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Introduction: Low frequency noise (LFN) is characterized by a sound with large 

pressure amplitude ≥90 decibel (dBL) and low frequency bands ≤500 Hertz (Hz). It has 

been accused in some cardiovascular and respiratory diseases. Objectives: to investigate 

the effect of LFN on the heart and lung of adult male albino rats, and the possible role of 

vitamin C supplement. Materials and methods: Fifty adult male albino rats were 

divided into two main groups; Control group (20 rats) which equally subdivided into two 

subgroups; Ia (received no treatment) and Ib: received vitamin C (70 mg/kg/d, by 

gavage). The experimental group (30 rats) which equally subdivided into two subgroups; 

Subgroup IIa: LFN-exposed and Subgroup IIb: LFN-exposed + vitamin C-treated 

subgroup. At the end of the experiment, blood samples were collected for blood analysis. 

Specimens from the myocardium of the left ventricle and lungs were processed for light 

and electron microscopic study and morphometrical and statistical analysis. Results: 

LFN had deleterious effects on the heart and lung including degenerative changes, 

cellular infiltration, fibrosis, and fatty infiltration. These changes were improved by 

vitamin C supplementation. Conclusion:  Vitamin C had a protective effect on LFN-

induced myocardial and lung lesions.  

Keywords: LFN, myocardium, lung, vitamin C, rat. 

 

      Introduction: 

   Noise is one of the main components of 

modern society that has become an 

important environmental problem. It is not 

only an irritating sound but also a stress 

factor leading to serious health problems.  It 

could affect people both psychologically 

and physiologically (17). Low frequency 

noise (LFN) is characterized by large 

pressure amplitude (≥90 dBL) and low 

frequency bands (≤500 Hz) (48). Sources of 

low-frequency noise are either of natural or 

artificial origin.  The natural one includes 

air turbulence, wind, thunder, ocean waves, 

volcanic eruptions, earthquakes and extra. 

The artificial origin includes heating, 

ventilation, air-conditioning systems, cars, 
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trucks, airplanes, and loudspeaker systems 

and extra (22). Vibroacoustic disease 

(VAD) is a systemic disease caused by 

long-term exposure to LFN. LFN-related 

lesions have been described in a variety of 

organs like that of nervous system, 

endocrine system, parotid gland, stomach, 

intestine, lymphatics, (32, 7). Vitamin C; 

one of the known antioxidant, is an essential 

micronutrient required for normal metabolic 

functioning of the body. It is a six-carbon 

lactone which acts as an electron donor and 

therefore a reducing agent. Moreover, it is 

co-factor for several enzyme involved in the 

biosynthesis of collagen, carnitine and 

neurotransmitters (36, 51). 

Therefore, the present work was designed 

to spot the light on the effect of LFN on the 

heart and lung of adult male albino rats and 

also to assess the role of vitamin C 

supplement. 

Materials and methods: 

Materials: 

 1-Noise generator was obtained from 

Biophysics Department, Faculty of Science, 

Zagazig University.  It produces an 

amplified and frequency filtered signal, 

creating an acoustic environment rich in low 

frequency components. Noise generator was 

put at a distance of 0.4 meter from the 

exposed rats. It produces sound waves at 

frequency levels ≤500 Hz and intensity ≥ 90 

dBL (45). 

2- Chemicals: 

Vitamin C was purchased from Memphis 

Company for Pharmaceutical & Chemical 

Industries, Cairo, Egypt in the form of 500 

mg capsule. It was dissolved in distilled 

water and given by gavage. 

3- Animals: Fifty adult male albino rats 

weighing 200-250 g were used in the present 

study. They were kept in the animal house 

of the Faculty of Medicine, Zagazig 

University, Zagazig, Egypt. They were 

allowed standard food and water ad-libitium. 

All experimental procedures were approved 

and performed in accordance with the 

guidelines of the Institutional Animal Care 

and the Research Ethics Committee of the 

Faculty of Medicine, Zagazig University, 

Egypt (26).  

4- Experimental  design: 

These animals were divided into two groups; 

control and experimental  

I- Control group: 

Included 20 animals which were kept in a 

place away from sources of LFN for 2 

months. They were subdivided into two 

equal subgroups:  

Subgroup Ia: Animals received no  

treatment. 

Subgroup Ib: Animals were given vitamin 

C at a dose of 70 mg/kg body weight, once 

daily by gavage.  

II- Experimental group:  

Included 30 animals which were subdivided 

into two equal subgroups:  

Subgroup IIa (LFN-exposed subgroup): 

Animals were put in cages with a distance of 

0.4 meter from the noise generator which 

produces low frequency noise for 2 months 

at duration of sixth hours/day from 8 am to 2 

pm five days/week with weekends in quiet 

place (45).  

Subgroup IIb (LFN-exposed + vitamin C-

treated subgroup): Animals were given 

vitamin C at a dose of 70 mg/kg body 
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weight, once daily by gavage, one week 

before and during low frequency noise 

exposure with  no weekends (30).  

At the end of the experiment, rats were 

anaesthetized with an intraperitoneal 

injection of sodium pentobarbital (50 mg/kg 

body weight). Then, blood samples from 

orbital veins were collected for complete 

blood analysis. The heart and the lung were 

dissected out carefully and washed with 

saline. Specimens from the myocardium of 

the left ventricle, and the lung were prepared 

for histological study. 

I- Haematological analysis: 

Blood samples were drawn into sterile 

syringes containing EDTA from their orbital 

vein. RBCs, WBCs and platelet counts were 

determined in the whole blood samples. The 

analyses was carried out with an Abbott 

Cell-DYN 3700 M.A.P.S.S. Laser 

Differential machine by impedance (coulter) 

and ‗‗optic laser scatter‘‘ methods. 

