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ABSTRACT 

Objective: Gamma radiation-induced salivary gland dysfunction has a major 

deleterious effect on oral health.   Aim: This study was carried out to 

evaluate the possible effect of low level laser therapy (LLLT) on radiation 

induced oxidative stress in rats’ salivary glands. Material and Methods: 

Sixty four male Albino rats were divided into two groups. One group where 

the left parotid gland was exposed to 3 sessions of LLL, then rats were 

subjected to 3 sessions of whole body gamma-radiation. In the other group, 

rats were subjected to 3 sessions of gamma-radiation; each was followed by 

a session of LLL to the left parotid gland. The right gland of both groups was 

used as irradiated control.  Parotid glands were collected 1day, 3days, 1week 

and 2weeks after the end of treatment and were subjected to histological 

examination and immunohistochemical analysis. Results: The parotid gland 

of both laser groups showed less intracytoplasmic vacuolization, slight 

alteration of acinar architecture and almost even size nuclei as compared to 

the irradiated gland. LLL either before or parallel to gamma-irradiation was 

effective in increasing cell proliferation on the third and seventh day, 

respectively as compared to the gamma irradiated group (P<0.05). 

Statistically, results revealed significant decrease in optical density of 

caspase 3 activity in the lased groups on the first week as compared to the 

control. Conclusion: LLLT attenuates the harmful effect of gamma 

irradiation on the parotid glands of the rats. Also, it improves gland 

regeneration through modulation of cell proliferation and apoptosis.  

KEY WORDS: Low level laser; Gamma radiation; Histopathological; 

Immunohistochemical; Salivary glands. 
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INTRODUCTION 

 

INTRODUCTION 

Head and neck cancer is the fifth most common cancer worldwide 

with an estimated annual incidence of 500,000 new cases (Seiwert and 

Vokes 2007).  Although radiotherapy has produced a significant increase in 

cure rates for many malignancies of the head and neck region, however 

irradiation in large areas including normal tissue may result in several 

undesired reactions that manifest during or after the completion of therapy. 

The degree, progression and reversibility of these complications are strongly 

related to the radiation dose, fraction size, volume of irradiated tissue, and 

type of ionizing irradiation
 
(Tolentino et al 2011).   

Clinical radiotherapy for cancer of the nasopharyngeal and 

oropharyngeal region often includes 30% to 90% of the parotid and 

submandibular gland (Radfar and Sirois 2003).  

Sagowski et al (2004 and 2005) found that after fractionated 

radiation of a dose of 16Gy, an extra- and intra- cellular oedema developed 

in the acinar cells of the parotid glands. Progressive vacuolization and 

increased density of intracytoplasmic granules were also detected, while the 

lobular structure remained intact.  

Burlage et al (2009) stated that after an initial reduction in 

proliferation, 15Gy x-irradiation induced a small but a significant increase in 

PCNA labeling of both acinar and intercalated ductal cells starting 7 days 

after radiation and peaking around day 20. Irradiation of submandibular and 

parotid glands resulted in decreased level of tissue regenerative activity such 

as blood vessel formation and cell proliferation, while apoptotic activity was 

increased (Sumita et al 2011). 
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Currently, low-level laser therapy (LLLT), also known as "cold 

laser", "soft laser", "biostimulation" or "photobiomodulation" is practiced as 

part of physical therapy in many parts of the world (Roelandts 2002). 

 Infrared LLL has a possible stimulatory effect on wound healing in 

vivo. LLLT resulted in an increased fibroblast proliferation in vitro (Vinck et 

al 2003). Application of indium gallium aluminum phosphide (InGaAlP) 

laser at an output power of 100 mW, wavelength 660 nm and 133.3 J/cm
2 

reduced skeletal muscle cell apoptosis (Sussai et al 2010). 

Oral mucositis is a common morbid condition associated with 

chemotherapy or radiotherapy for which there is no standard prophylaxis or 

treatment. Low-level laser therapy may be useful in decreasing the severity 

of chemotherapy-associated or radiotherapy-associated mucositis (Genot and 

Klastersky 2005). 

Irradiation of salivary glands with a 685 nm diode laser after 

radiotherapy resulted in a statistically significant increase in salivary flow 

rate at 15 days post laser irradiation (Lopes et al 2006). The effects of low-

level laser therapy on salivary glands are not only stimulating, but also 

regenerative to a degree since the glandular response to the same amount of 

applied laser energy increased linearly over time (Lončar et al 2011).  
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REVIEW OF LITERATURE 

I- Ionizing Radiation 

Radiation is classified according to its energy into non-ionizing 

radiation (any radiation that has insufficient energy to produce ions in matter 

and tissues, such as ultraviolet, infrared, visible light, ultrasound and radio 

waves) and ionizing radiation (any radiation consisting of moving particles 

or electromagnetic waves that has sufficient energy to produce ions in matter 

and tissues (Vyas et al 1994). 

According to their nature, ionizing radiations may be electromagnetic 

or corpuscular radiation. Electromagnetic radiations consist of stream of high 

photons and have no mass or charge. They include X-rays and gamma-rays 

which can easily penetrate the body tissues and deposit their potentially 

harmful energy deep in the body. Corpuscular radiations consist of particles 

that have an electric charge and mass.  They include α and β particles, 

electrons, protons and neutrons (Behrman et al 2000). 

Botkin and Keller (2000) reported that the most commonly employed 

radiations in occupation health are x-rays, γ-rays, α and β-particles and 

neutrons. γ-rays have shorter wave length and higher penetration than x-rays. 

The penetrating power of different types of radiation is illustrated in (Fig. 1). 

They are emitted when a nucleus undergoes a transition from a higher to a 

lower energy level (Yu 2001). 

Not all cells in the body are equally radiosensitive. In general, cells 

are sensitive to radiant energy in direct proportion to their reproductive or 

mitotic activity and in inverse proportion to their level of specialization 

(Kasatkinan et al 1997). 
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Fig. (1): The penetrating power of different types of radiation, (www. 

physics.brown.edu/.../modern/demo/7d3050.htm).  

Effect of ionizing radiation on salivary glands: 

 Stephens et al (1991) reported that irradiation of parotid and 

submandibular salivary glands with single doses of 2.5-7.5Gy resulted in 

acute degeneration and necrosis of serous cells of both parotid and 

submandibular glands of rhesus monkeys. In submandibular glands, doses of 

10 -15Gy caused widespread destruction of whole serous acini, but only 

isolated mucous cells were affected. Transient exudation of neutrophils was 

replaced after 24 hours by plasma cells and lymphocytes.  They noticed that 

the lesions were clearly expressed by 24 hours. These observations 

demonstrated the unique sensitivity of serous cells which appear to undergo 

interphase cell death after irradiation.  

 Vissink et al (1991) declared that three days after a single dose of 

15Gy, the most striking morphologic changes in serous and mucous cells of 

http://www.physics.brown.edu/physics/demopages/Demo/modern/demo/7d3050.htm
http://www.physics.brown.edu/physics/demopages/Demo/modern/demo/7d3050.htm
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rat submandibular gland were distension of the cisternae of the rough 

endoplasmic reticulum (RER), degeneration of mitochondria and 

vacuolization of the cytoplasm. Fibril-like condensations of electron dense 

material in the mucous granules were observed after irradiation. 

Regranulation of convoluted granulated tubules cells was observed from 6
th

 

day. Ahlner et al (1993) added that the seromucous acini were partly 

atrophied, with successively changed architecture and reduced size of the 

granules. The serous tubules showed pronounced reduction of the granules at 

4 months and a remarkable adenomatous regeneration at 10 months post 

irradiation. The striated ducts were almost unaffected by irradiation. 

Franzén et al (1993) revealed that fractionated irradiation of parotid 

glands resulted in a dose-dependent decline in the number of acinar cells, 

whereas the other parenchymal cells (intercalated, striated- and excretory 

duct cells) were unaffected by the irradiation compared with control glands 

Henriksson et al (1994) found that irradiation of salivary glands once 

daily for 5 days using a dose of 20, 35 and 45Gy resulted in no obvious 

changes up to 10 days. However, at 180 days a radiation dose-dependent loss 

of gland parenchyma was seen, especially with regard to acinar cells and 

serous convoluted granular tubule cells in the submandibular gland. They 

added that progressive loss of acini in the parotid and submandibular glands 

can be correlated to the activation of mast cells and release of their secretory 

products. 

Ahlner et al (1994) reported that arterioles showed slight to moderate 

narrowing of the lumina. Moreover, the number of intra- and extralobular 

plasma cells were increased at 10 months postirradiation. In the same year, 

Ahlner and Lind (1994) declared that a single radiation dose of 13.1Gy 

significantly reduced blood flow through the whole gland 4 months later, and 
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even more at 10 months after irradiation. However, the relative blood flow 

(per gram of gland tissue) was almost unaffected at both 4 and 10 months 

post-irradiation because of the simultaneous reduction of gland parenchyma. 

Price et al (1995) and Radfar and Sirois (2003) reported that 

receiving 50Gy/20 fraction/4 weeks, 55Gy/25 fraction/5 weeks, or 54Gy/36 

fraction/12 days induced a reduction of serous acini in parotid glands and of 

both serous and mucous acini in submandibular glands. Moreover, irradiated 

glands consistently demonstrated significant parenchymal loss with 

extensive acinar atrophy and interstitial fibrosis. Enlarged nuclei in the 

remaining acinar cells and ductal dilatation and proliferation were also noted. 

Guchelaar et al (1997) stated that the hallmarks of radiation-induced 

damage are acinar atrophy and chronic inflammation of the salivary glands. 

The early response resulting in atrophy of the secretory cells without 

inflammation might be due to radiation-induced apoptosis. In contrast, the 

late response with inflammation could be a result of radiation-induced 

necrosis. 

Nagler (1998) reported that at 40 days post- 15Gy irradiation, the 

parotid acinar tissue was reduced, being replaced by fibrovascular stromal 

tissue. At 90 days post-15Gy irradiation, the parotid and submandibular 

functions were reduced. O'Connell et al (1999) revealed that 12 months 

post-irradiation with a single dose of 10Gy the rat submandibular glands 

demonstrated smaller acinar cells and convoluted granular tubules, while 

intercalated and striated ducts maintained their size. In addition, no 

inflammation or fibrosis was observed in the irradiated tissues.  

The greater liability of serous cells to radiation damage has been 

attributed to generation of free radicals via transition metal ions, such as 
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copper, iron, manganese and zinc, contained in their secretory proteins. 

When the secretory granules harboring these proteins are discharged by 

administration of secretagogues prior to irradiation, the damage to and loss 

of acinar cells is considerably diminished in rat parotid, but not 

submandibular glands (Peter et al 1994 & Coppes et al 2000).  

Nomayr et al (2001) declared that edema was the main radiation 

induced effect. It was detected in the epiglottis, larynx, pharynx wall, 

salivary glands and the bone marrow of the mandible. Radiation also caused 

volume reduction of the parotid gland, thickening of the pharynx wall and 

fatty degeneration of bone marrow. Lin et al (2001) found that the volume of 

saliva collected in the first 5 min was three times greater than that collected 

between 15 and 20 min after irradiation. The flow rate was significantly 

decreased 50%, whereas the lag time was increased more than 300% 

significantly at 24 h after irradiation. 

Hakim et al (2002) reported that the main feature observed in 

irradiated salivary glands was a secretory retention and an intracellular 

edema with a consequent rupture of cell membrane especially on the luminal 

side. The cellular borders seemed diminished and it was not possible to 

delimit adjacent cells. Scattered vacuolopathy and anisonucleosis was 

noticed in acinar and ductal cells as well. The secretory retention and 

vacuolopathy underwent a slight regression throughout the observing period. 

Bartel-Friedrich et al (2003) stated that irradiation of advanced head and 

neck tumors often includes normal tissues which results in both single-cell 

damage (necrosis, apoptosis, functional cell death) and interstitial damage 

(edema, fibrosis, vascular alterations, cellular infiltrations). 

Takeda et al (2003), found that salivary gland irradiation at a dose of 

15Gy caused a significant decrease in secretion compared to un-irradiated 
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one. Irradiation was found to increase the NO level in the salivary gland 

tissue. In addition, the presence of an inhibitor of NO synthesis caused a 

decrease in the NO level in cultured salivary gland tissues after irradiation 

and improved saliva secretion. These results suggested that excessive 

production of NO induced by radiation is involved in the formation of 

radiation-induced xerostomia.  

In three subsequent years, Sagowski et al (2003, 2004, &2005) 

studied the effect of different doses of fractionated radiation on parotid and 

submandibular glands. They found that after dose of 16Gy, an extra- and 

intra- cellular oedema developed in the acinar cells of the parotid glands, 

while submandibular glands showed no signs of morphological changes. 

Progressive vacuolization and increased density of intracytoplasmatic 

granules were also detected, while the lobular structure remained intact. On 

the other hand, acinar cells of submandibular gland showed slight edema and 

only mild vacuolization. Application of 46Gy (23 fractions) resulted in 

lipomatosis and an increase of the periductal and peri-vascular connective 

tissue, in addition to pyknotic nuclei in the acinar cells. The submandibular 

gland showed edema with sedimentation of fibrin and infiltration of 

granulocytes. The cytoplasmic vacuolization and the intra-and extra-cellular 

edema progressed. After application of 60Gy (30 fractions), cells of both 

acini and duct system were necrotic with indistinct cell membranes. The 

nuclei of relatively unaffected cells were pyknotic and apoptotic, while the 

cytoplasm was hyperchromatic, with loss of the typical granular structure. 

The duct system showed desquamated cells and appeared partially 

obstructed. In comparison to the parotid glands, the radiogenic damage was 

less pronounced in the submandibular gland. 
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Urek et al (2005) studied the effect of local X-irradiation of the 

submandibular glands of mice with a single dose of 7.5 or 15Gy. The early 

morphological changes were pyknotic nuclei, vacuolization of acinar cells 

and lysis of acini and granular convoluted tubules. These changes were 

detected at 3 and 6 days after irradiation. Ninety days after irradiation, the 

most remarkable changes were disseminated mononuclear infiltration and a 

significant reduction in number of acinar cells. Also, single-dose X-ray 

irradiation of 15Gy or 30Gy resulted in decreased salivary flow, decreased 

gland weight and altered gross morphology (Konings et al 2005, b). 

In the same year, Bralic et al (2005) reported that vacuolization of 

acinar cells and pyknotic nuclei were noted 24h post-irradiation. Injury of 

secretory tissue was maximal at 6
th

day post-irradiation. Salivary glands 

irradiated with a dose of 7.5Gy showed recovery of gland morphology over a 

period of 10 days, whereas no significant recovery was noticed with an 

irradiation dose of 15Gy.  

The effects of a solitary mega dose protocol of ionizing radiation (IR) 

on the structure and function of the miniature pig (minipig) parotid gland 

was evaluated by (Jun et al 2005). The parotid gland of minipigs was 

subjected to either 15 or 20Gy. The parotid flow rate decreased by 

approximately 50% either with 20Gy at 4 weeks, or 15Gy at 16 weeks post-

IR. In the 20Gy group, salivary flow rates were reduced by approximately 

80% at 16 weeks post-IR. Parotid gland weights were significantly decreased 

(−50%) in the 15 and 20Gy groups at 4 and 16 weeks post-IR. Additionally, 

the acinar cell area in glands of both IR groups was significantly reduced 

from that in control glands at both the 4 and 16 weeks’ time points.  

 Bashir and El-Magraby (2006) reported that exposure of rat 

submandibular gland to fractionated radiation at a dose of 6Gy in three 
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sessions for three consecutive days resulted in diminished cellular borders, 

scattered vaculopathy and a rise in the number of aberrant nuclei of the 

acinar cells one day post irradiation. Three weeks post irradiation, acinar cell 

cytoplasm was more vacuolated with loss of secretory granules, enlarged 

hyperchromatic nuclei were more obvious and ductal proliferation and 

dilatation were noticed. 

