Volume 6 * Issue 2 | 51

(
7
f@l’lune ARCHIVES OF NEPHROLOGY | g\)

Journals AND UROLOGY /

’ ISSN: 2644-2833 @

L

<« =

Research Article

Scintigraphic and Histopathologic Evaluation of the Protective Effect of
L-Carnitine on the Development of Radiation-Induced Kidney Damage in
Infant Rats

Rusen Cosar'", Ulku Korkmaz?, Necdet Sut’, Alaattin Ozen*, Kamuran Ibis’, Fulya Oz-Puyan®, Eyliil Senédeyici’, Sarper
Kizilkaya’, Sule Parlar!, Dilek Nurlu!, Talar Ozler' Aydogan Yalcin® and Gulay Durmus-Altun’

Abstract

Introduction: Radiation-induced nephropathy (RIN) is an impairment of
renal function caused by ionizing radiation developing after 6-12 months
as acute, or years after chronically. This study aims to clarify whether
L-carnitine has a protective effect in the prevention of RIN in an infant rat
model or not.

Material-Method: Two-week-old male forty Wistar albino rats, control
(C), L-carnitine alone (LC), irradiation alone (RT), and 30 min before

irradiation (L-Carnitine 300 mg/kg, ip + RT) separated into the group. The
rats in the RT and L-Carnitine + RT groups were irradiated with a dose
of 8 Gy in a single fraction. All animals underwent both Tc99m DTPA
dynamic kidney imaging and Tc99m DMSA static kidney imaging at the
end of the three-month follow-up period. Histopathologically, proximal
tubular degeneration, tubular atrophy, interstitial fibrosis and glomerular
degeneration were also evaluated.

Results: While the kidney damage caused by irradiation was shown in
line with both scintigraphy and histopathology findings, it was shown
that L-carnitine did not have any negative effects on the kidney. The
protective effect of L-carnitine on radiation-induced kidney damage was
demonstrated scintigraphically and histopathologically, even if it was not
statistically significant.

Conclusion: L-Carnitine before RT was able to preserve left kidney
function. In addition, L-Carnitine before RT resulted in longer survival in
statistically significant rats. In infant rats, L-Carnitine may have partially
protected the kidney against RT damage and may have increased survival

due to its systemic effect.

Keywords: L-carnitine; Radiation-induced kidney damage; Infants;
Scintigraphic evaluation; Histopathologic evaluation.

Introduction

The use of ionizing radiation for locoregional tumor control in pediatric
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patients demands a good balance between documented efficacy and potential
long-term toxicity (1-4). Because of their immature tissues, children are
highly sensitive to radiotherapy, unlike adults, besides modern photon
therapy approaches, proton therapy has differences because it provides
more successful survival and tumor control and reduces the rate of side
effects (3). Despite successful treatment of pediatric cancers, 50% of cancer
survivors have one or more delayed somatic sequelae, and one-third have
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serious and life-threatening complications. Therefore, there
is a general consensus that childhood cancer survivors should
be followed up in adolescence and adulthood (2,3). Erman
et al. showed that the risk of late sequelae increased to 3.8
especially in patients who used three of the multimodal
treatment approaches such as surgery, radiotherapy and
chemotherapy. As a result, as the years progressed in the
treatment of childhood cancer, radiotherapy has either been
used in lower doses than necessary or has been abandoned in
clinical practice (2).

Although reports of long follow-up in the surviving
childhood tumor patient population are limited, it is no
coincidence that the risk of late sequelae is lowest in patients
with leukemia and highest in patients with kidney tumors, and
this sequela is often associated with kidney damage. Because
long-term renal dysfunction due to severe kidney damage
is evaluated in the group of serious and fatal side effects in
patients who have been treated with platinum, ifosfamide
agents, and who have undergone abdominal radiotherapy or
nephrectomy (5).

