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ABSTRACT

» Original article _ _ ,
Background: The aim of the study was to compare the radioprotective

efficacy in the kidney of L-carnitine to that of amifostine. Materials and
Methods: Thirty three-month-old Wistar albino rats were randomly assigned
to four groups: Group 1 (Control); Group 2 (Irradiation alone); Group 3
(amifostine plus irradiation); and Group 4 (L-carnitine before irradiation). The
Dr. Murat Caloglu, rats in Groups 2, 3, and 4 were irradiated individually with a single dose of 20
Fax: +90 2842361074 Gy to whole abdomen. L-carnitine (300 mg/kg) or amifostine (200 mg/kg) was
E-mail: administered 30 minutes before irradiation. Euthanasia was performed 5 days

caloglumurat@hotmail.com after irradiation, and kidneys were evaluated histopathologically. Results:
Dilatation of Bowman’s capsule, congestion of blood vessels, and tubular
epithelial degeneration were significantly different among the groups
(p < 0.05). Pretreatment with both L-carnitine and amifostine reduced the
radiation-induced dilatation of Bowman’s capsule (p < 0.05), congestion of
blood vessels (p < 0.05), and tubular epithelial degeneration (p < 0.05).
L-carnitine and amifostine were similar in protective effect. Conclusion:
L-carnitine was equally effective as amifostine in protecting the kidney against
acute irradiation damage.
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prophylactic use of radioprotectants before
irradiation may be an alternative strategy for

INTRODUCTION

In abdominal malignancies, radiation therapy
(RT) is known to be an important treatment
modality. The kidney is a dose-limiting organ,
restricting the application of irradiation in the
abdominal area. Morphologic studies of
radiation nephropathy have found evidence of
injury to blood vessels, glomeruli, tubular
epithelium, and interstitium. Whole kidney
dose-response data suggest a total dose
associated with 5% and 50% risk of injury at 5
years of 18-23 Gy and 28 Gy, in 0.5-1.25
Gy/fraction, respectively (1. Radiation-induced
kidney damage is not thoroughly eliminated by
dose-fractionation approaches. In these patients,

reduction of renal damage.

The effect of ionizing radiation is primarily
mediated by the action of free radicals, which
can cause damage to DNA, proteins, and lipids.
For that reason, antioxidative defense
mechanisms are responsible for much of the
radiation damage (2. Amifostine (S-2{3-
aminopropylamino}-ethylphosphorothioic acid;
Ethyol; WR-2721) is a prodrug that is converted
in vivo by alkaline phosphatase to an active
sulfhydryl compound (WR-1065). This
substance selectively protects normal cells from
antineoplastic drug toxicity by scavenging free
radicals, by donating hydrogen ions to free
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radicals, by depleting oxygen, and by binding to
active derivatives of antineoplastic agents G. 4).
Our previous studies revealed substantial
radioprotective effects of amifostine on lung and
kidney (>-7). However, use of amifostine has been
reported to cause undesirable side effects that
include nausea, vomiting, sneezing, hot flashes,
mild somnolence, hypocalcaemia, and
hypotension (& 9).

L-carnitine (3-hydroxy-4-trimethyl-
ammoniumbutyric acid) is a small water-soluble
molecule that facilitates the transmission of long
-chain fatty acids into the mitochondria of
skeletal muscle and cardiomyocytes, where they
undergo beta-oxidation (19). L-carnitine prevents
the formation of reactive oxygen species
produced by the xanthine/xanthine oxidase
system and so decreases damage to the cell
membrane. L-carnitine is obtained mostly from
the diet or can be given exogenously. It can also
be synthesized endogenously by skeletal muscle,
heart, liver, kidney, and brain. L-carnitine is a
relatively well-tolerated and safe compound
(11, 12), The radioprotective effect of L-carnitine
has been reported in earlier studies (7 13-16),

To the best of our knowledge, no study to date
has ever investigated the efficacy of L-carnitine
in prevention of radiation-induced acute renal
damage. The aim of the present study was
therefore to evaluate the radioprotective effects
of L-carnitine in an irradiated kidney and to
compare these to the radioprotection afforded
by amifostine.

