordance with guidelines approved by 
the animal Committee of Ain Shams University. The rats 
were housed in stainless steel cages. The rats were exposed 
to dark/light cycle and allowed daily diet and free water 
access with suitable environmental conditions and good 
ventilation.

The rats were divided into four groups; 10 rats, each.

Group A "The control group" exposed to a nebulized 
distilled water

Group B "Vitamin C-exposed group" rats received 
Vitamin C at a dose of 500 mg/kg, via gastric tube once per 
day for eight weeks.

Group C "Cl2-exposed group" rats were exposed to 
Chlorine four hours daily for a period of eight weeks. 

Group D "Cl2/Vitamin C group" rats were exposed 
to Chlorine the same as in group C, together with oral 
administration of Vitamin C at the same dose as in group B.

Exposure to Cl2:
Rats were exposed for 20 minutes to a nebulized 4% 

sodium hypochlorite or its vehicle (distilled water in 
control group) using a nebulizer (Norditalia Elettromedicali 
S.R.L–25010 S. Martino della Battaglia – Italy) to deliver 
the aerosol at a rate of 0.25 ml/min[11].

Administration of Vitamin C
Vitamin C was administered orally at a dose of 500 mg/

kg body wt, via gastric tube[12].

At the end of the experiment, the animals were sacrificed 
by high dose of ether anesthesia. The thoracic wall was 
opened and lungs were dissected. The specimens were 
fixed in 10% formalin, sliced and processed for paraffin 
embedding. Sections of 5 µm were cut and stained with 
Haematoxylin and Eosin (H&E) and Masson’s trichrome 
stain[13] for their histopathological examination. 

Immunohistochemical study
Lung sections were prepared and heated in an oven 

for 25 minutes at 600C. After heating, lung sections were 
deparaffinized in xylene and rehydrated in graded alcohol. 
Succinctly, 0.03% hydrogen peroxide sodium azide 
was used to block the endogenous peroxidase for 5min 
followed by washing the tissue sections carefully using 
wash buffer and then incubated with the VEGF antibody. 
Diaminobenzidine substrate chromagen was applied to 
the sections and reincubated for over 8 min followed by 
careful washes. The sections were finally counterstained 
with hematoxylin[14].

RESULTS                                                                   

Group A "Control group"
Lung sections of the  group (A) revealed that, the 

lung composed of several variable sized alveoli with 
clear patent bronchiolar passages and alveolar cavities                                       
(Fig. 1). The alveolar wall was thin and lined by two types 
of epithelial cells (pneumocytes); squamous epithelial cells 
(pneumocyte Type I) and large cuboidal secretory cells 
(pneumocyte Type II) that present at the angular junctions 
of the alveolar walls. Blood vessels were distributed 
within the pulmonary parenchyma. The alveolar septa had 
normal thickness with no abnormality in alveolar septal 
blood capillaries (Fig. 2). Bronchiolar epithelium and 
para-bronchiolar lymphoid aggregation was also observed 
(Fig. 3). Masson’s trichrome stained sections showed 
distribution of collagen fibers around the bronchiolar wall 
and blood vessels (Fig. 4). 

Lung sections of this group showed negative staining 
for VEGF in distal airway epithelial cells, pneumocytes, 
and endothelial cells (Fig. 5).

Sections of vitamin C exposed group (Group B) showed 
similar appearance as that of the control group. 

Group C "Cl2-exposed group" 
Examination of H&E-stained sections of this group 

showed increased cellularity of alveolar wall and thickened 
alveolar septa, emphysema evident from bulla formation 
of air spaces and dilated inter-alveolar septal capillaries. 
However, some alveoli showed rupture of the alveolar 
septa and interstitial hemorrhage (Fig. 6). The lung 
showed dilatation of the blood vessels accompanied by 
infiltration of the alveoli with inflammatory cell specially 
macrophages which led to increased thickness of the inter-
alveolar septum. Also, some cells expressed shrunken dark 
pyknotic nuclei (Fig. 7). The lung showed widened alveoli 
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containing vacuolated acidophilic exudate entangled with 
polymorph nuclear leucocytes. The lung parenchyma 
showed infiltration and aggregation of lymphocytes                               
(Fig. 8). The epithelium of the bronchioles showed necrosis 
and desquamation. Moreover, the terminal bronchioles 
containing vacuolated acidophilic exudate entangled with 
polymorph nuclear leucocytes. Also, there was aggregation 
of lymphocytes around the terminal bronchiole (Fig. 9). 

Masson’s trichrome stained sections showed interstitial 
fibrosis. There was also dilation and thickening of 
vascular wall, increased smooth muscle thickness around 
bronchiolar passages (Fig. 10).

VEGF stained section showed strong positive reaction 
in distal airway epithelial cells, pneumocytes, and 
endothelial cells (Figs.11 and 12).