Mehanni et al (2006) found that parotid gland exposed to single dose 

gamma radiation of 6.5Gy revealed irregular shape and diminished size 

acini. The nuclei of the acinar cells were hyperchromatic and their cytoplasm 

showed minute vacuolization. The duct system showed dilatation of their 

lumen on the expense of their cell height. The blood vessels were dilated and 

engorged with red blood corpuscles.  

Ramos et al (2006) stated that irradiation of rats with a single 

exposure dose of 15Gy of gamma rays significantly diminished salivary 

volume. Similarly, irradiation of the submandibular glands of the rats with 

15Gy significantly decreased salivary flow rate at 1, 2, 5, 14 and 28 days as 

compared with the control group (Takakura et al 2007).  

Histopathological analysis revealed vacuolization of acinar cells and 

pyknotic nuclei in irradiated rats at 40 days of radiation. These findings were 

more apparent at 90 days of radiation, when strong vacuolization of almost 

all acinar cells, many pyknotic nuclei, and lysis of acini were observed. 

Furthermore, radiation induced fibrosis in periductal connective tissue (Lee 

et al 2006 & Boraks et al 2008).  

In one study, the maxillary region of mice, including the parotid 

gland, was exposed to 5Gy X-ray irradiation. The histological examination 

revealed auxetic growth of acinar cells, nuclei of all sizes, cells in the mitotic 
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phase, and cells undergoing apoptosis (Yoshifumi et al 2008).  

In 2009, Belzile et al exposed the parotid glands of rats to 30Gy with 

the gamma knife. Saliva was collected 1 month after irradiation, and then the 

gland was examined to determine the percentage of fibrosis. They noted that 

the post-irradiation secretion in the gland was diminished compared with the 

non-irradiated gland. Moreover, fibrosis was increased in the irradiated gland 

as compared with control group.  

Yan et al (2009) evaluated the effect of single or dual field irradiation 

(IR) with the same dose on damage to the parotid glands of miniature pig. 

Miniature pigs were subjected to 20Gy X-radiation to one parotid gland 

using single-field or dual-field modality (IR group). Saliva from parotid 

glands was collected at 0, 4, 8 and 16 weeks after irradiation. Parotid glands 

were removed at 16 weeks to evaluate tissue morphology. Saliva flow rates 

from IR side decreased dramatically at all-time points in IR groups, 

especially in dual field irradiation group. Morphologically, more severe 

radiation damage was found in irradiated parotid glands from dual field 

irradiation group than that from single field irradiation group. 

Ahmed et al (2009) found that exposure of submandibular and 

sublingual glands of the rats to 4Gy or 6Gy resulted in progressive 

vacuolization, loss of acinar architecture with some degenerated acinar cells. 

Some acini were partly atrophied occupying a smaller area than normal.  The 

intercalated, striated and excretory ducts were intact and of normal size. The 

connective tissue stroma contained many dilated blood vessels engorged 

with red blood corpuscles (RBCs). However, the sublingual gland was less 

affected than the submandibular gland.  
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Limesand et al (2010) found areas of dispersed inflammatory cells, 

acinar cells containing enlarged nuclei, and focal infiltrate in mice exposed 

to fractionated radiation with 2Gy/day for 5 consecutive days. 

The effect of irradiation on microvascular endothelial cells in 

miniature pig parotid glands was evaluated by (Xu et al 2010). A single dose 

(25Gy) of IR was delivered to parotid glands of miniature pigs. Local parotid 

gland blood flow rate significantly decreased rapidly at 4 h post-IR and 

remained below control levels throughout the 14-day observation period. 

Parotid microvascular density (MVD) also declined from 4 to 24 hours and 

remained below control levels thereafter. These observations indicating 

marked damage to microvascular endothelial cells in miniature pig parotid 

glands. The frequency of detecting apoptotic nuclei in the glands increased 

rapidly from 4 to 24 h post-IR and then declined gradually.  

The functional impairment of salivary glands in patients with head 

and neck cancer treated with radiotherapy (RT) was assessed by Jiménez-

Heffernan et al (2010). Excretion fraction (EF) showed a significant 

reduction from the baseline to the 3 months after RT for the parotid gland 

and extended from the baseline to the 18 months for the submandibular 

gland. A significant improvement of EF was seen from 3 months to 18 

months after RT for the parotid gland. 

Local irradiation of salivary glands of the Wistar rats with Co
60

 

gamma-rays with a single dose of 15 Gy resulted in reduced saliva 

concentration of sIgA as well as in the total body weight. At 3-day phase, 

pathologic changes of the salivary glands appeared as acinar swelling and 

vacuolation. At 40-day phase, atrophy of glandular cells was dominant 

(Zhang et al 2011). 

http://www.sciencedirect.com/science/article/pii/S1578200X10700486
http://www.sciencedirect.com/science/article/pii/S1578200X10700486
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Effect of ionizing radiation on cell proliferation: 

Studies in rats have shown that ionizing radiation induces increased 

cellular proliferation among the several cell types. Peter et al (1994) found 

that local X-irradiation of rat parotid and submandibular glands with a single 

dose of 15Gy caused cell death and cell cycle delay manifested during the 

first day. Three days after irradiation, cell proliferation started in the 

intercalated duct. Six days after irradiation, proliferation was observed in 

acinar and granular convoluted tubule cells. The striated duct showed 

proliferative activity starting at 
6th

day and 10
th

day in the parotid and 

submandibular glands, respectively.  

Ballagh et al (1994) studied the effect of a single, low dose of x-

radiation on the proliferation rate of the cells of parotid and submandibular 

glands. Maximal responses occurred in acinar cells of submandibular glands 

on 7
th

day post-irradiation. Similar increases were evident in intercalated and 

striated duct cells, but little response was seen in basal or luminal cells of 

submandibular gland excretory ducts. 

 Cell killing was detected with doses >1Gy, and cell survival was 

decreased in a dose-dependent manner. Cell proliferation was significantly 

enhanced by low-dose irradiation at doses between 0.02 and 0.05Gy (Suzuki 

et al 2001). 

The most plausible explanation for the poor recovery of acinar cells 

after moderate to high doses of ionizing radiation is that the lifetime 

proliferative capacity of the acinar cells and their progenitors is partially 

depleted by repeated mitoses in attempts to replace cells lost to radiation and 

is diminished further by DNA/chromosomal damage in still viable cells 

(Coppes et al 2002 and Nagler 2002).  

http://cancerres.aacrjournals.org/search?author1=Keiji+Suzuki&sortspec=date&submit=Submit
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Conventionally fractionated radiotherapy induces a rapid suppression 

in cell production in week 1, which results in a prompt reduction in cell 

numbers. Subsequently, a partial restoration of proliferation significantly 

reduces the rate of cell loss. These processes clearly precede the clinical 

response. Regeneration, defined as restoration of cellularity, is already under 

way when the maximal clinical response is observed. Clinical reaction 

grading corresponds poorly to cellular density measures during conventional 

fractionation (Dörr et al 2002). 

Hakim et al (2002) found a decrease in the proliferating rate of acinar 

cells of rabbit’s salivary glands 24 hours after 15 and 30Gy. However, no 

dose-related effect could be assessed. Similarly, Bralic et al (2005) observed 

an initial decline in the number of proliferating cells in the first day in both 

acinar and granular convoluted tubule cells, in contrast, to intercalated duct 

cells where the proliferation index (PI) was similar to the control group. This 

initial decline was followed by a subsequent increase in proliferation, which 

became maximum at day 6 post-irradiation. The highest proliferation index 

was observed in granular convoluted tubule cells, while acinar and 

intercalated duct cells showed an almost identical proliferation capacity. In 

the following days, there was a proliferation decrease, and on 10
th

 day post-

irradiation, PI was similar to control group. 

Burlage et al (2009) stated that 15Gy x-irradiation induced an initial 

reduction in proliferation, followed by a small but a significant increase in 

PCNA labelling of both acinar and intercalated ductal cells starting 7 days 

after radiation and peaking around day 20. 

Ahmed et al (2009) stated that immunohistochemical staining of rats’ 

submandibular and sublingual glands exposed to 4 or 6Gy gamma irradiation 

using PCNA antibody revealed an initial decline in the number of 
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proliferating cells in all glandular compartments one day post irradiation of 

submandibular and sublingual glands. A subsequent increase in the 

proliferation rate was noted 14 days after irradiation in all parenchymal cell 

types. This increase returned to its normal value one month after irradiation. 

Limesand et al (2010) stated that mice exposed to 1Gy/day for 5 

consecutive days had significantly lower levels of PCNA-positive salivary 

acinar cells when compared with untreated controls. On the other hand, no 

significant differences in the percentage of PCNA positive ductal cells were 

observed. 

Grundmann et al (2010) stated that FVB mice exposed to 5Gy have 

an increase in PCNA positive salivary acinar cells at days 9 and 30 when 

compared to untreated controls. At days 60 and 90, irradiated FVB mice 

continue to show elevated PCNA-positive acinar cell levels that is 

statistically higher than untreated controls. In irradiated mice, the level of 

PCNA positive ductal cells remains significantly elevated throughout the 

observation period similar to the profile detected in acinar cells.  

Effect of ionizing radiation on apoptosis: 

Radford et al (1994) stated that apoptosis is a rapidly expressed form 

of radiation induced cytotoxicity which can be observed within hours of 

damage induction, and that it is particularly prominent in lymphoid tissue.  

Louagie et al (1999) examined caspase 3 activation in mature 

peripheral blood lymphocytes (PBL) after γ irradiation. Activation of caspase 

3 is generally preceded by a decrease in mitochondrial membrane potential 

(ΔΨm) and cytochrome C release. Apoptosis in PBL after a 5Gy γ irradiation 

is characterized by a decrease in ΔΨm, but surprisingly no release of 

cytochrome-c and only a weak caspase 3 activation was noticed. Therefore, 
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in γ irradiated mature PBL, caspase-dependent and -independent pathways, 

but not cytochrome C, seem to be involved in the apoptotic process. 

Chorna et al (2005) found that exposure to X-radiation (1.5 – 

4.5Gy), dose-dependent increase in pro-apoptotic Bax protein expression, 

while the level of Bcl-2 expression decreased 48 hours after irradiation with 

dose of 3 and 4.5Gy. 

Lee et al (2006) found that in all submandibular gland compartments 

such as acinar cells, granular convoluted cells, and intercalated ductal cells, 

apoptotic activity was seen to increase with radiation. Peak induction of 

apoptosis was observed at 1 day after radiation and was found to decrease at 

40 and 90 days of radiation. Limesand et al (2006) stated that exposure of 

primary salivary acinar cells from FVB control mice to gamma irradiation 

resulted in an induction of apoptosis, and the extent of caspase 3 activation 

24 h after exposure was similar in both irradiated submandibular and parotid 

primary cells. In irradiated FVB mice, apoptosis could be detected as early as 

8 h post-irradiation, with 7.4% of the cells positive for activated caspase 3, 

which increased to 27.4% 24 h post-irradiation. 

Katz et al (2008) stated that irradiation of human submandibular 

gland produced a dose-dependent increase in p53 phosphorylation and cell 

cycle inhibitory proteins. In contrast, Bcl-2, a pro-survival pathway, was not 

increased, nor was phosphorylation of Bcl-2 on serine-70. 

Park et al (2008) stated that the nuclei of peripheral blood 

lymphocytes undergoing apoptosis had significant fragmentation and 

condensation after exposure to ionizing radiation. The frequency of apoptotic 

fragments in crypt cells of irradiated mice was higher compared with control 

group.  p53 and Bax immunoreactivities were highly over expressed on 
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apoptotic cells of radiosensitive crypts. On the other hand, the staining 

intensity of anti-apoptotic Bcl-2 and PCNA was detected faintly or weakly 

on laminar propria cells in villi core and crypts in irradiated groups 

compared with that of normal conditions.  Western blot analysis of intestinal 

tissues obtained 24 hour after exposure to 2Gy of IR showed a significantly 

increased expression of the pro-apoptotic proteins, such as p53 and Bax with 

a decrease in the anti-apoptotic proteins classed as a Bcl-2 family in 

comparison to non-irradiated group. Thotala et al (2009) observed that 

irradiation of the small intestinal epithelium of mice with 4Gy or 8Gy lead to 

a dramatic increase in the number of TUNEL-positive cells at the stem cell 

region.  

Limesand et al (2009) evaluated the extent of apoptosis in the parotid 

salivary gland following exposure of the head and neck region to 0.5, 1 and 

5Gy. The highest level of apoptosis in the irradiated parotid glands was 

observed at 24 hours post treatment and decreasing numbers of apoptotic 

cells were detected at the subsequent times examined. Apoptosis appears to 

be dose dependent. However, the reduction in salivary function in response 

to radiation didn’t appear to be dose dependent. Greater than 95% of the 

apoptotic cells in the parotid gland were salivary acinar cells with few 

apoptotic ductal cells (Avila et al 2009). These data clearly indicate that, the 

extent of apoptosis induced in the salivary glands by head and neck 

irradiation may be causally related to salivary gland dysfunction. 

Limesand et al (2010) found that treatment of mice with 2 Gy/day 

resulted in a significant level of apoptotic cells, as determined by activated 

caspase-3 staining, after each fraction of radiation. Similar induction of 

apoptosis after treatment with 1Gy/day was detected. They also studied the 

percentage of apoptotic cells after radiation treatment with 2Gy/day for 5 
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consecutive days (cumulative dose, 10Gy).  The peak number of apoptotic 

cells was observed at 24 h, with a significant decline at the later time points 

(48–96 h), indicating that these cells may be cleared by phagocytosis. These 

data suggest that a significant number of apoptotic cells detected after each 

radiation dose are new apoptotic cells.  

Okamoto et al (2010) revealed that mouse thymic 3SB cells 

expressing wild type p53 are susceptible to apoptosis after ionizing radiation. 

The apoptotic nuclei were observed in a dose-dependent fashion. With over 

2Gy, almost 90% of the cells underwent apoptosis within 6 hours post-

irradiation. Starting at two hours following the IR exposure, procaspase-9 

was cleaved and activated. The time course of caspase-3 activation was 

delayed in comparison with the cytochrome C release and caspase-9 

activation in response to ionizing radiation. 

Yanga et al (2011) showed that exposure of Caki cells to 10Gy 

ionizing radiation lead to the decrease in the percentage of viable cells by 

20%. Examination of the cell morphology by the light microscopy revealed 

typical morphological changes associated with apoptosis such as cell 

shrinkage, cytoplasm aggregation and nuclear condensation. 

Sumita et al (2011) found that irradiation of submandibular and 

parotid glands resulted in decreased level of tissue regenerative activity such 

as blood vessel formation and cell proliferation, while apoptotic activity was 

increased. 

Radiation decreased salivary secretion by 40% in comparison to 

untreated rats, which was associated with alteration of epithelial architecture, 

partial loss of secretory granular material, diminished proliferation and a 

remarkable apoptotic response (Medina et al 2011). 
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Nambiar et al (2011) stated that ionizing radiation provokes changes 

in the biological system, either by direct targeting of macromolecules such as 

DNA, lipids and proteins or indirectly, mediated through generation of free 

radical formation and bystander response. The cumulative outcome of these 

damages trigger either cell cycle arrest, a state of genomic instability, DNA 

repair or apoptotic cell death (Fig. 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Radiation-induced biological effects in cells. (GFs: Growth factors, 

ROS: Reactive oxygene species, ECM: Extracellular matrix). 
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Mohseni et al (2012) studied the effect of irradiation with a single 

whole body Cobalt 60-gamma radiation dose of 8Gy on rats. Blood samples 

were taken 4, 24, 48 and 72 h after irradiation for evaluation of flow 

cytometric analysis of apoptotic lymphocytes and measurement of bax and 

bcl-2 expression. Irradiation showed a significantn increase in the percentage 

of apoptotic lymphocytes as compared to the control group (P < 0.01). 