MATERIALS AND METHODS

Animals and experimental design

All animal experiments are conducted strictly
under the guidelines of the Institutional Animal
Ethics Committee. The rats were housed in rat
cages with ad libitum access to a standard
rodent diet and tap water, with a 12:12-hr
artificial light cycle, mean temperature 21 * 2 °C,
and mean humidity 55 * 2%. At three weeks old,
all animals were randomly assigned into four
groups, for the following treatments:

Group 1: Control (CONT), n = 6, normal saline
alone, injected with normal saline (200 mg/kg)
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by intraperitoneal injection (i.p.) 30 minutes
before a sham irradiation;

Group 2: Irradiation alone (RT), n = 8, injected
with normal saline (200 mg/kg) by ip. 30
minutes before irradiation;

Group 3: Amifostine before irradiation
(AMI+RT), n = 8, injected with amifostine (200
mg/kg) by i.p. 30 minutes before irradiation;

Group 4: L-carnitine before irradiation
(LC+RT), n = 8, injected with L-carnitine (300
mg/kg) by ip. 30 minutes before irradiation.
Selection of the 30-min interval between
L-carnitine administration and exposure to
radiation was based on our previous study on
animals (7).

All experimental procedures were performed
on anesthetized rats. Anesthesia was maintained
with ketamine and xylazine (50 mg/kg BW and
10 mg/kg BW, im.) during irradiation. The
follow-up period was 5 days, during which all
rats were monitored by the veterinary care staff.

Irradiation

The rats in AMI+RT, LC+RT, and RT groups
were irradiated individually with a single dose of
20 Gy through an anterior 4x3 cm single
portal to whole abdomen, using 60Co treatment
unit (Cirus, cis-Bio Int., Gif Sur Yvette, France) at
a source skin distance of 65 cm. The dose rate
was 0.59 Gy/min. The rats were anesthetized
and then fixed onto a 20x30 cm blue Styrofoam
treatment couch (Med-Tec, Orange City, [A) in a
prone position. Correct positioning of the fields
was controlled for each individual rat by use of a
therapy simulator (Mecaserto-Simics, Paris,
France). Special dosimetry was done for the
irregular fields. Dose homogeneity across the
field was * 5%. After irradiation, the animals
were closely observed until recovery from
anesthesia. The CONT group received an equal
field sham irradiation.

Euthanasia

The rats were euthanized 5 days after the
radiation therapy. Prior to euthanasia, the rats
received anesthesia in the form of a ketamine
and xylazine combination. Euthanasia was
performed by decapitation.
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Histopathological analysis

Histological evaluation was performed
according to the classification proposed by Kiris
et al. 17). Kidneys that were removed from rats
at the end of the experimental period were cut
into two sagittal sections and then fixed in 10%
formaldehyde at room temperature for 24 hours
and processed in graded alcohols and xylene
before being embedded in paraffin blocks. Using
a microtome, slide sections of 5 pm were taken
from the paraffin blocks. Sections were then
deparaffinized with xylene and stained with
hematoxylin and eosin (H-E). Histological
evaluation was performed in a blinded manner
by a pathologist under a light microscope. Renal
specimens were evaluated according to
glomerular sclerosis, focal glomerular necrosis,
dilatation of Bowman's capsule, degeneration of
tubular epithelium, necrosis in tubular
epithelium, tubular dilatation, interstitial
inflammatory infiltration, congestion of blood
vessels, vessel wall thickening, and interstitial
fibrosis. Histological changes were scored on a 4
-point scale: (-) no changes; (+) focal, mild
changes; (++) multifocal intermediate changes;
and (+++) prominent, extensive changes.

Statistical analysis

The data were analyzed using standard
statistical methods (Statistica version 7
software). One-way analysis of variance
(ANOVA) was used for statistical comparisons
among the groups. The statistical analysis was
conducted using one-way ANOVA followed by a
post hoc Tukey’s honestly significant difference
test. A p-value of less than 0.05 was considered
to indicate significance.

