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EXPERIMENTAL STUDY

The value of plasma SCUBEI and oxidative stress parameters

in the early diagnosis of acute ovarian torsion
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ABSTRACT

AIM: The purpose of our study was to determine the diagnostic value of plasma SCUBE1, malondialdehyde
(MDA), superoxide dismutase (SOD) and total antioxidant status (TAS) investigated on the 4™ hour of ovarian
torsion, and at the same time to determine the relation between these markers and histopathological damage
occurring in the ovary.

MATERIALS AND METHODS: Sixteen rats were included, eight in the torsion group and eight in the control
group. The right ovaries of the rats in the torsion group were rotated clockwise 720 degrees, after which they
were fixed and attached to the abdominal wall. The abdominal walls of the control group rats were opened for
1 min and then closed. Relaparotomy was performed 4 h after surgery in both groups, blood specimens were
collected for biochemical analyses, and the right ovaries were surgically extracted.

RESULTS: No statistically significant difference was determined in the control and torsion groups’ plasma
SCUBEL1, SOD and TAS values (p = 0.987, p = 0.33, and p = 0.244, respectively). Torsion group plasma MDA
values were significantly higher than those of the control group (p = 0.039). At histopathological evaluation,
histological score, apoptotic index and Caspase-3 index values of the torsion group were significantly higher
compared to the control group.

CONCLUSION: Plasma SCUBEL1 is not useful in the early diagnosis of ovarian torsion. Similarly, use of the
oxidative stress markers SOD and TAS does not appear useful in early diagnosis, although MDA may be con-

sidered for that purpose (Tab. 2, Fig. 3, Ref. 23). Text in PDF www.elis.sk.
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Introduction

Ovarian torsion is a gynecological emergency that can be seen
in women of all ages. However, it is most common in the reproduc-
tive age group (1). It is caused by complete or partial rotation of
organs supporting the adnexa, which results in ischemic changes
in the ovary (2). Since definite diagnosis is only possible during
surgery, the true incidence is unknown. However, the annual preva-
lence is between 2 % and 6 % (3). Ovarian torsion is estimated
in approximately 3 % of patients presenting to the emergency
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department with acute abdominal pain (4). Delays in diagnosis
and treatment can result in ovarian losses, and early diagnosis is
therefore important in terms of preventing complications (5). No
specific laboratory marker for routine use in clinical practice in the
preoperative diagnosis of ovarian torsion has to date been iden-
tified. Studies involving interleukin-6 (IL-6), ischemia-modified
albumin (IMA), D-Dimer and pentraxin-3 have determined that
these markers may be related to ovarian torsion (6—10).

Signal peptide-CUB (complement Clr/Cls, Uegf, and
Bmp1)-EGF (epidermal growth factor)-like domain-containing
protein-1 (SCUBEI) is a cell surface protein released throughout
carly embryogenesis. It is released by the endothelium and plate-
lets and is a potential marker showing platelet activation (11).
These molecules are deposited inside alpha granules in inactivated
platelets, are translocated to the platelet surface following activa-
tion by thrombin, are released in the form of small soluble par-
ticles, and are incorporated into thrombus (12). Previous studies
have determined that SCUBEI increases in conditions resulting
in platelet activation and ischemic complications, such as acute
pulmonary embolism, acute ischemic stroke, and acute testicular
torsion (13-15).

Oxidative stress is defined as impairment of oxidative ho-
meostasis as a result of an increase in reactive oxygen species
(ROS) forming during cell metabolism and of insufficient levels
of antioxidants that detoxify these. The ROS forming as a result
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of increased oxidative stress initiate lipid peroxidation by caus-
ing oxidation in polyunsaturated acids in biological membranes.
Biochemical measurement of malondialdehyde (MDA), the end
product of lipid peroxidation, in body fluids and tissues is used to
identify the presence of oxidative damage (16). Studies have deter-
mined that MDA levels rise significantly in line with the duration
of the ischemic process (17). Superoxide dismutase (SOD) is an
endogenous antioxidant enzyme and one of the defense mecha-
nisms known as antioxidants that serve to prevent the damage to
cellular structures caused by ROS. SOD assists with the prevention
of ischemia- and perfusion-related tissue damage, and exhibits a
beneficial effect under these conditions (18). Total antioxidant sta-
tus (TAS) reflects the organism’s total antioxidant defense against
free radical attack in plasma. TAS measurement is a useful test for
estimating oxidative status (17).

The purpose of this study was to determine the diagnostic value
in ovarian torsion of plasma SCUBE]1 and of the oxidative stress
markers MDA, SOD and TAS, and also to investigate the relation
between these markers and histopathological damage occurring
simultaneously in the ovary.