Apoptosis was related to the upregulation of bax, downregulation of bcl-2, 

and therefore increase of bax/bcl-2 ratio.  

II- Low Level Laser Therapy 

History of low level laser therapy: 

LLLT is the application of light (usually a low power laser in the 

range of 1mW – 500mW) to pathology to promote tissue regeneration, 

reduce inflammation and relieve pain. The light is typically of narrow 

spectral width in the red or near infrared (NIR) spectrum (600nm – 1000nm), 

with a power density (irradiance) between 1mw-5W/cm
2
. It is typically 

applied to the site of injury for a minute or so, a few times a week for several 

weeks. Unlike other medical laser procedures, LLLT is not an ablative or 

thermal mechanism, but rather a photochemical effect comparable to 

photosynthesis in plants whereby the light is absorbed and exerts a chemical 

change (Huang 2009). 

The phenomenon was first published by Endre Mester at 

Semmelweis University; Budapest, Hungary in 1967 a few years after the 

first working laser was invented (Mester et al 1968). Mester conducted an 

experiment to test if laser radiation might cause cancer in mice. He shaved 

the hair off their backs, divided them into two groups and irradiated one 

group with a low powered ruby laser (694-nm). The treatment group did not 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2790317/?tool=pubmed#b72-drp-07-358
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get cancer and to his surprise, the hair grew back more quickly than the 

untreated group. He called this “Laser Biostimulation”. 

Biological Effect of Low Level Laser Therapy: 

Effects of LLLT on fibroblasts  

Fibroblasts irradiated with low dose LLLT (2 J/cm
2
) showed both 

increased cell proliferation and enhanced production of bFGF, while high 

dose LLLT (16 J/cm
2
) suppressed both parameters (Loevschall and 

Arenholt-Bindslev 1994). Fibroblast maturation and locomotion through the 

matrix is also influenced by LLLT (Noble et al 1992) and this in turn may 

contribute to the higher tensile strengths reported for healed wounds 

(Asencio et al 1992). There are several mechanisms by which LLLT may 

affect the fibroblasts. LLLT stimulate the production of basic fibroblast 

growth factor (bFGF) and induce the transformation of fibroblasts into 

myofibroblasts, which are responsible for wound contraction (Pourreau-

Schneider et al 1990). In addition, LLLT may affect immune cells which 

secrete cytokines and other growth-regulatory factors for fibroblasts 

(Rajaratnam et al 1994). 

Effects of LLLT on immune cells  

LLLT has been shown to increase both the phagocytic and 

chemotactic activity of human leukocytes in vitro (Tadakuma 1993). LLLT 

make lymphocytes more responsive to stimulatory mediators present in 

injured tissues. LLLT influences macrophage function by promoting the 

secretion of factors which enhance fibroblast proliferation (Rajaratnam et al 

1994). An additional effect of LLLT is an enhancement of the phagocytic 

activity of macrophages during initial phases of the repair response which 

facilitate debridement of the wound, and thereby establish conditions 
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necessary for the proliferative phase of the healing response to begin 

(Petrova 1992).  

Effects of LLLT on epithelial cells  

One possible mechanism by which LLLT may enhance wound 

healing in vivo is via stimulation of epithelial cells. LLLT increases the 

motility of human epidermal keratinocytes in vitro (Haas et al 1990) and this 

would explain the finding that wound sites treated with LLLT show 

accelerated closure (Becker 1990). Despite its effects on proliferation, LLLT 

does not alter normal keratinocyte differentiation or the synthesis of keratins, 

and thus does not interfere with the formation of a normal, functioning 

epidermis (Rood et al 1992).  

Effects of LLLT on bone cells  

LLLT using a He-Ne laser exerts pronounced effects on proliferation, 

differentiation, and calcification of cultured osteoblastic cells, although there 

is a specific therapeutic window for these effects. Cell proliferation and 

DNA synthesis are increased by LLLT only when the cells are in a phase of 

active growth. LLLT causes increased accumulation of calcium and 

accelerates calcification in vitro (Yamada 1991). Another study using also 

He-Ne laser (632 nm; 10 mW) on cultured osteoblast cells revealed a 

significant increase in cell survival and higher cell count in the once-

irradiated as compared to non-irradiated cells. Differentiation and maturation 

of the cells was also increased as a result of much enhancement of alkaline 

phosphatase (ALP) activity, osteopontin (OP) and bone sialoprotein (BSP) 

expression in the irradiated cells (Stein et al 2005). 
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Effects of LLLT on the blood vascular system  

Vascular spasm can result in tissue ischaemia, and has been linked to 

a range of painful conditions. In in vitro systems, LLLT can induce a prompt 

reduction in isometric tension of vascular smooth muscle, while the same 

effect can be induced by LLLT in vivo delivered through the skin to the 

underlying vessels (Gal et al 1992). Relaxation of vascular smooth muscle 

may contribute to analgesic effects of LLLT. The possible effect of LLL on 

different cells is summarized in Fig. 3 (Huang et al 2009). 

 

 

 

 

 

 

 

 

 

Fig. (3): Cellular effects of LLLT.  

Applications of LLLT  

Evaluating the literature describing clinical applications of LLLT is 

complicated by the wide variations in methodology and dosimetry between 

different studies. Not only have a range of different wavelengths been 

examined, but exposure times and the frequency of treatments also vary.  
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Wound healing  

While low doses of LLLT are stimulatory, high doses of laser 

radiation are suppressive to wound healing (Hall et al 1994). In the animal 

model of the healing of skin wounds by secondary intention, daily LLLT 

during the postoperative period has been shown to stimulate collagen 

formation and increase the strength of a forming scar. At high laser 

irradiances (9.3 J/cm2), these reparative processes are slowed and disturbed 

(Efendiev et al 1992).  

LLLT has been shown to accelerate the healing of oral mucosal 

wounds in rats and recurrent aphthous stomatitis in humans (Neiburger 

1995). There have been claims that LLLT accelerates healing of 

dentoalveolar abscesses, periapical granulomas, and gingivitis. There are 

some positive data which indicate that LLLT promotes healing of mucositis 

and oropharyngeal ulcerations in patients undergoing radiotherapy for head 

and neck cancer (Kitsmaniuk et al 1992) and X-radiation induced wound in 

mice (Duan et al 2001). 

Dentinal hypersensitivity  

Several studies have been published regarding the effect of laser 

phototherapy for dentinal hypersensitivity. Gershman et al (1994) has 

shown that dentinal hypersensitivity can be successfully treated with LLLT. 

While stronger lasers have the ability to seal dentinal tubules, the therapeutic 

lasers do not have any such effect, but they will influence the odontoblasts 

and the pulp (Farmakis et al 2012). Schematic representation of the 

application of LLLT is shown in Fig. 4 (Huang et al 2009). 

 

 

http://www.sciencedirect.com/science/article/pii/S0099239912001112
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Fig. (4): Schematic representation of the main applications of LLLT.  

Mechanism of Low Level Light Therapy:  

1. Cellular Chromophores and First Law of Photobiology  

The first law of photobiology states that for low power visible light to 

have any effect on a living biological system, the photons must be absorbed 

by electronic absorption bands belonging to some molecular photoacceptors, 

or chromophores (Sutherland 2002). Examples of such chromophores can be 

seen in chlorophyll (used by plants for photosynthesis), hemoglobin, 

cytochrome C oxidase (Cox), myoglobin, flavins, flavoproteins and 

porphyrins (Karu 1999). 

2. Action Spectrum and Tissue Optics  

One important consideration should involve the optical properties of 

tissue. There is a so-called "optical window" in tissue, where the effective 
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tissue penetration of light is maximized (Fig. 5). This optical window runs 

approximately from 650 nm to 1200 nm (Huang et al 2009). The absorption 

and scattering of light in tissue are both much higher in the blue region of the 

spectrum than the red, because the principle tissue chromophores 

(hemoglobin and melanin) have high absorption bands at shorter 

wavelengths, tissue scattering of light is higher at shorter wavelengths, and 

furthermore water strongly absorbs infrared light at wavelengths greater than 

1100-nm. Therefore the use of LLLT in animals and patients almost 

exclusively involves red and near-infrared light (600-1100-nm) (Karu and 

Afanas'eva 1995).  

 

                                                                    

 

 

 

 

 

 

 

 

Fig. (5): Tissue optical window. (Hb: Hemoglobin. HbO2: Oxygenated 

hemoglobin).  

3. Mitochondrial Respiration and ATP  

Mitochondria play an important role in energy generation and 

metabolism. Mitochondria are sometimes described as "cellular power 
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plants" because they convert food molecules into energy in the form of ATP 

via the process of oxidative phosphorylation. The mechanism of LLLT at the 

cellular level has been attributed to the absorption of monochromatic visible 

and near infrared radiation by components of the cellular respiratory chain 

(Karu 1989). The effects of He-Ne laser and other illumination on 

mitochondria isolated from rat liver have included increased proton 

electrochemical potential, more ATP synthesis (Passarella et al 1988), 

increased RNA and protein synthesis (Greco et al 1989) and increases in 

oxygen consumption, membrane potential, and enhanced synthesis of NADH 

and ATP.  

Effect of Low Level Laser Therapy on different tissues: 

Effect of LLLT on salivary glands: 

Plavnik et al (2004) found that irradiation of guinea pig salivary 

glands with low-power helium-neon laser at 7-mW power, with a 0.75-mm 

spot, under continuous pulse for 2 min in a one-session exposure; a 11.2 

J/cm
2
 energy density resulted in a trophic stimulant effect at 2 h following 

irradiation, with vasodilatation, vascular congestion, perivascular infiltrate, 

and a necrotic picture of glandular parenchyma at longer times. The 

ultrastructural observations showed alterations of rough endoplasmic 

reticulum.  

Juras et al (2008) stated that major salivary glands of patients 

suffering from mouth dryness (MD) treated with low intensity laser revealed 

significant salivation improvement quantitatively and qualitatively, i.e. 

increase in the quantity of saliva and sIgA.  

Simões et al (2008) submitted the parotid, submandibular and 

sublingual glands of Wister rats to diode laser, 808-nm wavelength, on two 



                                                    REVIEW OF LITERATURE 

 

28 

 

consecutive days at a dose of 4 and 8 J/cm
2
. Saliva was collected in the first 

and second days 20 min. after each irradiation and 1 week after the first laser 

application. The results showed that salivary flow rate, whole protein 

concentration and protein output for laser groups was statistically higher on 

the seventh day in comparison to the first and second days. Simões et al 

(2009, c) added that total protein concentration was significantly higher in 

irradiated parotid and submandibular glands in comparison with that in the 

control group and this difference was more obvious in 8 J/cm
2 

group. In 

addition, no morphological alteration was observed in irradiated glands when 

compared with those in the control group. 

A diode laser (780 nm, 3.8 J/cm
2
, 15 mW) was used to irradiate the 

parotid, submandibular, and sublingual glands of a patient with Sjögren's 

syndrome (SS), three times per week, for a period of 8 months. Dry mouth 

symptoms improved during laser phototherapy (LPT). After LPT, the parotid 

salivary gland pain and swelling were no longer present (Simões et al 2009, 

b).  

Simões et al (2010) assessed how laser phototherapy (LPT) used for 

oral mucositis could influence xerostomia symptoms and hyposalivation of 

patients undergoing radiotherapy (RT). Patients were divided into two 

groups: the first group received three laser irradiations per week (G1) and the 

second received one laser irradiation per week (G2). A diode laser (660 nm, 

6 J/cm
2
, 0.24 J, 40 mW) was used. According to Wilcoxon and Student 

statistical test, xerostomia for G1 was significantly lower than for G2, and 

salivary flow rate was no different before and after RT, except for stimulated 

collection of G2, which was significantly lower.  

Significant salivation improvement quantitatively and qualitatively, 

i.e. increase in the quantity of saliva and sIgA was obtained upon treatment 
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of the major salivary glands of xerostomic patients' with LLL on 10 

occasions (Juras et al 2010).  

Lončar et al (2011) stated that the effects of LLLT on salivary glands 

are not only stimulating, but also regenerative to a degree since the glandular 

response to the same amount of applied laser energy increased linearly over 

time. 

 Pavlić (2012) found that LLLT could significantly enhance salivary 

secretion and improve antimicrobial characteristics of secreted saliva 

(increased level of secretory immunoglobulin A; sIgA). Furthermore, LLLT 

could improve regeneration of salivary duct epithelial cells. 

Effect of LLLT on oral mucositis: 

Laser application delayed the time of onset, attenuated the peak 

severity and shortened the duration of oral mucositis (OM) (Barasch et al 

1995).  

OM is a common morbid condition associated with chemotherapy or 

radiotherapy for which there is no standard prophylaxis or treatment. LLLT 

may be useful in decreasing the severity of chemotherapy-associated or 

radiotherapy-associated mucositis (Genot and Klastersky 2005). 

Low level He- Ne therapy was effective in reducing mucositis and 

pain in the patients at the completion of radiotherapy. They also observed 

that the patients in control groups were given Ryles tube feeding due the 

severity of mucositis, but the study group patients were able to take the 

liquid oral feed without pain (Maiya et al 2006). Laser treatment at several 

sites in the oral cavity during chemotherapy and radiotherapy reduces the 

severity and duration OM, oral pain and xerostomia (Lopes et al 2006). 
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Antunes et al (2008) reported that application of LLL reduced the 

time needed for healing of OM to an average of 6 days (3-12 days).  Ulcers 

healed and bruises were reduced from the second day of application.  

The use of laser therapy can be a powerful instrument to reduce of 

OM in patients undergoing chemotherapy. In a pilot clinical study, the 

pediatric patients were randomized to group I (prophylactic laser irradiation), 

group II (placebo laser irradiation) and group III (therapeutic laser 

irradiation). The AsGaAl laser (685 nm) was used, 35 mW, 2 J/cm
2
 per point 

of application, and OM was graded according to National Institute's 

Common Toxicity Criteria. The use of laser for prophylaxis showed 

reduction of mucositis in group 1 [8 patients (73%) presented no OM] when 

compared to group 2 [2 patients (27%) had no OM]. The use of laser for 

treatment in group III was done when OM was diagnosed and these patients 

noted pain relief and without OM worsening after laser (Abramoff et al 

2008).  

Simões et al (2009, a) analyzed the effect of different protocols of 

laser phototherapy (LPT) on the grade of OM and degree of pain in patients 

under RT. They divided the patients into three groups: in the first group, the 

irradiations were done three times a week using low power laser; the second 

group, where combined high and low power lasers were used three time a 

week; and third group, in which patients received low power laser irradiation 

once a week. The low power LPT was done using an InGaAlP laser (660 

nm/40 mW/6 J cm
-2

/0.24 J per point). In the combined protocol, the high 

power LPT was done using a GaAlAs laser (808 nm, 1 W/cm
2
). All 

protocols of LPT led to the maintenance of OM scores in the same levels 

until the last RT session. Moreover, LPT three times a week also maintained 

the pain levels. However, the patients submitted to the once a week LPT had 
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significant pain increase; and the association of low/high LPT led to 

increased healing time. 

