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บทคัดยอ 
 
 อาการปวยท่ีเกิดจากผลขางเคียงจากการไดรับรังสี อาจเกิดภายใน 30 นาที อาการเริ่มตน ไดแก ออนเพลีย ตามดวย 
ทองรวง, ตะคริวท่ีลําไส, คล่ืนไส และอาเจียน ผลกระทบของรังสีตอตับออนท่ีจะมีสวนเก่ียวของกับอาการเหลานี้ยังไมชัดเจน การ
ศึกษาคร้ังนี้จึงไดศึกษาผลของรังสีเอกซ 5 และ 10 เกรย ตอ Volume Density, โดยใชวิธี Point Counting, ของเซลลตอมไรทอของ
ตับออนหนู ท้ัง 4 ชนิด ไดแก เซลลผลิตอินซูลิน , เซลลผลิตกลูคากอน, เซลลผลิต Somatostatin และเซลลผลิต Pancreatic 
Polypeptide การศึกษาพบวา รังสี 10 เกรย มีผลทําให Volume Density ของ เซลลผลิตกลูคากอน ลดลงใน 1 ชั่วโมง อยางมีนัย
สําคัญ และรังสี 5 และ 10 เกรย ทําให Volume Density ของเซลลผลิต Somatostatin ลดลงเล็กนอย การเปล่ียนแปลงนี้ อาจมีผล
กระทบตอ เมตตาบอริซึมของสารอาหารในรางกาย และเปนไปไดวา อาจนําไปสูอาการปวยตางๆ เชน ออนเพลีย และน้ําหนักลด 
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Abstract 
 

 Prodromal radiation sickness can occur within 30 minutes following irradiation. The early sign is a fatigue, 
accompanied by other symptoms including diarrhoea, intestinal cramps, nausea and vomiting. This event is often very 
significant. The contribution of pancreatic damage towards these post-irradiation symptoms is not clear. This study is to 
assess the volume density, by using the point counting method, of insulin-, glucagon-, somatostatin-, and pancreatic 
polypeptide-containing cells of mouse pancreas following X-irradiation with doses of 5 and 10 Gy. It uses an in vitro 
system sampled at 30 minutes, 1 and 3 hours. A radiation dose of 10 Gy significantly decreased the volume density of 
glucagon-containing cells at 1 hour incubation time and radiation doses of 5 and 10 Gy slightly decreased the volume 
density of somatostatin-containing cells at all time points. These changes may result in disturbances in metabolism of 
nutrients, which possibly lead to several symptoms (e.g. fatigue and weight loss) associated with prodromal radiation 
sickness. 
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Introduction 
 
 A pancreas is a vital organ involved in a digestive system as well as the metabolism of nutrients. It consists of 
an exocrine portion that secretes a mixture of digestive enzymes and an endocrine portion secreting hormones and/or 
peptides. Accidental radiation or radiotherapy may cause functional and/or morphological damage to the pancreas and, 
consequently, contribute to the acute radiation syndrome (Hall, 1988). Prodromal radiation sickness (i.e. before the full-
blown syndrome) can occur within 30 minutes following irradiation (Nias, 1998). This event is often very significant. The 
contribution of pancreatic damage towards these post-irradiation symptoms is not fully understood. 
 The endocrine portion of pancreas is known as the islets of Langerhans scattering throughout the pancreatic 
parenchyma. The islets contain four primary cell types, namely, insulin-, glucagon-, somatostatin- and pancreatic 
polypeptide-containing cells (B, A, D, PP-cells respectively) as determined by immunocytochemical techniques. The 
pancreatic islets are mainly involved in the normal regulation of nutrient metabolism and the control of plasma glucose 
level. 
 Somatostatin is a polypeptide of 14 amino acids. It has inhibitory effects on insulin and glucagon secretion. It 
also inhibits motility of the stomach, small intestine and gallbladder. 
Pancreatic polypeptine has no effects on pancreatic endocrine functions but it may play a role in inhibition of exocrine 
pancreas (Henderson et al., 1981).  
 
