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Summary

Objective: To examine the effects of lipiodol, melatonin, and radiation used during hysterosalpingography (HSG) on rat ovarian fol-
licle reserve. Materials and Methods: A total of 50 Wistar rats with regular estrous cycles were randomly divided into five groups.
Group 1 was the control group. The other groups, X-ray was applied (G2), 0.1 ml lipiodol was applied to each uterine horn (G3), 20
mg/kg intraperitoneal melatonin application was followed by 0.1 ml lipiodol administration to each uterine horn after 15 minutes (G4),
20 mg/kg melatonin was administered to ligamentum suspensorium ovarii, followed by 0.1 ml lipiodol application to each uterine horn
after 15 minutes (G5), respectively. The rats in G2, G3, G4, and G5 were exposed three times to whole body radiation. Then, all rats
were re-opened and left oophorectomy was performed. Left ovarian samples were fixed in formaldehyde. Primordial, primary, sec-
ondary, and tertiary follicles were counted in the preparations, and all were added to calculate the ovarian follicle reserve. Results: Pri-
mordial, primary, and ovarian follicle reserves were found significantly lower in G2, in comparison to other groups. Atretic follicle
values were significantly higher in G2 compared to G3, and in G3 compared to the other groups. Regression of angiogenesis within cor-
pus luteum was found significantly lower in G2, compared to G3, and in G3 compared to other groups. All values in G1, G4, and G5
were similar. Conclusion: Use of lipiodol and melatonin during HSG procedure prevents the negative effects of radiation on ovarian
follicle reserve.

Key words: HSG; Lipiodol; Melatonin; Ovarian follicle reserve; Rat.

Introduction

Infertility is a serious problem for both of women and
men. Three examinations have been deemed essential in
the evaluation of infertile couples. These include 1) prov-
ing the presence of ovulation, 2) semen analysis, and 3) ex-
amination of the condition of fallopian tubes [1, 2].
Hysterosalpingography (HSG), magnetic resonance imag-
ing (MRI), hysterosalpingo-contrast-sonography using
echovist (HyCoSy), and laparoscopy can be used in the fal-
lopian tube evaluation procedure [3-6]. The grounds on
which the researchers explain why they use methods other
than HSG are HSG procedure causes pain and the repro-
ductive organs are exposed to high levels of ionized radia-
tion [7-9]. However, HSG procedure has such advantages
as being a simple, inexpensive, and simple to use technique
in a polyclinic setting. Use of a fat-soluble solution-like li-
piodol has a positive effect on pregnancy [10-12]. Other
techniques have not yet been proven to have a pregnancy
increasing effect as lipiodol. Consequently, it may be ac-
knowledged that HSG is presently an indispensable tech-
nique in infertility patients. During HSG, the patient is
exposed to ionized radiation. Radiation increases oxygen
radicals (ROS) in the cell. ROS (superoxide, hydroxyl, per-
oxyl, alkoxyl, and singlet oxygen radicals) exercise a car-
cinogen effect by damaging the cell DNA [13]. They
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destroy the cell membrane, lisosome membrane, and mem-
branes of such cell organelles as endoplasmic reticulum,
break down cells, and lead to necrosis [14, 15]. This event
is called lipid peroxidation. Lipid peroxidation stimulates
collagen production in cell cultures. Fibrosis develops in
the tissues [16, 17]. Melatonin, produced by the pineal
gland, is a hormone that has a strong antioxidant effect, and
that modulates the ovarian function in humans [18]. Mela-
tonin is effective on hydroxyl radical, singlet oxygen, per-
oxyl radical, and superoxide anion, from the oxygen
radicals. It protects the nucleus DNA, membrane lipids, and
cytosolic proteins against oxidative stress [19]. Addition-
ally, it supports SOD, GSH-Px, glutathione reductase, and
glycose-6-phosphate dehydrogenase of the antioxidant sys-
tem [20]. It has an inhibitor effect on nitric oxide synthetase
[21]. Furthermore, melatonin is absorbed easily and rap-
idly passing through the morphophysiological barriers
(blood-brain barrier, placenta, etc.) irrespective of the route
by which it is administered. It protects the cells of the organ
it penetrates into against oxidative stress. It also has a pro-
tective effect on mitochondria, which is a cell organelle
[22].

