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EXPERIMENTAL STUDY

Beneficial effects of vitamin E on radioiodine
induced gastrointestinal damage: an experimental
and pathomorphological study
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ABSTRACT

OBJECTIVES: The aim of the present study was to investigate the radioprotective effect of vitamin E in the
prevention of radioiodine (RAIl) induced gastrointestinal damage.

METHOD: Twenty-four rats were randomly divided into three groups as follows: Group-1 was untreated con-
trol group, Group-2 was orally administered single dose of 111 MBq RAI, and Group-3 was orally administered
111 MBq RAI and 1 mL of oral vitamin E. Vitamin E was started two days before RAl administration and was
continued for five days once daily after RAl. Pathomorphological parameters of gastrointestinal tissues (stom-
ach, small intestines and bowels) were measured using Hematoxylin-Eosin and Masson'’s trichrome staining.
RESULTS: Varying degrees of inflammation, edema, ulcer, mucosal degeneration, necrosis and fibrosis were
seen in the stomach, small intestine and bowel tissues of the rats in both study groups and not in the control
group. The differences were statistically significant between these groups for all parameters (p < 0.05). The
histopathological damage in the vitamin E treated group was significantly less than the damage in the RAI only
group (p < 0.05 for all pathomorphological parameters).

CONCLUSION: The results of this study showed that vitamin E has a radioprotective property with antiinflam-
matory and antifibrotic effects protecting against gastrointestinal damage caused by radioiodine (Tab. 3, Fig. 3,

Ref. 26). Text in PDF www.elis.sk.
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Introduction

Radioiodine (RAI) has been one of the important components
in the treatment of hyperthyroidism and differentiated thyroid
carcinomas since the 1940s. RAI treatment is applied to prevent
potential metastases and recurrences after total thyroidectomy for
thyroid cancer (1). RAl is a radioactive isotope and emits high beta
and gamma rays, which destroy tumor cells by causing radiation
in thyroid cancer cells where they are accumulated. Therefore, it
is used successfully for the prevention of undetected tumor me-
tastases (2). Orally administered RAI is absorbed by the stomach
and intestines, distributed in the blood as an extracellular ion, and
trapped by the thyroid thereafter. The transition mechanism of RAI
in the stomach and intestines have not yet been fully explained (3).
The most common opinion is that it is NIS-mediated transition.
NIS is a trans-membrane protein, which immunohistochemical
studies have shown to be strongly expressed on the apical surfaces
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of gastrointestinal epithelial cells of RAl-administered rats. This
shows that NIS has a role in the absorption of radioiodine from
the stomach and intestines (4).

Gastrointestinal clinical side effects such as xerostomia, nau-
sea, gastralgia, dacryostenosis, enteritis, and changes in taste and
vomiting may be seen during the 2-48 hours following therapy
despite the successful therapeutic effects of RAI (5). These gastro-
intestinal findings are attributed to ionizing radiation increasing the
release of free oxygen radicals (e.g. lipid peroxidases, hydrogen
peroxide and hydroxyl radical) and oxidative stress induced tissue
damage (6). Increased numbers of tissue free radicals impair the
oxidant/antioxidant balance and trigger genetic destruction, muta-
tion, cellular proliferation, apoptosis and inflammation through ef-
fects on the cell membrane, organelles and DNA (7). Many studies
have reported positive outcomes of antioxidant supplements such
as lycopene, vitamin D, Co-Q and melatonin for the prevention
of oxidative stress-induced tissue damage which develops due to
radioiodine (8, 9).

Vitamin E is the most important lipid-soluble antioxidant
and it protects membranes from oxidation by reacting with lipid
radicals which develop from the lipid peroxidation chain reaction
(10). Vitamin E is absorbed through passive diffusion by intesti-
nal enterocytes. It is accumulated in microsomal membrane, en-
doplasmic reticulum, the Golgi apparatus, lysosomal and parox-

Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition



Bratisl Med J 2019; 120 (4)
263-269

ysmal membranes. A great part of vitamin E is incorporated into
chylomicrons in its free form at the Golgi apparatus level before
being released into lymphatic circulation (11). Vitamin E, which
is non-toxic, has been used in the treatment of diseases such as
cataract, cancer and cardiovascular diseases (12). Recent studies
have revealed that vitamin E has a radio-protective effect against
lacrimal and salivary gland damage which occurs in patients re-
ceiving RAI treatment (13, 14, 15).

The aim of this study was to investigate the protective effect
of vitamin E, which is non-toxic, easily available and easily ab-
sorbed from the intestines, against radioiodine-related early gas-
trointestinal damage.

