
Radiation damage to pig parotids   Yan et al.

 

ORIGINAL SCIENTIFIC ARTICLES 

Effect of Same-dose Single or Dual Field Irradiation on Damage 
to Miniature Pig Parotid Glands 

 

 

 

Xing Yan1,2, Bo Hai2, Zhao-chen Shan1, Chang-yu Zheng3, Chun-mei Zhang1, Song-lin Wang1,4* 

1Salivary Gland Disease Center and the Molecular Laboratory for Gene Therapy, Capital Medical University School of 

Stomatology, Beijing, China 
2Beijing Friendship Hospital, Capital Medical University, Beijing, China 
3Gene Therapy and Therapeutics Branch, National Institute of Dental and Craniofacial Research, NIH, DHHS, Bethesda, 

MD, USA 
4Department of Biochemistry and Molecular Biology, Capital Medical University, Beijing, China 

 
Abstract   
Xing Yan, Bo Hai, Zhao-chen Shan, Chang-yu Zheng, Chun- 

mei Zhang, Song-lin Wang. Effect of Same-dose Single or 
Dual Field Irradiation on Damage to Miniature Pig Parotid 
Glands. International Journal of Oral Science, 1(1): 
16–25, 2009 

Aim To evaluate the effect of single or dual field irra- 
diation (IR) with the same dose on damage to miniature pig 
parotid glands.  
Methodology Sixteen miniature pigs were divided into 
two IR groups (n=6) and a control group (n=4). The irradi- 
ation groups were subjected to 20 Gy X-radiation to one 
parotid gland using single-field or dual-field modality by 
linear accelerator. The dose-volume distributions between 
two IR groups were compared. Saliva from parotid glands 
and blood were collected at 0, 4, 8 and 16 weeks after 
irradiation. Parotid glands were removed at 16 weeks to 
evaluate tissue morphology.  
Results The irradiation dose volume distributions were  

significantly different between single and dual field irradi- 
ation groups (t=4.177, P=0.002), although dose volume 
histogramin (DVH) indicated the equal maximal dose in 
parotid glands. Saliva flow rates from IR side decreased 
dramatically at all time points in IR groups, especially in 
dual field irradiation group. The radiation caused changes 
of white blood cell count in blood, lactate dehydrogenase 
and amylase in serum, calcium, potassium and amylase in 
saliva. Morphologically, more severe radiation damage was 
found in irradiated parotid glands from dual field irradi- 
ation group than that from single field irradiation group.  
Conclusion Data from this large animal model demons- 
trated that the radiation damage from the dual field 
irradiation was more severe than that of the single field 
irradiation at the same dose, suggesting that dose-volume 
distribution is an important factor in evaluation of the 
radiobiology of parotid glands. 

Keywords  irradiation damage, miniature pig, parotid 
gland 
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Introduction 

 
Radiotherapy for patients with head and neck 

malignancies often results in long-term irrever- 
sible damage to salivary glands in the radiation 
field (Harrison et al., 2003; Perez et al., 2004), 
leading to distressing oral complaints, such as 

xerostomia (Jensen et al., 2003; Vissink et al., 
2003). The remarkable radiosensitivity of the 
parotid gland compared with the submandibular or 
sublingual glands has puzzled researchers in the 
field of radiation oncology. At this date, mecha- 
nisms of radiation-induced damage in the parotid 
gland are not fully understood.  
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The maximum dose and volume of irradiation 
delivered to targeted tissue are two major factors 
which are most relevant to the degree of radiation 
damage. In clinical radiotherapy, the maximum 
dose can be generally limited by the tolerance dose 
of healthy normal tissues. Reducing the irradiated 
volume is more complicated than dose-limiting 
because of the topographical heterogeneity in 
tissues such as the parotid gland (Hopewell et al., 
2000). In the literature, a single-field irradiation 
(IR) with different dosages of 15 or 30 Gy was 
used to investigate IR damage to parotid glands in 
most studies, yet little is known about effect of 
single or dual field IR with the same dose on the 
parotid glands (Li et al., 2005; Nagler, 2001; 
Friedrich et al., 2002). Currently, several new 
radiation methods, such as three-dimensional 
conformal radiation therapy (Malouf et al., 2003) 
and intensity-modulation radiated therapy (Hondt 
et al., 1998; Münter et al., 2002) and multi-field 
IR, are used in clinical radiotherapy (Parliament et 
al., 2004). Therefore, it is important to understand 
the relationship between radiation damage and 
dose-volume distribution in parotid glands induced 
by different IR fields.  