Acute radiation syndrome 
 Early effects or illness caused by whole-body irradiation occur in a characteristic pattern known as the acute 
radiation syndrome. This may be divided into three separate but overlapping syndromes on the basis of the major 
affected organs or system, and the main cause of death. These three syndromes are the cerebrovascular, 
gastrointestinal and haematopoietic syndromes. 
 The gastrointestinal syndrome occurs typically with radiation doses between 5 to 12 Gy, and causes diarrhoea 
and destruction of the gastrointestinal mucosa. Signs and symptoms of the gastrointestinal syndrome have been well 
established and may be divided into three distinct phases, namely, prodromal, latent and manifest-illness phases 
(Bomberger and Dannenfelser, 1984). The prodromal phase occurs often less than an hour after radiation with doses as 
low as 1 Gy (Gilinsky et al., 1983; Bomberger and Dannenfelser, 1984; Dubois and Walker, 1988). It will last for a few 
days depending on the dose (Hall, 1988). An increasing fatigue is an early sign, and is accompanied by other symptoms 
including diarrhoea, intestinal cramps, nausea and vomiting. 
 
The effects of radiation on endocrine pancreas 
 It has been hypothesized that irradiation may affect the synthesis and release of neuroendocrine peptides 
which may contribute to disturbances in the digestive system. Most of the literature concerns neuro-endocrine cells and 
their products in stomach and small intestine (Otterson et al., 1995; Carr et al., 1996; Linard et al., 1997; Lehy et al., 
1998). There are only a small number of studies focusing on endocrine pancreas (Du Toit et al., 1987; Sarri et al., 
1991). These studies showed that there was some degree of alteration in functions and morphology of the pancreas 
following irradiation suggesting that it may be more responsive than previously thought. 
 In morphological studies of endocrine pancreas, Volk et al. (1966) demonstrated that, following irradiation with 
single doses of 50-90 Gy, pancreatic islet B cells in dogs exhibited moderate degranulation. Occasionally, the cells 
showed the alteration as early as 2 hours after irradiation. These results are consistent with the report by Du Toit et al. 
(1987) suggesting that in Chacma baboon there were pathological changes of the alpha and beta cells of endocrine 
pancreas following 8 Gy and 10 Gy irradiation. The changes were described as swelling, degranulation, cavitation, loss 
of cristae in mitochondria and cytoplasmic vacuolization. 
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Aim of study 
 The aim of this study is to demonstrate the early effects of radiation on endocrine cells of mouse pancreas, It 
uses an in vitro system sampled at 30 minutes, 1 and 3 hours following X-irradiation with doses of 5 and 10 Gy. The 
assessment of the volume density, by using the point counting method, of insulin-, glucagon-, somatostatin-, and 
pancreatic polypeptide-containing cells are carried out. 
 

Methods 
 
General protocol  
 Animals were randomly allocated into control, sham and irradiated groups. Their pancreas was dissected free 
and transferred to a maintenance medium (DMEM) and irradiated with varying doses of X-rays. The tissues were then 
incubated for varying times at 37 °C and subsequently processed for wax histology. The specimens were examined 
using immunocytochemistry technique. 
 Male CFLP mice, aged 10-12 weeks, were allocated into control, sham-irradiated, and irradiated groups at 
random. Pancreases from control animals (n = 6) were immediately fixed and processed, at this point without any 
subsequent incubation. Those from other animals continued with the experimental procedures as below. 
 
Irradiation schedule 
 After removal, the tissue was placed in a petri dish containing oxygenated (95%O2 / 5%CO2) Dulbecco’s 
Modified Eagles medium (DMEM), pH 7.4 (BioWhittaker, Verviers, Belgium) at a temperature of 37 °C. Tissue to be 
irradiated was then exposed to X-rays at a dose rate of 1.2 Gy/min to give doses of 5 and 10 Gy (n = 36, i.e. 18/dose). 
The X-ray machine (RT-100 Philips) was operated at 100 kV, 8 mA with a 12 cm applicator. The distance between 
tissue and X-ray tube was 30 cm and a 1.7 Al filter was used. 
 Following irradiation, the tissue was immediately transferred into a 50 ml conical flask containing 30 ml of 
oxygenated (95%O2 / 5%CO2) DMEM and placed in a water bath maintained at 37 °C. The material was incubated for 
30 minutes, 1, and 3 hours (n = 6/time point). Tissue from sham animals (n = 6/time point) followed the same procedure 
as for that from irradiated animals but without exposure to radiation. 
 
