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Abstract
AIM: To evaluate the prevalent topical therapeutic 
modalities available for the treatment of acute radiation 
proctitis compared to formalin. 

METHODS: A total of 120 rats were used. Four groups 
(n = 30) were analyzed with one group for each of the 
following applied therapy modalities: control, mesalazine, 
formalin, betamethasone, and misoprostol. A single 
fraction of 17.5 Gy was delivered to each rat. The rats in 
control group rats were given saline, and the rats in the 
other three groups received appropriate enemas twice a 
day beginning on the first day after the irradiation until 
the day of euthanasia. On d 5, 10, and 15, ten rats from 
each group were euthanized and a pathologist who was 
unaware of treatment assignment examined the rectums 
using a scoring system.

RESULTS: The histopathologic scores for surface 
epithelium, glands (crypts) and lamina propria stroma 
of the rectums reached their maximum level on d 10. 
The control and formalin groups had the highest and 
mesalazine had the lowest, respectively on d 10. On the 
15th d, mesalazine, betamethasone, and misoprostol had 
the lowest scores of betamethasone.

CONCLUSION: Mesalazine, betamethasone, and 
misoprostol are the best topical agents for radiation 
proctitis and formalin has an inflammatory effect and 
should not be used.
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INTRODUCTION
Acute radiation proctitis is a major clinical complication of  
pelvic irradiation[1,2]. Rectum is exposed to high dose irradi-
ation during radiotherapy of  the rectal, cervical and pros-
tate malignancies. The rate of  complications, which decre-
ase life quality, has been reported as high as 10%-15%[3,4].
    The problem of  radiation proctitis leads to prophylaxis 
studies. Sukralfat [5-9], anti-inf lammatory agents[6,9], 
mesalazine[5] have been shown to be histopathological 
ineffective in clinical prophylaxis studies. In spite of  the 
clinical comparative studies of  these drugs there is no 
agreement on the therapy protocol[8,10-12].
    There are several therapy modalities used for the 
protection and treatment of  acute radiation proctitis 
and consequent chronic sequelae, including diet[13], 
sucralfate[14,15], antiinflamatuar agents like mesalazine[15,16], 
corticosteroids[5,10], formalin[17,18] and misoprostol[3,6]. 
However these medical approaches are not sufficiently 
effective and have only a limited benefit. The search for a 
more effective therapy should be continued.
    The pathological features of  irradiation begin in hours. 
Morphologic changes include loss of  columnar shape, and 
nuclear polarity of  enterocytes, epithelial degeneration, 
ulceration, nuclear pyknosis and karyorrhexis, crypt 
disintegration, mucosal edema, absent mitosis, crypt 
abscesses with prominent eosinophilic infiltrates[19].
    The aim of  this study was to compare the most preva-
lent topical therapeutic modalities used for acute radiation 
proctitis in a standard rat radiation proctitis model[20].

MATERIALS AND METHODS
Animals
Female Sprague Dawley rats weighing 230-285 g at the age 
of  6 wk were obtained from the Institute for Experimental 
Medicine, Istanbul University. All animals were acclimatized 
for 7 d prior to experimentation in the laboratory of  the 
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mentioned institute, which was maintained at 22 ± 2℃ and 
a relative humidity of  55 ± 10% in a constant 12 h dark/
light circle. The rats were housed in standard wire cages 
and fed with standard rodent chow and UV sterilized tap 
water. The approval of  the Ethical Review Committee of  
the Faculty was obtained and the experimental procedures 
in this study adhered to the Declaration of  Helsinki for the 
care and use of  laboratory animals.
    After irradiation each animal was weighed and examined 
every 2 d until the end of  the experiment. Five groups (30 
rats in each group) were used. Groups were defined as fol-
lows. Rats in control group were anesthetized, restrained 
and taped by the tail and legs on an acryl plate, irradiated 
and given saline enemas. Rats in mesalazine group were 
irradiated, and given mesalazine enemas (Salofalk, Ali Raif, 
Istanbul, Turkey)[21]. Rats in formalin group were irradiated, 
and given formalin enemas (4%)[22]. Rats in betamethasone 
group were irradiated, and given betamethasone enemas 
(Betnesol,Glaxo-Wellcome, Hamburg, Germany)[13]. Rats 
in isoprostol group were irradiated, and given misoprostol 
enemas (5 µg/kg)[23]. The enemas, which were prepared in 
1 mL volume at body temperature, were given twice a day 
beginning on the first day after irradiation until the eut-
hanasia day. The enemas were applied with a soft feeding 
tube and then the anus was temporarily closed with digital 
compress for five minutes. 