Most previous studies related with IR effects on 
salivary gland function used rodents as models 
(Nagler, 2001; Friedrich et al., 2002). The rodent 
salivary glands, however, have a different radio- 
sensitivity and anatomical structure from human 
glands (Nagler, 2003). Miniature pig parotid  
glands do share several anatomic and physiologic 
characteristics with human glands although they 
are not identical to human parotid glands (Lotz et 
al., 1990; Wang et al., 2007). Miniature pigs are 
also a relatively suitable large animal experimental 
model with a similar proportional weight to hu- 
mans, and have been suggested as an appropriate 
model for the study of functional and histological 
damages resulting from IR (Radfar and Sirois, 
2003). We investigated morphologically, bioche- 
mically and physiologically radiation damage to 
miniature pig parotid glands with an IR megadose 
at different dose-volume distributions resulting 
from single- or dual-field IR. 
 
Methods and materials 
 
Animals 

Sixteen healthy, male miniature pigs, weigh- 

ting 30–40 kg and 6–8 months old, were obtained 
from the Institute of Animal Science of the China 
Agricultural University. Animals were housed in 
stainless-steel cages (one pig/cage) with free access 
to water and food. All animals were acclimatized 
for at least 2 weeks before the study began. All 
experiments were reviewed and approved by the 
Animal Care and Use Committees of Capital 
Medical University, China. 
 

Parotid gland irradiation 

Animals were randomly divided into three 
groups. Two groups (n=6 each) were irradiated, 
and the other (n=4) served as control. Before all 
experimental procedures, miniature pigs were 
anesthetized with an intramuscular injection of a 
combination of ketamine chloride (6 mg/kg) and 
xylazine (0.6 mg/kg). Initially, selecting a single 
parotid gland on one side of each animal, we 
administered 4 mL of 40% iodinated oil (Shanghai 
SinYi Medical, China) as contrast medium intra- 
orally via Stensen’s duct. We then performed 
computerized tomographic scans in the axial cut to 
determine the IR plan using a 3-D treatment plan- 
ning system (TPS) (Pinnacle3, version 7.6, ADAC 
Inc., USA). The parotid gland on the targeted side 
was assumed to be the target volume, and the 
nearby organs were identified as experiencing 
limited exposure. The isocenter is usually defined 
as being where the bodys midline crosses at the 
level of the eyes; for this study, the reference point 
for all dose calculations was the center of the 
parotid gland. The maximal dose was 20 Gy for 
the two groups. For the first group, we used 
single-field technology with a gantry angle (GA) 
of zero degrees. We used dual-field technology in 
the second group, with GA=0° and GA=180° for 
the two fields, respectively. The radiation field size 
(non-symmetry field structure) for each group was 
the same at 12 cm×10 cm. Animals were irradiated 
with a Varian linear accelerator (Clinac 600C, 
VARIAN Medical Systems Inc., USA) with 6 MV 
photon energy at 3.2 Gy/min. The calculated 
(alpha/beta; about 8.0, an assumption for oral soft 
tissue) biologic effective dose of a single-time 
irradiation was equal to a conventional frac- 
tionation of 56 Gy in 28 fractions of 2 Gy/d. The 
control group of miniature pigs were anesthetized 
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at the same time, but received no IR. 
 

Saliva collection 

All saliva collections were done within a specific 
time period (9 A.M. to 11 A.M.), immediately 
before IR, then at 4, 8, and 16 weeks after IR. 
Anesthetized animals were placed on their backs 
on a “V”-shaped shelf. Modified Lashley cups 
were placed over the orifice of the parotid ducts 
bilaterally. Pilocarpine was used to stimulate 
salivary flow (0.1 mg/kg, intramuscular injection). 
The first drop of saliva was discarded, and the 
collection was timed for a total of 10 minutes. 
Salivary flow rates were expressed as microliters 
per 10 minutes per gland. 
 