Tissue processing 
 The specimens, each approximately 0.5-1 cm long, were fixed in modified Susa's solution (Johnston et al., 
1986) in 25 ml bottles for at least 24 hours at 4 °C. Subsequently, the specimens were processed by routine methods 
for wax histology. 
 The 5 µm-thick sections were cut with a microtome and transferred onto glass slides. Several series of sections 
were obtained from different levels of the blocks. Each of sections from a given series was mounted on a separate 
slide. This enabled the sections to be individually stained for insulin, glucagon, somatostatin and pancreatic polypeptide. 
 The sections were dewaxed in xylene, hydrated through a decreasing alcohol series, and washed in phosphate 
buffered saline (PBS) before applying primary antisera. 
 One of each series of sections was stained with one of the following primary antisera: 
 1) rabbit anti-chromogranin-A antiserum, 1:500 dilution  
 2) guinea-pig anti-insulin antiserum, 1:4000 dilution  
 3) rabbit anti-glucagon antiserum, 1:250 dilution  
 4) guinea-pig anti-somatostatin antiserum, 1:500 dilution  
 5) rabbit anti-glucagon antiserum, 1:200 dilution  
 Antiserum 1 was from Incstar, Minnesota, USA and antisera 2-5 were from the Wellcome Research 
Laboratories, Royal Victoria Hospital, Belfast, UK. 
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 After incubation with the primary antiserum for 24 hours at 4°C, the sections were rinsed in PBS and incubated 
for 1 hour at room temperature with an appropriate secondary antibody. This was either rabbit anti-guinea-pig (RAGP) 
fluorescein at a dilution of 1:100 or swine anti-rabbit (SWAR) FITC at a dilution of 1:50. 
 All sections were mounted in gelvatol and stored in the dark at 4 °C. The sections were examined with 
fluorescence microscope (Leitz Diaplan) or a MRC-600 confocal scanning laser microscope. 
 
Analysis and recording of results 
 A quantitative morphometric analysis was carried out by the point counting method (Weibel, 1969) using a 1.5 
× 1.5 mm2 grid (225 squares and 256 intersections) fitted into the eyepiece of the fluorescent microscope. All sections 
were examined at the same magnification (× 400). 
 For each subgroup, at least 20 islets from a minimum of four animals (at least 5 islets per animal) were 
analysed. The volume density (Vv) of each islet was estimated by the formula modified by Stefan (1982) in order to 
correct the overestimation because of the super position within the thickness of the section of positive and negative 
structures. 
 The formula was as below: 
 
   Vv  =  Pcells   _   T × Icells 
                                                    Pislet         2     2 Pislet × d  
Pcells    =  a number of points of the test grid over fluorescent cells 
Pislet    =  a number of points of the test grid over an islet 
T          =  thickness of a section 
Icells    =  a number of lines (vertical and horizontal) of the test grid  
                intersected by fluorescent cells or cell clusters 
d          =  distance between horizontal and vertical lines of the test grid 
 
 The percentage of Vv was individually calculated by multiplying its volume density by 100. By this method, the 
%Vv of insulin, glucagon, somatostatin, and pancreatic polypeptide-containing cells was obtained. The average %Vv, for 
each animal, was calculated.  
 Statistical comparisons of the experimental groups were carried out by the non-parametric test Kruskal-Wallis 
using the Instat 2.01 programme equivalent to the parametric ANOVA. Where the non-parametric test showed a 
statistically significant difference among group means, the Dunn’s post test of multiple comparisons between pairs of 
means was applied to determine which groups were significantly different from each other. 
 

