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> Abstract
Purpose: The aim of this stud; was to compare the radioprotective efficacies of |-
carnitine (LC) and amifostine against radiation-induced acute ovarian damage
Yaterials and Methods: Fort;-five, 3-month-old Wistar albino rats were randomly a:signed
to six groups. Contral (CONT, n = 7): ivrudiation alone RT: radiation therap: (RT, n = 8):
amifostine plus irradiation (AMI + RT, n = 8); LC plus irradiation (I.C + RT, n = 8): LC and
sham irradiation (€, n = 7); and amifoctine and sham irradiation (AMI, n = 7). The rats in
the AMI + RT, LC + RT and RT groups were irradiated with a single dose of 20 Gy to the
vhole abdomen. LC (300 mi ko) and amifostine (200 mg'kg) was given intraperitoneally 30 min
before irradiation. Five davs after irradiation, both antral follicles and corpus luteum in
the richt ovaries were counted, and tissue levels of malondialdehyda (MDA) und advanced
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-~ Introduction 1

A< one of the current cancer treatment strategies, radictherapy is an important lrealment
modality in pelvic malignancies. The surviral rate of young female cancer patients has
steadily increased. Consequently, early and late effects at treatment are gaining greater
importance for survivors, their families, and providers. Pelvie irradiation causing
premature ovarian failure c.n often render the patient infertile. |

For this rcason, ovarian tissues arc a dose-limiting organ that restricls application of
irrediation on the peliic area in children and yvouns people. Fortunately, there are several
therapeutic interventions, such as gamete collection and freezing for subsequent artificial
inscmination, freezing of ovarian tissue, and sursical transposition of ovaries out of
radiation treatment fields, to preserve fertility for this group of patients, 21 Howeer,
the benelit of these techniques remains unproven. 1

Radiation damages DA and other cellular targets mainly by ils indirect effecls through
free oxygen radicals. I The ionization of cellular water results in the forming of
reactive oxygen species (ROS), notably hydroxyl radicals, and incrcasing oxidative stroess,
In ovarian tissue, ionizing radiation and the increased ROS cause rapid primordial [ollicle
loss. L I8l Since the effect of ionizing radiation is primarily mediated through the
action of free radicals, which can cause dumace to DNA, proteins, and lipids, some drugs
that are acting as a free radical scavenger are getting popular for radioprotection

Amifostine (S-2 3-aminoprop: lamino—ethylphosphorothioic acidl: Ethvol; WR-2721) iz a
prodrug that is converted in vivo by alkaline phosphatase to the active crtoprotective
sulChydryl compound, WR-1065. Lil Amirostine protects normal cells from irradiation dama:e
by scavenging free radicals, by donaling hvdrogen ions to [ree radicals, and b depleting
ox;gen. The velective protection of nonmalisnant tissues is balieved to be due to higher
alkaline phesphatase activity, higher pll, and vascular permeation of nontumoral tissues. It
‘as shown that amifostine has .uhstantial radioprotective effects on several tis-ues and
organs such as oral mucosa, lung, bone, and kidney. 8]

L-carnitine (LC) (i-hvdrox —gammatrimethy lammonium butvlate) - (CH ) 3 NT -CH 4, -CH
(OH)-CH , —C00~ - (LC) is required for the transfer of long-chain fatt: acids from the
evtosol into the mitochondria of skeletal muscle and cardiemyocrtes during the heta—
oxidation of lipids lor the generation ol encrgy. 9 e prevents the [ormation ol ROS
produced by the xanthine/xanthine oxidasce system, and it has a scu enger cffect on RNS,
resulting in a stabilizing effcct on domaged cell membrancs, The radioprotective eflect of
L€ in different organs hus been demonstrated in earlier studie.. 101 1111 [12] Howsver, to
the be.t our knowlodge, no stud; has et investigated the efficacy of either LC or
amifostine in prevention of radiation-induced acute ovarian damage

Based on the above-mentioned studie., we hipothesized thot amifostine, as w=1l .s LC, mé;
have protective effects against radiation-induced ovarian damage. The aim of the pre:=nt
study iz to compare the efficacy of these treatments using histopatholosical and
biochemical method:.