There is no study on whether ovarian follicle reserve
changes in rats due to X-ray exposure during HSG that will
decrease or not with the use of lipiodol and melatonin given
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both intraperitoneally and into suspensorium ovarii. There-
fore, the aim of the current study was to investigate the pro-
tective effects of melatonin against X-ray on ovarian
follicle reserve in rats during HSG.

Materials and Methods

Following the approval the Ethics Committee of Firat Univer-
sity, all surgical procedures and caring protocols used were
planned and conducted in accordance with “Guide for the Care
and Use of Laboratory Animals” in this study. Experiments were
performed in a total of 50 albino Wistar female rats at the animal
laboratory of Firat University. Rats were five months old, weighed
from 180-200 grams, and had regular cycles. They were kept at a
temperature from 21-23°C, with relative humidity (55-60%),
under controlled photo-periods (12:12 hours light:dark), were fed
with a standard rodent bait, and drank tap water. Feeding of the
rats was suspended 18 hours prior to the experiment, only water
was allowed. The rats that were detected to be in the estrus phase
via vaginal cytology and were anesthetized with chloral hydrate
(400 mg/kg, IP). Each rat was placed on the operating table in a
supine position and abdomen was opened through a midline inci-
sion. Rats were randomized into five groups of ten. G1: the group
in which the abdomen was opened and closed without any X-ray
irradiation, G2: the group in which the abdomen was opened and
closed, and X-ray was applied, G3: the group in which the ab-
domen was opened and 0,1 ml. Lipiodolamp. was applied to each
uterine horn, G4: the group in which the abdomen was opened
and 20 mg/kg Melatonin was administered intraperitoneally, fol-
lowed by 0,1 ml lipiodol application to each uterine horn after 15
minutes, and G5: the group in which the abdomen was opened
and 20 mg/kg Melatonin was administered to ligamentum sus-
pensorium ovarii, followed by 0,1 ml lipiodol application to each
uterine horn after 15 minutes.

After their abdomens were closed, the rats in G2, G3, G4, and
G5 were exposed to whole body irradiation three times leaving
two-minute intervals in between (total dose = 15-20 miliRad, dou-
ble table, and double tube). During the experiment, blood pres-
sure, heart rate, and body temperature of the rats were monitored.
After three hours, the abdomens of all rats were re-opened and re-
maining ovaries were removed. Ovarian tissue was fixed in 10%
formaldehyde for histological examination, and buried into paraf-
fin blocks, from which 4-um cross-sections were prepared. The
cross-sections were then stained with hematoxylin eosin. Primor-
dial, primary, secondary, and tertiary follicles were counted in the
preparations examined under light microscopy, as suggested by
Souza et al. [23]. Total follicle reserve was calculated by the sum
of all. Atretic follicle count was made. Corpus luteum and corpus
albicans were counted and the total number of corpuses was cal-
culated. Regression of angiogenesis in corpus luteum was exam-
ined. Presence of fibrosis on the ovarian stroma was examined.
An ordinal scale was formed for regression of angiogenesis in cor-
pus luteum and presence of fibrosis (non e= Op, present = 1p, and
markedly present = 2p). Cystic follicles in the ovary were counted.
SPSS 9.0 software was used in the statistical analyses. One Way
Anova was employed in the statistical analyses of continuous and
ordinal data. Post Hoc Tukey HSD was used, and p < 0.05 was
considered significant.

Results

Primordial follicles, primary follicles and ovarian reserve
in G2 were found significantly lower than those in the other
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Figure 1. — Stacked box graph pertaining to the ovarian follicle
reserve and its elements.
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Figure 2. — Atretic follicle values and changes in angiogenesis in
corpus luteum.

groups (p < 0.05, Tukey HSD test) (Figure 1).

Atretic follicle values were found significantly higher in
G2, relative to G3, and in G3, relative to other groups (p <
0.05, Tukey HSD test). Regression of angiogenesis in cor-
pus luteum was lower in G2, compared to G3 and in G3,
compared to other groups (p < 0.05, Tukey HSD test). Ad-
dition of melatonin to lipiodol reduced atretic follicle count,
and had a positive effect on regression of angiogenesis in
corpus luteum (Figure 2).