II- Histological study: 

 For light microscopic study (6), specimens 

of the myocardium of the left ventricle, and 

the lung from each rat were fixed 

immediately in 10% buffered formalin 

solution and processed to obtain paraffin 

sections of 5µm thickness. They were 

stained with H&E, Mallory trichrome and 

immunohistochemical stain for iNOS 

immunoreaction.             

For the immunohistochemical staining of 

iNOS, paraffin sections were cleaned in 

xylene, hydrated, and then placed in 

phosphate buffered saline (PBS; pH 7.6). 

Sections were treated with 3% hydrogen 

peroxide and then washed with PBS. 

Sections were incubated, first with 1% pre-

immune rabbit serum to decrease non-

specific staining then with a monoclonal 

antibody against iNOS (1:200 dilution; BD 

Bioscience, San Diego, CA) (28). Detection 

of the antibody was performed using a 

biotin–streptavidin detection system (Bio-

Genex, San Ramon CA, USA) with 3-amino 

9-ethyl carbazole (AEC) as chromogen 

(Dako, Carpinteria CA, USA). Sections 

were counterstained with Mayer‘s 

hematoxylin. Negative controls were 

prepared by omitting the primary antiserum 

incubation (6) 

For transmission electron microscope study 

(6), small pieces (1mm3) of the myocardium 

of the left ventricle, and the lung were 

excised and fixed in 2.5% gluteraldehyde for 

2h, and post-fixed in 1% osmium tetroxide 

buffered with 0.1mol/l phosphate buffer at 

pH 7.4 for 1h. They were then dehydrated in 

ascending grades of alcohol and embedded 

in resin to prepare semithin sections and 

ultrathin sections using a Leica ultracut 

(UCT) (Glienicker, Berlin, Germany). 

Ultrathin sections were double stained with 

uranyl acetate and lead citrate and examined 

with a JEOL transmission electron 

microscope (JEM 2100) in Electron 

Microscope Research Laboratory (EMRL), 

Faculty of Agriculture, Mansoura University 

(Egypt).                                                     

III- Morphometric analysis: 

Measurements of the area% of collagen 

fibers in Massonʼs trichrome-stained 

sections, the optical density of iNOS 

reaction, and  the thickness of interalveolar 

septa in H&E-stained sections were done 

using ―Leica Qwin 500‖ image analyzer 

computer system (Leica imaging system 

LtD, Cambridge, England) in the image 

analysis unit in Pathology Department, 

Faculty of Dentistry, Cairo University. The 

previous measurements were obtained in 
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non-overlapping ten fields in slides of five 

different rats in each group at X400 

magnification. 

IV-  Statistical analysis:  

The obtained data from heamatological 

analysis, area % of collagen fibers, optical 

density of immunohistochemical-stained 

sections and thickness of interalveolar septa 

were expressed as mean ± SD (standard 

deviation) and subjected to one-way analysis 

of variance (ANOVA) and post hoc test 

using Statistical Package for the Social 

Sciences (SPSS) version 16. ANOVA was 

used for comparison between different 

groups (more than two groups), with p value 

less than 0.05 (the level of significance). 

Least significant difference (LSD) was used 

to find the statistical difference between the 

groups when ANOVA was statistically 

significant (P value <0.05). 

Results 

I. Histological results 

1. Heart results:  

Examination of the left ventricular 

myocardium in the control subgroups Ia and 

Ib showed nearly similar histological results. 

H&E-stained sections of the control left 

ventricular myocardium revealed regular 

branching and anastomosing 

cardiomyocytes with acidophilic sarcoplasm 

and oval central vesicular nuclei with clear 

perinuclear region (Fig. 1A). In LFN-

exposed rat, there were focal changes in the 

cardiomyocytes ranging from thinning of the 

fibers with widening of the interstitium 

which contained dilated blood vessels (Fig. 

1B1), up to loss of normal architecture and 

widespread fragmentation of  

cardiomyocytes which appeared with 

pyknotic  nuclei and vacuolated sarcoplasm. 

In addition, focal accumulations of 

adipocytes were seen in between 

cardiomyocytes (Fig. 1B2). LFN-exposed + 

vitamin C–treated rat showed 

cardiomyocytes with little intercellular 

spaces. Most of their nuclei were vesicular. 

Few vacuoles were also observed in the 

sarcoplasm (Fig. 1C). 

Mallory trichrome-stained sections of the 

control group revealed few collagen fibres in                         

between cardiomyocytes (Fig. 2A). LFN-

exposed rats revealed abundant collagen 

fibres in between cardiomyocytes and 

surrounding blood vessels (Fig. 2B). 

However, LFN-exposed + vitamin C-treated 

rats revealed mild increase of collagen fibres 

in between cardiomyocytes  compared to 

that observed in control group (Fig. 2C). 

 Immunohistochemical-stained sections of 

the control group revealed weak positive 

cytoplasmic iNOS immunoreaction in the 

cardiomyocytes and the endothelium of 

blood capillaries (Fig. 3A). After LFN 

exposure, strong cytoplasmic iNOS 

immunoreaction was observed in 

cardiomyocytes and endothelium of blood 

capillaries (Fig. 3B). Sections of LFN-

exposed + vitamin C-treated rats showed 

mild increase of cytoplasmic iNOS 

immunoreaction in cardiomyocytes and 

endothelium of blood capillaries compared 

to that observed in control group (Fig. 3C). 