Material and methods

Animals

All stages of the study were conducted in the Animal Unit
Laboratory after national and Local Ethics Committee approval
had been obtained for breeding and using laboratory animals and
in accordance with the principles of the 1964 Declaration of Hel-
sinki for laboratory animals.

A total of 24 female Wistar albino rats, aged 3—5 months, and
each weighing 250-300 g, were used in the study. The rats were
acclimatized for one week before the experiment and were housed
under standard laboratory conditions (21 £ 2 °C room temperature
and 65-70 % relative humidity) with a 12-h light/dark cycle in
polypropylene cages separated by lead to protect against exposure
to radioisotopes. Disposable absorbent cloths were placed under
sterile paddy husks to avoid contamination from radioactive urine.
During the study, the experimental rats were fed with standard
chow and water ad libitum.

Tab. 2. Histopathological parameters in the small intestinal tract.

Tab. 1. The statistically significant values of the histopathological pa-
rameters detected in the stomach tissues of the groups.

Histopathological Parameters Group I  Group2  Group 3 p

Edema 0[0-0]% 1[0-1] 0[0-0]f 0.011%*
Inflammation 0[0-0]% 1[1-2] 0[0-1]f 0.001*
Fibrosis 0[0-0]%  1.5[1-2] 0[0-1]f 0.001*
Mucosal Erosion 0[0-0]% 1[1-2] 0[0-0]% 0.001*
Mucosal Degeneration 0[0-0]% 1[1-1] 0[0-0]f 0.001*
Ulcer 0[0-01% 0[0-1] 0[0-0]f 0.037*
Necrosis 0[0-0]f  1[0.5-1] 0[0-0]f 0.002*

ftMedian [25-75 %], *Significant at 0.05 level; Kruskal-Wallis test, § Signicant
versus RAI; All pairwise multiple comparison test.

Experimental design

The animals were randomly divided into three groups (n = 8/
per group). Groupl (control) was given no treatment. In Group
2 (RAI group), radioiodine (Mon-lyot-131, Eczacibasi) was ap-
plied at 111 MBq (3 mCi/kg) via an orogastric catheter. Group-3
(RAI+Vitamin E group) was given 3 mCi/kg I-131 RAI via gastric
gavage and 1mL Vitamin E [(100 mg/kg body weight) (Evigen)].
Vitamin E was started 2 days before the RAI treatment and was
continued for 5 days after RAI treatment. At 24 hours after the
last dosage of Vitamin E, the animals were anesthetized with 50
mg/kg, intra-peritoneal propofol and then sacrificed. The gastro-
intestinal system organs , stomach (S), small intestine (duodenum
(D), jejunum (J) and ileum (I)) and bowels (cecum (Ce), colon (C)
and rectum (R)) were removed with standard methods for histo-
morphological examination.

Histopathological examination
The removed tissues were immediately fixed in 10 % neutral
buffered formalin (pH 7.2-7.4) and taken for routine pathology

Histopathological Group 1 Group 2 Group 3
Parameters Duodenum  Jejunum Ileum Duodenum  Jejunum Ileum Duodenum  Jejunum Ileum 5
D=0.005*
Edema 0[0-0]% 0[0-0]%  1[1-1.5]% 1[0.5-2] 1[1-1] 1[1-1.5] 0[0-0.5]%  0[0-0.5]f 0[0-0.5]f J=0.004*
1=0.001*
D=0.001*
Inflammation 0[0-0]% 0[0-0]%  1[1-1.5]F 2[1-2] 2[2-2] 2[2-2] 0[0-1]% 0[0-1]% 0[0-1]f  J=0.001*
1=0.001*
D=0.001*
Fibrosis 0[0-0]% 0[0-0]% 0[0-0]% 2[1-2] 1[1-1] 1[1-1.5] 0[0-0.5]1%  0[0-0.5]% 0[0-0.5]f J=0.001*
1=0.001*
Mucosal D=0.001*
. 0[0-0]% 0[0-0]% 0[0-0]% 1[1-1] 1[1-1] 1[1-1] 0[0-0]% 0[0-0]%  0[0-0.5]% J=0.001%*
Erosion
1=0.004*
D=0.021*
Mucosal
. 0[0-0]% 0[0-0]% 0[0-0]% 1[0-1.5] 1[0.5-1]  1[0.5-1.5] 0[0-0.5] ~ 0[0-0.5]  0[0-0.5]f J=0.021*
Degeneration _
1=0.005*
D=0.001*
Ulcer 0[0-0]% 0[0-0]% 0[0-0]% 1[0-1] 0.5[0-1]  0.5[0-1] 0[0-0]% 0[0-0]% 0[0-0]f  J=0.001*
1=0.017*
D=0.001*
Necrosis 0[0-0]% 0[0-0]% 0[0-0]% 1[1-1] 1[1-1] 1[1-1] 0[0-0]% 0[0-0]% 0[0-0]f  J=0.001*
1=0.001*