Results and Discussion 
 
Insulin expression 
 In controls, the volume density of insulin-containing cells in endocrine pancreas was 74.90 ± 3.87%. In shams 
and irradiated animals, there was a slight increase in volume density (ranging from 74.95% to 81.38%) compared with 
controls (Figure 1). There were, however, no statistically significant differences in volume density between shams and 
irradiated animals at any experimental points. 
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Figure 1: % volume density of the insulin-containing cells of irradiated pancreas at 5 and 10 Gy incubated for 3 min, 1 
and 3 hr compared with shams. 
 
Glucagon expression 
 In controls, the volume density of glucagon-containing cells in endocrine pancreas was 17.63 ± 2.26%. In 
shams, the volume density of glucagon-containing cells remained relatively unchanged. At 1 hr following 10 Gy 
irradiation, there was a statistically significant decrease (p < 0.05) in volume density (3.91 ± 1.21%) but only a marked 
decrease (6.83 ± 1.34%) at a dose of 5 Gy when compared with shams (Figure 2). The volume density returned 
towards normal levels at 3 hours following 5 Gy irradiation.  
 

  Figure 2: % volume density of the glucagon-containing cells of irradiated pancreas at 5 and 10 Gy 
 incubated for 3 min, 1 and 3 hr compared with shams. (∗ = p < 0.05) 
 
 The decrease in volume density may be related to the morphological disruptions including degranulation of 
endocrine pancreatic cells following irradiation, which were described in the long-term study by Du Toit et al., (1987). It 
may be that a decrease in volume density following irradiation may result from either a hypersecretory state by cells or 
reduction in granule synthesis or a combination of both. Future determination of the amount of glucagon content in the 
tissue and that released into the medium might provide a better understanding of possible changes to the secretory 
status of the cells. Impairment in production of glucagon may result in disturbances in metabolism of nutrients, which 
may lead to several symptoms (e.g. fatigue and weight loss) associated with the acute radiation syndrome. 
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Somatostatin expression 
 Figure 3 summarizes the volume density of somatostatin-containing cells following irradiation. In controls, the 
volume density was 6.79 ± 1.14%. In shams, the volume density of somatostatin-containing cells remained relatively 
unchanged. Following 5 and 10 Gy irradiation, there was a slight decrease in volume density (ranging from 4.22% to 
5.62%) from 30 minutes up to 3 hours when compared with shams, although this was not statistically significant. 
  

 Figure 3: % volume density of the somatostatin-containing cells of irradiated pancreas at 5 and 10 Gy 
incubated for 3 min, 1 and 3 hr compared with shams. 
 
 It should be noted that there was a tendency of the volume density to decrease following 5 and 10 Gy 
irradiation at all incubation time points. This indicates that somatostatin-containing cells in endocrine pancreas may 
show significant effects if examined over a longer time scale. 
 
Pancreatic polypeptide expression 

 
 Figure 4: % volume density of the somatostatin-containing cells of irradiated pancreas at 5 and 10 Gy 
incubated for 3 min, 1 and 3 hr compared with shams. 
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 In controls, the volume density of pancreatic polypeptide-containing cells was 4.35 ± 0.80 %. The volume 
density in shams remained relatively unchanged. Following irradiation, there were no changes to the volume density at 
all experimental points when compared with shams (Figure 4) 
 

Conclusion 
 
 This study aimed to demonstrate the early effects of X-irradiation on endocrine cells of mouse pancreas. A 
morphometric analysis was carried out to determine quantitative immunofluorescence changes within the pancreatic islet 
cell population with regard to four principle cell types (insulin-, glucagon-, somatostatin, and pancreatic polypeptide-
containing cells) by using point counting method. A radiation dose of 10 Gy significantly decreased the volume density 
of glucagon-containing cells at 1 hour and radiation doses of 5 and 10 Gy slightly decreased the volume density of 
somatostatin-containing cells at 30 minutes and this lasted up to 3 hours. A decrease in volume density of pancreatic 
islet cells following irradiation may result from either a hypersecretory state by cells and/or a decrease in granule 
synthesis. Radiation induced no changes in the volume density of insulin and PP-containing cells. The results 
demonstrated that X-irradiation induces alterations to some types of pancreatic endocrine cells. This may result in 
disturbances in metabolism of nutrients, which possibly lead to several symptoms (e.g. fatigue and weight loss) 
associated with the acute radiation syndrome. 
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