Several researches studied the prophylactic and therapeutic effect of 

laser irradiation on OM establishment and development. The results showed 

that low intensity laser therapy has a positive effect in reducing OM severity, 

and a more pronounced effect in treating established OM. França et al 

(2009) found that laser group presented areas with less inflammatory 

infiltrate, a more pronounced granulation tissue, a more organized collagen 

fibers characterized by their level of parallelism and a mature fibrous 

connective tissue with abundant angiogenesis in comparison with 

cryotherapy group. Regarding the therapeutic effect of laser application, at 

day 9 there was a moderate chronic inflammatory infiltrate, some 

organization on the granulation tissue with expressive angiogenesis and 

fibrogenesis in the laser group. At day 11, the control group showed a more 

cellular connective tissue, with mild to moderate chronic inflammatory 

infiltrate. At the same period, the laser group presented abundant blood 

vessels, scanty lymphocytes and parallelism of the collagen fibrils and 

fibroblasts. Also, the number of vessels for experimental groups is 

significantly higher than healthy mucosa on days 6, 9 and 11  

Patients treated with LLLT (group I) presented a lower frequency and 

progression of OM than those that received conventional therapy with the 

"Mucositis Formula" (group II). The inclusion of laser therapy also reduced 

the number and severity of the lesions in patients of group I with established 

OM compared to group II. These results added important evidence regarding 

the use of laser therapy as a standard method for the prevention and 

treatment of OM after allogeneic hematopoietic stem cell transplantation 

(Khouri et al 2009).  

http://www.google.com.eg/url?sa=t&rct=j&q=allogeneic+HSCT+&source=web&cd=1&cad=rja&ved=0CCsQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHematopoietic_stem_cell_transplantation&ei=My9XUdvpN-KL0AXs0oDQAg&usg=AFQjCNEvR2_gn0gIFfLK2DNr22CnXnINag
http://www.google.com.eg/url?sa=t&rct=j&q=allogeneic+HSCT+&source=web&cd=1&cad=rja&ved=0CCsQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHematopoietic_stem_cell_transplantation&ei=My9XUdvpN-KL0AXs0oDQAg&usg=AFQjCNEvR2_gn0gIFfLK2DNr22CnXnINag
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In one study, nine patients were randomized in the laser group and 12 

in the placebo-control group. Once OM was diagnosed, the patients had daily 

OM grading assessments before laser or sham application and thereafter until 

complete healing of the lesions. On day 7 after OM diagnosis, 1/9 of patients 

remained with lesions in laser group and 9/12 of patients in the placebo-

control group. In the laser group, the mean of OM duration was 5.8+/-2 days 

and in the placebo group was an 8.9+/-2.4 day. This study has shown 

evidence that laser therapy in addition to oral care can decrease the duration 

of chemotherapy-induced OM (Kuhn et al 2009).  

In one study, a hamster cheek pouch model of OM was used and 

treated with an InGaAIP diode laser at a wavelength of 660 nm and output 

power of 35 mW.  Peak clinical severity of OM was reduced in the laser 

group as compared to the control and was accompanied by a decrease in the 

number of neutrophils and an increase in the proportion of mature collagen 

as compared to the control. The total quantity of collagen was significantly 

higher in the control (no laser) group at the day 11, as compared to the laser 

group, consistent with a more prolonged inflammatory response in the 

control group. Therefore, LLLT appears to have an anti-inflammatory effect, 

as evidenced by the reduction in neutrophil infiltrate (Lopes et al 2010). 

Using a diode laser (lambda = 660 nm, power = 30 mW, spot size = 2 

mm, energy = 2 J per point), Zanin et al (2010) found that patients in the 

laser group usually did not present with OM or pain, but all patients in the 

control group presented with OM ranging from level I to III associated with 

pain. This difference was significant from week 1, increased until week 4 

and remained stable up to week 7. This result indicated that laser therapy is 

effective in preventing and treating oral effects induced by radiotherapy and 

chemotherapy, thus improving the patient's quality of life.  



                                                    REVIEW OF LITERATURE 

 

33 

 

Effect of Low Level Laser Therapy on cell proliferation: 

Histopathological studies of rat submandibular salivary glands 

following low-energy laser irradiation using gallium-arsenide semi-

conductor laser were conducted. The mitoses of duct epithelial cells without 

atypia increased between 1 and 24 h after irradiation, reaching a maximum 

value by 24 h as compared with the control. Mitoses of duct epithelial cells 

had a tendency to be more frequent in granular ducts, less in striated ducts, 

and still less in intercalated ducts (Takeda 1988).  

Human gingival fibroblast cells obtained from gingival connective 

tissue and irradiated with soft laser revealed a considerably higher 

proliferation activity. The differences were highly significant 24 hour after 

irradiation but decreased in an energy-dependent manner after 48 and 72 

hour after irradiation (Kreisler et al 2002). 

The proliferation of collagen fibers promoted by laser radiation was 

also observed by Fung et al (2003) when analyzing the therapeutic effect of 

GaAlAs 63.2 J/cm
2
 laser on the repair structure of the medial collateral 

ligament of rats.  

Endothelial cell (EC) proliferation plays a key role in the process of 

tissue repair. Schindl et al (2003) irradiated human umbilical vein 

endothelial cell (HUVEC) every other day with a 670-nm diode laser 

(intensity: 10-65 mW cm
-2

, dose: 2-8 J cm
-2

) for 6 days. Results 

demonstrated a dose-dependent and intensity-dependent stimulatory effect of 

laser irradiation on HUVEC cell proliferation. Doses between 2 and 8 Jcm
-2

 

induced statistically significant cell proliferation. Testing different intensities 

at a constant dose of 8 Jcm
-2

, 20 and 65 mW cm
-2

 induced most pronounced 

cell proliferation. They concluded that LLLT influences EC proliferation and 
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might thereby contribute to the increase in angiogenesis and the acceleration 

of wound healing in vivo. 

GaAlAs diode laser with a wavelength of 809 nm at different energy 

fluencies of 1.96, 3.92, and 7.84 J/cm
2 

significantly increased the metabolic 

activity of periodontal ligament fibroblasts (PDLFs) following incubation 

lasting up to three days (Kreisler et al 2003). 

Vinck et al (2003) found that infrared LLL irradiation resulted in an 

increased fibroblast proliferation in vitro, indicating a possible stimulatory 

effect on wound healing in vivo.  

Chinese hamster ovary cells (CHO K-1) irradiated with LLL (830 

nm; 10 mW; 2 J/cm
2
) showed an increased level of cellular division, as 

evidenced by analyzing the intermediary filaments of the cytoskeleton and 

the chromosomes (Carnevalli et al 2003).  

 Matsuzaka et al (2004) studied osteoblasts treated with LLL and 

found that in proliferation phase the number of osteoblast significantly 

increased 3 and 5 days after LLL irradiation in comparison to the control.  

Fibroblasts proliferated faster than endothelial cells in response to 

laser irradiation. Maximum cell proliferation occurred with 665 and 675 nm 

light, whereas 810 nm light was inhibitory to fibroblasts (Moore t al 2005).  

Khadra et al (2005) studied the effect of LLLT on the proliferation of 

human osteoblast-like cells (HOB). Cells derived from human mandibular 

bone were exposed to GaAlAs diode laser at dosages of 1.5 or 3 J/cm
2
 and 

then seeded onto titanium discs. They found that LLLT significantly 

increased cell proliferation after 96 h.  

According to Tuby et al (2007), LLLI at energy densities of 1 and 3 
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J/cm
2
 was found to significantly increase the number of mesenchymal stem 

cells (MSCs) and cardiac stem cells (CSCs) up to 2 and 4 weeks 

respectively, as compared to the control. 

Renno et al (2007) studied the effect of 830-nm laser irradiation on 

cell proliferation of normal primary osteoblast (MC3T3). A single laser 

irradiation was performed at three different wavelengths, at energies of 0.5, 

1, 5, and 10 J/cm
2
. Twenty-four hours after laser irradiation, cell 

proliferation was assessed. Osteoblast proliferation as well as alkaline 

phosphatase (ALP) activity in the osteoblast line significantly increased after 

830-nm laser irradiation at 10 J/cm
2
. 

Mvula et al (2008) used a diode-based method to generate a similar 

wavelength to the He-Ne laser (363 nm). They reported that irradiation at 5 

J/cm
2 

of adipose derived mesenchymal stem cells resulted in enhanced 

proliferation, viability and expression of the adhesion molecule beta-1 

integrin as compared to control. 

Saygun et al (2008) found that irradiation of gingival fibroblast with 

LLL (685 nm) for 140 s at 2 J/cm
2  

increased the proliferation as well as the 

release of bFGF, IGF-1, and IGFBP3 from these cells. 

Irradiation of bone marrow derived mesenchymal stem cells with 635 

nm diode laser (60 mW;  0, 0.5, 1.0, 2.0 and 5.0 J/cm
2
)
 
significantly 

stimulated their proliferation and 0.5 J/cm
2 

was found to be the optimal 

energy density (Hou et al 2008). 

LLLT increased endothelial cell proliferation and migration (Chen et 

al 2008). Proliferation of LLL irradiated Achilles tendon fibroblasts 

increased significantly, but progressively higher laser intensity did not 

achieve a correspondingly higher cell proliferation effect (Chen et al 2009).  
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Muscle regeneration by LLL was demonstrated in a rat model of 

disuse atrophy. During the recovery period, rats underwent daily LLL 

irradiation (Ga-Al-As laser; 830 nm; 60 mW; total, 180 s). After 2-weeks the 

number of capillaries and fibroblast growth factor levels exhibited significant 

elevation relative to those of the LLL-untreated muscles. In addition, LLL 

treatment induced proliferation of satellite cells (Nakano et al 2009). 

The potential of laser irradiation to affect cellular proliferation is a 

wavelength- and dosage-dependent; however, the relevance of other key 

irradiation parameters, such as irradiance, to such effects remained unclear 

(Peplow et al 2010). 

Primary fibroblast cell culture from human keloids irradiated with 

LLL (3 J) showed significant proliferation, whereas the 3T3 cell culture 

showed no difference. The data showed a significant decrease in the 

percentage of cells being in proliferative phases of the cell cycle when 

irradiated with 21 J in both cell types (Frigo et al 2010). These data support 

the hypothesis that the physiological state of the cells affects the LLLT 

results, and that high-metabolic rate and short- cell-cycle 3T3 cells are not 

responsive to LLLT.  

GaAlAs semiconductor diode laser irradiation of human peridontal 

ligament fibroblasts (PDLFs) for 10, 20, or 30 s increased cell proliferation 

in a time-dependent manner. At all levels of applied irradiation, human 

PDLFs proliferation gradually increased for 72 hours. While there was no 

significant difference compared with the control over the entire 72 hours 

taken together, significant incremental PDLFs proliferation was observed 

between 24 and 48 hours at both 1.97 and 3.94 J/cm
2
 energy fluencies (Choi 

et al 2010). 
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Three hours after LLL irradiation of human osteoblast-like cells 

seeded on titanium or zirconia surfaces, cells showed an enhanced mitogen 

activity and a higher alkaline phosphatase activity, marker of bone 

formation, compared to non-lased control cells, indicating that LLL 

stimulates osteogenic cell proliferation (Grassi et al 2011). 

da Silva et al (2012) aimed to study the effect of LLLT on the 

osteoblastic activity in the rats. They found that the cellular doubling time in 

the proliferative stage (3-7 days) was decreased 24 and 48 h after LLLT, as 

indicated by the increased growth of the cells in a culture. Alkaline 

phosphatase activity (ALP) at days 7 and 14 of the culture was increased by 

LLLT at 24 and 48 h and 7 days. The mineralization was increased by LLLT 

in all periods. More pronounced effects on ALP activity, mineralization, and 

gene expression of bone markers were observed at 48 h after LLLT.  

Yazdani et al (2012) irradiated human schwann cells (SCs) with an 

810 nm, 50 mW diode laser at two different energies (1 J/cm
2
 and 4 J/cm

2
) 

for three consecutive days. Evaluation of cellular proliferation following one 

day after laser treatment revealed significant decrease in cell proliferation 

compared to control group. However on day 7, significant increase in 

proliferation was found in both irradiated groups in comparison with the 

control group. No significant difference was found between the laser treated 

groups.  

LLLT has been shown to have biostimulatory effects on various cell 

types by enhancing production of some cytokines and growth factors. 

Osteoblasts were irradiated with laser (685 nm, 25 mW, 14.3 mW/cm
2
, 

140 sec, 2 J/cm
2
) for one time or for 2 consecutive days. Both irradiated 

groups revealed higher proliferation, viability, bFGF, IGF-I, and IGFBP3 

expressions than did the non-irradiated control group. They concluded that 

http://www.sciencedirect.com/science/article/pii/S1011134411002454
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the biostimulatory effect of LLLT may be related to the enhanced production 

of the growth factors (Saygun et al 2012). 

Leonida et al (2013) irradiated osteoblasts with Nd:Yag laser at 

different power levels (100 mJ, 1.5 W and  150 mJ, 2.25 W). After 7 days, 

proliferation was significantly increased in laser groups as compared with the 

control. After 14 days, however, laser irradiation did not appear to have any 

further effect on cell proliferation.  

The effects of LLLT on cell proliferation and ALP activity of human 

osteoblast-like cells (Saos-2) treated with different doses of zoledronate, the 

most potent bisphosphonate, were studied by Bayram et al (2013). The cells 

were treated with different concentrations of zoledronate and were irradiated 

with diode laser (wavelength 808 nm, 10 s, 0.25 or 0.50 W). LLLT mildly 

increased the proliferation rate and ALP activity, while zoledronate reduced 

both. When applied together, LLLT lessened the detrimental effects of 

zoledronate and improved cell function and/or proliferation. In addition, 

Giannelli et al (2013) found that mouse MSCs proliferation was 

significantly enhanced after irradiation with 635 nm diode laser. 

Effect of Low Level Laser Therapy on apoptosis: 

Carnevalli et al (2003) studied the effect of LLL (lambda = 830 nm; 

10 mW; 2 J/cm
2
) on CHO K-1 cells. LLLT prevented apoptosis in CHO K-1 

cells, preserved membrane and genetic material in comparison to the control 

and acted in the re-establishment of cellular homeostasis when the cells were 

maintained under the condition of nutritional stress.  

Zhang et al (2008 and 2012) investigated the anti-apoptotic 

mechanism of LLL on rat pheochromocytoma (PC12) cells treated with 

amyloid beta 25-35 (Abeta (25-35)) for induction of apoptosis. The cell 
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viability assays and morphological examinations showed that LLL (0.156 

J/cm
2
-0.624 J/cm

2
) could inhibit cell apoptosis. Furthermore, LLL involved 

an increase in mRNA of the cell survival member bcl-xl and a decrease in 

the up-regulation of cell death member bax mRNA caused by Abeta (25-35) 

and reversed the increased level of bax/bcl-xl mRNA ratio caused by Abeta 

(25-35) treatment.  

Low level (Ga-Al-As) diode laser irradiation of Par- C10 cells 

derived from the acinar cells of rat parotid glands resulted in greater 

expression of bcl-2 on days 1 and 3 in comparison to unirradiated group 

(Onizawa et al 2009). 

NIR (830 nm) laser irradiation increased the percentage of live 

human acute T leukemic Jurkat cells. Low dose NIR irradiation promoted 

cell cycle progression, while at higher doses, an increase in percentage of 

cell subpopulations in G1 and G2 phases, and S-phase blocked with 

apoptosis promotion (Pislea et al 2009). 

Irradiation of primary fibroblast cell culture with LLL an energy of 3 

J reduced cell death significantly, while a dose of 21 J had negative effects 

on the cells, as it increased cell death (Frigo et al 2010). Application of 

indium gallium aluminum phosphide (InGaAlP) laser at an output power of 

100 mW, wavelength 660 nm and 133.3 J/cm
2 

reduced skeletal muscle cell 

apoptosis (Sussai et al 2010).  