Irradiation to the abdomen is an integral part of treatment
in most frequent extracranial pediatric tumors, such as Wilms’
tumor, neuroblastoma, non-Hodgkin’s lymphoma, and
Hodgkin’s disease (6-8). In addition to radiotherapy, whole
body irradiation is an alternative to cyclophosphamide in
preparing leukemia patients for bone marrow transplantation.
The biggest obstacle to the debate on whether kidney
protection should be applied, especially so that the kidneys
receive less doses, is the risk of recurrence in the kidney bed

9).

In childhood cancer survivors, the defined risk for late-
onset renal failure increases 4-fold when the radiotherapy
kidney dose is >15 Gy and decreases 0.8-fold when the RT
cutoff dose is < 10 Gy (5). However, the use of a protective
agent to be used before the application of radiotherapy, the
prevention of the formation of radioprotection kidney damage
in cases where it cannot be kept below 10 Gy, can reduce the
rate of kidney failure, which is 8.9 times higher than its peers,
and we can recommend an agent that can strengthen the hand
of radiation oncologists dealing with pediatric tumors in
treatment planning (6,10).

The agents used in experimental studies to prevent
the emergence and development of radiation-induced
nephropathy (RIN) have been agents such as geinstein,
melatonin (10,11), amifostine (11-13), and angiotensin
converting enzyme (ACE) inhibitors (11,15). We aimed to
examine whether L-carnitine has an effect on RIN in our
experiment, since the drug to be used for radioprotection will
have no side effects, especially in infant rats representing the
childhood tumor group.

L-carnitine is an agent with antioxidant properties that
inhibits the free radical formation and helps repair membrane
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lipids by protecting them from damage caused by oxidation
(16-19). In this context, the nephroprotective effects of
L-carnitine in experimental models have been demonstrated
in ischemic (20), diabetic (21) and hypertension-related
models (22). In cancer treatment, it has been studied that
L-carnitine has a protective effect by scavenging free radicals
by increasing the activity of the superoxide dismutase
enzyme, both on chemotherapy-induced organ toxicity (23-
30) and the effects of ionizing radiation that causes RIN
(16,31-32). However, the possible effects of L-carnitine on
infancy RIN have not been thoroughly studied.

In our study, one-month-old rats after weaning from
breast milk were used to examine RIN occurrence in the
treatment of childhood tumors. This study aims to investigate
the protective effects of L-carnitine against RIN in infant rats
by using functional imaging and histopathological evaluation.
Our study is the first study conducted for radioprotection on
kidney tissue in infant rats.

Materials and Methods
Animals

Forty infant Wistar albino male rats (100+£20 gr) were
housed with their mothers until they reached four weeks old.
Later, they were housed in rat cages with free access to a
standard rodent diet and tap water under a 12-hour artificial
light-dark cycle, with a mean temperature of 21 +£2 °C and a
mean humidity of 55 + 2%. All animals were randomized to
four groups. Group 1 (n = 10) was the control group and was
treated with intraperitoneal injection (i.p.) of normal saline
alone (10 ml/kg). Group 2 (n = 10) received L-carnitine
alone. (300 mg/kg) i.p. Group 3 (n = 10) received irradiation
alone (radiotherapy) and was injected with saline (10 ml/kg)
i.p. 30 minutes before irradiation. Group 4 (n = 10) received
L-carnitine (300 mg/kg) i.p. 30 minutes before irradiation
(L-carnitine + radiotherapy).

All procedures were performed in accordance with the
Declaration of Helsinki of the World Medical Association.
The animal study protocol was approved by Trakya University
Faculty of Medicine Institutional Animal Care and Use
Committee. All experimental procedures were performed on
anesthetized rats. Anesthesia was maintained with ketamine
and xylazine (35 mg/kg body weight (BW) and 3 mg/kg BW
intramuscular injection for infant rats, during irradiation and
scintigraphic evaluation (27). Rats were followed up for three
months after the experimental procedures. During the follow-
up period, all rats received veterinary care.