Miterials and Methods +

Animals and experimental design

http:/iwww .cancerjournal net/article.asp?issn=0973-1482;year=2015:volume=11 Jissue=2;spage=447,epage=453:aulast=Yurut¢.2D Caloglu
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lrradiation; Group 8: Amifostine and sham ivradiation (UL, n = 7), 200 we kg, i.p.,
amifortine 30 min prior to sham irrodistion.

irradiation;

The selection of the 30 min interval between LC administration and sxposure to radiation
vas based on our pre ious study on animals. N

ATl experimental procedures were pertormed on anesthetized rats. Anesthesia was maintained
with ketamine and xvlazine (30 mz kg body weight [BW and 5 mg'kg BA, i.m. ) durins
irradiation. The follow-up period was 5 days. During the tollow-up, all rots were monitored
by veterinary care staff.

[rradiation

The rats in AMI + RT, LC = RT and RT groups were irradiated individuallv with a single doss
of 20 Gr. Douses of irradiation were given with 1.25 MV photon at a depth of I cm through an
anterior 3 cm X | cm single portal to whole abdomen, using 60 co—treatment unit (Cirus
Ci:=Bie Int., Gif Sur Yvette, France) at a source skin distance of 80 em. The rats were
ancsthetized and then [fixed onto a 20 cm X 30 em blue Strrofoam treatment couch (Med-Tee
Orange City, IA) in a pronc position. Cerrect positioning of the fields was controlled for
cach individual rut using a therapy simulator (Mecaserto-Simics, Paris, France). Special
dosimeiry was done for the irregular [ield:. The dosc homogencity across the [icld was. +
5% Alter irradiation, the animals were closely observed until recovery from ancsthesia
The CONT group receired an equal field sham irradistion

Euthanasia

The rats were cuthanized 5 days after the radiation therapy. Prior to cuthanasia, the rats
received anesthesia using ketamine and xvlazine combination. Euthanasia was performed by
decapitation. Right ovaries of all rats were collected for histopathological analysis,

Histopathological analysis

Formalin fixed ovaries were dehrdrated, embedded in paraffin blocks, sectioned serially (5
um) and stained with hematox;lin and eosin. The stained sections were then obser ed under
an Olympus BX51 Microscope (0lvmpus BX51, Tokvo, Japan). The number of antral follicles
(excluding preantral and primordial) and corpus luteum in the ovaries wera counted by
examining every fifth serial section of eich ovary and then counting the follicles whose
plane of section passed through the nucleclus of the oocytes. Antral follicles were
classified according to the number of granulosa cell layers and antrum formation.

Biochemical analy:is

Tiscue specimens were washed with cold 0.9% NaCl solution and stored at —20° C until used
for biochemical studies. The frozen tissues were separately weished and then homogenized in
10 velume of cold potassium chloride in a potter—tipe homogenizer. Samples were centrituged
at 8,000 xg for 10 min at 4° C.

Tissue levels of malondialdehyde (MDA), a marker of lipid peroxidation, were measured as
thiobarbituric acid rcactive substances by the method of Ohkawa et al, L1
Spectrophotemetric detcermination of advanced oxidation protein product (AOPP) levels were
pertormed according to Yitko s method. [4] The protein content of the tissues wa
determined by the method of Lowry et al. LT A1 results were expressed as nmol mg
protein.

Statistical anal+sis

The data were analyzed using standard statistieal methods Statistica version 7 software
(Statsoft, Inc., Tulsa, OK, USA). One-wav anualvuis of variance (ANOVA) was used for
statistical comparisons betwsen the groups. The statistical analysis was performed using
one-way MNOVA, tollowed by a4 post—hoe Bonforvoni honestly significant difference test, P <
0.05 was considered to indicate siinificance.

2 Results

Histopathologic analy-es were made on 15 vat.. There were no deaths during the follow-up
period. Antral follicles of one rat were not counted in LC = RT group due to ti.sue damage
Histopathological and biochrmical results, such as the count of antral follicle: and corpus
luteum, the level of MDA and AOPP, were signilicantly different between the groups (P <
0.0001}. The wediar antral (Gllicles and corpus luteum number is summarized Lor cach group