fTMedian [25-75 %], *Significant at 0.05 level; Kruskal-Wallis test, I Signicant versus RAI; All pairwise multiple comparison test.
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follow-up as described by Luna et al (16) The tissues, which were
dehydrated in increasing degrees of alcohol (50 %, 75 %, 96 %
and 100 %) in an automated tissue follow-up device, were ap-
plied with xylol to obtain transparency and embedded in paraffin
blocks. Four-micron thickness sections were taken with a Leica
RM 2125 RT; the first three sections and every tenth section were
transferred to glass lams. The preparations were passed through
a series of alcohol and xylol and stained with Hematoxylin Eo-
sin (HE) and Masson’s trichrome stains. Pathological lesions in
the preparations of the stomach, small intestines and bowel of
each rat were examined with regard to edema, ulcer, erosion,
mucosal degeneration, necrosis, inflammation and fibrosis in ran-
domly determined 10 different fields at x200 magnification us-
ing a high-resolution light microscope (Olympus BX-50, DP53
camera, Tokyo, Japan) by a pathologist blinded to the groups.
These findings were evaluated as absent, focal, lobular or dif-
fuse at x200 magnification according to the previously described
grading systems and scored as 0 (none), + (mild), ++ (moder-
ate), +++ (severe) (17). The differences between groups were
compared statistically.

Statistical analysis

The normality distribution of continuous variables was test-
ed with the Shapiro Wilk test. Kruskal Wallis and all pair wise
multiple comparison tests were used for comparison of three
independent groups of variables with a non-normal distribution.
Median (25 — 75 %) values were given as descriptive statistics.
Statistical analysis was performed with SPSS for Windows ver-
sion 24.0 software. A value of p < 0.05 was accepted as statisti-
cally significant.

Results

The histopathological results of the gastrointestinal tract are
summarized in Tables 1, 2 and 3. The control group was seen to be
normal and no pathological lesions were encountered. The patho-
logical findings of Group 3 (RAI+Vitamin E group) were found
to be milder compared to Group 2 (RAI group). Severe inflam-
mation was detected in the stomach, small intestines and bowel
of the Group 2 rats which were applied RAI only (S = 0.005, D
=0.001,J=0.001,1=10.001, Ce =0.001, C=0.001, R =0.001).
Widespread fibrosis, necrosis, degeneration and edema were also
detected in the stomach of Group 2 rats (Fig. 1). Severe inflam-
mation (p = 0.001), edema (p = 0.001), ulcer (p = 0.037), muco-
sal degeneration (p = 0.001) and erosion (p = 0.001), fibrosis (p
=0.001) and necrosis (p = 0.002) were detected in the stomach
tissues of the rats in Group 2 and the difference was statistically
significant compared to the other groups (Tab. 1). Inflammation
(D =10.001,71=0.001, I=10.001), edema (D = 0.005, J = 0.004,
I1=0.001),ulcer (D =0.001, J=0.001, I = 0.017), mucosal de-
generation (D =0.021, J=0.021, I = 0.005), mucosal erosion (D
=0.001,J=0.001, I =0.004), fibrosis (D = 0.001, J = 0.001, I =
0.001) ) and necrosis (D=0.001,J=0.001,1=0.001) in the small
intestines were found to be more severe in Group 2 compared to
the other groups (Tab. 2) (Fig. 2). Similar findings in the bowel
tissues were more severe compared to the control group and the
vitamin E-administered group (Group 3). Inflammation (Ce =
0.001,C=0.001,R =0.001), edema (Ce =0.001, C=0.001,R =
0.001), ulcer (Ce =0.001, C=10.001, R =0.001), mucosal degen-
eration (Ce =0.001, C=0.001, R =10.001), erosion (Ce = 0.001,
C=0.001,R=0.001), fibrosis (Ce =0.001, C=0.001, R=0.001)

Tab. 3. Statistically significant values of histopathological parameters of the bowel tissues of the groups.