Group D" Cl2 and Vitamin-C-exposed" 

Microscopic examination of sections from this group 
showed that vitamin C caused improvement in lung 
parenchyma that showed nearly normal alveoli lined by 
pneumocytes. The bronchioles were seen intermixed with 
the alveoli. The intervening stroma was studded with few 
lymphocytes (Fig. 13). The intervening blood vessels 
were mildly congested, and the inter-alveolar septa were 
less thickened (Figs. 14). The bronchioles were lined by 
simple columnar ciliated epithelium (Figs. 15). Masson’s 
trichrome stained sections showed less collagen fibers 
around the vessels and the bronchioles (Fig. 16). 

VEGF stained sections of this group showed moderate 
positive reaction (Fig. 17).

Fig. 1:  A photomicrograph of control albino rat lung showing 
alveoli (A), bronchiole (B) and pulmonary blood vessels (bv).
         H&E; × 100

Fig. 2: A photomicrograph of control albino rat lung showing 
normal lining of the alveoli; pneumocyte Type I (↑) and 
pneumocyte Type II (S).
         H&E; × 400

Fig. 3: A photomicrograph of control albino rat lung showing 
normal bronchiolar epithelium (B).
                   H&E; × 400

Fig. 4: A photomicrograph of control albino rat lung showing 
normal collagen distribution around the pulmonary vasculature 
(bv) and the bronchiole (B).
               Masson’s trichrome; × 400
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Fig. 5: A photomicrograph of control albino rat lung showing 
negative staining for VEGF in distal airway epithelial cells, 
pneumocytes and endothelial cells.
       VEGF; × 400

Fig. 6: A photomicrograph of Cl2 exposed albino rat lung 
showing emphysematous bullae (EB) dilated capillaries (D), 
rupture of the alveolar septa (▲) and interstitial hemorrhage 
(red arrow). Notice Local infiltration of lung parenchyma by 
lymphocytes (black arrow).
          H&E; ×100

Fig. 7: A photomicrograph of Cl2 exposed albino rat lung 
showing thickened alveolar septa (▲), increase of macrophages 
(M), pyknotic nuclei (arrow) and interstitial hemorrhage (red 
arrow). 
         H&E; × 400

Fig. 8: Photomicrographs of Cl2 exposed albino rat lung showing 
widened alveolus (A) containing vacuolated acidophilic exudate 
(red arrow) entangled with polymorph nuclear leucocytes (L). 
         H&E; × 400

Fig. 9: A photomicrograph of Cl2 exposed albino rat lung
showing alteration of bronchial epithelium resulting in necrosis
and desquamation (▲), the terminal bronchiole containing
vacuolated acidophilic exudate  (red arrow) entangled with 
polymorph nuclear leucocytes (L). Notice aggregation of 
lymphocytes around the terminal bronchiole (↑).    
         H&E; × 400

Fig. 10: A photomicrograph of Cl2 exposed albino rat lung 
showing dilated thickened blood vessels (bv) and increased 
smooth muscle thickness around bronchiolar passages (B). 
Notice the Interstitial fibrosis.
               Masson’s trichrome; × 400
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Fig. 11: A photomicrograph of Cl2 exposed albino rat lung 
showing strong positive immunoreactivity for VEGF in distal 
airway epithelial cells and pneumocytes.
       VEGF; × 400

Fig. 12: A photomicrograph of Cl2 exposed albino rat lung 
showing strong positive staining for VEGF in bronchiolar 
epithelial cells and endothelial cells (↑).
         VEGF; × 400

Fig. 13: A photomicrograph Cl2 and Vitamin C exposed albino rat 
lung showing several variably sized alveoli (A). The bronchioles 
(B) were seen intermixed with the alveoli. The intervening stroma 
was studded with few lymphocytes (↑).
          H&E; × 100

Fig. 14: A photomicrograph of Cl2 and Vitamin C exposed 
albino rat lung showing several variably sized alveoli (A) lined 
by pneumocytes. 
          H&E; × 400

Fig. 15: A photomicrograph of Cl2 and Vitamin C exposed albino 
rat lung showing the bronchi (B) were lined by simple columnar 
ciliated epithelium.
          H&E; × 400

Fig. 16: A photomicrograph of Cl2 and Vitamin C exposed albino 
rat lung showing collagen fibers deposition around the blood 
vessels (bv) and terminal bronchioles (B).
               Masson’s trichrome; × 400
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Fig. 17: A photomicrograph of Cl2 and Vitamin C exposed 
albino rat lung showing weak positive staining for VEGF in the 
pneumocytes.
            VEGF; × 400

DISCUSSION                                                              

CL2 is a commonly used chemical in industry and 
society. Exposures to toxic levels of Cl2 are generally 
accidental. The use of bleach combined with HCL in 
developing or developed societies causes a variety of 
abnormalities ranging from mild airways dysfunction to 
acute lung injury with fatality[15]. 