Irradiation

The rats in the radiotherapy (RT) and L-carnitine + RT
groups were irradiated individually with a single dose of 8
Gy (6 MV photon) at a depth of 2.25 cm through an anterior
2.5 x 2 c¢m single portal (with a 1.5 cm bolus) covering the
left kidney in its entirety. A linear accelerator treatment unit
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(Varian 2100 C/D, Varian Inc., Palo Alto, CA) was used at a
source skin distance of 100 cm. The dose rate was 600 MU/
min. The rats were anesthetized, and then fixed on a 20x30
cm blue Styrofoam treatment couch (Med-Tec, Orange City,
IA) in a prone position. The position of the kidney was
determined in an X-ray scope image by measuring the distance
between the tip of the nose and the middle of the kidney hilus.
The distance information was used to position the center of
the irradiation field to the middle of the kidney hilus in the
anesthetized rat. The field’s correct positioning was confirmed
for each individual rat using a therapy simulator (Mecaserto-
Simics, Paris, France). Special dosimetry was performed
for the irregular radiotherapy fields. The dose homogeneity
across the radiotherapy field was + 3%.

Imaging Study

At the third month after radiotherapy, all surviving animals
were imaged with static DMSA cortical kidney scintigraphy
to measure the damage to the cortical parenchyma in the
kidney, and DTPA dynamic kidney scintigraphy to measure
the deterioration in glomerular structures and possible
obstructive effects.

For imaging, commercially available DMSA kit (Renocis,
France) and DTPA kit (CIS, France) was prepared according
to the manufacturer’s recommendations. 99mTc-DMSA
was administered intravenously through the 24F cannula
in the tail vein at a regular dose of 37-50 MBq (in 0.2 ml).
Posteroanterior views of the abdomen of the rats were taken
in the supine position (at least 300.000 counts/view) with a
low-energy, high-resolution pinhole and parallel collimators
in a 256 x 256 matrix format at 3 hours after the injection
of Tc-99m DMSA. The relative uptake of the kidneys was
quantitatively calculated by taking the geometric mean of
the counts obtained by plotting the regions of interest for the
kidney and background areas in the anterior and posterior
images.

Dynamic scans were acquired for 20 minutes on a single-
head gamma camera (Philips, Eindhoven, the Netherlands)
with low-energy, high resolution, and parallel collimators in
a 64x64 matrix format after the injection of 99mTc-DTPA.
The time activity curve was obtained by placing regions of
interest (ROIs) around the kidney and in the background,
similar to the DMSA study.time to peak (Tmax) of the
time activity curve and the half-time to peak activity (T1/2)
were calculated automatically using the workstation DTPA
evaluation software.In order to distinguish the deterioration
due to the systemic effect of the treatment from the local RT
effect, the right and left (RT-received kidney) counts were
recorded and evaluated separately. All images were acquired
using a single-head gamma camera (Philips, Eindhoven, The
Netherlands).

Histopathological analysis

The left kidneys were dissected and decapsulated after
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imaging. They were later prefixed in formaldehyde for 24
hours for further histopathological evaluation. The kidneys
were divided into halves with a central transverse section.
After formalin fixation, kidneys were processed into paraffin
wax tissue blocks, and thin tissue sections (4 um) were
produced using a microtome. All sections were then stained
with hematoxylin and eosin (H&E) and evaluated under a
light microscope. A certified pathologist who was blinded to
the experimental protocol assessed the tissue sections.

To evaluate RIN, proximal tubular degeneration, proximal
tubular atrophy, interstitial fibrosis, and glomerular damage
were assessed microscopically. Occurrence of cytoplasmic
eosinophilia, apical blebbing, loss of intercellular adhesions,
cytoplasmic vacuolization, karyorrhexis, and karyolysis were
defined as proximal tubular degeneration. Capillary loop
collapse and dilatation of Bowman’s capsule were defined as
glomerular damage. Proximal tubular degeneration, proximal
tubular atrophy, interstitial fibrosis, and glomerular damage
were scored as: 0 (no abnormality), 1 (weak lesions affecting
<25% of the kidney samples), 2 (moderate lesions affecting
25-50% of the kidney samples), and 3 (marked lesions
affecting >50% of the kidney samples).

Statistical analysis

Scintigraphy data are presented as mean (&) standard
deviation (SD), and histopathological data are presented as
median (min-max). Differences in the scored parameters
among the four groups were analyzed with ANOVA.
Intergroup comparisons were tested by post hoc Bonferroni
tests. p<0.05 was considered statistically significant.

