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L-carnitine has a protective effect on the colonic mucosa during abdominopelvic
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Sukru Tas', Omer Faruk Ozkan", Oztekin Cikman™, Asli Kiraz", Yilmaz Akgun’, Muammer Karaayvaz"'

DOI: http://dx.doi.org/10.1590/S0102-865020160090000007

'Assistant Professor, Department of General Surgery, Faculty of Medicine, Canakkale Onsekiz Mart University, Canakkale, Turkey. Conception and
design of the study, technical procedures, manuscript writing, final approval.

"Associated Professor, Department of General Surgery, Faculty of Medicine, Canakkale Onsekiz Mart University, Canakkale, Turkey. Scientific and
intellectual content of the study, statistical analysis.

MAssistant Professor, Department of General Surgery, Faculty of Medicine, Van Yuzuncu Yil University, Van, Turkey. Acquisition of data, manuscript
writing.

VSpecialist Doctor, Department of Medical Microbiology, Faculty of Medicine, Canakkale Onsekiz Mart University, Canakkale, Turkey.
Histopathological examinations, manuscript writing, critical revision.

VProfessor, Department of General Surgery, Faculty of Medicine, Canakkale Onsekiz Mart University, Canakkale, Turkey. Analysis and interpretation
of data, manuscript preparation, critical revision.

VIProfessor, Department of General Surgery, Faculty of Medicine, Canakkale Onsekiz Mart University, Canakkale, Turkey. Conception and design of
the study, critical revision.

ABSTRACT

PURPOSE: To evaluate histopathologically the radioprotective effect of L-carnitine on the colonic mucosa in rats undergoing
abdominopelvic irradiation.

METHODS: Thirty-two rats were randomly assigned to four experimental groups: intraperitoneal administration of normal saline
(group 1) or L-carnitine (300 mL/kg; group 2), followed in groups 3 and 4, respectively, by one dose of abdominopelvic radiation (20
Gy) 30 min later. Rats were sacrificed 5 days after radiation, and their descending colons were resected for histopathological evaluation
of the presence and severity of damage.

RESULTS: Average damage scores did not differ significantly between groups 1 and 2 (0.13 £ 0.35 and 0.25 + 0.46, respectively); the
group 3 score was highest (10.25 £ 0.71), and the group 4 score (3.63 + 1.41) was significantly lower than that of group 3 (both p =
0.0001). Pre-radiation L-carnitine administration significantly reduced mucosal thinning, crypt distortion, reactive atypia, inflammation,
cryptitis, and reactive lymph-node hyperplasia (all p <0.01).

CONCLUSIONS: L-carnitine had a radioprotective effect on rat colonic mucosa. L-carnitine use should be explored for patients with
gastrointestinal cancer, who have reduced serum L-carnitine levels.
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Introduction

Radiotherapy is used to treat many types of cancer alone
(as in esophageal squamous cell carcinoma) or in combination with
surgery, chemotherapy, immunotherapy, and/or hormonotherapy'.
Cells in the gastrointestinal tract are particularly susceptible to
damage caused by radiation because they multiply very quickly?.
The effect of radiotherapy on the gastrointestinal system leads to
morbidity and complications that reduce quality of life, posing a
financial burden to patients and health systems. These effects also
limit the radiation dose applied, which is the most important factor
affecting the efficacy of this treatment.

Ionizing radiation has a cytotoxic effect on the intestinal
mucosa by increasing the levels of free oxygen radicals*’.
Radiation induces damage to and inflammation of the intestinal
mucosa during the acute period, and results in the development of
radiation-related acute/chronic colitis during the chronic period by
generating transmural fibrosis and vascular sclerosis®®. The degree
of mucosal change in the early post-radiation period reflects the
clinical severity of acute proctitis and the risk of chronic damage®'°.

L-carnitine plays a role in the transportation of long-
chain free fatty acids to mitochondria during beta oxidation. It is
essential in the control of carbohydrate-lipid metabolic capacity,
the formation of cell membrane structure, cellular vitality, the
prevention of free oxygen radical formation, scavenging of free
radicals, and protection of cells from peroxidative stress''. The
body can endogenously synthesize about 10% of the L-carnitine
it requires from lysine and methionine amino acids in the skeletal
muscle, heart, liver, kidney, and brain; the remaining amount is
generally obtained through diet'?!®. Experimental models have
demonstrated its radioprotective effects in the kidney, lens and
cochlea, retina, brain, growing bone, testes, oral mucosa, small
intestine and bone marrow'#?!.

Radiation colitis reduces patients’ quality of life due
to acute-period symptoms such as nausea, vomiting, abdominal
cramping, and bloody or non-bloody diarrhea. Complications that
are more difficult to treat, such as anemia, stricture, ulceration, and
fistulation, can develop in the chronic period®. To our knowledge,
no published study has examined the radioprotective effect of
L-carnitine on the colonic mucosa. The goal of this study was
thus to evaluate the protective effect of L-carnitine after radiation
damage to the colonic mucosa of rats. We hypothesized that
L-carnitine would have a protective effect against radiation-induced
colitis. Radioprotectivity was assessed by histopathological

evaluation.
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Methods

This study was performed in the laboratory of Dicle
University Health Sciences Research and Application Center,
Turkey, with the approval of the university’s Laboratory Animals
Ethics Committee (no. 2013/25).