Apoptosis, or programmed cell death, resulting from cerebral 

ischemia may be reduced by exposure to LLL at an energy density of 2.64 

J/cm
2
, 13.2 J/cm

2
, and 24.6 J/cm

2
. Laser irradiation upregulated the levels of 

Akt, pAkt, Bcl-2, and pBAD and downregulated caspase 9 and caspase 3 

expression following transient cerebral ischemia (Yip et al 2011). 
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Lin et al (2012) revealed that the 810-nm LLL can improve cartilage 

structure, prevent articular cartilage degradation and significantly decrease 

the expression of caspase-3. On the other hand, Wang et al (2005) found that 

when irradiation fluence of LLLT exceeded 60 J/cm2, it induced cell 

apoptosis in a fluence-dependent manner. Analysis demonstrated that 

caspase-3 was activated during high fluence LLLT-induced cell apoptosis. 

Exposure of a random skin flap to 670 or 830 nm laser (0.5 W/cm
2
, 

36 J/cm
2
) immediately after surgery and on the 4 subsequent days resulted in 

significant decrease of necrosis percent as compared with the control. 

Additionally, the group of 670 nm presented the highest mean number of 

blood vessels expressing VEGF and of cells in the proliferative phase when 

compared with 830 nm and control groups (Prado et al 2012). 

 Baldan et al (2012) found that 670 nm LLL was effective in 

improving the viability of randomized skin flaps in rats, when the energy 

density of 20.36 J/cm
2
 was used. In the same year, Liu and xing (2012) 

reported that irradiation of PC12 cells treated with amyloid CE-B2 peptide 

(A-CE--B2) with He-Ne laser (632.8 nm, 10 mW, 2 J/cm
2
) significantly 

decreased the number of apoptotic cells as compared to those treated with  

A-CE-B2 only.  
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AIM OF THE STUSY 

 

Salivary gland damage due to ionizing irradiation for cancer therapy 

is a major clinical problem having major adverse consequences for patients. 

So the aim of the present study was to find out the effect of low level laser 

therapy (LLLT) on the parotid salivary glands of gamma-irradiated rats using 

histological and immunohistochemical methods. 
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MATERIAL AND METHODS 

I: Experimental animals:-  

A total number of 64 male albino rats weighing 120-150 grams were 

used. The animals were housed in especially designed cages (4 rats per 

cage), in a room with a 12-h day–night cycle, temperature of 24 - 28C, 

humidity of 45–64%. All animals were fed with semi purified diet and water 

ad libitum for 10 days before the start of the experiment. The experimental 

protocol used was approved by the department of Animal care, Cairo 

University that adhered to the European Communities Council guiding 

principles for the care and use of Laboratory animals. 

The rats were divided into 2 categories, each composed of 32 rats 

(Table 1). 

LG group:  The left side of the head of each rat was exposed to infra-red low 

level laser three times a week (day after day) for 1 week. Rats 

were then subjected to fractionated gamma-radiation at a dose 

of 2Gy day after day to a total dose of 6Gy (2Gy/ 3 fractions/ 

week). 

GL group:  Rats were subjected to fractionated gamma-radiation at a dose of 

2Gy, three times a week (day after day) for 1 week (2Gy/ 3 

fractions/ week). After each radiation exposure, the left side 

of the head of each rat was exposed to single session of infra-

red low level laser.  

R group (Control): Since the effect of laser is localized to the irradiated site 

(Parker 2007), the right side of each rat in both groups was 

used as gamma- irradiated control. 
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II: Gamma Irradiation Technique:- 

The whole body irradiation of animals was performed at The 

National Center for Radiation Research and Technology (NCRRT), Cairo, 

Egypt, using Gamma cell 40. 

Gamma cell 40 is a Cesium 137 irradiation unit manufactured by 

Atomic Energy of Canada Limited (AECL) and designed for use in an 

unshielded room. The unit provides a mean for a uniform gamma irradiation 

of small animals or a biological sample while providing adequate ventilation 

for experimental animals and completes protection for operating personnel. 

The Cesium 137 source provides a dose rate of 0.47Gy / min. at time of 

experiment. The used radiation protocol was according to (Bashir and El-

Maghraby 2006 and El-Maghraby and Taha 2007).  

III: Laser Irradiation Technique:- 

807 nm infra-red semiconductor GaAlAs-diode low level laser 

(photon, Egypt) was used. The unit has a contact probe with a laser beam 

diameter of 0.5 cm. The laser probe was perpendicularly fixed by stylus 1-

cm from the left side of the rats’ head to cover the area of the parotid gland. 

Irradiation was done without surgical exposure of the glands. Power output 

was kept constant at 330 mW in the continuous wave (cw) mode. The 

irradiation time was 60 seconds corresponding to energy fluence of 19.8 

J/Cm
2
 (Frigo et al 2010).   

IV: Specimens collection and preparation:- 

At 1 day, 3 days, 1 week and 2 weeks after radiation exposure, 8 rats 

from each group were sacrificed by decapitation. The skin was removed, and 

then the parotid salivary glands were carefully dissected. Parotid salivary 

glands were immediately fixed in 10 % formalin. Fixed specimens were 
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dehydrated in ascending grades of ethyl alcohol, cleared in xylol, and then 

embedded in paraffin.  

Haematoxylin and eosin staining: 

Five microns thick paraffin sections were cut. The prepared sections 

were stained by Harris’s haematoxylin and eosin, for histological evaluation 

of any structural changes in the salivary glands (Bancroft and Gamble 

2002). 

PCNA-immunostaining: 

Four to five microns thick sections were cut on tissue adhesive coated 

slides. The prepared sections were stained by commercially available PCNA 

primary antibody. According to Akyol et al (1999), the staining method 

proceeded as follows: Tissue sections were deparaffinized in two changes of 

xylene for 10 minutes each, rehydrated through graded ethanol, then washed 

in distilled water for 2 minutes, followed by washing in phosphate buffer 

saline (PBS) for 5 minutes. To block endogenous peroxidase activity, slides 

were incubated in a solution of 3% hydrogen peroxide in methanol for 20 

minutes, and then washed in PBS for 5 minutes. For antigen retrieval, the 

slides were heated in a microwave oven at 100°C for three successive trades, 

5 minutes each, and then placed in PBS for 5 minutes. Slides were incubated 

with the primary antibody over night at 4°C. The standard Streptavidin 

biotinylated peroxidase complex method was performed. The antigen was 

localized by the addition of diaminobenzdine (DAB) substrate chromogen 

solution for 5-10 minutes, followed by Mayer`s hematoxylin counterstaining. 

Finally, slides were dehydrated, cleared and finally mounted with purified 

Canada balsam (DPX-Sigma).  
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Caspase 3 immunostaining: 

Sections were cut into 4µ and placed on positively charged slides, 

air-dried for 30 min. then fixed in a 65 
o
C oven for 1 hr. Triology (Cell 

Marque, CA-USA. cat# 920p-06) is a product that combines the three 

pretreatment steps: deparaffinization, rehydration and unmasking. Using this 

product enhances standardization of the pretreatment procedure, thereby 

producing more consistent, more reliable results. Slides were placed in a 

coplin jar filled with 60 ml of triology working solution and the jar was 

securely positioned in autoclave. The autoclave was adjusted so that 

temperature reached 120 
o
C and was maintained stable for 15 min after 

which pressure was released and the coplin jar was removed to allow slides 

to cool for 30 min. Sections were washed and immersed in TBS to adjust the 

pH; this was repeated between each step of the IHC procedure. Quenching 

endogenous peroxidase activity was performed by immersing slides in 3% 

hydrogen peroxide for 10 min. Broad spectrum LAB-SA detection system 

from Invitrogen (Cat# 85-9043) was used to visualize any antigen-antibody 

reaction that may occur in the tissues. The background staining was blocked 

by putting 2-3 drops of 10% goat non immune serum blocker on each slide 

and incubating them in a humidity chamber for 10 min. Excess serum 

solution was drained from each slide and 2-3 drops of the primary antibody 

was applied. Slides were incubated in the humidity chamber for 1 hr. 

Biotinylated secondary antibody was applied on each slides for 20 min, 

followed by 20 min incubation with the enzyme conjugate. DAB chromogen 

was prepared and 2-3 drops were applied on each slide for 2 min. DAB was 

rinsed and Mayer’s hematoxylin was applied as a counter stain. Slides were 

washed in tab water to enhance counterstaining then dehydrated, cleared and 

finally mounted with DPX.    
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V: Evaluation of staining:- 

         All slides were examined with light microscopy for histological 

evaluation of the H&E stained sections and detection of proliferating and 

apoptotic cells.  

Quantitative analysis of the number of PCNA positive cells were 

done by the aid of an image analyzer computer system using the software 

Leica Qwin 500. Five representative areas of each stained slide were 

observed under high power (X 400) using a light microscope. The number of 

the brown- stained PCNA positive nuclei was counted regardless of the 

staining intensity and the mean value was calculated. The counting was 

performed by two observers individually and blindly, without being 

informed about the specific group.  

Regarding caspase3, the optical density of immunostaining was 

evaluated by the aid of the image analyzer computer system using the 

software Leica Qwin 500 in 5 high power (x400) fields in each slide and the 

mean value was calculated. 

VI: Statistical evaluation:- 

The measured values were expressed as mean values ± SD (standard 

deviation). The statistical importance of the difference in these values 

between different groups was estimated using Student’s t- test. A p value less 

than 0.05 were considered significant.  
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Table (1): Nomenclature of the different experimental groups according to 

time of scarification. 

 

 
D1 D3 W1 W2 

Group R R D1 R D3 R W1 R W2 

Group LG LG D1 LG D3 LG W1 LG W2 

Group GL GL D1 GL D3 GL W1 GL W2 
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RESULTS 

I- Histological Evaluation 

Haematoxylin & eosin 

 Examining paraffin sections stained by hematoxylin and eosin, using 

the light microscope, the following findings were detected:  

One day post treatment: 

Group (R, D1) 

  The parotid glands revealed few intracytoplasmic vacuoles within 

the acinar cells. Indistinct acinar outline was frequently observed. The nuclei 

were pleomorphic in size and deeply stained. Both intralobular and 

interlobular ducts were normal. The connective tissue stroma contained 

many dilated blood vessels engorged with red blood corpuscles (RBCs) 

(Figs. 6 & 7). 

Group (LG, D1) 

The acini of parotid glands revealed very mild vacuolization with 

alteration of their outlines. The nuclei showed variability in size. The 

intercalated, striated and excretory ducts were intact and of normal size. The 

connective tissue stroma contained slightly dilated blood vessels (Figs. 8 & 

9). 

Group (GL, D1) 

 The parotid glands exhibited very mild vacuolization of acinar cells. 

Some acini were partly atrophied occupying a smaller area than normal. The 

nuclei were variable in size. The duct system was normal in size and shape. 

The connective stroma contained slightly dilated blood vessels with areas of 

extravasated red blood corpuscles (RBCs) (Figs. 10 & 11). 
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Three days post treatment: 

Group (R, D3) 

Progressive vacuolization was observed in the acini of the parotid 

gland. Loss of architecture of acini with some degenerated acinar cells was 

found. The acinar nuclei were variable in size and hyperchromatic. The duct 

system was dilated. The connective tissue stroma contained many dilated 

blood vessels engorged with red blood corpuscles (RBCs) (Figs. 12 & 13). 

Group (LG, D3) 

The parotid gland showed mild vacuolization and disturbance of 

acinar cell outline. Variability of nuclear size was also detected. Normal duct 

system was observed. The blood vessels were dilated and engorged with 

(RBCs) (Figs. 14 & 15).  

Group (GL, D3) 

Very mild intracytoplasmic vacuolization was detected in the acinar 

cells of the parotid glands. The acinar architecture was slightly altered. The 

nuclei of acinar cells were deeply stained. The ductal component was 

normal. Many slightly dilated blood vessels and extravasated red blood 

corpuscles were detected (Figs. 16 & 17). 

One week post treatment: 

Group (R, W1) 

 Numerous prominent vacuoles were found in the acinar cells of the 

parotid glands. Some acini were smaller in size with loss of their normal 

architecture. Degenerated acinar cells were also found. The nuclei showed 

some variability in their size. All components of the duct system were 
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dilated. Many dilated blood vessels containing RBCs were found (Figs. 18 & 

19). 

Group (LG, W1) 

  Severe intracytoplasmic vacuolization was noted in the acini of the 

parotid glands. Most of acini were degenerated with loss of their 

architecture. The nuclei of the acini were of different size and deeply stained. 

Most of the duct system was dilated. The blood vessels were dilated and 

engorged with RBCs with many areas of extravasation (Figs. 20 & 21). 

Group (GL, W1) 

 The parotid gland revealed occasional vacuoles in the acinar cells, in 

addition to slight alteration of acinar architecture. The nuclei were almost of 

even equal size and uniform shape with few deeply stained ones. Both duct 

and vascular system appeared normal (Figs. 22 & 23).  

Two weeks post treatment: 

Group (R, W2) 

 The parotid glands revealed mild intracytoplasmic vacuolization with 

incomplete restoration of normal acinar structure. Variability in size of the 

nuclei was also observed. The duct system was slightly dilated, whereas 

blood vessels appeared normal (Figs. 24 & 25). 

Group (LG, W2) 

The parotid glands were almost normal exhibiting very mild 

vacuolization of acinar cells. The nuclei were uniform in both size and shape. 

The duct system was nearly normal with few, slightly dilated ducts were 

noticed. The vascular component was normal (Figs. 26 & 27). 
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Group (GL, W2) 

The parotid glands showed almost complete recovery and restoration 

of the histological appearance. Structure of the acini, duct system and 

vascular component was nearly normal (Fig. 28 & 29). 
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Fig.(6): Photomicrograph of parotid gland of group (R, D1) revealing: 

Indistinct acinar outline, mild intracytoplasmic acinar vacuolization 

(Arrowhead), variable-sized nuclei (Blue arrows), normal duct system (D) 

and dilated blood vessel engorged with red blood corpuscles (RBCs) (B).      

                                                                                                  [H & E x 200]          

  

 

 

                                                                              

 
                                                

                                                           
 

                                                                                                                        

 

 

 

 
Fig.(7): Photomicrograph of parotid gland of group (R, D1) revealing: 

Indistinct acinar outline, mild intracytoplasmic acinar vacuolization 

(Arrowheads), variable-sized, deeply stained nuclei (Blue arrows), normal 

duct system (D) and dilated blood vessel (B).                               