in [Table 1

http:/;www .cancerjournal .net/article.asp?issn=0973-1482;year=2015,volume=11 ;issue=2;spage:44?;epage=453;aulast:Yurut%zljCa|og| u 3/8
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Comparin. to cach wroup with CONT roccaled that W or LC iajection has not ane
sientlicantly nesative fmpact on antval follicle and corpus luteun Figure 1. (P 0,03
[or cach comparizon), whercas irradiation cignilicamtiy docreaed numbors of antral
Follicle and corpus luteum P: 0,005 and I 0.0631; Table 21| [Fizure 2]. The median
pumber o antral tollicles and corpus luteum was 55 and 11 in the CONT roup compared with
12 and 28 1n the RT group, respectively. Pretreatment with LC belore RT incrcased the
median number of antral rollicles, and corpus luteum (26 and 31, respectioel), and the
diflTerence was signilicant when compared to RT, {(p: 0.009 and I 0.0001, rospecetively)
MFigure 31, panel B]. The protective eftect of L was more distine'ive on corpus luteum
hen comparing CONT (P - 0.03). The median corpus luteum numbers were similar in both
groups (LC + RT and CONT). Similarly, pretreatment with amifostine betore RT improved
median corpus luteum numbers but not antral tellicle [[Figure 37, panel A]. The median
corpus Tuteum number significantl improved with the amifostine pretreatment before
irradiation (28 vs. 48, P <« 0.0001), whereas amitostine did not ho.e a significantly
positive impact on antral follicles (19 v.. 31, P > 0.05!,

Figure |: Section ol an ovary [rom control group showing many
normal corpus luteums including granulosa luteum cells (arros)
(H and E, X100}

Click here to view

Figure 2: Section of an ovar: from irr.diation alone group
showing immature corpus luteums and some antral lollicles
(arrow) (1 and E. X12, 3)

Click here to view

Figure 3: Sections of ovaries from amifostine and irradiation
group {panel A), and l-carnitine and irradiation group (panel
B), showing many mature corpus luteums (arrow) (H and B, X50)

Click here to view

Table 2: Comparisons of groups according to histop:thological
and biochemical paramaters

Click here to view

The mean lcvels of MDA and AOPP arc summarized in [Table 3]. The mean MDA and AOPP levels
were 139 muol ‘mg and 46. 27 nmol/mg in the CONT group compared with 3.82 nmol/mg and 283. 08
nmol/mg in the RT group. The level of MDA and AOPP significantly increased alter
irradiation (P = 0.001 and P « 0.0001, re:pectively). MDA and AOPP lo els were
signilicantly reduced b, LC and amifostine pretrcatment before irradiation. The mean MDA
and AOPP value was 1.73 nmol/mg (P: 0.003) and 77.36 nmol/mg (P < 0.0001) in LC - RT group
and was 1.45 nmol/mg (P < 0.0001) and 131 19 nmol./mg (p: 0.018) in AMI + RT group. MDA and
AOPP levels vere similar when comparing CONT group with AMI + RT and LC + RT groups (P >
0.005). The le el of both MDA and AOPP were also similar when LC - RT is compared «ith AMI

= RT sgroup (P > 0.003) [Table 2

Table 3: Biochemical results in cach group

s e e e Click here to view

> Discussion

Infertility is one of the important chrenic ad erse effects of radistherapr reported by
childhood of female cancer survivors, L8l Siudies to protect their reproductive capacity
from rudiation—induced damaging mar offer potential metheds for females of all ages. [l
Using protective agents against radiation—induced ovarian toxicity might be a feasible
option to preserve fertility in this group of patients. For this reason, we as-ecsed the
radioprotective effic.cy of two ROS scavenging agents on ovarian tissue. The main findings
of the present studv are a. follows: (1} irradiation deer=ased antral follicle and corpus
luteum count and increased MDA and AOPP levels. (2) Pretreatment with LC before irradiation
increased antral tollicle and corpus luteum count and decreased MDA wnd AOPP level.. (3)

htip://www cancerjournal net/article.asp?issn=0973-1482,year=2015,volume=11;issue=2;spage=447;epage=453:aulast=Yurut%2DCal oglu 478
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premature menspitce tpied by manitoot during o Lite pericd The quantity of oo arian

dam. o i:‘_i‘x}idll'tl o patient ase awd the dose ol irradiation applicd to the ovarian
Visenos, =He Jeradint fon invarianls resnls in premture ovarian Cai lure and the threshold
dose is arcund 300 eGy. Ovarian tailure oceurrd in 1I=10 of patients if axposed ta helow
00 cby, compared with 60-63 if beve that calue. 22 The ovarian tallicle damge
cocurred alter iveadiation, which results in evarian atrophs and reduccd Iollicle tore
The cocvtes chos o rapid anset ol gy knosi Cfnwmtlifnxl condenzation, disruption of the