RESULTS

Histopathologic analyses were conducted on
30 rats. There were no deaths during the
follow-up period. Renal damage for each group is
summarized in table 1. Histopathological
damage such as dilatation of Bowman'’s capsule,
congestion of blood vessels, and tubular
epithelial degeneration were significantly
different among the groups (p < 0.05). The
interstitial inflammatory infiltration was the
same among the groups. There was no evidence
of tubular epithelial necrosis, focal glomerular
necrosis, tubular dilation, vessel wall thickening,

Table 1. Frequency of pathological damage in each group according to the grade of damage.

CONT (n=6) RT (n=8) | LC+R(n=8) | AMI+ R(n=8) p value*
The dilatation of Bowman’s capsule
Grade 0 6 - - 1
Grade 1 - 3 5
<0.05
Grade 2 - 5 2
Grade 3 - 8 - -
Congestion of blood vessels
Grade 0 5 - - -
Grade 1 1 - 1 3
<0.05
Grade 2 - - 5 4
Grade 3 - 8 2 1
Tubular epithelial degeneration
Grade 0 6 - - -
Grade 1 - 2 5 5
<0.05
Grade 2 - - 3 3
Grade 3 - 6 - -

Data show the number of rats in each group. *p value generated from ANOVA test.
AMI + RT, 200 mg/kg, i.p., amifostine 30 min prior to irradiation; LC + RT, 300 mg/kg, i.p., L-carnitine 30 min prior to irradiation; RT, normal saline
30 min prior to irradiation; CONT, normal saline 30 min prior to sham irradiation.
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interstitial fibrosis, or glomerular sclerosis.

Dilatation of Bowman’s capsule was
significantly higher in the RT group than in the
CONT group (p < 0.05). All rats in the RT group
had grade 3 Bowman’s capsule dilatation
(figure 1; panels a, b, and c). However, grade 3
dilatation was not seen in either the AMI+RT or
LC+RT groups. Pre-treatment with amifostine or
L-carnitine reduced the radiation-induced
dilatation of Bowman’s capsule (p < 0.05).
However, this parameter was also significantly
different between the CONT group and both the
LC+RT and AMI+RT groups (p < 0.05). Grade 0
damage was observed only in the AMI+RT group
and not in the LC+RT group (figure 2). Grade 2
damage was more dominant in the LC+RT group
while grade 1 damage was observed in the
AMI+RT group. The protective effect of
L-carnitine was statistically similar to that of
amifostine for this parameter.

The congestion of blood vessels increased

significantly in RT (p < 0.05), LC+RT (p < 0.05)
and AMI+RT (p < 0.05) as compared to the
CONT group. Five rats remained undamaged,
although one had congestion of blood vessels.
Moreover, all rats in RT exhibited grade 3 injury.
As compared to irradiation alone, L-carnitine
and amifostine decreased the congestion of
blood vessels significantly (p < 0.05). Two rats
in LC+RT and one rat in AMI+RT had grade 3
congestion. The protective effect of L-carnitine
and amifostine was similar (figure 3 and 4).

Tubular epithelial degeneration, the other
radiation-induced acute damage, was signi-
ficantly increased in RT (p < 0.05) as compared
to CONT. In RT, two rats had grade 1 injury and
6 rats had grade 3 injury. L-carnitine and
amifostine before irradiation reduced the
damage (p<0.05). The degree of tubular
epithelial degeneration was similar in LC+RT
and AMI+RT. Grade-3 damage was not observed
in either LC+RT or AMI+RT.

Figure 2. Normal histomorphology of the kidney with no dilatation of the Bowman capsule and congestion of the blood
vessels in the control group (HEx25).
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Figure 3. Microscopy of the renal tissue demonstrating
slight dilatation and congestion of the blood vessels in the
amifostine group (HEx25).

DISCUSSION

Treatment prior to irradiation with L-
carnitine decreased radiation-induced dilatation
of Bowman’s capsule, congestion of blood
vessels, and tubular epithelial degeneration to
the same extent as amifostine, as determined
from the histopathological findings. However,
this amelioration did not restore the parameters
to the CONT level. Neither L-carnitine nor
amifostine were found to have any protective
effect against interstitial inflammatory
infiltration. There was no evidence of tubular
epithelial necrosis or of focal glomerular
necrosis.