Materials and methods

Animals and study design:

Sixteen adult female Wister albino rats weighing 250-300 g
were used in this experimental study. Before the study began, all
animals were kept in separate cages for one week, under fixed
temperature and humidity, in a 12-h light-dark cycle, with ad li-
bitum access to food. The study commenced following approval
from the Animal Experiments Local Ethical Committee. The rats
were randomized on the day of the experiment into two groups,
torsion and control, each consisting of eight animals.

Anesthesia and surgical technique

After being weighed, intraperitoneal ketamine hydrochloride
(50 mg/kg Ketalar, Eczacibasi, Istanbul, Turkey) and xylazine hy-
drochloride (10 mg/kg, Rompun, Bayer Tiirk Ila¢ Ltd, Istanbul,
Turkey) were administered for anesthesia, repeated as required
for maintenance of anesthesia during the experiment. Rats were
not intubated during the study, but were allowed to breathe spon-
taneously.

For surgery, rats were placed in a supine position and covered
with a sterile surgical cloth. The incision site was then shaved
and disinfected. A 2-cm longitudinal incision was made in the
abdominal midline for laparotomy, and the uterine horns and
adnexa were exposed. In the control group, the abdominal wall
was opened for 1 min and then closed with 3/0 silk suture. In the
torsion group, the right ovary was rotated 720 degrees and fixed
to the abdominal wall with 4/0 silk suture. The incision was then
closed with 3/0 silk suture.

Relaparotomy was performed in both groups from the previ-
ous incision line 4 hours after the first operation. Approximately
1.5-2 mm blood specimens were also collected from the abdomi-
nal aorta for biochemical analyses. Following collection of blood
specimens, the right ovaries of rats in both groups were surgically

extracted. All rats were finally sacrificed by cervical dislocation
once the surgical procedures had been completed.

Biochemical analysis

Blood specimens were placed into tubes containing heparin
as a coagulant, after which they were centrifuged for 20 min at
1000xg and 4 °C. The supernatants obtained were aliquoted and
stored at —80 °C until the day of analysis.

For SOD activity analysis, plasmas were kept on ice and stud-
ied using a commercial kit (Superoxide Dismutase Assay Kit,
Cayman Chemical Co., Ann Arbor, MI, USA, Batch: 0525723),
as described by the manufacturer. For lipid peroxidation evalua-
tion, plasma MDA levels were measured based on the principle
of thiobarbituric acid reactive substances (TBARS) formation at
high temperature and in an acidic environment using a commer-
cial kit (TBARS Assay Kit, Cayman Chemical, Ann Arbor, MI,
USA, Batch: 0525498) as recommended. Plasma MDA levels
were expressed as mmol/L. Total antioxidant status (TAS) was as-
sessed based on reduction of the dark blue-green 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sufthonic acid) radical cation (ABTS**) of
the antioxidants in the plasma specimen to the colorless reduced
ABTS form (16). (£)-6-Hydroxy-2,5,7,8-tetramethylchromane-
2-carboxylic acid (Trolox Equivalent), a Vitamin E analogue, was
used as standard. Results were expressed as mmol Trolox Equiv./L.

Plasma SCUBELI levels were measured using an enzyme-
linked immunosorbent assay reagent kit (Cloud-Clone Corp.,
23603 W. Fernhurst Dr., Unit 2201, Katy, TX 77494, USA, Lot:
L180307290), and were expressed as ng/mL.

Histological analysis

The extracted right ovaries were rapidly fixed by being placed
in 10 % neutral formalin solution. Following histological tissue
fixation and embedding in paraffin, 5-pm thick sections were taken
from the blocks. Sections were fist stained with hematoxylin eosin
(HE) dye in order to examine tissues’ histological structures. Tis-
sues were subjected to histological analysis under light microscopy
and scored between 1 and 3 based on parameters of follicular cell
degeneration, vascular congestion, inflammatory cell infiltration
and hemorrhagic damage: 0; no pathological finding in the ovar-
ian section. 1: Mild; pathological findings in less than 33 % of the
ovarian section, 2: Moderate; pathological findings in 33—66 % of
the ovarian section, and 3: Severe, pathological findings in more
than 66 % of the ovarian section.

TUNEL (Merck) and Caspase 3 (Santa Cruz Biotechnology,
Inc.) immunofluorescent staining were performed in line with
the manufacturers’ protocols in order to determine differences in
apoptosis between the control and torsion groups. Immunopositive
stained and unstained cells in each section were counted through
random selection of five areas under fluorescent microscope at
40X magnification. The proportion of Immunopositive-stained
cells to the total number of cells in an area (apoptotic index and
Caspase-3 index) was calculated using the following formulae:
Apoptotic index = [apoptotic cell count/total cell count]x100,
and Caspase-3 index = [Caspase-3 immunopositive cell count/
total cell count]x100.
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Tab. 1. Biochemistry results and ovarian tissue histological scores and
apoptotic index and Caspase-3 index results from the control and tor-
sion groups.