Histopathological Group 1 Group 2 Group 3
Parameters Cecum Colon Rectum Cecum Colon Rectum Cecum Colon Rectum P
Ce=0.001*
Edema 0[0-1]F 1[0.5-1.5]F  0[0-0]% 1[05-2]  1[0.5-1.5]  1[0.5-1] 0[0-0]f  0[0-0]}  0[0-0]f C=0.001*
R=0.001*
Ce=0.001*
Inflammation 0[0-0]f  0[0-0]F  0[0-0]% 2[1.5-2.5]  2[1.53]  2[1-3] 0.5[0-1]f  0.5[0-1]F  0.5[0-1]f C=0.001*
R=0.001*
Ce=0.001*
Fibrosis 0[0-0]f  0[0-0]F  0[0-0]} 2[1.525]  2[2-2.5]  2(1.525]  05[0-1]F  0.5[0-1]f 0.5[0-1]] C=0.001*
R=0.001*
Ce=0.001*
Mucosal Erosion  0[0-0]f  0[0-0]%  0[0-0]} 1[1-2] 1[1-2] 1[1-2] 0[0-0.5]% 0[0-0.5]% 0[0-0.5]f (C=0.001*
R=0.001*
Mucosal 0[0-0 0[0-0 0[0-0 1[1-1 1[1-1 1 0[0-1 0[0 0[0-1 Cce—:ooé)(?ll:
Degensration [0-0f  0[0-0]f  0[0-0]f (-1 I e -0 0011 001 C0.
R=0.001*
Ce=0.001*
Ulcer 0[0-0]f  0[0-0]7  0[0-0]% 0.5[0-11  0.5[0-1]  0.5[0-1] 0[0-0]f  0[0-0]}  0[0-0]f C=0.001*
R=0.001*
Ce=0.001*
Necrosis 0[0-0]f  0[0-0]F  ©[0-0]} 1[1-1]  135[1-2]  0.5[0-1] 0[0-0]f  0[0-1]}  0[0-0]f C=0.001*
R=0.001*

tMedian [25%-75%], *Significant at 0.05 level; Kruskal Wallis test, I Signicant versus RAI; All pairwise multiple comparison test.
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glandular structure, HE staining. B — The RAI group presenting with diffuse fibrosis and severe inflammation (black star), hyperemia (red
star), trichrome staining. C — RAI group presented with severe inflammation (star), HE staining. D — RAI+Vitamin E group inflammation and
fibrosis near-complete covery in the stomach (arrow), HE staining.

and necrosis (Ce=0.001,C=0.001, R=0.001) were found to be
milder in Group 3 than in Group 2 (Fig. 3).

Discussion

Despite the high treatment success rates of RAI, side-effects
such as sialoadenitis, hepatitis and nephritis have been reported
in some patients. Gastrointestinal system disorders are seen dur-
ing the treatment period in many patients. Particularly epigastric
pain, vomiting and enteritis are commonly encountered (18, 19).
In the present study, evaluation was made of the pathomorphol-
ogy of gastrointestinal damage in RAI-administered rats and the
potential radioprotective effect of vitamin E, which is prescribed
in many diseases due to its antioxidant property.

Preclinical studies have revealed pathological damage such
as high-dose radiation-related inflammation and fibrosis in extra-
thyroidal tissues of RAI-administered rats. However, there are few
studies in literature that have investigated the pathomorphology of
RAI-induced damage in the gastrointestinal system. Pashnehsaz
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et al (20) observed clinical signs such as gastralgia, nausea, vom-
iting and diarrhea in RAI-administered thyroid cancer patients.
Although Carroll et al (21) reported data about radio-protective
agents used in the gastrointestinal system, sufficient knowledge is
not available about tissue damage. Sadic et al (17) reported gas-
tric and intestinal inflammation, fibrosis and degeneration due to
high-dose RAI treatment. The current pathomorphological study
has revealed similar findings; erosion, ulcer, inflammation, edema
and degeneration were observed in gastric mucosa. In addition,
severe inflammation and mucosal necrosis were observed in the
duodenum and ileum. Intensive fibrosis was also observed in the
duodenum, ileum and rectum.