Acute kidney injury (AKI) is a rapid decrease
in renal function over days to weeks, causing an
accumulation of nitrogenous products in the
blood. The causes of AKI can be classified as
prerenal, renal, and postrenal. Symptoms
include anorexia, nausea, and vomiting. Seizures
and coma may occur if the condition is
untreated. Fluid, electrolyte, and acid-base
disorders develop quickly; treatment is directed
at the cause but also includes fluid and
electrolyte management and sometimes dialysis.
Although many causes are reversible if
diagnosed and treated early, the overall survival
rate remains at about 50% because many
patients with AKI have significant underlying
disorders. Most survivors have adequate kidney
function, but about 10% require dialysis or
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Figure 4. Microscopy of the renal tissue demonstrating
slight dilatation and congestion of the blood vessels in the
carnitine group (HEx25).

transplantation—half of those immediately and
the others as renal function slowly deteriorates
(18), [rradiation is a renal cause of AKI. For cancer
patients, AKI can be a serious, life-threatening
condition. At the very least, it can be an obstacle
to delivery of optimal cancer treatment or may
cause interruption of treatment and
hospitalization. For that reason, the effort to
avoid onset of AKI during RT is an important
aspect of the treatment of cancer patients by
abdominal irradiation. To our knowledge, no
study to date has assessed the effectiveness of LC
and amifostine on radiation-induced acute renal
failure.

The effects of irradiation on tissues, such as
immediate or delayed cell death, cellular injury,
arrest of cellular division, or abnormal repair,
are to be expected. All components of the kidney,
including blood vessels, tubular epithelium,
glomeruli, and interstitium are affected in
radiation-induced renal damage. In current
clinical practice, doses of radiation to the
kidneys are lower than the doses in traditional
treatments, which are usually greater than 20 Gy
and are more frequently associated with
radiation nephropathy (9. Almost fifty years
ago, Luxton identified 25 Gy as the threshold
dose for radiation nephropathy, but this applied
to irradiation spread out in multiple fractions
over 25 to 30 days (29). Cassady pooled the data
on bilateral whole kidney RT tolerance and
confirmed a threshold dose for RT injury of 15
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Gy, with a 5% and 50% risk of injury at 5 years
for whole-kidney RT of 18 Gy and 28 Gy,
respectively, within 5 weeks (21, In the present
study, 20 Gy was used in accordance with
previous pioneering studies (22 23), and
irradiation-induced acute renal damage was
evidenced by the histopathological lesions in
kidney tissues. Robbins et al. irradiated rat
kidneys with a single dose of 10-20 Gy X-rays
and reported a chronic, progressive, dose-
dependent reduction in renal functions. They
emphasized that this process was initially
observed 8 weeks post-irradiation and
progressed to ultimate renal failure from
approximately 16 weeks onward, after a dose of
20 Gy X-rays (22),

Rats have also been used in ‘preclinical
irradiation studies’ involving exposure to high
radiation doses. Following a dose of 30 Gy, there
is acute congestion, interstitial edema, and
cloudy swelling of tubular and glomerular cells.
These abnormalities disappear, and no change is
noted until Day 15 when thickening of the
glomerular basement membrane and pyknosis
of glomerular epithelial cells becomes evident.
By days 26-45, there is substantial basement
membrane thickening, endothelial swelling,
decreased glomerular nuclei and telangiectasia
of glomerular loops with focal necrosis. By this
time, the tubules show extensive pyknosis,
intraluminal casts, and foci of inflammation
associated with regenerating tubules. Within 4
months, the necrosis and inflammation subside
and extensive fibrosis develops. The arterioles
show internal fibrosis and elastosis.
Nephrosclerosis develops in animals surviving
100 days or longer after 10 Gy (14 24-27),

L-carnitine can act as a free radical scavenger
and antioxidant. In addition, L-carnitine can
control carbohydrate metabolism to maintain
cell membrane structure and cell viability, and it
is a necessary cofactor in the oxidation of
long-chain fatty acids. Moreover, L-carnitine
increases endogenous antioxidant defense
mechanisms, which may have protected the
animals from radiation-induced organ toxicity.