Electron microscope examination of the 

ultrathin sections of the left ventricular 

myocardium of the control subgroups Ia and 

Ib revealed nearly similar results.  

Cardiomyocytes had euchromatic nuclei and 

distinct nucleoli. Bundles of myofibrils were 

seen with rows of mitochondria between 

them (Fig. 4A1). The myofibrils showed 

alternating dark and light bands. Z lines 

appeared bisecting I band. Rows of 

mitochondria with closely packed cristae 

were seen in between myofibrils. (Fig. 4 

A2). Intercalated disks appeared between 
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djacent cardiomyocytes with a transverse 

portion formed of adherens junction, and a 

longitudinal portion formed of gap junction. 

Glycogen particles were seen in between 

myofibrils (Fig. 4A3). LFN-exposed rats 

revealed cardiomyocytes with fragmented 

myofibrils and rarified sarcoplasm. Their 

nuclei appeared with peripheral chromatin 

condensation (Fig. 4B1). Disrupted 

intercalated disk were observed between the 

affected cells (Fig. 4B2). In addition, 

numerous mitochondria showed disrupted 

cristae (Fig. 4B3). The interstitium was wide 

with fibroblast cells and many collagen 

fibrils (Fig. 4B4). On the other hand, LFN-

exposed + vitamin C–treated rats revealed 

cardiomyocytes with euchromatic nuclei and 

well organized myofibrils. Few cells 

appeared with fragmented myofibrils (Fig. 

4C1).   Intact transverse and longitudinal 

portions of the intercalated disks were 

observed (Fig.4. C2).  

 

Figure 1: A photomicrograph of H&E-

stained sections of rat left ventricular 

myocardium in all studied groups. 1A: From 

control group showing branched 

cardiomyocytes with acidophilic sarcoplasm 

(circle) and oval central vesicular nuclei 

(arrow) with clear perinuclear region (arrow 

head). (1B1, 1B2): LFN-exposed rats 

showing thinning of some fibres (zigzag 

arrow) with some pyknotic nuclei (arrow 

head) and vacuolated sarcoplasm. Wide 

interstitium (*) and congested blood 

capillaries (C) are also seen (1B1). In (1B2): 

There are loss of normal architecture and 

widespread fragmentation of 

cardiomyocytes (circle). Cardiomyocytes 

nuclei are pyknotic (arrow). Numerous 

vacuoles are seen in the cardiomyocytes 

sarcoplasm (arrow head). Adipocytes (A) 

are seen in between cardiomyocytes. Wide 

interstitium (*) is also noticed. (1C): From 

LFN-exposed + vitamin C-treated rat 

showing cardiomyocytes with little 

intercellular spaces (*). Some nuclei are 

vesicular (arrow), while others appear dark 

(arrow head). Few vacuoles in the 

sarcoplasm are also observed (zigzag 

arrow).                                  [H&E, X 400]. 

 

Figure 2: A photomicrograph of Mallory 

trichrome-stained sections of rat left 

ventricular myocardium in all studied 

groups. 2A: The control group shows few 

collagen fibres in between cardiomyocytes 

(arrow). 2B: LFN-exposed rat shows 

abundant collagen fibers (arrow) in between 

cardiomyocytes and surrounding blood 

vessel (V). (2C): The LFN-exposed + 

vitamin C-treated rat shows mild increase 

of collagen fibres in between 

cardiomyocytes (arrow). [Mallory 

Trichrome, X 200]. 
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Figure 3: Immunolocalization of iNOS in 

left ventricular myocardium specimens of all 

studied groups. 3A: Control rat shows weak 

positive cytoplasmic iNOS immunoreaction 

in cardiomyocytes (arrow) and endothelium 

of blood capillaries (arrow head). 3B: LFN-

exposed rat shows strong cytoplasmic  

iNOS immunoreaction in cardiomyocytes 

(arrow) and endothelium of blood capillaries 

(arrow head). 3C: LFN-exposed + vitamin 

C-treated rat shows mild increase of 

cytoplasmic iNOS immunoreaction in 

cardiomyocytes (arrow) and endothelium of 

blood capillaries (arrow head). 

[Immunoperoxidase for iNOS, X 400]. 

Figure 4: Electron micrographs of sections 

of the left ventricular myocardium in all 

studied groups. (4A1, 4A2, 4A3): From 

control group showing a cardiomyocyte 

with an euchromatic nucleus (N) and with 

bundles of myofibrils (F). Rows of 

mitochondria (M) in-between are also seen 

(4A1). Myofibrils are seen with alternating 

dark (A) and light bands (I).  Z lines (Z) 

appear bisecting I bands. Rows of 

mitochondria (M) with closely packed 

cristae are noticed inbetween myofibrils. 

Sarcoplasmic reticulum (arrow head) is also 

seen (4A2). In (4A3), adjacent myofibrils 

(F) with an intercalated disk in-between that 

has a transverse portion with adherens 

junction (arrow) and a longitudinal portion 

with gap junction (arrow head). Glycogen 

particles (zigzag arrow) are also seen. (4B1, 

4B2, 4B3, 4B4): LFN-exposed group 

showing fragmentation of myofibrils (arrow) 

with rarified sarcoplasm (*). A nucleus with 

peripheral chromatin condensation (N), and 

mitochondria with variable sizes (M) are 

also seen (4B1). In (4B2), fragmented 

myofibrils (arrow) and abundant matrix (*) 

are seen. Some mitochondria have disrupted 

cristae and membrane (M). Glycogen 

particles (zigzag arrow) were also observed. 

In (4B3), there is wide interstitium (*) with 

fibroblasts (F) and collagen fibrils (C). 