Cl2 exposure causes irritant effects when it comes in 
contact with mucosal membranes within the respiratory 
tract. It is able to react with water on the moist surface 
of the respiratory airways following the inhalation. This 
reaction causes marked lower and upper respiratory tracts 
injury[16].

The formation of hydrochloric and hypochlorous acids 
could cause acid injury. However, the toxicity of chlorine 
is attributed to other mechanisms. Hypochlorous acid may 
interact with hydrogen peroxide to form the hydroxyl 
radical. The production of these free radicals explains 
the presence of the inflammatory cells within alveolar                           
walls[2]. 

The histopathological examination of the lungs in 
Group C revealed sloughing of bronchiolar epithelial and 
replacement of the cuboidal epithelium with flat cells. 
Similar findings were observed by Yildirim et al.[17].
The toxic mechanism of action of Cl2 on the living cells is 
believed to be due to production of reactive hypochlorite 
ions, hypochloric acid and the free chloride ion which 
interact as a powerful oxidizing agent with the sulfhydryl 
groups and sulfur bonds of the cellular proteins[2].

The current study showed rupture of the alveolar septa 
and alveolar damage. Emphysematous alterations and 

interstitial fibrosis was reported in some of the rats at the 
end of 45 days exposure to Cl2[18].

In addition, Masson’s trichrome stained sections 
revealed increased lung collagen deposition in Cl2-
inhaled rats. That was previously explained on the basis of 
alterations in both the synthetic and degradative pathways 
of collagen homeostasis[19].

The alveolar epithelial loss, caused by apoptosis, is a 
common finding in pulmonary fibrosis[20]. 

The present work showed congestion, interstitial 
and alveolar edema in the lung tissue of rats exposed to 
CL2. Also, Menaouar et al.[21] reported an increase in 
microvascular permeability that leads to alveolar flooding 
within minutes of exposure of the isolated lung to Cl2. 

Significant amounts of hypochlorous acid are generated 
during Cl2 inhalation. The main targets of hypochlorous 
acid are free functional groups of proteins and amino 
acids, predominantly sulfhydryl groups, free amine groups 
of plasma amino acids yielding chlorinated amines thus 
damaging a number of key proteins, altering their functions 
and increasing permeability to plasma proteins[22]. 

Injury to either apical or basolateral pathways may lead 
to impairment of fluid reabsorption, which in turn may 
result in pulmonary edema, hypoxemia and eventually 
death from respiratory failure[23]. 

The airway epithelium is the first target of inhaled 
Cl2 gas. It immediately causes direct oxidative injury 
to the epithelium, but further damage to the epithelium 
may occur with infiltration of inflammatory cells, such as 
neutrophils, into the airway epithelium with subsequent 
release of inflammatory cytokines and proteolytic enzymes 
that finally lead to airway hyper-responsiveness[24].

In this study, the Cl2 exposed group showed strong 
positive staining for VEGF. Rats exposed to Cl2 gas 
developed moderate hypoxemia and hypercapnia[5]. It 
is assumed that exposure to Cl2 developed acute lung 
injury and needed mechanical ventilation and oxygen 
supplementation to overcome arterial hypoxemia[25]. Levels 
of VEGF in bronchoalveolar fluid from Cl2-exposed mice 
showed increasing levels[26]. Noteworthy, no significant 
changes detected in VEGF after Short-term swimming in 
a chlorinated pool.

Exposure to Cl2 led to epithelial cell death, failure 
of re-epithelialization, inflammatory cell and fibroblast 
infiltration, collagen deposition, and angiogenesis, 
ultimately leading to lethal airway obstruction[28].

In this study, H&E stained sections of Cl2 exposed rats 
showed thickening of bronchiolar muscular wall that had 
been previously explained as a sign of increased airway 
resistance (asthma) which is a well-known consequence of 
exposure to air pollutants.

The present work showed thickening of vascular 
wall in Cl2 exposed group which is considered as 
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sign of pulmonary hypertension that could result in                                                         
cor-pulmonale[30].

The airway smooth muscle hyperplasia was possibly 
among the sequences of airway remodeling after an acute 
CL2 exposure in mice[31].

Pretreatment of cells with vitamin C protected 
against HOCl-induced rapid protein and DNA damage, 
loss of intracellular GSH and ATP, and highlighting the 
cytoprotective actions of intracellular vitamin C against 
vascular smooth muscle cell damage[9].

Vitamin C (ascorbate) acts as a potent water-soluble 
antioxidant in biological fluids trapping radicals and 
protecting biological macromolecules such as DNA, lipids, 
and proteins. Vitamin C readily scavenges reactive oxygen 
species, hydroxyl and hypochlorous acid. It is known to be 
an important source of electrons and can donate electrons 
to oxidants or radicals[5].