Clinical laboratory analyses 

Blood was collected from all animals’ vena cava 
at the same time points as the saliva collection. 
Serum was separated by centrifugation of the 
blood samples at 5000 r/min for 2 minutes at room 
temperature. Blood and saliva were analyzed by 
standard clinical procedures. Saliva chemistries 
included measurements of calcium, potassium, 
sodium, chloride and amylase levels. Serum che- 
mistries included calcium, potassium, sodium, 
chloride, phosphoreum, glucose, total protein, glo- 
bulin, aspartate aminotransferase, alanine amino- 
transferase, lactate dehydrogenase, blood urea 
nitrogen, alkaline phosphatase, amylase and crea- 
tinine. Hematology included the number of white 
blood cells, red blood cells, concentration of 
hemoglobin and a primed lymphocyte test. 
 

Tissue preparation and histological evaluation 

At 16 weeks the parotid glands from all three 
groups were harvested carefully. Tissues were 
fixed by immersion in 10% formalin, and embe- 
dded in paraffin, and sectioned at 3–4 µm. Sec- 
tions were stained with hematoxylin and eosin and 
examined. Sections, selected randomly from irra- 
diated glands and control glands, were analyzed by 
a quantitative histopathologic assessment. At 40 
times magnification, in 10 successive fields of 
each section, the area of all recognizable acini was 
measured using image analysis software (Color 

Medicine Image Analyzing System, Motic, China). 
The histopathologic examination was indepen- 
dently performed by a pathologist, blinded to the 
experimental design and treatment. 
 

Statistical analysis 

Data shown are mean values ± SD ( s±χ ). All 
data were analyzed using two-way ANOVA plus 
Student-Newman-Keuls test or t-test with SPSS 
software (version 11.5). 
 
 
Results 
 

Irradiation dose distribution in parotid glands 

The maximum IR dose for the two IR groups 
was identical. However, the mean dose and stan- 
dard deviation of dose distribution between the 
two IR groups were significantly different (Table 
1). The dose–volume histogram demonstrated a 
more equal dose distribution was found in the 
dual-field IR group than that in the single-field IR 
group (Figure 1). 
 
 
 
 
 
 
 
 

 

Figure 1  Dose-volume histogram (DVH) of 
miniature pigs 

(A): The DVH of the parotid in single-field irradiation of 

miniature pigs. (B): The DVH of the parotid in dual-field 

irradiation of miniature pigs. 

 

Parotid gland morphology and weights 

Four weeks after receiving 20 Gy, the parotid 
glands of the two irradiated groups exhibited 
engorgement, which was more severe in the dual- 
fields group. In this latter group, along with the 
slowly increasing engorgement, we observed ulcera- 
tion and encrusting of adjacent tissues. The tissue
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Table 1  Dose-volume histogram of miniature pigs 

 IR dose distribution in the parotid (cGy) 

IR Side Min Max Mean Std. Dev. 

Single field 1292.5 2001.4 1657.2* 131.6 

Dual field 1387.8 2001.1 1892.0 40.5 

*Significant difference in the mean of irradiation (IR) dose distribution between the single- and dual-field groups (t=4.177, P=0.002). 

 
 
 
 
 
 
 
 
 
 

 

 
Figure 2  Parotid saliva flow rate after irradiation 

The parotid saliva flow rates of targeted glands in both single- and dual-field groups decreased significantly. The decrease in saliva output 

was more pronounced in the dual-field group. The changes in saliva output from non-IR glands were negligible. Parotid saliva flow rate 

with 95% confidence intervals (CIs) is shown in a box plot. The upper boundary of the box represents the 75th percentile of the saliva flow 

per side parotid per 10 minutes. The lower boundary of the box represents the 25th percentile of the data distribution. The horizontal line 

within the box represents the median value, and the error bars represent the 95% CIs. The closed circles above and below the bars 

represent out-of-range values. 

sloughed at 12 weeks after IR in this group, exhi- 
biting remarkable atrophy and partial depression. 
Parotid glands in the single-field group did not 
present these subsequent morphologic changes. 