Irradiation
Each rat was anesthetized using sodium pentobarbital in-
traperitoneally (40 mg/kg). Then 3 to 4 rats at a time were 
restrained and taped by the tail and legs on an acryl plate 
at a supine position. Lead shielding (5 half  value layer) 
was used to cover the rat except for a 3 cm × 4 cm area 
of  lower pelvis containing 2 cm length of  rectum in the 
middle of  the field. Irradiation was delivered with a cobalt 
-60 apparatus, the γ energy was 1.25 MeV, and a distance 
of  80 cm from the source to the surface was used. Dose 
rate of  the irradiation was 121.49 Gy per min and 17.5 Gy 
in a single fraction was delivered to each rat. Ten rats from 

each group were selected randomly for gross and macros-
copic examination and euthanized on d 5, 10, and 15. Two 
5 mm segments of  the rectum which was 1 cm proximal to 
anus were excised, fixed in 10% neutral buffered formalin 
solution and processed by routine techniques. Each speci-
men was stained with hematoxylin and eosin and examined 
under a light microscope by a pathologist who was unawa-
re of  treatment assignment.
    The rectums were evaluated microscopically using a 
slightly modified scoring system reported by Hovdenak 
et al[7] by a pathologist who was blinded to the groups 
and the euthanasia days of  specimens. A total of  13 
characteristics of  three mucosal structures (surface 
epithelium, glands, and lamina propria stroma) were used. 
The abnormalities of  the 13 parameters were assessed as 
normal (score = 0) or abnormal, and ranked according to 
severity and arranged in quartiles: 1 = mildly abnormal; 
2 = moderately abnormal; 3 = markedly abnormal: 4 = 
severely abnormal.

Statistical analysis
Results were presented as mean ± SD. Relationship 
between the groups was assessed using analysis of  
variance. Tukey or Tamhane’s test was chosen to test 
for equality of  variances. P values less than 0.05 were 
considered statistically significant.

RESULTS
There was no death during the study. For determination 
of  the acute radiation injury and the response to the local 
therapy, 10 rats from each group were euthanized on d 5, 
10 and 15 after the irradiation. The rats were apparently 
healthy until the day of  sacrifice excluding three rats (2 in 
control group and 1 in formalin group), which “looked” ill 
and showed symptoms of  diarrhea on the 10th d. The rec-
tums of  the rats were removed and examined grossly and 
histopathologically. Tissues from five specimens (including 
the three mentioned above) had severe damage and were 
inappropriate to be scored. They were thus excluded from 
the study. 
    The five samples excluded were two from control group 
on the 10th d due to the ischemic necrosis of  the rectal mu-
cosa, one from formalin group on the 10th d due to mas-
sive mucosal infarct, one from formalin group on the 15th 
d due to lymphocytic colitis, one from isoprostol group 
on the 15th d due to lymphoid hyperplasia and submucosal 
edema (Table 1). 

Table 1  Grading of histological changes on microscopic 
examination

Structure Characteristic
Surface epithelium Loss of cellular height/flattening of cells

Cellular inflammatory infiltrate
Glands (crypts) Luminal migration of epithelial nuclei

Loss of goblet cells
Mitotic activity
Cryptitis (migration of segmental neutrophils
through the crypt wall)
Eosinophilic crypt abscesses
Loss of glands
Atrophy of glands
Distortion of glands

Lamina propria Inflammation
Edema
Congestion of blood vessels

The abnormalities were assessed as normal (score = 0) or abnormal, ranked 
according to severity and arranged in quartiles.

Table 2  Comparison of the histopathological scores of the rectal 
specimens with regard to the euthanasia days (mean ± SD)

5th d 10th d 15th d

Control 7.40 ± 3.89  39.20 ± 3.581 35.40 ± 2.27
Mesalazine 5.60 ± 3.41 11.40 ± 3.37 22.40 ± 2.37
Formalin 10.0 ± 4.50  38.20 ± 3.612  37.00 ± 2.262

Betamethasone 3.20 ± 1.03 20.60 ± 3.41 18.20 ± 4.32
Misoprostol 4.40 ± 1.71 20.80 ± 2.70  23.6 ± 2.802

1 Two specimens were excluded; 2 One specimen was excluded.
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    The mean histopathologic scores of  the specimens are 
shown in Table 2.
    On the 5th d the formalin group had the highest scores, 
followed by the control group. Mesalazine, betamethasone 
and misoprostol groups had the lowest scores. Table 2 
gives the statistical comparison of  the scores. There was 
no difference between control and formalin groups. The 
mesalazine, betamethasone and misoprostol groups had no 
difference between each other either. The control group 
had significantly higher scores than betamethasone group (P 
= 0.039). The formalin group had higher scores than the 
mesalazine, betamethasone and misoprostol groups (P = 
0.028, 0.0001 and 0.003, respectively).
    On the 10th d the control and formalin groups had the 
highest scores, followed by misoprostol, betamethasone 
and mesalazine groups (Table 2). The scores of  the 
control and formalin groups were higher than those in 
the misoprostol, betamethasone and mesalazine groups 
(P = 0.0001). There was no difference between control 
and formalin groups. The mesalazine group had the 
significantly lowest scores (P = 0.0001). There was no 
statistically significant difference between misoprostol and 
betamethasone groups.
    On the 15th d, the scores of  formalin and control 
groups were the highest (Table 2). Misoprostol, mesalazine 
and betamethasone groups had lower scores. The formalin 
and control groups had significantly higher scores than 
the other groups (P = 0.0001). There was no difference 
between mesalazine and misoprostol g roups. The 
betamethasone group had the lowest scores (P = 0.0001 
for the control and formalin groups, and P = 0.044 for the 
misoprostol group).
    The sum of  the histopathologic scores on the eutha-
nasia days are presented on Figure 1. The inflammatory 
processes of  the control, formalin and betamethasone 
groups reached a maximum score on the 10th d and dec-
reased on the 15th d. Since nflammation of  the mesalazine 
and misoprostol groups increased on the 10th and 15th d, 
the scores of  the last group were higher. The mean scores 
of  all groups, except for the formalin group and the beta-

methasone group on the 10th and 15th d, were significantly 
different. 