Fragmented myofibrils (arrow head) with 

disrupted intercalated disk (arrow) are seen 

in (4B4). (4C1, 4C2): LFN-exposed + 

vitamin C-treated group showing a 

cardiomyocyte with euchromatic nucleus 

(N). Some myofibrils are well organized 

(arrow head) while others are fragmented 

(arrow). Disorganized mitochondria (M) are 

noticed (4C1). In (4C2), myofibrils of a  a 

cardiomyocyte with intact transverse (arrow) 

and longitudinal (Zigzag arrow) portions of 

intercalated disk are seen. Some 

mitochondria (M) with intact cristae are also 

observed. [TEM, Mic Mag. 4A1, 4B1, 4C1 

x12500;  4A2, 4A3, x18500; 4B2, x25000; 

4B3, 4B4, x15000; 4C2, x40000].                    

2. Lung results: 

Examination of lung sections of the control 

subgroups Ia and Ib showed nearly similar 

histological results. 
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Examination of H & E-stained sections of 

adult male albino rats of the control group 

revealed normal architecture of the lung 

with terminal and respiratory bronchioles, 

alveolar ducts, alveolar sacs and alveoli. 

Alveoli were separated by apparently thin 

interalveolar septa which contained blood 

vessels (Fig. 5A1). They were lined with 

squamous pneumocytes type I and cuboidal 

pneumocytes type II (Fig. 5A2). After LFN 

exposure, examination of the lung sections 

revealed bronchioles with thickened wall 

and many collapsed alveoli with thick 

interalveolar septa (Fig. 5B1). Bronchioles 

had detached epithelium and vacuolated 

epithelial cells.   Smooth muscle layers were 

thickened. Sheded cells were also seen in the 

bronchiolar lumen (Fig. 5B2). Some alveoli 

contained homogenous acidophilic exudates. 

The interalveolar septa showed cellular 

infiltration and had congested blood 

capillaries (Fig. 5B3). In addition, 

extravasation of blood was seen inside some 

alveoli. Thickened hyalinosed blood vessels 

were also seen (Fig. 5B4).       Focal 

accumulations of adipocytes were noticed in 

the lung interstitium (Fig. 5B5). LFN-

exposed + vitamin C-treated rats revealed 

nearly normal lung structure. Bronchioles 

and blood vessels appear normal in 

structure. Interalveolar septa showed focal 

thickening, congestion and minimal cellular 

infiltration.  (Fig. 5C1, 5C2).      

             Mallory trichrome-stained sections of the  

control group revealed minimal collagen 

fibres in the connective tissue surrounding 

bronchioles and in the interalveolar septa 

(Fig. 6A). After LFN exposure, abundant 

collagen fibres were seen in the interalveolar 

septa and the connective tissue surrounding 

blood vessels and bronchioles (Fig. 6B). 

However, LFN-exposed + vitamin C-treated 

rats revealed mild increase of collagen fibres 

in the interalveolar septa and the connective 

tissue surrounding blood vessels and 

bronchioles (Fig. 6C).      

           Immunohistochemical-stained sections of the 

control group revealed weak positive 

cytoplasmic iNOS immunoreaction in the 

alveolar epithelium (Fig. 7A) while after 

LFN exposure, there was strong cytoplasmic 

iNOS immunoreaction in the alveolar 

epithelium and the other cells forming the 

interalveolar septa (Fig. 7B). However, 

LFN-exposed + vitamin C-treated rats 

showed mild increase of cytoplasmic iNOS 

immunoreaction in the alveolar epithelium 

and other cells formed the interalveolar 

septa (Fig.7C).   

Ultrastructurally, the alveoli of the control 

group were patent and lined with two types 

of cells; the flattened pneumocytes type I 

and the interspersed cuboidal pneumocytes 

type II. Few interstitial cells were present in 

the thin interalveolar septa (Fig. 8A1). 

Pneumocytes type II cells were seen facing 

the alveolar lumen with rounded 

heterochromatic nuclei. Their cytoplasm 

contained numerous lamellar bodies and 

mitochondria (Fig. 8A2). LFN-exposed rats 

revealed pneumocytes type II containing 

nuclei with peripheral chromatin 

condensation, increased number of 

vacuolated lamellar bodies and mitochondria 

with disrupted cristae (Fig. 8B1). 

Bronchioles were lined with vacuolated 

epithelial cells, one of which had a pyknotic 

nucleus. In the bronchiolar lumen, there 

were sheded cells and cytoplasmic 

fragments (Fig. 8B2). The thick interstitium 

of the lung contained multiple connective 

tissue cells with irregular nuclei, and 

numerous collagen fibrils. The cells revealed 

dilated rough endoplasmic reticulum (Fig. 

8B3). On the other hand, LFN-exposed + 

vitamin C-treated rats revealed minimal 

thickening of interalveolar septa. Some 

interstitial cells appeared with normal 
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structure (Fig.8 C1). Pneumocytes type II 

had nuclei with chromatin clumps. Some 

mitochondria had intact cristae while others 

had distorted cristae. Vacuolated lamellar 

bodies were also seen (Fig. 8C2). 