The results are expressed as median (interquartile range).
The normality distribution of the variables was tested by a one-
sample Kolmogorov—Smirnov test. The Kruskal-Wallis test
was used to assess the statistical significance of comparisons,
and the Dunn test was used for multiple comparisons when
significant results were obtained. Statistics were performed
with Statistica version 7.1 (Statsoft Inc., Tulsa, OK, USA).
P values under 0.05 were considered statistically significant.

Results
Scintigraphy results

The damage caused by 8 Gy dose administration to the left
kidney was significantly different for the RT group compared
to the control group. We detected this difference by measuring
the % relative parenchymal involvement (DMSA) for the left
kidney lower in the RT group than in the control group. In
addition, L-carnitine did not damage the kidney parenchyma
with DMSA% similar to the control group. Although the rate
of involvement was higher in the LC+RT group than in the RT
group, the difference was not statistically significant (Figure
1). The DTPA Tmax value, which measures glomerular
function for the left kidney, was similar to the control group
in the LC and LC+RT groups. In the RT group, the lowest
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DTPA Tmax value was found due to loss of glomerular
function. Reflecting the tubular excretion period, in DTPA
T1/2, the rate of firing from the collecting system for the left
kidney decreases with RT, while L-Carnitine increases this
time to the level of left kidney tissue that has not received RT
when given before RT (Table 1)

»

Figure 1: The posterior views of the 99mTc-DMSA scan are shown
by the group. The percentages of left kidney function were similar
between the RT and RT + L-Carnitine groups; Control group (Left

51%) (A), L-Carnitine group (Left 53%) (B), RT group (Left 25%)
(C), RT + L-Carnitine group (Left 28%) (D)
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In the right kidney scintigraphy findings, in which RT
was not applied and the systemic effect of L-Carnitine was
measured, we found that the DMSA % value in the right
kidney was higher due to the decrease in the relative DMSA
% in the left kidney. While DTPA Tmax and DTPA T1/2
values for the right kidney were higher in the RT group,
interestingly, they were statistically significantly higher
in the L-Carnitine + RT group. Interestingly, DTPA Tmax
DTPA T1/2 values for the right kidney were statistically
significantly higher in the L-Carnitine + RT group compared
to the RT group (p=0.009, p=0.076).

Histopathological results

The histopathological findings are summarized in Table
II. Histopathological evaluation of Control and L-Carnitine
groups are demonstrated in Figures 2 and 3. Damage due to
RT in kidney tissue has also been proven histopathologically.
Tubular degeneration, interstitial fibrosis, and glomerular
damage statistically significant damage were detected in the
RT group. Statistically significant differences were detected
for tubular degeneration, tubular atrophy, interstitial fibrosis,
and glomerular damage when comparing groups using the
Kruskal-Wallis test. All histopathological findings worsened
with radiotherapy, and a positive effect of L-carnitine was
not detected statistically. Examples of histopathological
examinations of the RT and RT+ L-carnitine groups are
shown in Figures 4 and 5. The degree of glomerular damage
and tubular degeneration decreased when L-Carnitine was

Table I: 99mTc-DMSA and 99mTc-DTPA results of groups

n | Minimum | Maximum | Mean
Control (C) 10 42 54 47.4
L Carnitine (LC) 8 42 52 47.625
Left
DMSA | Radiotherapy (RT) 5 25 42 33.6
% Radiotherapy + L
Carnitine 9 24 51 34.555
(RT +LC)
Control (C) 8 1 9 3.375
Left L Carnitine (LC) 2 4 3.25
DTPA | Radiotherapy (RT) 2 3 2.2
Max Radiotherapy + L
a
Carnitine (RT + LC) 6 2 5 3.5
Control (C) 8 20 13.71
Left L Carnitine (LC) 7 8 13 10.86
DTPA | Radiotherapy (RT) | 5 9 17 12.4
T1/2 ;
Radiotherapy + L 6 9 19 145

Carnitine (RT + LC)