DISCUSSION
The aim of  this study was to compare the histopathologic 
effects of  formalin therapy with the most common agents 
used for radiation proctitis[4,12,18,24-26]. The consequential 
correlation between acute injury, which is common and 
usually self-limiting and chronic sequela has been demons-
trated[27,28].
    With a controlled radiation proctitis animal model, 
the four most widely used therapeutic approaches were 
studied in a blinded histopathologic comparison. This 
standard model has two handicaps: the impossibility to 
examine the same individual over the time and the relation 
of  the pathologic scores to the clinical symptoms. To deal 
with these problems, we used groups of  simultaneously 
sacrificed rats and a pathological scoring system obtained 
from a clinical study[7]. The chosen model was justified 
with comparison to the clinical series from the pathological 
point of  view in regard to the duration after irradiation and 
the optimal dose for the human disease. The protective 
dose of  various medications has been determined to be 
17.5 Gy in single fraction[20,29].
    The acute pathological findings on the rectal mucosa 
are reported to persist for two weeks[20,29]. An edema of  
the lamina propria was observed in a first couple of  days, 
cryptitis and crypt abscesses were found on d 4 and 5, 
ulcers and regenerative processes could be determined on 
d 9 and 10, the mucosa was healed and then the chronic 
sequelae like fibrosis of  the lamina propria arose on d 15[7].
    It was reported that the pathological differences in 
the 10th d groups are more obvious[7]. Cryptitis (Figure 2) 
and crypt abscesses (Figure 3) are the predominant 
characteristics of  acute radiation toxicity. Two specimens 
of  the control group showed mucosal iscemic necrosis. 
Two specimens of  the formalin group showed mucosal 
infarct. One specimen of  the misoprostol group showed 
crypt hyperplasia. The mean and sum mucosal and 
glandular pathologic scores of  the formalin group were 
close to those of  the control group. Betamethasone and 
misoprostol groups had statistically significant low scores.

Figure 2  Cryptitis, loss of cellular height/flattening of cells, nuclear debris in the 
crypt lumen and mononuclear leukocyte infiltration on lamina propria (HE X 125).

Figure 1  Sum of the histopathologic scores regard to the euthanasia days. 1: 
control group; 2: mesalazine group; 3: formalin group; 4: betamethasone group; 
5: misoprostol group. The differences in the mean scores of all groups, but the 
formalin group on the 10th and 15th d and betamethasone group on the 10th and 
15th d were statistically significant.
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    The pathological process, determined with necrosis and 
edema of  the mucosa and focal mucosal ulcers continued 
till the 15th d in euthanized animals of  control and 
formalin groups. Betamethasone group showed the lowest 
pathologic scores on the 15th d.
    The mucosal cytokines IL-1β, IL-2, IL-6 and IL-8 have 
been reported to play a significant role in the etiology 
of  radiation-induced proctoproctitis[30]. Mesalazine and 
betamethasone with cytokine suppressive effects have 
a curative outcome on this immunology-based disease, 
parallel to our results. The present study showed a 
solely descriptive basis of  the histopathology, which 
determines the need and extent of  the clinical therapy. The 
immunological contribution of  the disease and the effect 
of  therapeutic approaches need to be clarified.
    It should be noted that two specimens were exclu-
ded from the study, one formalin roup specimen on the 
15th d due to lymphocytic colitis, one misoprostol group 
specimen on the 15th d due to lymphoid hyperplasia and 
submucosal edema. Since lymphocytic colitis, lymphoid 
hyperplasia and submucosal edema were encountered over 
the whole rectal wall of  the two specimens from the same 
animal, the scoring of  them was thus impossible. Mistol 
has radiation protective and tissue regenerating effects, 
but its mechanism of  action is not fully understood[8]. We 
showed that it could contribute to the healing process after 
irradiation.
    Rectal formalin therapy has serious side effects like 
worsening of  colitis, rectal pain, anal stenosis, rectal ulcers 
and anal incontinence[4]. These side effects have been 
reported even in series with good clinical results[5,14]. These 
effects are in accordance with our histopathologic findings.
    In conclusion, formalin should not be used in order 
to avoid its toxic effects on mucosa. Mesalazine and 
betamethasone can be used for local therapy with no major 
superiority between each other. Controlled randomized 
prospective clinical trials are required to determine the best 
management of  this disease.
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