  

             Figure. 5): A photomicrograph of H&E-

stained sections of rat lung in all studied 

groups. (5A1, 5A2): From control group 

showing normal architecture of the alveoli 

(a), with many alveolar sacs (S). Alveoli are 

separated by apparently thin interalveolar 

septa (arrow).  Terminal (T) and respiratory 

bronchioles (R), alveolar ducts (D), and 

blood vessels (V) are also seen (5A1). The 

lining epithelium of the alveoli (a) was 

composed of squamous pneumocytes type I 

(arrow head) and cuboidal pneumocytes 

type II (arrow). A bronchiole (B) is also 

seen (5A2). (5B1, 5B2, 5B3, 5B4, 5B5): 

LFN-exposed group showing collapsed 

alveoli (circle) with thick interalveolar septa 

(arrow). A bronchiole with infiltrated wall 

(B) and a blood vessel (V) is also seen 

(5B1). Some alveoli show homogenous 

acidophilic exudate (E). Infiltrated (arrow 

head) and congested (arrow) capillaries are 

also seen (5B2). In (5B3), thickened 

congested interalveolar septa (arrow) are 

seen. Extravasation of blood (arrow head) 

appear inside some alveoli. A thickened, 

hyalinised (H) blood vessel (V) is also seen. 

(5B4) revealed a bronchiole (B) with 

detached epithelium (arrow), vacuolated 

epithelial cells (arrow head), thickened 

smooth muscle layer (*) and sheded cells in 

the lumen (circle). In (5B5), multiple 

adipocytes (A) infiltrate the lung 

interstitium. (5C1, 5C2): LFN-exposed + 

vitamin C-treated group showing nearly 

normal structures with focal thickening of 

interalveolar septa (arrow). Bronchioles (B) 

and blood vessels (V) are seen (5C1). 

Alveoli (a) show focal congestion (arrow) 

and minimal cellular infiltration (arrow 

head) of interalveolar septa.  A bronchiole 

(B) and a blood vessel (V) appear normal 

(5C2) [H&E, 5A1, 5B1, 5B5, 5C1 x100; 

5A2, 5B2, 5B3, 5B4, 5C2 x400]. 

Figure 6): A photomicrograph of Mallory 

trichrome-stained sections of rat lung in all 

studied groups. (6A): The control rat 

showing minimal collagen fibres (arrow) in 

the interalveolar septa and the connective 

tissue surrounding bronchioles (B). (6B): 

The lung of LFN-exposed rat shows 

abundant collagen fibres (arrow) the 

interalveolar septa and the connective tissue 

surrounding blood vessels (V) and 

bronchioles (B). (6C): In LFN-exposed + 

vitamin C-treated group, there are 

moderate amount of collagen fibres (arrow) 

in the interalveolar septa and in the 

connective tissue surrounding blood vessels 

(V) and bronchiole (B). [Mallory 

trichrome, X 200]. 
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Figure 7): Immunolocalization of iNOS in 

lung sections of all studied groups. (7A): 

The control rat shows weak positive 

cytoplasmic iNOS immunoreaction in the 

alveolar epithelium (arrow). (7B): In LFN-

exposed group, there is strong cytoplasmic 

iNOS immunoreaction in the alveolar 

epithelium and other cells forming 

interalveolar septa (arrow). (7C): LFN-

exposed + vitamin C-treated group shows 

mild increase of cytoplasmic iNOS 

immunoreaction in the alveolar epithelium 

and other cells form interalveolar septa 

(arrow). [Immunoperoxidase for iNOS, 

x400]. 

Figure 8): Electron micrographs of lung 

sections in all studied groups.  (8A1, 8A2):  

From control group showing patent alveoli 

lined by two types of cells; the flattened 

pneumocyte type I (arrow head), and the 

cuboidal pneumocyte type II (arrow). Few 

interstitial cells are present (Ic) (8A1). 

Pneumocyte type II appears facing the 

alveolar lumen, with heterochromatic 

nucleus (N). Its cytoplasm contains lamellar 

bodies (arrow) and mitochondria (M) (8A2).  

(8B1, 8B2, 8B3):  LFN-exposed group 
showing a bronchiole lined with vacuolated 

cells (arrow), one of which has a pyknotic 

nucleus (red arrow). In the bronchiolar 

lumen, there are sheded cells (curved arrow) 

and cytoplasmic fragments (Zigzag arrow) 

(8B1). Thick interstitium contains multiple 

connective tissue cells with irregular nuclei 

(N), and numerous collagen fibrils(C). The 

cells reveal dilated rough endoplasmic 

reticulum (arrow head) (8B2). Pneumocyte 

type II contains heterochromatic nucleus 

(N), numerous vacuolated lamellar bodies 

(arrow) and mitochondria with disrupted 

cristae (M) (8B3). (8C1, 8C2): LFN-

exposed + vitamin C- treated group 
showing minimal thickening of interalveolar 

septum. Some alveolar cells have normal 

structure (arrow) (8C1). An electron 

micrograph from a section in the lung of 

LFN-exposed and vitamin C- treated rat 

showing pneumocyte type II containing 

nucleus (N) with chromatin clumps, some 

mitochondria have intact cristae (M)  while 

others have distorted cristae (D). Vacuolated 

lamellar bodies are also seen (arrow) (8C2). 