Forty-eight female Wistar albino rats weighing 180-220g,
obtained from the Laboratory Animal Research Center of Dicle
University, were used in this study. All rats were housed in special
metal cages at room temperature under stable environmental
conditions (21 + 2°C, 12-h light/dark cycle). The rats were given
access to normal water and standard food, with no restriction.

The rats were randomly assigned to four experimental
groups (n = 8/group): group 1, intraperitoneal (IP) administration
of normal saline without radiation; group 2, IP administration of
L-carnitine (300 mL/kg [1 g 5 amp.]; Santa Farma Pharmaceutical,
Turkey) without radiation; group 3, IP administration of serum
saline (100-mL Bioflex bag; Biosel Pharmaceutical Industry
and Commerce Inc.), followed 30 min later by one dose of 20-
Gy radiation to the abdominopelvic region; and group 4, IP
administration of L-carnitine (300 mL/kg), followed 30 min later
by one dose of 20-Gy radiation to the abdominopelvic region.
Intraperitoneal injections were made by dividing the abdomen into
four quadrants on an imaginary midline and one perpendicular line
at the level of the umbilical mark, L-carnitine and sterile saline
were administered into the lower-left quadrant by using 1-ml
syringes with a 26 G 3/8-inch needles. The selection of the 30-
min interval between intraperitoneal L-carnitine administration
and exposure to radiation was based on a previous experimental
study'“.

All rats in groups 3 and 4 were monitored for the
development of dehydration and/or diarrhea. Five days after
radiation, rats were sacrificed and their descending colons were
resected for histopathological evaluation. All experimental
procedures (radiation application, sample collection, and
euthanasia) were performed under anesthesia, achieved by
intramuscular administration of ketamine (Ketalar 500 mg, 90 mg/
kg body weight [BW]; Pfizer) and xylazine (Kepro Xylazine 20,
10 mg/kg BW; Biopharm Veterinary Drugs).

Abdominopelvic irradiation protocol

After the induction of anesthesia, rats were placed in the
supine position with the four extremities secured with flasters.
Single radiation doses were applied from a source-abdomen
distance of 80 cm with an ALCYON-II cobalt-60 teletherapy unit
(GE Healthcare).
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Tissue collection and histopathological evaluation

Five days after radiation, laparotomy was performed
under anesthesia on rats in all groups to determine the acute effects
of abdominopelvic radiation and L-carnitine administration®.
After cleaning the abdominopelvic region with povidone-iodine,
laparotomy was performed by midline incision. The descending
colon was dissected and excised. Colonic material was collected
and placed in containers with formol and 10% neutralizing buffer
after being washed with saline. Rats were decapitated following
material collection. Paraffin-embedded blocks of formol-fixed
rectal material were created. Thin (5-um) slices were obtained
from the blocks, stained with hematoxylin and eosin, and examined
under a light microscope.

Histopathological specimens were evaluated using the
method defined previously with technical modification?. A blinded
pathologist assessed the following 10 parameters: (1) presence of
inflammatory infiltrate (inflammation) in the lamina propria, (2)
leukocyte infiltration into crypt epithelium (cryptitis), (3) crypt
distortion, (4) regenerative (reactive) atypia in epithelial cells, (5)
crypt abscess, (6) mucosal ulcer, (7) epithelial degeneration, (8)
mucosal edema, (9) mucosal thinning, and (10) reactive lymph-
node hyperplasia. All parameters were graded as: 0, no damage;
1, mild damage; 2, moderate damage; or 3, severe damage. A total
damage score (range 0-30) was calculated for each sample, and
an average damage score (ADS) was calculated for each group.
The same pathologist assessed colonic mucosal thickness under a

micrometer microscope with X100 magnification.

Statistical analysis

Data were analyzed using the Statistical Package for
Social Sciences version 11.5, Chicago, IL, USA. Normality of
continuous data was determined by the Kolmogorov-Smirnov test.
Parametric and non-parametric Mann-Whitney U and Kruskal-
Wallis tests were conducted. Data are expressed as means +
standard deviations. Two-tailed p values < 0.05 were considered

to be statistically significant.

Results

No complications were noted and no animal died during
the experimental process. Histopathological characteristics of all

groups are presented in Table 1. The mucosal thickness and ADSs

of groups 1 and 2, neither of which was exposed to radiation, did
not differ significantly. Group 3 (radiation alone) had the highest
ADS and thinnest mucosa, which differed significantly from those
of the control (group 1) and group 4 (L-carnitine + radiation;
all p = 0.0001). Among parameters assessed, group 3 showed
significantly more mucosal thinning, crypt distortion (Figure 1),
reactive atypia (Figure 2), inflammation (Figure 3), crypt abscess
(Figure 4), and reactive lymph-node hyperplasia than group 1
(Table 1). Compared with group 3, L-carnitine administration
prior to radiation in group 4 significantly reduced mucosal
thinning, crypt distortion, reactive atypia, inflammation, cryptitis,

and reactive lymph-node hyperplasia (Table 1).