Control group  Torsion group

Plasma (n=8) (n=8)

SCUBEI (ng/mL) 1.82+0.16 1.8240.18 0.987
SOD (U/mL) 5.33+0.44 5.98+0.45 0.33
MDA (mmol/L) 25.81£2.16 33.83£2.78  0.039
TAS (mmol Trolox Equiv./L) 0.92+0.04 1.0440.08 0.244
Ovarian tissue

Histological score 0.38+0.183 2.63+0.183  <0.001
Apoptotic index 1.209+0.159 4.807+0.361 <0.001
Caspase-3 index 2.127+0.087 7.689+£0.416 <0.001

All values are presented as mean + SD. SCUBE1 = Signal peptide-CUB (comple-
ment C11/Cls, Uegf, and Bmp1)-EGF (epidermal growth factor)-like domain-con-
taining protein-1, SOD = superoxide dismutase, MDA = malondialdehyde, TAS =
total antioxidant status.

Statistical analysis

SPSS software was used for statistical analyses. Compatibility
of normal distribution of data was assessed using the Shapiro-Wilk
test. Normally distributed data were expresses as mean/standard
deviation. Student’s t test was used for comparisons between the
torsion and control groups. Relations between biochemical data
and histopathological findings were investigated using Pearson

correlation analysis. Results were evaluated at a 95% confidence
interval and at a significance level of p <0.05.

Results

Biochemical results

Results for plasma SCUBE1, SOD, MDA and TAS investi-
gated from blood specimens collected from the torsion and con-
trol groups are shown in Table 1. No significant difference was
determined in plasma SCUBE1, SOD and TAS between the two
groups (p = 0.987, p=0.33, and p = 0.244, respectively). Plasma
MDA values were significantly higher in the torsion group than
in the control group (p = 0.039).

Histopathological findings

Sections taken from paraffin blocks from the torsion and con-
trol groups were analyzed under light microscope following stain-
ing with HE and then compared. Degeneration in follicular cells,
vascular congestion, inflammatory cell infiltration and hemorrhage
were observed in the torsion group compared to the control group
(Fig. 1). Separate histological scoring of the sections produced a
significantly higher value in the torsion group than in the control
group (p < 0.001) (Tab. 1).

Fig. 1. Light microscopy images of control (A) and torsion (B) group hematoxylin eosin stained ovarian tissues at 10 X and 40X magnification.
Arrows indicate vascular congestion and hemorrhagic areas, while arrow heads indicate inflammatory cell infiltration.
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Fig. 2. Immunofluorescence staining using the TUNEL method in ovarian tissues from the control (A) and torsion (B) groups under fluorescent
microscope at 40X magnification. Arrows indicate immunopositive-stained cells.

Fig. 3. Caspase-3 immunofluorescent staining of ovarian tissues from the control (A) and torsion (B) groups under fluorescent microscope at

40X magnification. Arrows indicate immunopositive-stained cells.

Immunohistochemical findings

Sections subjected to immunofluorescent staining with the
TUNEL method and sections subjected to Caspase-3 immuno-
fluorescent staining were examined under a light microscope and
photographed (Figs 2, 3). Apoptotic index and Caspase-3 index
values were calculated by performing cell counts in five random
areas on each section. Apoptotic index and Caspase-3 index values
were significantly higher in the torsion group than in the control
group (p <0.001 for both) (Tab. 1).

In addition, correlation analysis revealed no statistically sig-
nificant relations between plasma SCUBE1, SOD, MDA and TAS
values and histological scores or apoptotic index and Caspase-3
index values (Tab. 2).

Discussion

In this experimental study, we determined plasma SCUBEL,
MDA, SOD and TAS values 4 hours after induction of ovarian
torsion, together with histological score, apoptotic index and
Caspase-3 index values, and compared these with control group
data. We observed no statistically significant differences between
torsion group plasma SCUBE1, SOD and TAS values compared
with the control group, and only MDA values were significantly

higher in the control group. Histological score, apoptotic index
and Caspase-3 index values were significantly higher than in the
control group. In addition, we determined no statistically signifi-
cant correlations between plasma SCUBE1, SOD, MDA and TAS
values and histological scores or apoptotic index and Caspase-3
index values.

Tab. 2. Correlations between plasma SCUBEL, SOD, MDA and TAS
levels and histological score and apoptotic index and Caspase-3 index
values in the torsion group.