[TEM, Mac Mag., 8A1, x3200; 8A2, 

x15000; 8B1, x3000, 8B2, x6000; 8B3, 

x9000; 8C1, x6000; 8C2, x8000] 

II. Morphometrical and statistical 

anlalysis: 

1-Morphometrical and statistical analysis 

of hematological results: 

Statistical analysis of the mean values of the 

WBCs, RBCs and platelets count using 

analysis of variance (ANOVA) test revealed 

a highly significant increase (p<0.001) in 

subgroup IIa when compared with the 

control and subgroup IIb (Table 1 & Bar 

chart 1, 2, 3).  
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Table (1): Comparison between the mean values of WBCs, RBCs and platelets count in all 

studied group using ANOVA test: 

 Control (n=5) SubgroupIIa (n=5) SubgroupIIb (n=5) F P 

WBCs: 

Mean ± SD 

Range 

 

5.25 ± 1.37 

5.1 – 5.5 

 

15.9 ± 5.37 

7.5 – 19.5 

 

7.08 ± 1.2 

6.5 – 11.4 

 

15.1 

 

0.001** 

 

RBCs: 

Mean ± SD 

Range 

 

6.7 ± 0.9 

6.23 – 7.1 

 

10.06 ± 1.1 

8.93 – 11.42 

 

7.98 ± 0.93 

7.34 – 9.76 

 

14.9 

 

0.001** 

Platelets: 

Mean ± SD 

Range 

 

678 ± 77.6 

567 - 733 

 

956.8 ± 38.23 

904 – 998 

 

782.8 ± 78.63 

729 – 889 

 

21.77 

 

<0.001** 

SD: Standard Deviation.                     **: highly significant (p<0.001). 

 

Bar chart 1: The mean of WBCs count of all studied groups 
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Bar chart 2: The mean of RBCs count of all studied groups. 

 

 

 

Bar chart 3: The mean of platelets count in different studied groups. 
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2- Morphometrical and statistical analysis of heart results: 

 Statistical analysis of the mean values of the 

optical density of iNOS immunoreaction in 

the cardiomyocytes of adult male albino rats 

using analysis of variance (ANOVA) test 

revealed a highly significant increase 

(p<0.001) in LFN-exposed rat (subgroupIIa) 

when compared to the control and LFN–

exposed+vitamin C–treated rat (subgroup 

IIb) (Table 3& Bar chart 4).  

 

Table (3): Comparison between mean values of the optical density of iNOS 

immunoreaction in all studied groups using ANOVA test: 

 Control 

(n=5) 

SubgroupIIa 

(n=5) 

SubgroupIIb 

(n=5) 

F P 

Density (H): 

Mean ± SD 

Range 

 

50.06 ± 1.37 

48.12 – 51.36 

 

68.52 ± 0.29 

68.07 – 68.71 

 

52.03 ± 1.62 

50.38 – 58.77 

 

366.2 

 

<0.001** 

 

SD: Standard Deviation.                     **: highly significant (p<0.001). 

 

 

 

Bar chart 4: The mean values of the optical density of iNOS immunoreaction in all studied 

groups.

Statistical analysis of the mean area 

percentage of collagen fibres using ANOVA 

test revealed a highly significant increase 

(p<0.001) in subgroup IIa when compared 

with the control and subgroup IIb (Table 

5& Bar chart 5).  
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Table (5): Comparison between mean values of area percentage of collagen fibres in all 

studied group using ANOVA test: 

 Control 

(n=5) 

SubgroupIIa (n=5) SubgroupIIb (n=5) F P 

Area % (H): 

Mean ± SD 

Range 

 

1.99 ± 0.64 

1.02 – 3.09 

 

16.63 ± 2.11 

14.76–18.97  

 

 

3.25 ± 1.05 

2.61 – 8.01 

 

165.5 

 

<0.001** 

 

SD: Standard Deviation.                     **: highly significant (p<0.001). 

 

Bar chart 5: The mean values of area percentage of collagen fibres in all studied groups. 

 

3- Morphometrical and statistical anlalysis of lung results: 
Statistical analysis of the mean values of the 

optical density of iNOS immunoreaction 

using analysis of variance (ANOVA) test 

revealed a highly significant increase 

(p<0.001) in subgroup IIa when compared 

with the control and subgroup IIb (Table 7 

& Bar chart 6).   

 

 

Table (7): Comparison between mean values of the optical density of iNOS 

immunoreaction in all studied groups using ANOVA test: 

 Control(n=5) SubgroupIIa (n=5) SubgroupIIb (n=5) F P 

Density (L): 

Mean ± SD 

Range 

 

58.96 ± 0.80 

58.31 – 59.7 

 

74.82  ± 0.27 

74.44 –75.08 

 

60.04 ± 0.8 

57.1 – 63.2 

 

870.6 

 

<0.001** 

 

SD: Standard Deviation.                     **: highly significant (p<0.001). 
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Bar chart 6: The mean values of the optical density of iNOS immunoreaction in all studied 

groups. 

Statistical analysis of the mean area 

percentage of collagen fibres using ANOVA 

test revealed a highly significant increase 

(p<0.001) in subgroup IIa when compared 

with the control and subgroup IIb (Table 

9& Bar chart 7).   

Table (9): Comparison between mean values of the area % (L) of collagen fibres in all studied group 

using ANOVA test: 

 Control 

(n=5) 

SubgroupIIa 

(n=5) 

SubgroupIIb 

(n=5) 

F P 

Area % (L): 

Mean ± SD 

Range 

 

4.58 ± 0.78 

3.36 – 5.29 

 

23.33 ± 1.25 

22.49 – 25.42 

 

6.03 ± 1.26 

5.33 – 13.37 

 

434.3 

 

<0.001** 

 

SD: Standard Deviation.                     **: highly significant (p<0.001). 
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Bar chart 7: The mean values of area percentage of collagen fibres in all studied groups. 

Statistical analysis of the mean values of the 

diameter of interalveolar septa using 

ANOVA test revealed a highly significant 

increase (p<0.001) in subgroup IIa when 

compared with the control and subgroup IIb 

(Table 11 & Bar chart 8). 