                                                                                                  [H & E x 400] 
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Fig.(8): Photomicrograph of parotid gland of group (LG, D1) revealing: 

Altered acinar architecture, very mild intracytoplasmic acinar 

vacuolization (Arrowhead), variable-sized nuclei (Blue arrows), normal 

duct system (D) and  slightly dilated blood vessel (B).                                                      
                                                                                                    [H & E x 200]   

  

 

                                                                                                                         

 

 

                                                                                          

 
 

Fig.(9): Photomicrograph of parotid gland of group (LG, D1) revealing: 

Altered acinar architecture, very mild intracytoplasmic acinar 

vacuolization (Arrowheads), variable-sized nuclei (Blue arrows) and 

normal duct system (D).                                                                   
                                                                                                    [H & E x 400] 

 



RESULTS 

 

54 

 

 

 

 

 

 

 

 

 

 
 
                                                                                                  

                                                                                                    

Fig.(10): Photomicrograph of parotid gland of group (GL, D1) revealing: 

Acinar shrinkage, very mild intracytoplasmic acinar vacuolization 

(Arrowhead),  normal duct system (D), slightly dilated blood vessel (B) 

and extravasated RBCs (Green arrow).                                                  
                                                                                                    [H & E x 200] 

 

 

                                                     
 

 

                                                                                                                        
                                                                                                 

                                                                                                         

                                                                      

 

 

  

 

Fig.(11): Photomicrograph of parotid gland of group (GL, D1) revealing: 

Acinar shrinkage, very mild intracytoplasmic acinar vacuolization 

(Arrowhead), normal duct system (D) and extravasated RBCs (Green 

arrow).                                     
                                                                                             [H & E x 400] 
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Fig.(12): Photomicrograph of parotid gland of group (R, D3) revealing: Loss 

of acinar architecture moderate intracytoplasmic acinar vacuolization 

(Arrowheads), variable-sized nuclei (Blue arrows), dilated duct system 

(D) and dilated blood vessel engorged with RBCs (B).            
                                                                                                    [H & E x 200] 

 

 
 

                                       

                               

 

                                                         

                                                                                              

                                                                                         

Fig.(13): Photomicrograph of parotid gland of group (R, D3) revealing: Loss 

of acinar architecture, moderate intracytoplasmic acinar vacuolization 

(Arrowheads), deeply stained nuclei (Yellow arrows), normal  duct 

system (D) and dilated blood vessel (B).                                                                
                                                                                                    [H & E x 400] 
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Fig.(14): Photomicrograph of parotid gland of group (LG, D3) revealing: 

Disturbed acinar outline, mild intracytoplasmic acinar vacuolization 

(Arrowhead), normal duct system (D) and dilated blood vessel 

engorged with RBCs (B).             
                                                                                                    [H & E x 200] 

 

 

 

 

                            

 

 

 

 

 

 

Fig.(15): Photomicrograph of parotid gland of group (LG, D3) revealing: 

Indistinct acinar outline, mild intracytoplasmic acinar vacuolization 

(Arrowhead), normal duct system (D), dilated blood vessel engorged 

with RBCs (B) and extravasated RBCs (Green arrow).            
                                                                                                    [H & E x 400] 
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Fig.(16): Photomicrograph of parotid gland of group (GL, D3)  revealing: 

Slight alteration of acinar architecture, very mild intracytoplasmic acinar 

vacuolization (Arrowhead), deeply-stained nuclei (Yellow arrows), 

normal duct system (D), slightly dilated blood vessel (B) and  

extravasated RBCs (Green arrow).    
                                                                                             [H & E x 200] 

                                                                                                  

 

                            

                                                  

 

 

 

                                        

 

Fig.(17): Photomicrograph of parotid gland of group (GL, D3)  revealing: 

Disturbed acinar architecture, mild intracytoplasmic acinar vacuolization 

(Arrowhead), deeply-stained nuclei (Yellow arrows), normal duct 

system (D) and blood vessel engorged with RBCs (B).                                                                                                                        
                                                                                                    [H & E x 400] 
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Fig.(18): Photomicrograph of parotid gland of group (R, W1) revealing: 

Acinar degeneration, marked intracytoplasmic acinar vacuolization 

(Arrowheads), dilated duct (D),  normal blood vessel (B) and 

extravasated RBCs (Green arrow).                                                                 
                                                                                                    [H & E x 200] 

 

 

                                                                                                                          

                                                     

                                                                                                       

 

 

 

 

 

 

Fig.(19): Photomicrograph of parotid gland of group (R, W1) revealing: 

Acinar degeneration, marked intracytoplasmic acinar vacuolization 

(Arrowheads), dilated duct system (D) and dilated blood vessel 

containing RBCs (B).                                                                 
                                                                                                    [H & E x 400] 
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Fig.(20): Photomicrograph of parotid gland of group (LG, W1) revealing: 

Loss of acinar architecture, severe intracytoplasmic acinar vacuolization 

(Arrowheads), deeply-stained, variable-sized nuclei (Yellow arrows),  

dilated duct system (D), dilated blood vessel engorged with RBCs (B) 

and extravasated RBCs (Green arrow).                                                              
                                                                                                    [H & E x 200] 

 

 

 

 

 

 

 

                                                                                                    

 

 

Fig.(21): Photomicrograph of parotid gland of group (LG, W1) revealing: 

Loss of acinar outline, severe intracytoplasmic acinar vacuolization 

(Arrowheads), deeply stained, variable-sized nuclei (Yellow arrows) 

and normal duct (D).                            
                                                                                             [H & E x 400] 
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Fig.(22): Photomicrograph of parotid gland of group (GL, W1) revealing: 

Slightly disturbed acinar architecture, mild intracytoplasmic acinar 

vacuolization (Arrowhead), almost uniform nuclei (Black arrows) and 

normal duct system (D).                                                                 
                                                                                                    [H & E x 200] 

 

                                                   

 

                                                                   

                                                                                                    

                                                                                

                                                                                          

Fig.(23): Photomicrograph of parotid gland of group (GL, W1) revealing: 

Slight alteration of acinar architecture, mild intracytoplasmic acinar 

vacuolization (Arrowhead), deeply-stained nuclei (Yellow arrows), 

normal duct system (D) and normal blood vessel (B).                                                                
                                                                                                    [H & E x 400] 
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Fig.(24): Photomicrograph of parotid gland of group (R, W2) revealing: 

Almost normal acinar architecture, very small intracytoplasmic acinar 

vacuoles (Arrowhead), slightly dilated duct (D), blood vessel containing 

RBCs (B) and extravasated RBCs (Green arrow).                                                   
                                                                                                    [H & E x 200] 

 

 

 

 

                                                                                    

                                                                                

                                                                                                                  

 

                                                        

                                                          

 Fig.(25): Photomicrograph of parotid gland of group (R, W2) revealing: 

Almost normal acinar architecture, very mild intracytoplasmic acinar 

vacuolization (Arrowhead), variable-sized nuclei (Blue arrows), 

slightly dilated duct system (D), blood vessel containing RBCs  (B) and 

extravasated RBCs (Green arrow).                                               
                                                                                             [H & E x 400] 
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Fig.(26): Photomicrograph of parotid gland of group (LG, W2) revealing: 

Almost normal acinar architecture, very mild intracytoplasmic acinar 

vacuolization (Arrowhead), slightly dilated duct system (D) and normal 

blood vessel (B).                                                               

                                                                                                    [H & E x 200] 

 

 

                                                                                                    

                                                                                                                   

                                                                        

                                                             

 

 

                                                           

                                                             

 

Fig.(27): Photomicrograph of parotid gland of group (LG, W2) revealing: 

Almost normal acinar architecture,very mild intracytoplasmic acinar 

vacuolization (Arrowhead), almost uniform nuclei (Black arrows), normal 

duct system (D) and extravasated RBCs (Green arrow). 

                                                                                                    [H & E x 400] 
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Fig.(28): Photomicrograph of parotid gland of group (GL, W2)  revealing: 

Normal acinar architecture, uniform nuclei (Black arrows), normal duct 

system (D) and normal blood vessel (B).                                                              
                                                                                                              [H & E x 200] 

 
 

  

 

 

                                                                      

                                                                              

 

                                                                        

                                                                                            

                                                                                            

 

Fig.(29): Photomicrograph of parotid gland of group (GL, W2) revealing: 

Normal acinar architecture, uniform nuclei (Black arrows), normal duct 

system (D) and normal blood vessel containing RBCS (B).                                 
                                                                                                    [H & E x 400]   
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II- Immunohistochemical Evaluation 

II-I- PCNA- staining 

Examining sections immunohistochemically stained for 

demonstration of the proliferating cell nuclear antigen (PCNA), using the 

light microscope, the following findings were observed: 

One day post treatment: 

Group (R, D1) 

PCNA positive immunoreaction was observed as brown stain in the 

nuclei of few acinar cells of gamma irradiated parotid gland. The mean 

number of detected proliferating cells was (1.4± 0.54) (Fig. 30, A and table 

2).  

Group (LG, D1) 

The examined parotid glands of LG group revealed few proliferating 

acinar cells. The mean number of proliferating cells was higher than R group 

however, this difference was statistically insignificant (p> 0.05) (Fig. 30, B 

and table 2).  

Group (GL, D1) 

The parotid glands of GL group revealed few proliferating cells, 

almost similar to R group (2.2 ± 0.84) (Fig. 30, C and table 2).  

Three days post treatment: 

Group (R, D3) 

 Three days after gamma irradiation, many proliferating acinar cells 

were detected in the parotid glands of R group (7.4 ± 1.14) (Fig. 31, A and 

table 2). 
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Group (LG, D3) 

The parotid gland showed significant (p< 0.05) increase in the mean 

number of PCNA positive cells as compared to gamma irradiated glands 

(Fig. 31, B and table 2). 

Group (GL, D3) 

Many proliferating acinar cells were detected in the parotid gland of 

GL group. The increase in the mean number of these cells was statistically 

insignificant (p> 0.05) in comparison to R group (Fig. 31, C and table 2). 

One week post treatment: 

Group (R, W1) 

One week post-gamma irradiation, there was an increase in PCNA 

expression. The mean number of proliferating cells reached its maximum 

level (13± 1.00) (Fig. 32, A and table 2). 

Group (LG, W1) 

Examination of parotid glands of LG group revealed a decreased 

PCNA immunoreactivity. The mean number of cells showing PCNA 

expression was less than those of R group, the difference was statistically 

significant (p< 0.05) (Fig. 32, B and table 2). 

Group (GL, W1) 

One week post-irradiation, the parotid gland of GL group exhibited 

the highest PCNA expression. The mean number of PCNA positive cells 

(22.6 ± 1.14) was significantly higher as compared to R group (p< 0.05) 

(Fig. 32, C and table 2). 
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Two weeks post treatment: 

Group (R, W2) 

The proliferation of the parotid glands of R group was minimal. The 

mean number of proliferating cells was (1.8± 0.84) (Fig. 33, A and table 2).  

Group (LG, W2) 

Almost the same level of PCNA expression was detected in the 

parotid glands of LG group. The mean number of proliferating cells was (3.4 

± 1.14) (Fig. 33, B and table 2). 

Group (GL, W2) 

The number of proliferating cells was dramatically decreased. 

However, the number of proliferating cells was higher than R group, but the 

difference was statistically insignificant (p> 0.05) (Fig. 33, C and table 2).   
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Fig.(30): Photomicrograph of 

parotid gland of group (R, LG and 

GL, D1) revealing (A) PCNA 

positivity in few acinar cells, (B) 

few PCNA positive acinar cells, (C) 

few cells showed PCNA positivity, 

respectively (yellow arrows). 

                                       [PCNA x 

400]  

Fig.(31): Photomicrograph of 

parotid gland of group (R, LG and 

GL, D3) revealing (A) PCNA 

positivity in many acinar cells, (B) 

some proliferating acinar cells, (C) 

many PCNA positive cells, 

respectively (yellow arrows).                             

                                      [PCNA x 

400] 
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Fig.(32): Photomicrograph of 

parotid gland of group (R, LG and 

GL, W1) revealing (A) some PCNA 

positive acinar cells, (B) many 

PCNA positive cells in the acini, 

(C) PCNA positivity in numerous 

acinar cells, respectively (yellow 

arrows).             [PCNA x 400]   

 

Fig.(33): Photomicrograph of 

parotid gland of group (R, LG and 

GL, W2) revealing (A) few PCNA 

positive cells in the acini, (B) 

PCNA positivity in few acinar cells,  

(C) few PCNA positive acinar cells, 

respectively (yellow arrows).                         

[PCNA x 400] 
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The mean number of PCNA positive cells in the different studied 

groups and the statistical significance of the difference between the measured 

values are summarized in table 2 and are represented by histogram in Fig. 

34.  

Table (2): Number of PCNA positive cells per field (mean±S.D.) in the parotid 

glands of different studied groups and statistical significance of the 

difference in comparison to R group. 

Date R group LG group P value GL group P value 

D1 1.4± 0.54 3 ±1.00 > 0.05 2.2 ± 0.84 > 0.05 

D3 7.4± 1.14 8.2 ± 1.3* < 0.05 8 ± 1.00 > 0.05 

W1 13± 1.00 5.8 ± 1.3* < 0.05 22.6 ± 1.14* < 0.05 

W2  1.8± 0.84 2 ± 0.71 > 0.05 3.4 ± 1.14 > 0.05 

* denotes a statistically significant difference between groups versus R group. 

 

 

 

 

 

 

 

 

 

 

Fig. (34): A histogram representing the mean number of PCNA positive cells in 

the parotid glands of the different studied groups. 
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II-II- Caspase 3 activity 

Examining sections immunohistochemically stained for 

demonstration of caspase 3 activity, using the light microscope, the 

following findings were observed: 

One day post treatment: 

Group (R, D1)  

Caspase 3 activity was detected as brown cytoplasmic 

immunoexpression in both acinar and ductal cells. The parotid gland of R 

group revealed mild caspase 3 optical density (0.164 ± 0.025) (Fig. 35, A 

and table 3). 

Group (LG, D1) 

Caspase 3 activity of LG group was almost similar to R group. The 

measured optical density was (0.165 ± 0.013) (Fig. 35, B and table 3). 

Group (GL, D1) 

 The parotid glands of GL group revealed mild caspase 3 activity, as 

compared to R group; the difference was statistically insignificant (Fig. 35, 

C and table 3). 

Three days post treatment: 

Group (R, D3) 

 The examined parotid glands exhibited moderate caspase 3 activity in 

both acinar and ductal cells. The optical density of this activity was (0.205 ± 

0.028) (Fig. 36, A and table 3). 
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 Group (LG, D3) 

The caspase 3 activity of different parotid gland cells remained at a 

mild level. The mean optical density was insignificantly (p> 0.05) less than 

those of R group (Fig. 36, B and table 3). 

Group (GL, D3) 

Mild caspase 3 activity was detected in the parotid glands of GL 

group. The difference in mean optical density as compared to R group was 

statistically insignificant (p> 0.05) (Fig. 36, C and table 3). 

One week post treatment: 

Group (R, W1) 

Gamma irradiated parotid glands revealed severe caspase 3 activity. 

The mean optical density reached the highest value among the different dates 

and groups (0.372 ± 0.071) (Fig. 37, A and table 3). 

Group (LG, W1) 

One week after irradiation, caspase 3 activity of the parotid glands of 

LG group was moderate. Comparing the mean optical density to those of R 

group, the decrease in caspase 3 activity  was statistically significant (p< 

0.05) (Fig. 37, B and table 3). 

Group (GL, W1) 

The cells of the parotid glands of GL group exhibited moderate 

caspase 3 activity. There was a significant decrease in the mean optical 

density of caspase 3 activity as compared to R group (p< 0.05) (Fig. 37, C 

and table 3). 

Two weeks post treatment: 
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Group (R, W2) 

Two weeks post-irradiation, the caspase 3 activity returned to its 

moderate level. The mean optical density was (0.208 ±0.073) (Fig. 38, A 

and table 3). 

Group (LG, W2) 

Almost the same level of caspase 3 activity was exhibited by LG 

gland cells as compared to R group. The mean optical density was nearly 

similar to R group (0.211 ± 0.040) (Fig. 38, B and table 3). 

Group (GL,W2) 

Examination of the parotid glands of GL group revealed a mild 

caspase 3 activity. The mean optical density was less than R group, however, 

this difference was statistically insignificant (p> 0.05) (Fig. 38, C and table 

3). 
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Fig.(35): Photomicrograph of 

parotid gland of group (R, LG and 

GL, D1) revealing (A) mild, (B) 

mild, (C) mild Caspase 3 activity, 

respectively.  

                               [Caspase 3 x 

400] 

Fig.(36): Photomicrograph of 

parotid gland of group (R, LG and 

GL, D3) revealing (A) moderate, 

(B) mild, (C) mild Caspase 3 

activity, respectively.                 

                               [Caspase 3 x 

400] 
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Fig.(37): Photomicrograph of 

parotid gland of group (R, LG 

and GL, W1) revealing (A) 

severe, (B) moderate, (C) 

moderate Caspase 3 activity, 

respectively.         