There were significant decreases in the gross 
weight of IR-side parotid glands at 16 weeks after 
exposure. For 20 Gy of single-field IR, gland wei- 
ghts decreased from (35.2±2.1) g/gland to (16.5± 
2.0) g/gland (t=14.214, P=0.000); with 20 Gy of 
dual-field IR, however, an even greater decrease in 
gland weights occurred, to (9.3±1.8) g/gland (t= 
20.920, P=0.000). No changes in gland weights 
were seen at the 16-week time point after IR in the 
contralateral gland (single-field: (34.8±1.9) g/gland; 
dual field: (35.6±2.5) g/gland after 16 weeks). There 
were significant differences in treated gland weights 
between the single-field and dual-field groups at 
16 weeks post-IR ( t=6.554, P=0.000). 
 

Effect of irradiation on miniature pig parotid 
flow rates 

The quantity of saliva in irradiated parotid 
glands showed that in the single-field group, saliva 
flow rates on irradiated sides had decreased 61%, 
70%, 79%, and 82% at 4, 8, 12, and 16 weeks 
post-IR (P<0.001, two-way ANOVA), but the non- 
irradiated sides exhibited smaller changes: 14%, 
28%, 35%, and 34% reduction in saliva production 
at the same time points, respectively (Table 2, 
Figure 2). The saliva flow rates on the irradiated 
sides in the dual-field group had decreased 79%, 
92%, 95%, and 98% at 4, 8, 12, and 16 weeks 
post-irradiation (P<0.001); the nonirradiated sides 
showed a 17%, 27%, 32%, and 26% reduction in 
saliva production at the same respective time points. 
In a comparison of the single-field and dual-field 
groups, parotid flow rate decrease on the irradiated 

International Journal of Oral Science, 1(1): 16–25, 2009  - 19 - 



Radiation damage to pig parotids   Yan et al.

sides was significantly different at 4 weeks (t= 
2.825, P=0.018), 8 weeks (t=5.588, P=0.000), 12 
weeks (t=6.742, P= 0.000), and 16 weeks (t=5.841, 
P=0.001) post-IR, while the flow rates on the non- 
irradiated sides showed no significant difference. 
 

Clinical laboratory changes 

As shown in Table 3, after 20 Gy IR to the 
parotid gland on one side, several transient altera- 
tions were detected in serum hematology and 

chemistry parameters. The significant differences 
were seen for WBCs (white blood cells) and amy- 
lase at 4 weeks post-IR. However, the variation 
gradually diminished. We found no significant 
differences between values before IR and those at 
16 weeks post-IR. Essentially, all other changes in 
serum chemistry and hematology parameters were 
within normal limits (e.g., lactate dehydrogenase, 
platelets; summarized in Table 3).  

As shown in Table 4, there were several signi- 
ficant alterations in salivary chemistry parameters 

 

Table 2  Parotid saliva flow rate in same-dose single or dual field irradiation  

Single field (20 Gy) Dual fields (20 Gy)  

Non-IR side IR side Non-IR side IR side 

Pre-IR 

IR+4 weeks 

IR+8 weeks 

IR+12 weeks 

IR+16 weeks 

3236±613 

2779±810*

2337±468*

2095±378*

2568±317 

3164±625 

1242±454*

959±263*

667±160*

557±170*

3117±526 

2584±625*

2288±599*

2116±439*

2605±306 

3043±502 

625±283*#

247±168*#

159±92*#

83±103*#

Data are mean values ± SD [ s±χ , μL/(10 min⋅gland) ]. In the single-field group, saliva flow rates on irradiated sides had decreased 61%, 

70%, 79%, and 82% at 4, 8, 12, and 16 weeks post-IR (P<0.001, two-way ANOVA), but the non-irradiated sides exhibited smaller changes: 

14%, 28%, 35%, and 34% reduction in saliva production at the same time points, respectively. The saliva flow rates on the irradiated sides 

in the dual-field group had decreased 79%, 92%, 95%, and 98% at 4, 8, 12, and 16 weeks post-irradiation (P<0.001); the non-irradiated 

sides showed a 17%, 27%, 32%, and 26% reduction in saliva production at the same respective time points. In a comparison of the 

single-field and dual-field groups, parotid flow rate decrease on the irradiated sides was significantly different at 4 weeks (t=2.825, 

P=0.018), 8 weeks (t=5.588, P=0.000), 12 weeks (t=6.742, P=0.000), and 16 weeks (t=5.841, P=0.001) post-irradiation, while the flow 

rates on the non-irradiated sides showed no significant difference. 