ANOVA Bonferroni
L -

Std. Carnitine Radiotherapy

Deviation | giqg (LC) Radiotherapy +
) RT
(RT) L Carnitine
(RT +LC)

3.47 1 0.001 <.001

3.248 0.002 0.001

6.655 <.001 1

8.805

2.774 1 1 1

0.707 1 1

0.447 0.567 1

1.049

4572 0.884 1 1

1.574 1 0.447

3.209 0.291 1

4.087
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Control (C) 10| 50 55 52.6 3.47 1 0.001 <.001
Right = L Camitine (LC) | 8 49 55 52.375 @ 3.248 0.002 0.001
D"(’,'/fA Radiotherapy (RT) | 5 58 74 664 6655 | 00 1
Cif:i't?:';"'(ﬁ.?y:l_'é) 9 58 72 65444 | 8.804
Control (C) 8 2 3 25 0.534 0.156 1 <.001
L Carnitine (LC) | 8 3 3.25 0.707 1 0.078
Right | Radiotherapy (RT) | 5 2 3 2.8 0.447 | 0.001 0.009
Cif;’i't?:';"‘(ﬁ.?yfl_'é) 6 3 4.166 0.752
Control (C) 6 9 1.727 | 0.611 0.617 1 0.002
g}%‘: L Carnitine (LC) 9 11 1.464 | 0553 1 0.103
T1/2 | Radiotherapy (RT) | 5 8 11 1517 | o678 | 0-003 0.076
cifﬂ't?ntﬁ?-?ﬁé) 6 9 18 4535 | 1.851
Table I1: Histopathologic results of groups
Control L-Carnitine Radiotherapy Ralfj_ Ig;?:irt?r?: * o Pairwise comparisons of
histopathologic factors™
(©) (LC) (RT) (RT +LC)
CvsLC, p=1.000
Cvs RT, p =0.009
Tubular CvsRT +LC, p = 0.052
Degenerationn | 1(0—1) 05(0-1) 25(1-3) 2(1-3) <0.001
(%) LC vs RT, p = 0.003
LC vs RT +LC, p = 0.021
RT vs RT + LC, p = 0.403
CvsLC, p=1.000
Cvs RT,p=0.288
Tubular Atrophy | 4 0(0-0) 1(0-2) 1(0-2) 0.006 CVsRT*LC.p=0088
n (%) LC vs RT, p = 0.103
LC vs RT + LC, p = 0.023
RT vs RT + LC, p = 1.000
CvsLC, p = 1.000
Cvs RT, p=0.015
m';:;esrlsst:'?'/o , | 00-1 0(0-1) 1(1-2) 10-2) 0.003 ¢ ZSCZ ;:Cp z; ?:;21
LCvs RT +LC, p=0.187
RT vs RT +LC, p = 1.000
Cvs LC, p=1.000
Cvs RT, p=0.024
Dgr':;z,i’:'?o’/o , | 00-0) 0(0-0) 1.5(0-3) 1(0-2) 0.002 ¢ ZZ F: ;TL,(;’ z ;.3'2(;58
LCvs RT +LC, p=0.058
RT vs RT +LC, p = 1.000
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administered before RT. There was no difference in the
degree of tubular atrophy and interstitial fibrosis (Table 3).

Survival

The numbers of rats in all groups were the same at the
beginning of the study. However, death occurred in 50%
(n=5) of the rats in the RT group, and 10% (n=1) of the rats
died in the RT + L-Carnitine group at the end of the study
period (Figure 6).

Table 3: Interpretation of scintigraphy and pathology results in left
kidney with RT

LC+RT
Results

Pathology Scintigraphy
Tubular improved DTPA brought
degeneration (less than RT group) the T1/2 tubular
Tubular atrophy | has not changed excretion improved

DMSA % interstitial

Interstitial fibrosis | has not changed ) L
fibrosis improved

DTPATmax
Glomerular . .
improved glomerular function
damage h
improved

LC+RT: L-Carnitine+Radiotherapy

. DV b LI A
Figure 2: Histopathological evaluation of Control group. Normal
appearance of the glomerulus with proximal and distal tubules
(H&E x 100).