Table (11): Comparison between mean values of the diameter of interalveolar septa in all 

studied group using ANOVA test: 

 Control (n=5) SubgroupIIa 

(n=5) 

SubgroupIIb (n=5) F P 

Diameter: 

Mean ± SD 

Range 

 

4.56 ± 1.45 

4.06 – 6.28 

 

10.32 ± 0.99 

9.01 – 11.43 

 

6.16 ± 1.08 

5.67 – 8.36 

 

31.21 

 

<0.001** 

SD: Standard Deviation.                     **: highly significant (p<0.001). 
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Bar chart 8: The mean values of the diameter of interalveolar septa in all studied groups. 

Discussion:  

     Low frequency noise (LFN) is one of the 

powerful mechanical stressors which cause 

morphologic cellular changes and organic 

alterations. The lack of attenuation of low 

frequency noise by walls and other 

structures make it a factor of critical 

importance to health (22). LFN has been 

accused in some cardiovascular and 

respiratory diseases (smokers and non-

smokers alike) (7).   

So, this study was designed to investigate 

the effects of LFN on the blood picture, and 

the histological structure of the heart and 

lung of adult male albino rats. 

In the present work, exposure to LFN 

increased the collagen fibers in between 

cardiomyocytes and in the lung interstitium. 

These findings were confirmed statistically 

by a significant increase of the mean area 

percentage of collagen fibres in both heart 

and lung in comparison to the control group. 

Ultrastructurally, the lung showed interstitial 

cells with dilated rough endoplasmic 

reticulum, surrounded by collagen fibrils, 

which might be hyperactive fibroblasts. 

Antunes et al. (4), Oliveira et al. (47) and 

Lousinha et al. (3) attributed the increased 

collagen fibers to the strong dynamic 

interactions between fibroblasts and 

extracellular matrix. Mechanical forces 

which were applied to individual cells could 

change cell reactions to biochemical stimuli 

or even induce entirely different cellular 

responses.  Mechanical forces resulting from 

tissue vibration may be the initial stimulus 

for collagen production through a 

mechanotransduction process.  

In the same context, it was reported that 

mechanical stress, resulting from increased 

external forces applied to tissues lead to 

mechanical changes in the actin 

cytoskeleton of the cells (23). In these 

conditions the cellular components of 

organs, particularly fibroblasts, endothelial 

cells and smooth muscle cells are subjected 

to a mechanical stress that goes beyond what 

happens under normal conditions. The 

transmission of such forces to cells in organs 

causes a production of growth factors, 
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cytokines or hormones that leads to fibrotic 

responses (19). 

The current work revealed multiple 

adipocytes deposited in between 

cardiomyocytes, and infiltrating lung tissue. 

These fatty degenerative changes were 

explained by Unger (56) who stated that fat 

infiltration might occur in non-adipose 

tissue such as that resulting from leptin 

inducing pro-inflammatory response and 

lead to accretion of connective tissue 

elements and eventual fibrosis. 

Peroxisome proliferator activator receptors 

(PPARs) are members of the nuclear 

receptor superfamily that function as 

transcription factors regulating the 

expression of genes. PPARs play essential 

roles in the regulation of cellular 

differentiation, development, and 

metabolism (carbohydrate, lipid, protein). 

There are PPAR subtypes; α, β and γ. 

Cardiomyocytes express all three subtypes. 

In particular, PPAR-γ plays a critical role in 

myocardial fatty acid oxidation. 

Physiologically, functional PPAR-γ is 

required to regulate cellular oxidant–

antioxidant balance that prevents oxidative 

damage and preserve contractile function in 

cardiac muscle. Oxidative stress leads to 

decrease PPAR-γ and subsequent 

accumulation of fatty acids resulting in 

increased blood lipid peroxidation 

parameters (57). 

In addition, Chrousos (11) reported that 

noise exposure leads to changes in pituitary 

hormones with subsequent increase in blood 

cortisol levels increasing blood cholesterol 

and triglycride in people exposed to noise. 

Abdel Aziz (1) mentioned that intracellular 

lipids are no longer able to be metabolized 

by mitochondria that are affected by LFN 

exposure. So, the fatty degeneration of lung 

and heart tissue occurs.  

 Moreover, Kucharski and Zajac (29) 

found that in cardiomyopathy, 

transdifferentiation of cardiac muscle into 

mature adipocytes occurs leading to a 

possible pathogeneic mechanism for 

arrhythmogenic ventricular cardiomyopathy. 

The mechanism by which fatty infiltration 

promotes arrhythmogenicity and/or causes 

sudden death has never been well addressed. 

In our results, nuclear changes were 

observed in the heart and the lung of LFN-

exposed rats in the form of pyknotic nuclei, 

some of which had irregular nuclear 

envelope. These findings were in accordance 

with Huang et al. (21) who explained 

cellular death seen in traffic noise-exposed 

rats via activation of hypothalamic pituitary 

adrenal axis. The same authors added that 

rats exposed to repeated stress were found to 

have a higher level of plasma noradrenaline 

and corticosterone, compared to the non-

stressed rats. It was confirmed that elevation 

in catecholamine levels generates free 

radicals which are cytotoxic and mediate 

tissue damage by injuring cellular 

membranes (20, 37).  

Our study revealed vascular changes in the 

heart and lung of LFN-exposed group as 

congestion and extravasation of blood, 

which were attributed by Gannouni (41) to 

free radicals production that lead to 

microvascular injury, disruption of the 

endothelial barrier and increased vascular 

permeability evoking an inflammatory 

response. 

In this study, immunolocalization of iNOS 

revealed strong reaction in the heart and 

lung after exposure to LFN which was 

confirmed statistically. These findings were 

attributed by Tribulová et al. (55) to 

oxidative stress. LFN exposure induces 

oxidative stress in cardiac cells and 

decreases of PPAR-γ which protects 
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cardiomyocytes from oxidative stress 

potentially through increased catalase 

expression or decreased intracellular H2O2. 