*significant difference compared with pre-IR (P<0.05). 

#significant difference between single- and dual-field groups (P<0.05). 

Table 3  Serum hematology values 

Parameter Animals Unit Pre-IR IR-4W IR-8W IR-12W IR-16W 

WBC Single field ×109/L 10.12±1.99 5.85±1.21* 5.85±1.21* 9.66±1.17 10.38±1.62 

 Dual field ×109/L 10.63±1.46 4.90±1.31* 4.90±1.31* 10.32±1.32 9.67±1.58 

RBC Single field ×1012/L 6.13±0.66 6.57±0.77 6.57±0.77 6.55±0.55 6.63±0.67 

 Dual field ×1012/L 6.35±0.48 6.70±0.44 6.70±0.44 6.32±0.58 6.47±0.65 

PLT Single field ×109/L 311.5±52.9 383.8±78.2 383.8±78.2 363.2±59.6 344.1±117.4 

 Dual field ×109/L 327.5±74.9 423.3±92.2 423.3±92.2 395.3±73.2 350.2±64.2 

LDH Single field IU/L 560±88 449±62* 449±62* 557±90 572±81 

 Dual field IU/L 547±104 422±115* 422±115* 594±104 602±92 

AMY Single field IU/L 1690±304 2193±294* 2193±294* 1992±302 1856±308 

 Dual field IU/L 1641±231 2312±308* 2312±308* 1924±294 1777±275 

Data are mean values ± SD ( s±χ ) for 6 miniature pigs. The data shown are for parameters that exhibited a significantly different change 

at 4 and 8 weeks post-irradiation in single- and dual-field irradiation groups (P<0.05). WBCs, white blood cells; AMY, amylase; LDH, 

lactate dehydrogenase; and PLT, platelet.  

*significant difference compared with pre-IR (P<0.05). 
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Table 4  Salivary chemistry values 

Item Animals Unit Pre-IR IR-4W IR-8W IR-12W IR-16W 

Ca2+ Single field mmol/L 2.94±0.37 1.79±0.39* 1.70±0.42* 1.62±0.38* 1.65±0.34*

 Dual field mmol/L 2.96±0.41 1.65±0.33* 1.61±0.38* 1.52±0.36* 1.47±0.34*

K+ Single field mmol/L 22.2±3.1 29.2±4.0 35.9±5.4* 40.9±7.4* 43.6±7.3*

 Dual field mmol/L 21.8±3.6 28.3±4.4 37.4±6.7* 43.2±5.8* 46.8±3.3*

AMY Single field IU/L 1310±266 1703±381* 1331±238 1090±246 834±263*

 Dual field IU/L 1293±274 1721±425* 1403±259 1055±275 717±135*

The data shown are mean values ± SD  ( s±χ ) for 6 miniature pigs. The data shown were significantly changed parameters for Ca2+, K+, 

and amylase (AMY) (P=0.000). Two-way ANOVA and Student-Newman-Keuls test were used. 

*significant difference compared with pre-IR (P<0.05). 
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Figure 3  Photomicrographs of parotid gland tissue 16 weeks after 20 Gy IR 

 (A): Single field IR group (HE, ×100). The lobular structure is generally present. The loss of parenchymal cells and proliferation of 

interlobular interstitial fibrosis with destruction of lobular architecture is evident. (B): Single-field group (HE, ×200). The acinar structure 

was not distinct, and exhibited atrophy, degeneration, and partial vacuolization. The vacuolated cytoplasm was present in most acini (a). 

Destruction of the striated duct (sd) structure with cellular necrosis. A number of ducts were dilated, containing cellular debris and 

thickened secretions. (C): Dual-field IR group (HE, ×100). The lobular structure was almost completely destroyed with the loss of 

parenchymal cells, a characteristic lipomatosis, and progressive vacuolization. The acinar cellular frontiers are not present in the majority 

of the visual field. (D): Dual-field IR group (HE, ×200). The photomicrographs show vacuolization in the overwhelming portion of acinar 

cells (a). The destruction of acinar architecture, necrosis, and interstitial fibrosis can be seen. The dilated striated duct (sd) system is 

occluded by fibrous connective tissue. 

at 4 weeks post- IR, which were maintained at 16 
weeks post-IR, including calcium, potassium, and 
amylase. At 16 weeks post-IR, salivary calcium 
levels had decreased significantly in the single- 
field and dual-field groups. On the other hand, 

salivary potassium levels at 16 weeks post-IR 
were significantly higher than pre-IR levels. No 
significant changes were found in salivaryche- 
mistry results from the contralateral glands (data 
not shown). Salivary amylase secreted from the 
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targeted glands was significantly increased at 4 
weeks; however, they had decreased at 8 weeks, 
dropping to approxi- mately 60% of pre-IR levels 
in both IR groups (Table 4). 
 