Figure 3: Histopathological evaluation of L-Carnitine group.
Low (A) and High (B) power views of the healthy glomerulus.
Slight vacuolar degeneration of the proximal tubules (arrow) and
congestion was noted (H&E x 50, 200).
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Figure 4: Histopathological evaluation of RT group; capillary loop
collapse (arrow) (A), regenerative changes in the periglomerular
tubules with lymphoid infiltration and fibrosis (B), vacuolar
degeneration of the proximal tubules (c); additionally, nuclear
enlargement and hyperchromasia of the tubular epithelial cells were
observed (H&E x 100, 200, 200).

Figure 5: Histopathological evaluation of L-carnitine + RT group;
Low-power view resembles Control and L-carnitine group (A),
High-power view shows no glomerular damage (B), Proximal and
distal tubular degeneration was reduced (C). However, nuclear
enlargement and hyperchromasia were still remarkable (H&E x 50,
200, 100).

Survival Functions

1 ‘D- [=Control
L -carnitine
[—RT
—IRT+L-carnitine
- ——Control-censored
08 [~+L-carnitine-censored
T =+=RT-censored
= —RT+L-carnitine-censore
=
5 -
o 06
@
.
=
©
S 04
g
(3] RT vs L-carnitine+RT (p = 0.049)
0,2+
0,0
T T T T T T
0 20 40 60 80 100
Time (Day)

Figure 6: Comparison of the survival rates of the groups.

Discussion

In our study, 4-week-old rats were studied, as it was
expected that the rats would suck breast milk for 3 weeks
after birth and start normal feeding in the most effective way,
in order to represent childhood tumors. Our study is the first
study of the infant period for radioprotection against RIN.
Therefore, we tried to interpret the results we obtained with
great care and care. It was very important to determine the
functional kidney values of the 3rd month after RT. However,
as seen in the survival results, the number of baby rats in
the RT group decreased by 50%. Survival was found to be
statistically significantly different between L-Carnitine+RT
and RT groups (p=0.049). Unfortunately, this situation
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prevented us from showing the protective effect that
L-Carnitine deserved in scintigraphic measurements between
the two groups at the level of statistical significance (Figure
6). Therefore, we tried to interpret the scintigraphy results
of our surviving baby rats very carefully. According to the
scintigraphic findings, L-Carnitine preserved the parenchymal
damage (DMSA %) and glomerular function (DTPA T max)
caused by RT in baby rats whose left kidney was treated with
RT (Table 1). In the DTPA ' period, which is an indicator of
the excretion rate in the kidney and gives information about
tubular function, L-Carnitine moved the left kidney to the
level of kidney tissue that had never received RT. It may be
supportive to confirm the findings in the next study with the
measurement of tubular function, a tubular agent, MAG-3
(mercaptoacetyltriglycine).

Histopathologically, L-Carnitine was shown to protect
the kidney receiving radiotherapy from glomerular damage
and interstitial fibrosis. The absence of histopathological
difference in terms of tubular damage (atrophy and
degeneration) may be the reason why the rats were sacrificed
in the 3rd month. If our experiment had had a longer follow-
up, it could have been demonstrated in tubular damage.

RT was applied to the left kidney, but scintigraphic
differences were found between the groups in the values of
the right kidney. L-carnitine administered before radiotherapy
was also able to protect the contralateral kidney. DTPA max
(p=0.009) and DTPA % (p = 0.076) values in the right kidney
were found to be significant and close to significance (Table
1). We can explain this result as increasing the workload
of the right kidney against RIN that develops due to RT in
the left kidney. The right kidney did not receive RT, but by
compensating the deficiency of the left kidney and taking
L-Carnitine support, it may have contributed to the longer
life of the infant rats.

L-Carnitine is an agent that prevents the formation of free
radicals and acts by increasing the activity of the superoxide
dismutase enzyme from damage caused by oxidation (33).
The protective effect of L-Carnitine on organ toxicity and
RIN due to chemotherapy used in ischemic, diabetic and
hypertension models as well as cancer treatment has been
demonstrated by experimental studies (18-27).