2

Sinee this radiation—induced acute
morphological change: might be isible as soon as the 1 'h da alter irradiatien, acceording
to Lee et al., in the present study we sacriliced the rats and harvested ovarics on the 5
th dec atter irradiation. 2L |y 4 pioneer study in 1927, Brambell and Parks showod that

nue lear envelope, and crotoplasmic vacuolization.

ovarian Iollicles disappeared alter irradiation in meuso o aries. Lez] Ther steted that the
fnllicular apparatus shows the different radio sensitivity prebability correlated «ith
oocyte size. Balor irradiated rhesus monkevs and assessed the ovaries histopathologically
L] That author observed that the irradiation induced cvtoplasmic eon-inephilia in oocyte.,
prknosiz in man: granulosa cells, and the destruction of mo.t of the multi-layered
follicles. He concluded that the primordial oocvte of the rhesus monkey is markedls
resistant Lo radiation-induced eoll death, and the number of xerm cells survivine cxXposurce
varics according to the dose administered and the pestirradiation interval. In the present
studv, we used the antral [ollicle and corpus luteum counl to as-ess the acitic radiation
toxicity on ovarian tissuc and ebserved that, -imilar 1o previous studies, irradiation had
a significant detrimental impact on ovaries: Antral [ellicle and corpus luteum counts
signiflicantly dccreased alter irradiation (median 45 antral follicles and 11 corpus luteum
in the COXT greup vs. median 19 and 28 in the RT group, respectivel.).

Amifostine is dephosphorylated by alkaline phosphatase in normal tissuecs Lo an actic fron
thiel metabolite. The thiel metabolite can also sca enge ROS gencrated by exposure to
radiation. [24] Amifo-tine is believed to be responsible for the reduction of the
cumulative repal toxicitr of cisplatin and for the reduction of the toxic effects of
radiation on normal oral tissues. The radioprotective c¢lfcct of amilostine on kidney, bone
ind vectal tissue was shown in earlier studies. L2l [111[25] However, it was reported thut
amifostine has undesirable side-effects, including nausen, vomiting, sneezing, hot flashes
mild somnolence, hypocalcaemii, and hypotension. 28] Amifostine 200 my; kg before
irradiation decreased radiation—induced acute histopatholozic as well as biochemical
ovarian damage in this study

There arc a few studies in which the radioprotective effect of amifostine on avary cells
was asscssed. llovever, these are both in vitro cell culture studies and the authors
evaluated the radioprotective efficacy of amifostine on ovary tumor cells. L) (28] On the
contrary, Yoon et al. studied mice ovaries in vivo for the radioprotective effects of
amifostine. (22l 3-week-old female mice were ivradiated with 6.42 Gy of samma-rav with or
without pretreatment with amifostine. The proliferation of granulosa cells reduced and the
incidences of follicular degeneration increased in the irradiated mice, compared to
amifostine-treated group. Our results corroborate and extend the observation that
pretreatment with amifostine before irradiation protects o cry=increasing untral follicle
numbers and decreasing MDA and AOPP levels.

Another important radioprotective agent is LC. It is available from the diet or sinthesized
endogenously by skeletal muscle, heart, liver, kidney, and brain, or can be given as a
nutritional supplement. It is also a relatively well tolerated and sale compound. 8], [s0]
LC has the capacity te contral carbohydrate metabolism and to maintain cell membrane
structure and cell viability, and it is an cssential cofactor in the oxidation of long-
chain fatty acids. L0l 1y also affects several key enzvmes in.olved in protein and lipid
metaholism. 1L |y addition, LC is a substance that can act as an antioxidant and fres
radical scavenger. L32] Mercover, it incrcased endocenous antioxidant defence mechanisms
which might have protected the animals (rom radiation-induced organ toxicity. Altas ot al.
showed that LC could improve radiation-induced cochle.r dumage in guinea pigs. INEARY) also
was shown to serve as a protective agent against irradiation-induced lens damage, in a rat
study by Kocer et al, 1831 The radioprotective properties of LC in dela:ing the onset and
veducing the severity of radiation-induced oral mucositis, kidnev, and bone damage have
2l:0 been reportod in other animal studie . L[LLLI23%