Histopathologic examination for irradiated 
parotid glands 

Histopathologic examination of parotid gland 
tissue 16 weeks after IR showed the degradation of 
the acinar and lobular structures. In the single-field 
group, the lobular structure predominated, but 
there was loss of parenchymal cells and prolife- 
ration of interlobular interstitial fibrosis with des- 
truction of the lobular architecture (Figure 3). Some 
acinar structures were indistinct, with atrophy, de- 
generation, and partial vacuolization. The vacuo- 
lated cytoplasm was present in most acini. We also 
observed destruction of the striated duct structure 
with cellular necrosis, and a number of ducts 
exhibited dilation, containing cellular debris and 
thickened secretions. In the dual-field group, the 
lobular structure had been severely damaged with 
the loss of parenchymal cells, a characteristic 
lipomatosis, and progressive vacuolization. The 
acinar cellular boundaries were not observed in the 
majority of the visual field. There were vacuoli- 
zations in most of the acinar cells. The destruction 
of acinar architecture, necrosis, and interstitial 
fibrosis could be seen. Fibrous connective tissue 
occluded the dilated duct system. 
 

Discussion 
 

To our knowledge, there are no reports in the 
literature regarding IR dose distribution with 
different IR fields in parotid glands in a large 
animal model. Our study demonstrates a signifi- 
cant difference in IR dose in the parotid between 
single and dual fields. Use of the dual field 
presented the more equalized dose distribution; the 
maximal IR doses in each of the two groups were 
similar, but the mean values ± SD differed remar- 
kably. The most important factors for the non- 
homogeneous distribution of IR are the attenuation 
of the quantity of radiant energy in the tissue, 
especially in a large target tissue. The parotid is 
the largest in the salivary glands and is located in 

the space between the outer ear canal and the 
mandibular ramus, extending to the posterior 
portion of the mandible. The miniature pig parotid 
is heterogeneous, which results in the differences 
observed in the dose-volume histogram (DVH).  

The present study indicated a significantly 
different DVH in these large animal parotid glands 
after IR using the same maximal IR dose, an 
outcome that may influence the curative effects of 
IR. In addition, damage to tissues may also nega- 
tively influence these effects. The exact mecha- 
nism of radiation-induced salivary gland damage 
is unclear. However, some influencing factors 
correlating to IR-induced damage have been detec- 
ted. The damage to the salivary glands relates to 
radiotherapeutic treatment modalities, such as IR 
dose, IR volume, and fractionation schedule (Sei- 
fert et al., 1996; Sagowski et al., 2003). The paro- 
tid-sparing radiocurable techniques may center on 
high-dose radiation to the target tissue while 
minimizing the IR dose to the parotid glands 
(Eisbruch et al., 1999; Ship et al., 1997). Never- 
theless, for target tissue on head and neck, nearly 
no radiotherapy procedure can avoid delivery to 
the parotid glands and eliminate chronic radiation 
damage. 

Patients subjected to radiation therapy often 
present a noticeable salivary flow rate decrease 
after an IR dose accumulating to 10–15 Gy or at 
one week post-IR (Franzen et al.,1992; Mossman 
et al., 1981). The stimulated or resting salivary 
flow rate is an important parameter indicating 
post-IR changes (Heinze et al., 1983; Makkonen et 
al., 1987). In our study, saliva flow rate decreased 
dramatically at 4 weeks after IR, then continued 
decreasing through 16 weeks post-IR. In the dual- 
field group, which received 18.5 Gy IR to a 90% 
irradiated volume, there was almost no saliva flow 
rate at 16 weeks post-IR. As for the single-field 
group, the saliva flow rate at 16 weeks post-IR 
was approximately 20% of pre-IR values.  