The cardiovascular and respiratory systems 

are very sensitive to oxidative stress. 

The current study also revealed several 

mitochondrial changes in the heart and lung 

of LFN-exposed rats as variable sizes and 

mitochondria with disrupted cristae. These 

results were attributed to possible direct 

damage of the cells membrane leading to an 

overload of Ca2+ and consequent inhibition 

of the oxidative phosphorylation, followed 

by a reduction of the cardiomyocyte energy 

(49, 4). 

In this study, the ventricular myocardium of 

LFN-exposed rats revealed focal 

fragmentation and separation of 

cardiomyocytes resulting in wide 

interstitium. Zhaohui et al. (58) found a 

relation between noise and myocardial 

damage.  

   The fragmentation of cardiomyocytes 

would result in disruption of interacted discs 

which comes in accordance with our results. 

Samson et al. (53) and Burstein et al. (9) 

stated that in LFN-exposed rats there were 

changes in gap junctions characterized by a 

reduction in connexin43. 

In this study, the lung of LFN-exposed rats 

revealed pneumocytes type II with increased 

number of vacuolated lamellar bodies. 

Excessive production of surfactant by 

pneumocytes type II seemed to exceed the 

ability of it and alveolar macrophages to 

degrade it. Increase number of lamellar 

bodies of pneumocytes type II might 

constitute the reserve epithelial cells of the 

alveoli, as a manifestation of pneumocyte 

type I repair and reflected its underlying 

injury (13). 

 The lung of LFN-exposed rats showed 

cellular infiltration in interalveolar septa and 

surrounding bronchioles with formation of 

lymphatic nodules. These findings were 

confirmed by a significant increase of 

WBCs count, compared to the control group. 

Nuno et al. (42) attributed these results to 

the decrease in bronchial cilia that may 

impair the mucociliary clearance of the 

respiratory airways and thus increase 

vulnerability to respiratory infection.  

In addition, our work revealed homogenous 

acidophilic exudate in the alveoli, thickened 

hyalinosed blood vessels in the lung of 

LFN-exposed group as Hyalinosis was 

explained by Matthay, and Zimmerman, 

(34) who stated that inflammatory reactions 

and vascular endothelial injury leads to 

leakage of plasma components across this 

endothelium and excessive extracellular 

matrix production by smooth muscle cells. 

Endothelium dysfunction as a result of 

inflammation is a cause of interstitial 

eosinophillic fibrinoid exudate which is 

termed hyaline membrane.   

 The lung of LFN-exposed rats showed 

bronchioles with detached epithelium and 

vacuolated epithelial cells. Gehan et al. (16) 

attributed to cellular infiltration especially 

neutrophils and macrophages which damage 

epithelium by secreting several types of 

chemotactic injurious substance. 

The lung of LFN-exposed rats showed thick 

smooth muscle layers of the bronchioles. 

This finding was explained by Halwani et 

al. (18) who suggested that inflammation 

has hallmark of airway smooth muscle 

proliferation and increase cell mass as in 

bronchial asthma. Smooth muscle 

proliferation occurred in response to specific 

stimulants as bradykinin, thromboxane A2, 

histamine, platelet-derived growth factor, 

fibroblast growth factor and epidermal 
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growth factor. These factors lead to 

activation of tyrosine kinase that has a 

potent mitogenic effect. 

In this study, administration of vitamin C 

improves the structural alterations in the 

heart and lung caused by LFN exposure. 

Vitamin C act through different mechanisms 

to prevent oxidant-induced cell damages. 

They act for redox homeostasis, and 

scavenge them or interfere with their 

induced alterations. As modulating 

mitochondrial activity is an important 

possibility to control oxidative stress 

toxicity, mitochondrial redox signals are 

produced and modulated, so can alter 

mitochondrial functions (39).  

Vitamin C ameliorated the fibrosis caused 

by LFN exposure. This result was attributed 

by to inhibition of cytokine release from 

macrophages, such as transforming growth 

factor-b1, which is the most important in 

extracellular matrix remodeling. Also, 

vitamin C has the ability to replenish 

intracellular glutathione via its metabolism 

to the glutathione precursor (54).  

Vitamin C was found to inhibit various 

inflammatory elements related to oxidative 

stress such as tumor necrosis factor, 

inducible nitric oxide synthase (25, 43). This 

comes in agreement with our results where 

vitamin C decreased the iNOS reaction, as 

compared to the control group. 

   In the current work, hematological 

analysis of blood parameters revealed a 

significant increase of the mean of RBCs, 

WBCs and platelets count in LFN-exposed 

subgroup, in comparison to the control. 

Similar results were found by Nazemi et al. 

(40) who attributed them to the effect of 

vibrating sound on blood parameters.  

     Mullen et al. (38) stated that constant 

exposure to noise pollution lead to 

continuous increase in the serum 

concentrations of corticosterone. It is 

presumed that corticosterone increases the 

production of RBCs by enhancing the 

growth and cell division in the bone marrow. 

Conclusion and recommendation: it was 

concluded that LFN had serious harmful 

effects on the heart and lung of adult male 

albino rats which were improved by 

antioxidants as vitamin C supplement. So, 

we recommend to meticulously following up 

people exposed to LFN to avoid any 

possible complications. There is an urgent 

need to monitor workers who must remain 

in LFN-rich environments for extended 

periods of time. Increase the intake of 

vitamin C-rich food stuffs as fruits and 

vegetables is also required. 

Conflicts of interest: There are no conflicts 

of interest. 
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