                               [Caspase 3 x 

400] 

 

Fig.(38): Photomicrograph of 

parotid gland of group (R, LG and 

GL, W2) revealing (A) moderate, 

(B) moderate, (C) mild Caspase 

3 activity, respectively.  

                                [Caspase 3 x 

400] 
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The mean optical density of Caspase 3 activity in the different 

studied groups and the statistical significance of the difference between the 

measured values are summarized in table 3 and are represented by histogram 

in Fig. 39.  

Table (3): Optical density of Caspase 3 activity (mean±S.D.) in the parotid 

glands of different studied groups and statistical significance of the 

difference in comparison to R group.  

Date R group LG group P value GL group P value 

D1 0.164 ± 0.025 0.165 ± 0.013 > 0.05 0.157 ± 0.013 > 0.05 

D3 0.205 ± 0.028 0.191 ± 0.014 > 0.05 0.196 ± 0.024 > 0.05 

W1 0.372 ± 0.071 0.243 ± 0.024* < 0.05 0.248 ± 0.038* < 0.05 

W2  0.208 ±0.073 0.211 ± 0.040 > 0.05 0.188 ± 0.039 > 0.05 

*  denotes a statistically significant difference between groups versus R group. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (39): A histogram representing the mean optical density of caspase 3 

activity in the parotid glands of the different studied groups.
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DISCUSSION 

Due to the positioning of many oral tumors, non-diseased tissues, 

such as the salivary glands, are often exposed to therapeutic radiation. This 

results in several adverse secondary side-effects, including xerostomia, 

difficult swallowing (dysphagia), oral discomfort, malnutrition, oral 

mucositis, changes in taste, and increased oral infections (Hancock et al 

2003 and Nguyen et al 2007). Destruction of the oral tissues following 

therapeutic radiation results in significant morbidity, diminished quality of 

life, and, in some cases, interruptions in treatment schedules (Dirix et al 

2006).  

 Salivary gland damage associated with structural alteration and 

functional restriction is a well-known sequela of radiotherapy in the head and 

neck region because it is often not possible to exclude salivary glands from 

the treatment field (Price et al 1995; Jensen et al 2003 and Bussels et al 

2004).   

 Although salivary glands should be considered to be radioresistant 

because of their highly differentiated cellular state, they exhibit an exquisite 

sensitivity to radiation, which is characterized by a reduction in salivary flow 

rate, irreversible and progressive loss of glandular weight and acinar cells, 

and morphological changes in gland structure (Dodds et al 2005, Dirix et al 

2006 and De la Cal et al 2012). The secretory cells of the salivary glands are 

the most radiosensitive, especially the serous secretors (Coppes et al 2002). 

Analysis focused on the parotid gland because of its enhanced 

radiosensitivity in human patients when compared with the submandibular 

glands (Muhvic-Urek et al 2006; Li et al 2007 and Murdoch-Kinch et al 

2008). Clinically, radiation exposure of parotid salivary glands is kept below 

http://jdr.sagepub.com/content/88/10/894.full#ref-30
http://jdr.sagepub.com/content/88/10/894.full#ref-30
http://jdr.sagepub.com/content/88/10/894.full#ref-62
http://jdr.sagepub.com/content/88/10/894.full#ref-23
http://jdr.sagepub.com/content/88/10/894.full#ref-23
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2 Gy/day to allow for recovery of salivary function (Eisbruch et al 1999; Li 

et al 2007). 

The parotid gland of rats and humans is morphologically similar, 

containing serous secretory cells and a duct system consisting of intercalated, 

striated and excretory ducts (Pinkstaff 1993 and Tandler 1993 a; b). 

Therefore, rat salivary glands have been greatly studied, as human studies 

are not frequently possible. 

Tissue homeostasis including the salivary glands requires a balance 

between cell proliferation and programmed cell death, which is altered by 

ionizing radiation. Ionizing radiation causes an imbalance between apoptotic 

and proliferative mechanisms, with the former a primary mechanism of 

injury induced in the salivary glands during radiotherapy (Nagler 2002; Hall 

and Giaccia 2006; Lee et al 2006 and Clarke and Allan 2009).  An 

adequate balance between cell proliferation and programmed cell death or 

apoptosis is a key feature in the maintenance of the normal architecture and 

function of submandibular salivary gland (Lee et al 2006; Limesand et al 

2006; Muhvic-Urek et al 2006; Redman 2008; Avila et al 2009 and De la 

Cal et al 2012).  

Enhanced apoptosis of acinar cells is suggested to be one of the major 

causes of salivary gland impairment after ionizing radiation exposure 

(Limesand et al 2006; Muhvic-Urek et al 2006; Avila et al 2009 and Peng 

et al 2011). Many methods for the detection of apoptotic cells have been 

reported based on early (activation of caspase-3, keratin 18 cleavage) or late 

events (nuclear condensation, DNA fragmentation) in the pathway (Krysko 

et al 2008). 

Proliferation markers directed at specific nuclear antigens within the 

cell cycle have facilitated the assessment of the growth fraction of human 

http://jdr.sagepub.com/content/88/10/894.full#ref-24
http://jdr.sagepub.com/content/88/10/894.full#ref-43
http://jdr.sagepub.com/content/88/10/894.full#ref-43
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr41-0022034509343143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr41-0022034509343143
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tumours (Jain et al 1991; Woods et al; 1991 and Kamel et al 1994). One of 

these monoclonal antibodies is PC10 which detects proliferating cell nuclear 

antigen (PCNA) within the cell cycle (Waseem and Lane 1990). PCNA 

distribution in the cell cycle increases through G1, peaks at the G1/S 

interphase and decreases through G2 phase (Linden 1992). PC10 binding 

have been reported as identifying the proliferating cell population in 

irradiated tissues (Siddiqi et al 1997).  For this reason, this antibody was 

used to assess the proliferative capacity of irradiated glands. PCNA is a well-

documented indicator of active proliferation as an essential component of the 

deoxyribonucleic acid replication machinery (Kelman 1997).  

Phototherapy with LLL is used in various areas of biological sciences 

to promote tissue regeneration of injured tissues (Walsh 1997 a and b). This 

therapy results in analgesic, antiinflammatory and biomodulatory effects 

(Reddy 2004; Silveria et al 2007 and Barros et al 2008).
 
The laser light 

within the red visible and near infrared wavelengths corresponds to the 

energy absorption spectrum of the respiratory chain components, increasing 

the cellular metabolism under stress conditions (Hawkins and Abrahamse 

2006 and Silveria et al 2007).
  

It has been reported that a LLL can accelerate wound healing 

(Herascu et al 2005 and Pinfildi et al 2005), enhance bone and collagen 

formation (Pereira et al 2002 and Stein et al 2005) and induce anti-

inflammatory effects (do Nascimento et al 2004; Lopes-Martins et al 2005 

and Correa et al 2007). These findings are supported by in vitro 

examinations confirming that low-level laser irradiation significantly 

increases cell proliferation (Kreisler et al 2002; do Nascimento et al 2004; 

Lopes-Martins et al 2005; Correa et al 2007; Hou et al 2008; Feng et al 

2012; Schartinger et al 2012; Wang et al 2012 and Yang et al 2012), 
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collagen deposition (Pereira et al 2002), and enhances osteogenic 

differentiation (Stein et al 2005). Moreover, Maiya et al 2006; Franca et al 

2009 and Khouri et al 2009 have suggested that the healing properties of 

LLL therapy can minimize the deleterious effect of radio and chemotherapy.  

Although the clinical efficacy of the LLLT as stimulator of salivary 

gland has been previously studied using helium-neon laser in sialadenitis 

(Kats et al 1985 and Kats 1993), GaAs 904 nm wavelength laser (Fructuoso 

1987) and GaAlAs 820 nm wavelength laser (Nagasawa 1991) and was 

manifested clinically by much lower incidence of xerostomia, little is known 

about the histological changes that can occur due to its use. For this reason, 

the present study aimed to evaluate histologically and 

immunohistochemically the effect of LLLT as a prophylaxis and as a 

therapyr radiotherapy (gamma-radiation) induced salivary gland alteration in 

rats. 

The choice for the wavelength was based on the target tissue – 

salivary glands. It is accepted and proven that penetration depth is a 

wavelength dependent property. Higher wavelengths are more resistant to 

dispersion than lower ones and deeply penetrate the skin (Kolárová et al 

1999). It has been reported that 632.8 nm laser light penetrates 0.5-1 mm 

before losing 37% of its intensity. On the other hand, infrared wavelengths 

penetrate 2 mm before losing the same percentile of energy (Basford 1995).  

As a result, visible red laser light (630 nm) is indicated for superficial lesions 

while infrared laser light (830 nm)  is used for deeper tissues (Brugnera et al 

1991; Genovese 2000  and Enwemeka 2003) and thus was used on the 

salivary gland. 
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Multiple morphologic alterations were detected on light microscopic 

examination of H&E stained paraffin sections of irradiated parotid glands of 

the rats. 

The intracytoplasmic vacuoles detected in the present study were 

similar to those reported by Sagowski et al (2003, 2004 & 2005) and Boraks 

et al (2008) in the parotid gland, Bralic et al(2005), Urek et al(2005), Lee et 

al (2006), Muhvic-Urek et al (2006),  Ernesto et al  (2011) and De la Cal et 

al (2012) in the submandibular gland. 

Ill-defined acinar outline, abnormal acinar architecture and atrophy of 

serous acini observed in the parotid glands were also reported by Bralic et al 

(2005), Urek et al (2005) and De la Cal et al (2012) in the submandibular 

gland and Radfar and Sirois (2003) and Onodera et al (2006) in the parotid 

gland. Late atrophy was the direct result of acute loss of serous acini and 

reflects a lack of regeneration of acinar cells receiving acute injury Stephens 

et al (1986, b).  Evidence that the early loss of acini is due to apoptotic cell 

death has been reported in monkeys (Stephens et al 1986 a, b) and in rats 

(Vissink et al 1991). Guchelaar et al (1997) explained that the early 

response resulting in atrophy of the secretory cells without inflammation 

might be due to radiation-induced apoptosis, while the late response with 

inflammation could be a result of radiation-induced necrosis. Other 

investigators have proposed that progressive loss of acini in the parotid and 

submandibular glands can be correlated to the activation of mast cells and 

release of their secretory products (Henriksson et al 1994).  

In the present study, the serous acinar cells were more sensitive to 

irradiation damage than ductal cells. These results are consistent with those 

observed by Nagler (2003) in the monkyes and by Sagowski et al (2003) in 

the rats.  



DISCUSSION 

 

80 

 

The pleomorphic appearance and derangement of the acinar cells of 

parotid glands found three days post irradiation were also observed by 

Onodera et al (2006). Disruption of the integrity of the cell membrane by the 

action of free radical ions has been proposed by (El-Mofty and Kahn 1981). 

Friedrich et al (2000) attributed salivary gland basement membrane 

disruption to disturbed cell matrix interaction following salivary gland 

radiation exposure. 

The pyknotic nuclei noticed in some acinar cells in the current study 

were also revealed by Bralic et al (2005), Urek et al (2005), Lee et al (2006) 

and Onodera et al (2006). The formation of giant cells containing an 

extremely bizarre pleomorphic nucleus or more than one nucleus was also 

reported by Peter et al (1994).  

The duct system was intact and had a normal morphology, consistent 

with that reported by Muhvic-Urek et al (2006). Striated ducts appeared 

normal as reported by Ahlner et al (1994) and Peter et al (1994). Moreover, 

the intercalated ducts were intact in accordance with Peter et al (1994). The 

ductal dilatation observed three days after irradiation was in accordance with 

Radfar and Sirois (2003) who detected ductal dilatation and proliferation.  

Blood vessel dilatation observed in the present study was also 

reported by Sumi et al (1989) who noticed mild dilation at 3
rd

 and 7
th

 day 

after 10 Gy irradiation. This result was also consistent with those reported by 

(Inskip et al 1997 and Weiss and Landauer 2000). 

Early and late effects of radiation generally correlate with a tissue’s 

rate of proliferation. Early effects occur within a few days or weeks of 

irradiation, due to high levels of cell death. Late effects occur months or 

years after irradiation and may be affected by vascular damage and loss of 

parenchymal cell (Hall 2000). According to Konings et al (2005, a), early 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr29-0022034509343143
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effect is due to selective radiation damage to the plasma membrane of the 

secretory cells, disturbing muscarinic receptor stimulated watery secretion. 

While, later damage is mainly due to classical mitotic cell death of 

progenitor cells, leading to a hampered replacement capacity of the gland for 

secretory cells, but is also caused by damage to the extracellular 

environment, preventing proper cell functioning.  

The recovery from radiation-induced-pathological conditions was 

similar to that results obtained by Joseph et al (2004), who couldn’t detect 

any significant loss of cells,  inflammatory infiltrate or features of necrosis, 

apoptosis, degenerative changes
 
or fibrosis two months after

 
irradiation. 

Furthermore, Burgess and dardick, 1998 found that parotid gland was 

capable of regenerating to relatively normal anatomical condition after 7 

days of gland atrophy. 

In the present study, LLLT reduced the harmful effect of gamma 

irradiation of rats’ parotid gland that was manifested by much lower 

vacuolization, less size variability of acinar nuclei and normal duct system.  

These effects were clearly noted 1 week post gamma irradiation, in line with 

(Simões et al 2008 and 2009, c) who reported that LLLT of submandibular 

and parotid gland significantly increased the total protein concentration and 

rate of salivary flow in the parotid glands 1 week post irradiation. Similarly, 

(Lončar  et al 2011) found that exposure of major salivary glands to LLLT 

resulted in linear increase in the amount of salivation after laser therapy from 

the first day, up to the 10
th

 day of therapy. They concluded that the effects of 

LLLT on salivary glands are not only stimulating, but also regenerative to a 

degree, since the glandular response to the same amount of applied laser 

energy increased linearly over time. 
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Since water is the major constituent of all biological materials, it 

enters into the reaction that is believed to eventually cause cell death after 

irradiation. The death of the cell by water is brought about by the formation 

of free radicals (Fauci et al 1998). The highly reactive radical is responsible 

for most of the indirect radiation damage that affects cell survival (Kachur et 

al 1998). Consequently, superoxide radicals and hydrogen peroxide are 

formed in irradiated solutions in presence of dioxygen (Bioaglow et al 1992). 

The concentration of these substances is dependent on the degree of 

oxygenation of the cell or tissue being irradiated, which may explain why 

oxygen effectively enhances radiation damage. In addition, the presence of 

oxygen increases the radiosensitivity of the tissues (Buettner 1993). 

According to Stadler et al 2000, LLL induce release of superoxide dismutase 

(SOD), which inhibits the action of free radicals. In addition, Fonseca et al 

2010 found that pre-exposure of cells to red LLLT had a protective effect or 

DNA repair mechanism induction against lethal action of oxidant agents 

(hydrogen peroxide). These factors may explain some of the amelioration 

obtained in the laser groups. 

Repopulation of tissues with cells at damaged sites is an important 

feature in the recovery of radiation-induced tissue injury (Peter et al 1994). 

To evaluate the regenerative process in salivary gland tissue, proliferative 

and apoptotic activity was immunohistochemically estimated as a function of 

time in the different epithelial cell compartments of rat parotid gland. 

Apoptosis is a rapidly expressed form of radiation induced cytotoxicity 

which can be observed within hours of damage induction, and that it is 

particularly prominent in lymphoid tissue (Radford et al 1994). Early cell 

death and prevention or delay of cell division was considered as a 

consequence of irradiation (Fauci et al 1998 and Chevion et al 1999). In the 
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salivary glands, Nagler (2002) showed that irradiation results in acinar 

progenitor cells death. At high radiation doses, parenchymal cells may also 

die (Perez and Brady 1998). 