Altas et al. showed that L-carnitine could
improve radiation-induced cochlear damage in
guinea pigs (4. In a rat study by Kocer et al,

Int. J. Radiat. Res., Vol. 13 No. 4, October 2015

L-carnitine also was shown to serve as a
protective agent against irradiation-induced lens
damage (16), The radioprotective properties of L-
carnitine in delaying the onset and
decreasing the severity of radiation-induced oral
mucositis have also been reported in
another animal study (15),

In the present study, one of the radiation-
induced acute injuries was the dilatation of
Bowman’s capsule. Damage to Bowman’s
capsule was observed by Kanter et al. in the
acute phase after irradiation; pre-treatment with
amifostine reduced this damage (28). In the
present study, all rats in the RT group had grade
3 dilatation of Bowman’s capsule. Pretreatment
with amifostine as well as L-carnitine decreased
this damage. However, the main damage score
was in the LC+RT group (grade 2), while in the
AMI+RT group, it was grade 1.

This study has shown radiation-induced acute
morphologic changes in the kidney, consisting of
congestion of blood vessels. However, we found
no inflammatory changes in the vascular walls as
reported in previous research. Madrazo et al,, for
instance, reported inflammation in the vicinity
of the blood vessels, but found no evidence of
inflammation of the vascular walls (24). In the
present study, all rats in the RT group had grade
3 congestion; acute congestion after 30 Gy was
observed in previous studies (24-27),

L-carnitine and amifostine significantly
decreased the congestion of blood vessels as
compared with irradiation alone (p < 0.05). Two
rats in LC+RT and one rat in AMI+RT had grade
3 congestion. The protective effect of L-carnitine
was similar to that of amifostine. Neither
amifostine nor L-carnitine ameliorated
radiation-induced acute edema to control level.

The microscopic lesions described in the
kidneys following irradiation usually indicate
that the primary lesion is mainly tubular, and it
would appear that this portion of the nephrons
is more radiosensitive than the glomerular
tissue (1. Madrazo et al, reported that the
earliest detectable change was observed after
irradiation consisting of vacuolation and hyaline
droplets in the cytoplasm of the tubules (4.
In the present study, tubular epithelial
degeneration was found to be significantly
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different among the groups. Both amifostine and
L-carnitine significantly ameliorated this
damage, with no difference in the level of
protective effect. However, as necrosis in the
tubular epithelium was not shown, this is
considered to be related to late effect. The
protective effect of amifostine against
radiation-induced acute renal damage has
previously been shown in animal models.
Kanter et al. found acute loss of luminal brush
border in tubules after irradiation, and pre-
treatment with amifostine markedly prevented
these tubular changes (28). Caloglu et al., used
histopathological and functional methods to
compare the protective effects of L-carnitine
and amifostine against radiation-induced late
nephrotoxicity (7). They found that tubular
damage was less common in the L-carnitine and
amifostine group than in the irradiation group.
To our knowledge, no study to date has
evaluated the protective effect of L-carnitine on
radiation-induced acute nephrotoxicity.

The present study is limited by not having
evaluated radiation-induced kidney injury by
reference to oxidative stress markers, anti-
oxidants, plasma parameters of blood chemistry
(such as blood urea nitrogen and creatinine),
and isotope scintigraphy. The aim of this study
was to compare the effectiveness of amifostine
and L-carnitine in protecting against
radiotherapy-induced acute kidney damage,
using histopathological methods. Further
studies, evaluating both renal and whole- body
markers of oxidative stress and renal function,
are necessary to determine the mechanisms of
the protection afforded by these compounds.
Further studies are also needed to evaluate the
protective effects of amifostine and L-carnitine
at all stages, from acute to late phases, to
understand the progression of damage in
radiation-induced nephropathy.

In conclusion, based on the results of the
present study, L-carnitine can be said to protect
against single fraction irradiation-induced acute
renal injury, as does amifostine. Radiation-
induced renal damage remains a significant
clinical side effect for cancer survivors, and it
would therefore also be worthwhile to study the
effects of in vivo administration of L-carnitine

323

and amifostine in radiation-treated cancer
patients, with the prospect of reducing radiation-
induced renal damage.
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