In addition, -ince there is a relation hip between ovarian tissue and fat methabolism, LC
may have a protective role for ovaries against irradiation. Rhodes ct al.. D341 siated that
greater dietary lal ingestion has a direct ellcet on ovarian structures, and lawking el al.
declared that fat may result in higher progesterone production. Llﬂ-Tho importance of LC
on ooc;te metabolizm was shown in carlier studies. Oocyte metabolism is closel; linked with
oacyte quality. Dunning et al. had shoin that beta-oxidation of lipids is essential [or
developing of ococyte competence. Lel Thev then investigated the treatment with LC, the
fatty acid tran-port cofuctor of beta—oxidation, and whether it could improve
folliculogenesis and de elepmental compotence of mouse follicles. ETE LC did not altor
survival, growth, or diflerentiation of follicles. liowever, LC supplementation during in
vitro follicle culture increased lipid metabolism and improved oco (e develoapmental
competenc:

To our knowledge, so far there has been no study that ascossed the elffectiveness ol LC on
radiation—induced o arian damage. Our results revealed that pretreatment with LC belore RT
significantly increased the median number of both antral follicles and corpus luteum, when

htp:/www .cancerjournal.net/article.asp?issn=0973-1482;year=2015volume=11 Jissue=2;spage=447;epage=453;aulast= Yurut¥%2DCaloglu 5/8
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Mo or. bl avont s sented o simn lar radiopralect ive el T ieaes by biach ateal metlo 1s,
The tnevencod mean MDA acd XOPP Tovels altor irradiation cope decreased 1o contral Lovels
il hath amivostine and LC P 0 000000, aud 2 0,018 Do ami Uost ine: ol 12 hoobs, and P
00001 Tor 1L, rospectively), Somtai et al, reported that usine LC enhaneed the
mitochendrial Funetions, improved the ancvte maturation and eleavage under]inine the

inportence of Tipid metabodism For nuelear and ¢ tapl onie paturation ol poreine ooevtoes
I3x] Furthermore, the ROs lecel in LO-treatsd oocvies woepe sianificantly lower compared to
control level, ULata er al. evaluated histopatnelogical chansss and MDA levels in ral
ovaries, vhich were subjected to torsion md detorsion and treited with Lo, 291 Ovarian
total tissue damase seores, and tissue MDA levels were found ianiFicantly lover in those
treated with LC, comparad with the control sioup.

There have been several studies in which the vadioprotective attectivenes: of amifostine
and LC on =everal tiz-ue. and organs such as kidney, bone and intestine was a:-esved
comparal ivels, Lol g, 221 llowerer, to the hest ol our kucrledse there has heen no study
to eraluate the protective eflect of LC on radiation-induced ovarian toxicit:, so far. 1O
was used as a possible modulator of radiation—induced toxicit., based on the previous
veports. Caloglu et al. compared the protective effe-ts of L€ .nd amifostine azainst
radiation—induced late nephrotoxicity, ULl The, lound that the tubular damage was less
comnon in the LC and umilostine group than in the irradiation group. Yurut-Culoglu ct al.
showed that amilostine, as well as LC, decrcased the radiation-induced greving bone dumagoe
at the sume level, [551 Similar protective results were noted for radiation—induced acute
intestinal damage by Caloglu et al, L2

The presented stud: has some limitations. First, we did not assess the endocrinological
results ol ovarian irradiation. Functional changes in irradiated ratis ha e Leen
investigated in scveral studies. Hewe'er, it has long been recognized that eellular
function of the ovary is more sensitive than the endocrinological function. [221 Thus, we
aimed to assess histopathological changes as a substitute for functional changes in
irradiated ovaries and did not take into consideration the estrous cveles of rats. Second
we did not investigate the levels of serum antioxidant:. In conclusion, bused on Lhe
results of the present study, it may be staled that LC protects the ovarics azainst the
single fraction irradiation—induced acute toxicity as much as amifostine. Since recent
advances in cancer therap: have resulted in increasing numbers of long-term survi ors, it
would also be worthshile to study the effcets of in vivo administration LC and amilostine
in radiation-treated cancer patients, with the hope of reducing radiztion—induced ovarian
damage.
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