The pathophysiology of the damage to extra-thyroid and gas-
trointestinal tissues has not yet been fully clarified. The most
common opinion is that the damage develops from RAI-induced
cellular oxidation. Oxidation has a causative role in degeneration,
apoptosis, and inflammation (7). RAI which is taken into the cell
by NIS leads to an elevation in free oxygen species and oxidative
stress (4). In a study by Yilmaz et al (22) in which rats were ad-
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Fig. 2. Micropathological findings of the small intestine,HE and tric!

normal glandular structure. B — In the duodenum severe inflammation (red stars) and diffuse fibrosis (black star), trichrome staining. C —
Mild inflammation (arrow) showing in the duodenum, trichrome staining. E — In the jejunum of the RAI group (Group 2) severe inflammation
(stars) and necrosis (arrows), and F — Mild inflammation in RAI+Vitamin E group (Group 3) (arrow), HE staining. H — In the RAI group, the
ileum presented with diffuse fibrosis (black star) and severe inflammation (red stars), trichrome staining. | — Mild inflammation (arrows) in

ileum, trichrome staining.

ministered RAI via the oral route, it was reported that intensive
NIS is expressed only in the stomach in the 24th hour and NIS
positivity was determined in the whole gastrointestinal system in
the 3rd week. Immunohistochemically, NIS was determined to be
greatly decreased in the 3rd month, demonstrating that RAI uptake
is by NIS in the gastrointestinal system and it is excreted from the
body over time. Severe inflammation and degenerative changes in
gastrointestinal system tissues of RAl-administered rats suggest the
role of ROS in the pathophysiology of the damage. The develop-
ment of severe lesions, particularly in the stomach, on the 7th day
at a significantly higher rate compared to the intestines suggests
that this can be attributed to RAI staying longer in the stomach. In
the current study, more severe gastrointestinal histopathological

findings in the RAI-only administered rats compared to the other
groups suggests that this damage may be related to RAI in paral-
lel with NIS expression.

Vitamin E is a vitamin found in many foods of plant and ani-
mal origin and its anti-oxidant property has been known for many
years. Kudlackova et al (23) documented that vitamin E decreases
the presence of oxidative stress and antioxidant metabolites. Upad-
hyaya et al (15) detected the protective effect of vitamin E against
the radio-iodine-induced damage in salivary glands. Acaretal (13)
proposed the anti-inflammatory and anti-fibrotic effect of vitamin
E against the damage in lacrimal glands of RAI-administered rats.
In a study by Ramos et al (24) the protective effect of vitamin E
in single dose radiation-applied rats was detected by measuring
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Cecum

Colon

Rectum

©

Fig. 3. Representative photomicrographs of the bowel, HE and trichrome staining. A, D, G — Control (Group 1) group with no damage. B — RAI
group (Group 2) severe inflammation (stars) and fibrosis (arrow) in the cecum, and C — Mild inflammation (arrow) seen in RAlI+Vitamin E

group (Group 3), HE staining. E —

In the colon severe inflammation (red star) and massive fibrosis (black star) in the RAI group; and F - Mild

inflammation (arrow), trichrome staining. H — Diffuse fibrosis (star) and massive glandular necrosis (arrows) in the rectum of the RAI group,
and | — Mild inflammation (arrow) and fibrosis (arrow head) in the RAI+Vitamin E group, HE staining.

the volume of saliva. Bhartiya et al (25) showed that vitamin E
significantly decreased lipid peroxidation in salivary glands and
recommended that it may be used as a radio-protective agent.
Fallahi et al (14) evaluated the functions of salivary glands with
scintigraphy and observed positive effects of vitamin E in patients
receiving RAI therapy. Singh et al (26) showed that vitamin E
protected mice from radiation-induced gastrointestinal injury and
promoting the regeneration of crypt cells.

The results of the current study revealed that vitamin E has an
anti-inflammatory effect against the histopathological damage in
the gastrointestinal tract of RAI-administered rats. Inflammation
was found to be significantly less in the gastrointestinal system of
the RAI+ Vitamin E- administered rats compared to the RAI only
group. Fibrosis and degenerative damage were seen to be more
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severe in the RAI group and milder in the vitamin E group and
this result indicates the protective effect of vitamin E.

In conclusion, severe histomorphological damage develops in
the gastrointestinal system of RAI- administered rats. The present
study demonstrated that vitamin E administered as anti-oxidant
treatment in rats has a radio-protective effect against gastro-in-
testinal damage. It is highly probable that anti-inflammatory and
anti-fibrotic activities are involved in the mechanism underlying
the radioprotective effects of vitamin E.

Learning points

Acute severe inflammation, fibrosis and degeneration develop
during RAI treatment.
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Anti-inflammatory and anti-fibrotic activities are likely to be
involved in the radioprotective effects of vitamin E against RAI-
induced gastrointestinal damage.

Vitamin E may be prescribed as an ideal gastrointestinal radio-
protective agent.
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