Vitamin C administration almost completely protects 
lungs of guinea pigs from protein damage and apoptosis 
caused by cigarette smoking for 21 days[32]. Also, AL 
Saggaf et al.[33] noted that vitamin C administration during 
exposure to gasoline showed less pathological changes 
in the lung and trachea. Sourour et al.[29] concluded that 
co-administration of vitamin C during benzene inhalation 
in rats reduced the structural changes of trachea and lung 
and ameliorated the toxic effects of benzene on the lung, 
attributed to the antioxidant, antiapoptotic and antifibrotic 
effects of vitamin C.

Masson’s trichome stained sections of Cl2 and vitamin 
C treated group showed moderate collagen deposition 
in the lung interstitium, which is in agreement with                                                                                                          
Hemmati et al.[34] whereas vitamin C administration 
reduced collagen content of lung tissue exposed to 
hexavalent chromium.

CONCLUSION                                                                     

Cl2 has destructive structural changes in the architecture 
of the lung, however, vitamin C possess the protective 
ability to ameliorate these effects. 

We, therefore, recommend  to supply persons in risk of 
long period of exposure to the chlorine with regular doses 
of vitamin C.
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الملخص العربى

الدور الوقائى لفيتامين ج ضد األضرار التى يسببها الكلور للجرذان البيضاء البالغة : دراسة نسيجية 
و مناعية

أمجد جابر السعيد ، ورحاب طلبه خطاب

قسم التشريح وعلم األجنة، كلية الطب، جامعة عين شمس، مصر

المقدمة: تعتبر الرئة العضو الرئيسي الستقبال المواد المهيجة المستنشقة . مادة الكلور لها قابلية عالية للذوبان بالماء. كما أنه 
يذوب بسهولة في الخاليا الظهارية عند اتصاله باألسطح المخاطية للشعب الهوائية وقد وجد أن فيتامين ج قادر بخاصيته كمضاد 
فيتامين سي يقلل أكسدة  تناول  إلى أن  الهيدروكلوريك.إضافة  المسببة بوساطة حمض  لألكسدة علي مقاومة  تصلب الشرايين 

الدهون و البروتينات في الجسم.
الهدف من البحث: دراسة الدور الوقائي المحتمل لفيتامين سي ضد األضرار السمية التي يسببها الكلور لتركيب أنسجة الرئة في 

الجرذان البيضاء البالغة مع تركيز خاص علي معامل نمو الخاليا الطالئية لألوعية الدموية.
مواد وطرق البحث: تم تقسيم أربعين من ذكور الجرذان البيضاء إلى أربع مجموعات، عشرة فئران لكل منهم. المجموعة (أ) 
وشملت الجرذان الضابطة، المجموعة (ب) وشملت الجرذان التي تلقت فيتامين ج بجرعة 500 ملغ/كغ عن طريق الفم مرة 
واحدة يوميا لمدة 8 أسابيع ، المجموعة (ج) وشملت الجرذان التي تعرضت لبخار الكلور لمدة 4 ساعات يوميا لمدة 8 أسابيع 
والمجموعة (د) ) وشملت الجرذان المعرضة لبخار الكلور كما هو الحال في مجموعة ج مع تناولهم فيتامين ج عن طريق الفم 
بنفس الجرعة كما هو الحال بالمجموعة ب. في نهاية التجربة تم تحضير الرئة للفحص عن طريق المجهر الضوئي وتم إجراء 

الفحوصات النسيجية الكيميائية والمناعية للكشف عن  معامل نمو الخاليا الطالئية لألوعية الدموية. 
الهوائية  متضخمة  الحويصالت  كما ظهرت  الرئة.  معالم  في  فقدان واضح  المجموعة (ج)  الرئة من  أظهر فحص   : النتائج 
ومحتوية علي افرازات متشابكة مع كريات الدم البيضاء. كما أن الشعب الهوائية كانت تحتوى علي افرازات متحوصله. أظهرت 
عينات الرئة المصبوغة بواسطة صبغة ماسون زيادة ترسب الكوالجين حول الشعب الهوائية واألوعية الدموية. كما أظهرت 
هذه المجموعة رد فعل إيجابي قوي لعامل نمو بطانة األوعية الدموية. كشفت دراسة المجموعة (د) تحسن في الصورة النسيجية 
للرئة. وبينت أن معظم أنسجة الرئة أصبحت تشبه المجموعة الضابطة. كما أظهرت هذه المجموعة انحسار للتليف ورد فعل أقل 

لعامل نمو بطانة األوعية الدموية.
 اإلستنتاج : للكلور آثار مدمرة على بنية الرئة، لكن فيتامين ج يمتلك القدرة على تخفيف هذه اآلثار.

الكلمات المفتاحية: الكلور ، فيتامين ج ، الرئة ، الجرذان البيضاء.