Histological ~ Apoptotic Caspase-3

score index index
SCUBE1 r value -0.213 -0.162 —-0.585
(ng/mL) p value 0.612 0.702 0.127
SOD r value 0.149 —0.149 -0.207
(U/mL) p value 0.725 0.724 0.623
MDA r value 0.116 —0.234 0.062
(mmol/L) p value 0.784 0.577 0.883
TAS (mmol r value 0.206 0.069 0.413
Trolox Equiv/L) p value 0.624 0.872 0.309

SCUBEI = Signal peptide-CUB (complement C11/C1s, Uegf, and Bmp1)-EGF (epi-
dermal growth factor)-like domain-containing protein-1, SOD = superoxide dis-
mutase, MDA = malondialdehyde, TAS = total antioxidant status.
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Ischemic changes occur in the ovary during ovarian torsion.
Venous flow and lymphatic return are first blocked. Diffuse ex-
pansion in the ovarian parenchyma, edema and peripheral fol-
licular extension are observed with continuing arterial perfusion.
Venous obstruction followed by arterial thrombosis subsequently
occur due to increasing edema and pressure (8, 9). Since ovarian
torsion is frequently seen in young women, the ovary may be lost
due to delays in diagnosis and surgical treatment, and fertility
problems may be observed in these patients. Early diagnosis is
therefore very important in terms of preventing complications (1,
4). Despite the use of imaging techniques such as ultrasonography,
Doppler ultrasonography, and computerized tomography, diag-
nosis is still difficult because of non-specific findings in ovarian
torsion (19). Although studies have investigated various markers
of potential use in the early preoperative diagnosis of ovarian tor-
sion, no specific marker has been identified. SCUBEI is a reliable
marker of platelet activation. Previous studies have shown that
SCUBEI levels increase under conditions of platelet activation
and aggregation resulting in ischemic complications (12, 13, 15).
Turkmen et al. determined that SCUBE] levels increase rapidly
in the 2nd h following acute mesenteric ischemia, rising signifi-
cantly by 6 h, while Turedi et al. showed that SCUBEI increase
significantly 4 h after testicular torsion (15, 17). In the present
study, we determined no significant increase in plasma SCUBE1
levels 4 h after ovarian torsion compared to the control group,
despite the mechanism being similar to that in testicular torsion.
From that perspective, our study is not compatible with those of
Turedi and Turkmen. Two recent studies, one experimental and
the other clinical, have investigated the relation between ovarian
torsion and plasma SCUBEIL. Uzun et al. determined no signifi-
cant increase in 8th-h plasma SCUBEI] levels in rats with induced
ovarian torsion compared to a control group, although SCUBE1
levels increased significantly at 24 h (20). In their clinical study
of patients diagnosed with ovarian torsion and undergoing lapa-
rotomy, Uyanikoglu et al determined mean torsion times of 24.4
+ 14.8 h and observed significantly higher preoperative SCUBE1
levels in these patients compared to healthy women (21). Consid-
ering our findings together with those of Uzun and Uyanikoglu,
it may be concluded that plasma SCUBEL levels do not increase
in the early hours of ovarian torsion, but rise significantly at 24
h. Studies have revealed venous and lymphatic congestion in the
early period of ovarian torsion, although total arterial occlusion
may not be present, for which reason ovarian tissue may remain
viable even at 24 h, while necrosis begins at 36 h (7, 22). The ab-
sence of an increase in SCUBEI 4 h following ovarian torsion in
the present study may be due to arterial circulation in ovarian tis-
sue not being compromised in the early hours of torsion.

We also investigated parameters indicating oxidative status.
Precious studies have revealed that oxidative stress is activated
during ovarian torsion (23). We observed no significant change in
plasma SOD and TAS investigated at 4 h during ovarian torsion
in our study, with only MDA levels increasing significantly. His-
topathological analysis revealed degeneration in follicular cells,
vascular congestion, inflammatory cell infiltration and hemorrhage
in the torsion group, while torsion group histological scores and
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apoptotic index and Caspase-3 index values were significantly
higher than those of the control group. These findings show that our
model of ovarian torsion was established successfully. However,
we determined no significant correlation between biochemical and
histopathological data in our study. The fact that biochemical data
studied from serum were not compatible with the histopathologi-
cal data may probably be attributed to ischemia not developing
fully due to absence of complete arterial occlusion because of the
mechanism involved in ovarian torsion in the early hours, and to
findings not being reflected in blood at 4 h.

Limitation

The principal limitation of this study is that preoperative bio-
chemical data could not be analyzed since preoperative blood was
not collected from the torsion and control groups. Another limi-
tation is that biochemical data were not investigated using tissue
homogenization.

Conclusion

Our study findings indicate no significant increase in plasma
SCUBEI! levels investigated at 4 hours in ovarian torsion. We
therefore think that plasma SCUBEI! levels are not useful in the
early diagnosis of ovarian torsion. Similarly, we also think that
the oxidative stress markers SOD and TAS are not useful in the
early diagnosis of ovarian torsion, but that MDA may be capable
of use for this purpose.
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