FIGURE 2 - Reactive atypia in epithelial cells caused by radiation.
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FIGURE 3 - Moderate inflammation (inflammatory infiltrates) in the
lamina propria after radiation.

2t . ' : - Y
FIGURE 4 - Crypt abscesses characterized by eosinophilic infiltration in
the crypt lumen after radiation.

TABLE 1 - Histopathological characteristics of experimental groups.

Parameter Groul? ! Group .2. .Group 3 . (.}r'oup 4 .
(IP saline) (IP L-carnitine)  (IP saline + radiation) (IP L-carnitine + radiation)

Mucosal thinning (um) 0.65+0.02 0.64 £0.17 0.34+0.022 0.55+0.02

Average damage score (0-30) 0.13+£0.35 0.25+0.46 10.25+0.712 3.63 +1.41
Inflammation (0-3) a
Cryptitis (0-3) b
Crypt distortion (0-3) a
Reactive atypia (0-3) a
Crypt abscess (0-3) c
Ulceration (0-3) d
Epithelial degeneration (0-3) d
Edema (0-3) d
Reactive lymph-node hyperplasia (0-3) e

IP, intraperitoneal. ?p = 0.0001 vs. groups 1 and 4, °p = 0.005 vs. group 4, p = 0.002 vs. group 1, 4p = 0.001 vs. groups 1 and 4, p > 0.005 vs. group 1, 2 and 4.

Discussion

Radiation-induced enteropathy is a well-known side
effect of radiotherapy. Only 10% of patients treated with pelvic
radiotherapy show no side effects?. Radiation colitis significantly
reduces patients’ quality of life in physical, psychological, and
social terms®. In 5-15% of patients, treatment is ceased or altered
due to colonic mucosal damage caused by abdominopelvic
radiotherapy?®. In this study, we found that radiation alone caused
significant damage, as indicated by total damage and several
individual parameter scores, compared with experimental groups
not exposed to radiation. Two strategies to reduce this damage
can be employed: the technical strategy of reducing the dose or
exposed area, and the biological strategy of using substances that

prevent tissue damage or cellular response to ionizing radiation?’.
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Serum L-carnitine levels are reduced in patients
with gastrointestinal cancer due to compromised nutrition and
deregulation of lipid and carbohydrate metabolism®®. An intact
L-carnitine system, with adequate amounts of L-carnitine, carnitine
transferase enzymes, and carnitine derivatives, is necessary
for glucose and lipid metabolism in cells and is an indication
of cellular resistance to toxic effects. The radioprotectivity of
L-carnitine is derived from its antioxidant effects. Oxidative stress
induced by free radicals has been shown to significantly reduce
DNA damage and augmentation of the tumor necrosis factor-a
level®-!. L-carnitine support has been shown to reduce radiation-
related fatigue syndrome in patients, but its radioprotective effect
on the colonic mucosa has not yet been demonstrated*.

The search for ideal radioprotective agents has continued

over a long period of time*. Currently only two radioprotective
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compounds have US FDA approval, amifostine and palifermin.
However, several agents such as free radical scavengers have been
reported to show therapeutic promise*. A search of the PubMed
database revealed no study published in English on the effect of
systemic L-carnitine administration on the colonic mucosa during
abdominopelvic irradiation. In this study, L-carnitine significantly
reduced the total histopathological damage caused by radiation
to the colonic mucosa in rats. L-carnitine thus had a preventive
effect in terms of radiation colitis in this model. Kouvaris et al.
demonstrated the radioprotective effect of the prodrug amifostine
on the colonic mucosa. However, patients’ blood pressure and
pulse must be monitored during amifostine administration,
and this product has well-known side effects, such as nausea,
vomiting, a negative effect on serum calcium metabolism, a
narrow nontoxic dose range, and high cost. In contrast, L-carnitine
has few side effects, a wide dose range, and a longer half-life;
its administration is also simple. Sezen et al.'® reported that
L-carnitine had radioprotective effects on the brain and retina.
Caloglu et al.* investigated the efficacy of LC in the prevention of
radiation-induced acute small intestine damage and showed partial
effectiveness. Our study has some limitations. First, the radiation-
induced colonic mucosal damage was induced by single-dose
irradiation, which may be different from routine abdominopelvic
clinical applications. Second, only a histopathological model was
used for the evaluation process. Combining different models such
as evaluating markers of oxidative stress in intestinal tissue with
histopathological examination may be necessary to determine the

radioprotective mechanisms of L-carnitine.

Conclusions

L-carnitine use at the dose recommended for wound
healing provided benefits to the colonic mucosa in terms of radiation
colitis, with few side effects and a wide nontoxic dose range. These
effects might be critical in patients with primary gastrointestinal
tract cancer, who have reduced serum levels of L-carnitine. Use
of L-carnitine shows promise for patients undergoing radiation
therapy. We think that further prospective, randomized, clinical
research is required to identify the mechanism underlying the

effects of L-carnitine in patients undergoing radiation therapy.
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