The kidney is a highly metabolic organ and is particularly
vulnerable to damage caused by oxidative stress. DNA damage
caused by oxidative stress in the acute phase of radiation-
induced tissue damage is an important pathomechanism in
the progression of chronic kidney disease. Oxidative stress
occurs when reactive oxygen species (ROS) outweighs
antioxidants (34). When superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px) and catalase (CAT)
enzymes fail as antioxidants in the cellular repair mechanism,
apoptosis induced by reactive oxygen radicals comes into
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play as a last resort. Upregulation of Bax and Bcl-2 in the
inner layer of mitochondria, activation of caspase proteases,
activation of tumor necrosis factor (TNF-a) and transforming
growth factor (TGF-P) results in apoptotic death. (34,35). RIN
is characterized by a chronic progressive decrease in renal
function and involves complex and dynamic interactions
between glomerular, tubular and interstitial cells. It has been
shown that glomerular damage precedes tubular damage
in RIN. Therefore, prevention of progressive glomerular
damage using protective agents is vital for the management
of RIN (16-18).

In pediatric tumors, RT is either abandoned or given in
limited doses due to its long-term side effects. Therefore,
radioprotection in pediatric tumors becomes much more
important in other age tumor groups (36-38). For example;
in the treatment of childhood leukemia, the degree of kidney
damage due to RT may increase with whole body irradiation
and chemotherapy treatment (39,40). In children under 5
years of age, glomerular filtration rate begins to decrease with
doses of 12-14 Gy in 1.25-1.5 Gy/fraction in the radiation
treatment of the whole kidney. has been reported to cause
50% loss of kidney function. In another study on Wilm's
tumor, no damage was found when the RT dose was between
11-14 Gy, while the death rate due to kidney failure increased
as the RT dose increased (>12 Gy) (41,42).

L-carnitine also plays an important role in fatty acid
oxidation by introducing active long-chain fatty acids into
the mitochondrial matrix. In our study, we hypothesized that
L-Carnitine might have protected the contralateral kidney
systemically by activating this mechanism, and this will
be the subject of our future studies (33). They showed that
the effects of L-Cartine on the PI3K/AKT/PTEN apoptosis
signaling pathway are responsible for its renoprotective
effects in chronic tacrolimus nephropathy in vivo (24).

Carnitine is an agent that can be administered orally and
intravenously and has minimal side effects. Carnitine therapy
has been used as a replacement treatment for both hereditary
and acquired disorders and for preventing oil oxidation and
ketogenesis in preterm newborn infants (26,43-45).

Our study is the first model in which radioprotection on
kidney tissue is investigated in infant rats. However, our
study had some limitations. The first and perhaps the most
important limitation is the attempt to generate the RIN model
with single-dose irradiation rather than through conventional
methods. The second limitation of the study is that L-carnitine
was given as a single dose, and its antioxidant effect on the
tissue was not evaluated using molecular methods. The third
limitation of the study is the apoptotic processes were not
investigated. Functional studies could have been performed,
while further elucidation of the mechanism is an aim of
further studies. Since infant rats were included in this study,
performing serological tests by taking blood samples from
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rats in addition to an invasive procedure such as scintigraphy
was not performed because it would disturb the continuity of
the experiment. However, serological tests such as (creatine,
BUN) and genetic markers may be used in future studies, in
which different L-carnitine doses and follow-up times may be
tested in infant rats.

Conclusion and Recommendations

As an antioxidant and free radical scavenger, L-carnitine
has been shown to have protective effects against oxidative
damage in several organs and tissues, including the kidney,
as well as protective effects against damage to the cell
membran. L-Carnitine was able to protect against glomerular
damage and interstitial fibrosis due to RT in baby rats, and
it provided prolongation of survival by supporting the
compensation mechanism of the contralateral kidney. In
our future study investigating the protective mechanism of
L-carnitine on RIN in infant rats, Bax, BCL2, Caspase 3,
TNF-k and TGF-B levels will be examined both in tissue
and serum.
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