Corpus luteum, corpus albicans, and total number of cor-
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Table 1. — Parameters that were found similar in all groups. Values are expressed as mean £ SD. NS = p > 0.05, One

Way Anova.

Parameter Gl G2 G3 G4 G5 )4
Secondary follicle (number) 3.2+0.9 2.8+0.8 3.2+0.9 3.4+0.8 3.3+0.8 Ns
Tertiary follicle (number) 4.5+0.5 4+0.6 4.5+0.5 4.5+0.7 4.4+0.7 NS
Corpus luteum (number) 4.7+0.5 3.8£2.2 4.3+0.6 4.7+0.8 5+0.8 NS
Corpus albicans (number) 0.2+0.4 0.4+0.5 0.01£0.1 0.3+£0.5 0.4+0.5 NS
Total 4.9+0.7 4.2+1.8 4.4+0.8 5+1 5.3+£0.9 NS
Stromal fibrosis (point) 0+0 0+0 0+0 0+0 0+0 NS
Cystic follicle (microscopic) 0+0 0+0 0+0 0+0 0+0 NS

puses, as well as fibrosis and cystic follicle development
were found similar in all groups (p > 0.05, Tukey HSD
test). Parameters investigated and found similar in groups
are shown in Table 1.

Discussion

Radiation that emerges during HSG process reduces pri-
mordial follicles, primary follicles, ovarian follicle reserve,
and regression of angiogenesis in corpus luteum, while in-
creasing atretic follicle count. Use of lipiodol exclusively or
together with melatonin prevents the harmful effects of ra-
diation. In the present study, primordial follicles, primary
follicles, and ovarian follicle reserve significantly de-
creased, and atretic follicle values significantly increased
in rats whose HSGs were taken. Sugino [24] noted that the
oxygen radicals and the antioxidant system in the ovary had
a part in many events of reproductive physiology (follicle
development, oocyte maturation, ovulation, corpus luteum
function, and follicular atresia development). Oxygen rad-
icals in the ovary are normally produced by neutrophils and
macrophages, and reside in corpus luteum and follicles.
Oxygen radicals (ROS) inhibit oocyte development, and
increase degenerated oocyte count, as well as apoptosis
[24]. In case of an ovulation event in the ovary, follicles
grow in size, and go through several steps (primordial, pri-
mary, secondary, and tertiary follicle). In this process, the
follicle that is in advanced stages becomes more resistant to
oxygen radicals, as Cu-Zn SOD and Mn-SOD are gener-
ated in cumulus oophorus and theca cells [25, 26]. Fur-
thermore, the amount of melatonin, a strong antioxidant, in
the tertiary follicle rises three-fold of its amount in the
serum. Therefore, the present authors found that numbers of
primordial and primary follicles, the most susceptible fol-
licles to ROS, were significantly lower.

Poppy seed oil in lipiodol (ethiodol=ethiodized poppy
seed oil) is composed of various oil molecules. It contains
a high rate of linoleic acid (C1gH3,05,) and omega series
of the polysaturated fatty acids [27]. Linoleic acid is a
strong antioxidant, taking part in many positive events in
the body. It is anti-carcinogenic. It modulates immune func-
tions, and prevents atherosclerosis, diabetes, and obesity

[28]. The reason why the present authors observed less
ovarian follicle damage in the groups, they used lipiodol
which may include the useful effects of linoleic acid. Mela-
tonin is a very strong antioxidant. The fact that there was
less ovarian follicle damage in the melatonin groups may
be attributed to the antioxidant effect of melatonin, as it
detoxifies ROS that arise during radiation [29]. Koc et al.
[30] found melatonin effective in preventing liver damage
in rats to whom they administered 5 and 10 mg/kg/ip mela-
tonin before exposure to total body radiation. The authors
found that the damage in ovarian follicles was significantly
lower in the melatonin group. Sener et al. [31] exposed 32
male Spraque Dawley species rats to total body radiation,
and found that tissue malondialdehyde (MDA) level and
myeloperoxidase (MPO) activity decreased, while glu-
tathione (GSH) level increased in many tissues (liver, lung,
colon, and small intestines) in cases to whom melatonin (10
mg or 20 mg/kg/ip) was administered.