The initial decline in the number of the proliferating cells in all gland 

compartments at day 1 post-irradiation noted in the present study was also 

reported in the parotid gland by Peter et al (1994) and Hakim et al (2002) 

and in the submandibular gland by O'Connell et al (1998), Bralic et al 

(2005) and Ernesto et al  (2011). Takahashi et al (2004) attributed the 

decreased expression of PCNA in the nuclei of acinar cells one day post 

irradiation to the widely dispersed intranuclear alterations. According to 

Bralic et al (2005), cell arrest observed in all cell types at day 1 post-

irradiation resulted from delay of the S phase of the cell cycle induced by 

irradiation. After the initial decline, there was a subsequent increase in the 

proliferation rate became maximum 7 days post radiation. This finding is 

consistent with those reported by Ballagh et al (1994) in parotid and 

submandibular glands and by Zeilstra et al (2000), Bralic et al (2005) and 

Muhvic-Urek et al (2006) in submandibular gland.  Two weeks after 

irradiation, the proliferation index of all gland compartments decreased, in 

agreement with Bralic et al (2005) and Muhvic-Urek et al (2006). 

The most plausible explanation for the poor recovery of acinar cells 

after moderate to high doses of ionizing radiation is that the lifetime 

proliferative capacity of the acinar cells and their progenitors is partially 

depleted by repeated mitoses in attempts to replace cells lost to radiation and 

is diminished further by DNA/chromosomal damage in still viable cells 

(Coppes et al 2002 and Nagler 2002).  

Denny et al (1993) indicated that repopulation of irradiated glands 

can be explained by self-proliferation of cells. They added that 
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approximately 70% of the cell population is maintained by self-proliferation, 

as opposed to 30% by differentiation from progenitor cells. 

The current study revealed that LLLT before or parallel to gamma 

irradiation exposure increased cell proliferation significantly 3 days and 1 

week after gamma irradiation, respectively. This data are consistent with 

Kreisler et al (2002) on gingival fibroblast, Choi et al (2010) on periodontal 

ligament fibroblast, where LLL irradiation increased proliferation activity for 

72 hours and Onizawa et al (2009) who reported that the number of Par-C10 

cells derived from rat parotid glands was significantly increased at days 5 

and 7.  

This might be attributed to upregulation of the expression of the early 

cell-cycle protein, proliferating cell nuclear antigen (PCNA), in the late G1 

phase upon LLLT stimulation. These findings imply that laser irradiation 

allows the cells to pass through G1 phase and enter S phase by affecting 

early cell-cycle regulatory genes, thus increasing cell proliferation (Gao and 

Xing 2009). Moreover, Wu et al (2012) found that LLLT upregulated the 

expression levels of many genes involved in cell proliferation. 

At the molecular level, irradiation in the infrared spectrum stimulates 

calcium channels of the cell membrane (Lubart et al 1997). The increase in 

intracellular Ca
2+

 gradient may explain the increased cell viability observed 

in the treated group compared to control subjected to the same stress 

conditions (Olson et al 1981 and Lubart et al 1997). This will ultimately 

stimulate duplication of DNA (Loevschall and Arenholt-Bindslev 1994 and 

Yu et al 1996), protein synthesis increase (Reddy 2004), induction of the 

action of enzymes that control the oxidative stress (Jori et al 1996; Polo et al 

1999 and Silveira et al 2007) and modulation of fibroblast growth factors 

production, which in turn will stimulate cell proliferation (Jori et al 1996; 
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Yu et al 1996; Karu 1999; Pereira et al 2002; Moore et al 2005 and 

Hawkins and Abrahamse 2006).
  

In the present study apoptotic activity was seen to increase with time. 

Peak induction of apoptosis was observed at 1 week after radiation. 

Subsequent decrease in apoptotic activity was detected 2 weeks post 

irradiation. These results were consistent with Ernesto et al (2011) and Hai 

et al (2012), but disagreed with Paardekooper et al (1998) who found that 

(2.5-25 Gy) induced apoptosis of about 2-3% of rat cells 6 hrs after treatment 

and the extent of apoptosis was not dose-dependent, Humphries et al (2006) 

and Limesand et al (2006) who reported that  mouse parotid glands have ~ 

15% and ~ 30% apoptosis 24 hours after single exposure to a dose of 1-Gy 

and 5-Gy, respectively. They added that radiation-induced apoptosis is dose-

dependent  and detected by immunohistochemistry against activated caspase-

3.  

Bralic et al (2005), reported that 5-8% of murine submandibular 

acinar cells are apoptotic 3 days after 7.5 and 15 Gy while Humphries et al 

(2006), observed only 2% apoptosis 24 hrs after 5 Gy. In rhesus monkeys, 

loss of acinar cells in the first 24 hrs due to exposure to 2.5 to 15 Gy is also 

dose-dependent and attributed to interphase cell death caused by apoptosis 

(Stephens et al 1991). In this concern, Belikova et al (2009) attributed 

irradiation induced apoptosis to caspase-3 and 7 activation.   

The delayed manifestation of peak apoptosis activity may be related 

to difference in radiation dose, dose rate, mode of delivery, technique and 

method of apoptosis detection and animal species. Alternatively, this delay 

might be due to the sublethal DNA damage caused by irradiation, which 

manifests and becomes lethal at a delayed phase. Consequently, when 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr68-0022034509343143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr34-0022034509343143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr47-0022034509343143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr6-0022034509343143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr34-0022034509343143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr34-0022034509343143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882712/#bibr93-0022034509343143
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parenchymal replenishment is required and the acinar progenitor cells go 

through a reproductive phase, they eventually die (Nagler 2002).  

Our data revealed that LLLT before or parallel to gamma irradiation 

significantly reduced cell death, manifested as decreased immunoexpression 

of caspase3 activity, at 1 week. This finding is in parallel with (Frigo et al 

2010) who reported a significant reduction in cell death, following 

irradiation of primary fibroblast cell culture with 3 J. Similarly, exposure to 

low level laser of 133.3 J/cm
2 

reduced skeletal muscle cell apoptosis (Sussai 

et al 2010).
 
Furthermore, LLLT at an energy density of 2.64 J/cm

2
, 13.2 

J/cm
2
, and 24.6 J/cm

2
 reduced apoptosis resulting from cerebral ischemia 

(Yip et al 2011).  

Reduced cell death upon irradiation with LLL has been attributed to 

several factors including increased expression of anti-apoptosis proteins 

(Onizawa et al 2009), inhibition of the activation of GSK-3beta, Bax, and 

caspase-3 (Zhang et al 2010), up regulation of the levels of Bcl-2 and down 

regulation of caspase 9 and caspase 3 expression (Yip et al 2011 and Lin et 

al 2012).  

In conclusion, it appears that LLLT has different biologic effects on 

different cells. This can be explained by the electronic excitation of the 

mitochondrial respiratory chain components invoked by LLLT (Xu et al 

2008), which leads to the production of ATP and other products needed to 

regenerate cell components (Stadler et al 2000). The specificity of the final 

photobiological response is determined on secondary cellular signaling 

cascades (Karu 2003), which are inhibited in pathological cells (Brown 

1999). Therefore, LLLT will have much more pronounced effects due to the 

reduced cellular responses (Karu 2002). Secondly, it has been shown that the 

biological effects of LLLT are dependent on the initial redox status of the 
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irradiated cells, since the mitochondrial retrograde signaling pathways have 

been suggested to be influenced by intracellular redox balance (Karu 1999). 

It is described in the literature that hydrogen peroxide would cause an 

increase in the oxidative cell stress (Li 1996 and Ribeiro et al 2006). The 

cells whose overall redox potential is shifted to a more reduced state are 

more sensitive to laser irradiation. This explains why LLLT has different 

biologic effects on different cells and why the biologic effects are sometimes 

nonexistent (Karu 2003). 
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SUMMARY 

Patients subjected to radiotherapy for management of head and neck 

tumors are prone to salivary gland damage. Salivary gland dysfunction is 

followed by decrease in salivary flow rate and levels of salivary 

antimicrobial proteins. Moreover, it is accompanied by difficulties during 

speaking and food swallowing, in addition to an unpleasant taste, burning 

sensations in the mouth and higher susceptibility to oral diseases. Ionizing 

radiation-induced damage of living cells is mainly due to imbalance between 

cell proliferation and death; therefore the current study was conducted in 

order to evaluate the possible role of LLLT, a photochemical effect, as a 

modulator of genes involved in regulation of cell cycle and programmed cell 

death against γ-radiation injury of rats’ parotid glands. 

A total of 64 male Albino rats were used in the present study. The 

rats were divided into 2 groups (32 rats each):  

LG group:  The left parotid gland of each rat was exposed to LLL 3 times a 

week for 1 week, and then subjected to fractionated gamma-

radiation at a dose of 2Gy day after day to a total dose of 6Gy. 

GL group:  Rats were subjected to fractionated gamma-radiation at a dose of 

2Gy day after day to a total dose of 6Gy. After each radiation 

exposure, the left parotid gland of each rat was exposed to 

single session of LLL.  

Control group (R): The right parotid gland of each rat in both groups was 

used as gamma-irradiated control. 

At 1 day, 3 days, 1 weeks and 2 weeks after radiation exposure, 8 rats 

from each group were sacrificed by decapitation. The skin was removed, and 
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then the parotid salivary glands were carefully dissected and routinely 

processed. Paraffin sections were stained by haematoxylin and eosin in 

addition to immunostaining for detection of the PCNA and caspase 3 

activity. The number of the brown- stained PCNA positive nuclei was 

counted regardless of the staining intensity and the mean value was 

calculated. Regarding caspase3, the optical density of immunostaining was 

evaluated by the aid of the image analyzer computer system using the 

software Leica Qwin 500 in 5 high power (x400) fields in each slide and the 

mean value was calculated. The measured values were expressed as mean ± 

S.D and the statistical significance of the difference was estimated using (T-

test). 

One day post-irradiation, the parotid gland of R group revealed few 

acinar intracytoplasmic vacuoles, indistinct acinar outline; variable sized and 

deeply stained nuclei. The duct system was normal while, the blood vessels 

were dilated and engorged with RBCs. In both LG and GL groups, the acini 

revealed very mild vacuolization, the nuclei showed variability in size. The 

ducts were normal but the blood vessels were slightly dilated. Some acini of 

GL group were partly atrophied occupying a smaller area than normal.  

Three days post-irradiation, the acini of R group showed progressive 

vacuolization, loss of architecture and degeneration of some acini. The nuclei 

were variable in size and hyperchromatic. Both duct system and blood 

vessels were dilated. Mild vacuolization and disturbance of acinar cell 

outline and architecture was detected in LG and GL groups. In addition, 

variable sized nuclei, normal duct system and dilated blood vessels were 

observed. Extravasated RBCs were detected in the GL group. 

One week post-irradiation, the acini of R and LG groups presented 

numerous prominent vacuoles, altered architecture, and abnormally small 
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size with some degenerated cells. Dilated duct system and blood vessels 

were noticed, with many areas of extravasation in the LG group. The parotid 

gland of GL group revealed occasional vacuoles with slight alteration of 

acinar architecture. The nuclei were almost of even equal size with few 

hyperchromatic ones. Both duct and vascular system appeared normal. 

Two weeks post-irradiation, incomplete restoration of normal acinar 

structure was observed in R group. There was mild intracytoplasmic 

vacuolization and variability of nuclear size. The duct system was slightly 

dilated, whereas blood vessels appeared normal. In both LG and GL groups, 

the glands were almost normal with restoration of the histological 

appearance and structure of acini, duct system and vascular component. In 

LG group, there was very mild vacuolization of acinar cells in addition to 

few, slightly dilated ducts. 

PCNA positive immunoreaction was observed as brown stain in the 

nuclei of the acinar cells.  The parotid gland of R group presented few 

numbers of proliferating cells one day post-irradiation. A subsequent 

increase in the proliferation rate was noted up to 7 days post-irradiation (13± 

1.00). In LG group, the number of proliferating cells increased reaching 

maximum level 3 days post-irradiation (8.2 ± 1.3), the difference was 

significant in comparison to R group. The proliferation rate of GL group 

follow the same pattern of R group, however the number of proliferating 

cells being higher in GL group. The difference was significant only 7 days 

post-irradiation (22.6 ± 1.14).  

Regarding Caspase 3 activity in R group, the optical density was mild 

one day post-irradiation and increased up to 7 days post-irradiation (0.372 ± 

0.071) and then declined. Caspase 3 activity of both LG and GL group 
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followed the same trend of R group, however the values were less than those 

of R group, being significant only one week post-irradiation (p< 0.05). 

In conclusion, LLLT both before or parallel to radiation ameliorated 

some of its deleterious effects and helped restoration of the normal 

histological appearance and recovery of the salivary glands. Consequently, 

LLLT is recommended in cases of irradiation exposure not only for its 

radioprotective effect, but for its therapeutic effect as well. 
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CONCLUSION 

1- Gamma irradiation has deleterious effects on the histological 

structure of the salivary glands. 

2- Gamma irradiation decreases the number of proliferating cells of the 

salivary glands with subsequent increase which was related to gland 

regeneration. 

3- Gamma irradiation increases the apoptotic activity of the salivary 

glands. 

4- LLLT has shown some promise in ameliorating the histopathological 

side effects of gamma irradiation on salivary glands. 

5- The radiation-induced cell cycle inhibition is attenuated by LLLT 

which enhances the regenerative process in the irradiated glands. 

6- LLLT decreases radiation-induced apoptosis and assists in 

minimizing cell loss. 

7- LLLT can be used as a non- invasive protocol during radiotherapy 

schedules to minimize radiation side effects.  
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RECOMMENDATION 

Further investigations are required to: 

1- Find out the main mechanism responsible for the damaging effect of 

ionizing radiation. 

2- Elaborate the molecular mechanisms responsible for the 

radioprotective effect of LLLT. 

3- Evaluate the correlated clinical improvement.  

4- Evaluate the efficiency of using LLLT before, after or in 

combination, and the most suitable parameters that can be used 

during radiotherapy schedule.  
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 راف:ــــــــتحت اش 

 

 د/ علً هحوذ الحسينً سعفاى      

 أستاذ مساعد تطبيقات الليزر الطبية و البيولوجية 

 المعود القومى لعلوم الليزر 

 جامعة القاهرة 

                           

                            

 ا. د / داليا حسيي الروبً

                                                        أستاذ بثالوجيا الفم

 كليـة طب الفم و األسنان        

     جامعة القاهرة         

 

 

 ا. د / ايواى هحوذ فتحً الوغربً

 األستاذ بقسم البحوث الصحية االشعاعية    

 المركز القومى لبحوث و تكنولوجيا االشعاع

 هيئة الطاقة الذرية
 

 

 

 



 

 

 الطبيت الليزر تطبيقاث قسن

 الليزر لعلىم القىهً الوعهذ

 القاهرة جاهعت

 العربيت هصر جوهىريت

 

 علً الطاقت بالليزرهنخفض العالج تأثير تقيين
 جاها بأشعت الوشععت للجرراى النكفيت الغذد

(تجريبيت دراست)  

 رســــــــــــــــــالة

ة القاهرة من مقومات جامع -مقدمة الى المعود القومى لعلوم الليزر  

 الحصول

الفلسفة فى تطبيقات الليزر فى طب األسنان دكتوراةعلى درجة    

  

يبت / ســــــــــــلىي فريذ أحوذ هحوذطبهي ال  

 الذريت الطبقت هيئت االشعبع تكنىلىجيب و لبحىث القىهى ببلوزكز هسبعد هدرس

القبهزة جبهعت -الفن بثبلىجيب هبجستيز  

 جبهعت -الليزر لعلىم القىهى الوعهد -البيىلىجيت و الطبيت ليزرال تطبيقبث دبلىم

القبهزة

 

(1023) 