We observed some important external changes 
in the parotid glands that probably resulted in this 
absence of saliva output. Ulcerating, crusting, and 
atrophying of tissues in the parotid region would 
result in a zero saliva output. As for saliva flow 
rates from the contralateral glands, although they 
exhibited a significant reduction from pre-IR 
levels to 12 weeks post-IR, there was no diffe- 
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rence related to the saliva flow rates of irradiated 
glands between two groups. In previous studies of 
patients undergoing parotid gland surgery, after 
removal of one parotid gland, the contralateral 
gland showed a compensatory hyperfunction 
(Cunning et al.,1998), which was suggested as a 
functional reserve of salivary glands (Chaushu et 
al., 2001; Marunick et al., 1993). The present study 
showed an increase in saliva output from contra- 
lateral, non-IR glands at 16 weeks post-IR and no 
significant difference compared with pre-IR values.  

The pathological changes of radiation injuries 
for salivary glands are progressive edema, vacuo- 
lization, and lipomatosis, which lead to a fun- 
ctional loss (Seifert et al., 1996; Marunick et al., 
1987). The atrophic acinar cells, dilated and meta- 
plastic duct system and interstitial fibrosis can be 
considered the result of such damage. We also 
observed terminal stage damage in these IR-treated 
glands, features that included destruction of the 
lobular structure, dilation of the duct system with 
obstruction, and hyperplasia of the mucous granu- 
loma (Sagowski et al., 2003). We identified all of 
these pathological changes in one section, espe- 
cially in the parotid glands lacking any saliva flow 
rate, corresponding to the decreased gland weight 
and atrophy of the parotid region.  

We found some important associations between 
saliva output and gland weight or pathological 
damage at 16 weeks post-IR. The more severe 
parotid gland damage in the dual-field group was 
associated with a greater decrease of saliva flow 
rate compared to the single-field group. The absent 
saliva output may be considered as a clinically 
terminal stage of IR damage to the parotid glands, 
corresponding to the pathological damage; in 
addition, the skin ulceration and partial atrophy in 
the parotid region can be considered a clinical 
observation.  

Also potentially applicable to clinical practice is 
our finding of some significant changes in saliva 
chemistry parameters from the target parotid. The 
temporal increase and then final reduction of 
salivary amylase might be hypothesized as the 
initial injury response and subsequent reduction of 
acinar cells (Valdez et al., 1993; Turner and Sugi- 
ya, 2002). The salivary calcium level decreased 
steadily, a finding mainly associated with acinar 
cells. Nevertheless, the salivary potassium level 

increased, a finding consistent with the idea that 
salivary potassium is secreted by ductal cells 
(Sagowski et al., 2003); salivary ductal cells are 
more radioresistant than acinar cells, resulting in a 
higher cell survival rate post-IR. As for hemato- 
logy, blood cell count could change after partial 
radiotherapy (Mauch et al.,1995, Yang et al., 
1995). Our data showed a temporary decrease in 
white cell count post-IR, followed by a return to 
normal levels at 12 weeks post-IR. In dual-field IR, 
the white cell count increased significantly at 8 
weeks post-IR, which was assumed to indicate an 
inflammatory reaction to the ulceration of the 
parotid region. The serum amylase levels rose 
steadily post-IR, and necrosis of the acinar cells is 
one possible explanation for this increase. 

Miniature pigs are a suitable large animal expe- 
rimental model for assessing parotid gland irra- 
diation damage because of their greater similarity 
to humans compared to rodent models of clinical 
conditions (Wang et al., 2007; Wang et al., 1998). 
A previous study found that using a single 
megadose of IR (20 Gy) protocol with this species 
provided a valuable animal model of parotid gland 
IR damage (Li et al., 2005; Wang et al., 2007). 
Here, we used this model to obtain findings on 
saliva flow rate, hematology and salivary chemi- 
stry, and histopathology induced by same-dose 
single or dual field irradiation damage to parotid 
glands. 
 
 
Conclusion 
 

Different dose-volume distributions resulting 
from single-field or dual-field approaches using 
the same dose of radiation led to significant 
differences in saliva flow rates and histomor- 
phological damage between these two irradiation 
groups. These findings suggest that dose-volume 
distribution is an important factor in evaluation of 
the radiobiology of parotid glands. 
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