Atretic follicle values in G1, G4, and G5 were similar,
while those in G3 were higher. That is, addition of mela-
tonin to lipiodol brings about a significant decline in atretic
follicle count. Oxygen radicals are produced by neutrophils
and macrophages in the ovary. As melatonin also inhibits
neutrophil activity, this may explain why atretic follicle
count in the melatonin group was less than that in the lipi-
odol group [31]. Lipiodol is used in chemoembolization
cases, as well [32-35]. Lipiodol caught by liver cells are re-
tained there for a long time. It has an anti-proliferative and
cytotoxic effect on human hepatoma cells. Its cytotoxic ef-
fect is more marked on macrophages and cancer cells, but
is less so in normal human liver cells [32, 33]. The lipiodol
used during HSG in this study may be being retained by
the ovarian cells. This may be the reason why the ovarian
reserve in G3, G4, and G5 was found better than that in G2.

Lipiodol increases the intra-cellular amounts of anti-tu-
moral agents like Cisplatin, used in chemoembolization
cases, in liver cells, and the success rate of chemoem-
bolization increases [34, 35]. Lipiodol used in this study
increased the intra-ovarian amount of melatonin, which in
turn reduced the damage in the ovaries. Melatonin was ap-
plied to Lig. suspensorium ovarii in G5. Although the val-
ues in G4 and G5 were statistically similar, mean values in
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G5 were higher. This may be attributed to the higher
amount of intra-ovarian melatonin in GS5.

Regression of angiogenesis in corpus luteum was signif-
icantly lower in the group whose HSG was taken, in com-
parison to other groups. In normal rat ovary, capillaries that
emerge in C. luteum regress. Vascular endothelial growth
factor (VEGF) has the major role in the emergence of these
structures in the corpus luteum. One of the main stimulants
of VEGF is hypoxia [36]. Radiation causes radiation ar-
teritis (ulcerated plaques in the artery) in major arteries
(coronary, pulmonary, thoracic aorta, brachial, renal, and
ilio-femoral), and hypoxia and ischemia in the organ fed
by the concerned artery [37-39]. Rats in G2 may have de-
veloped severe radiation arteritis in the ilio-femoral or uter-
ine arteries, relative to G3, G4, and G5. Even if radiation
arteritis with the same severity had developed in G2, hy-
poxic effect was more marked there, as it was deprived of
the useful effects of lipiodol and melatonin. The present re-
sults are consistent. Hypoxia-induced factor-1 (HIF-1) is
activated in both the ovary and other organs in case of acute
or chronic hypoxia [40]. HIF-1 alpha and hypoxic envi-
ronment bring about regression and apoptosis in follicles,
and result in an increase in atretic follicles and a decrease
in follicular reserve [40]. The increase in atretic follicles
and fibrosis, observed in G2, may be associated with the
apoptotic effect of chronic hypoxia [40]. Melatonin has a
positive effect on microvascular perfusion, as it supports
the endothelium [41]. Restoration of microvascular perfu-
sion will lessen the effect of hypoxia (HIF-1 alpha, VEGF).
This may be one of the reasons why there was less damage
in the melatonin group. Sato et al. [42] applied PGE1 infu-
sion from the hepatic artery (HA) or superior mesenteric
artery (SMA) to cases who had hepatic resection, and found
that the application lasted two days less by HA route. Ap-
plication of antioxidants closer to the target organ increases
their effects. In the present study the authors administered
melatonin both by intraperitoneal route (G4) and to Lig.
suspensorium ovarii (G5). Values in G5 were found better
than those in G4, although the difference was not signifi-
cant. Lipiodol antioxidant is a drug that exercises a cyto-
toxic effect on the macrophage. Melatonin antioxidant has
a microvascular-regulating, neutrophil migration-reducing
and mitochondria-protecting effect. Lipiodol used in HSG
procedure reduces the damage in the ovary through its an-
tioxidant and anti-macrophage effect, while melatonin,
whose intra-ovarian concentration is increased by lipiodol,
further enhances this positive effect through its features
listed above. Lipiodol and melatonin have a synergistic ef-
fect.

Conclusion

Use of lipiodol and melatonin during HSG procedure
prevents the negative effects of radiation on ovarian folli-
cle reserve.
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