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Abstract: The objective of our research was to study the effect of controlled reperfusion on lactate and advanced oxidation protein 
products (AOPP) in experimental ovarian torsion (OT), and to evaluate the possibility to reduce the reperfusion injuries applying the ON-
OFF technique of reperfusion. 
Material and Methods — Lactate and AOPP were measured in serum and ovarian homogenates of 70 females rats, divided equally into 7 
groups: no intervention (nr. 1); laparotomy (nr. 2); 3 hours OT (nr. 3); 3 hours OT + 1 hour (nr. 4) or 24 hours (nr. 6) of simple reperfusion 
(SR); 3 hours OT + 1 hour (nr. 5) or 24 hours (nr. 7) of controlled reperfusion (ON-OFF). The results were analyzed using Welch's ANOVA. 
Results — OT produced an increase of serum (66%, p<0.001) and homogenate (38%, p=0.006) lactate, that tended to return to baseline in 
24 hours despite the type of reperfusion. AOPP had grown in OT animals serum (20%, p=0.007) and homogenate (26%, p>0.05) and 
continued to rise in the serum after SR, while in ON-OFF technique groups – decreased by about 20% (p<0.01). Homogenate AOPP levels 
rised after reperfusion in all groups. 
Conclusion — Lactate is a biomarker for ischemia in OT. Increased AOPP in experimental groups indicates that there is a degree of oxidative 
stress that can affect the cells after the restoration of the blood flow. Therefore, the correct management of the condition that reduces 
reactive oxygen species production, such as controlled method of reperfusion, could be appropriate to prevent additional injuries.  
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Introduction  

One of the gynecological emergencies that may affect women 
at any age is the torsion of the ovary [1]. The condition is due to 
the rotation of the ovary or/and fallopian tube that impair the 
normal blood flow [2]. The prevalence of the ovarian torsion is 
from 2.7 to 3.0% [3] and the incidence is 4.9/100000 in young 
women under 20 [4]. 

This disease is difficult to be diagnosed because of its non-
specific clinical presentation [5, 6] that mimics other disorders [7]. 
Nowadays available non-surgical tools for diagnosis are not very 
helpful. The accuracy of ultrasounds examination is not high 
because sometimes Doppler imaging detect a normal blood flow 
to the adnexa in ovarian torsion [8], and this delay the diagnosis, 
that may lead to the loss of the ovary or complications such as 
peritonitis and even death [9]. Laparoscopy is the “gold standard” 
in diagnosing the torsion of the ovary [6, 10]. 

Surgical removal of the ovary was the main option for a long 
time, nowadays conservative management with detorsion is 
considered the best option in young women. But the restoration of 

the blood flow may induce additional lesions due to oxidative 
stress and a high reactive oxygen species (ROS) production [11]. 
Thus, the delayed diagnosis is a problem, but also are the further 
oxidative injuries after surgical intervention. 

Ischemia is a condition that changes the metabolic pathways 
of cells to anaerobic ones and lactate amounts increase [12].  

Advanced oxidation protein products (AOPP) are derivatives of 
albumin, fibrinogen and lipoproteins that are modified oxidatively. 
AOPP are present in physiological conditions, in the blood of 
healthy persons, but in low concentration. An increased 
production of ROS changes the native structure of proteins 
transforming them into pathological particles named AOPP [13]. 

Oxidative stress increases after an ischemic period. During the 
reperfusion phase ROS can grow the ischemic lesions suggesting 
that the reperfusion method is essential to prevent additional 
injuries. 

The AOPP and lactate levels were not investigated till now in 
the context of controlled reperfusion in ovarian torsion. The aim of 
our research was to study the effect of controlled reperfusion on 
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lactate and AOPP levels in experimental ovarian torsion (OT) and 
to evaluate the capacity of the ON-OFF technique of reperfusion to 
reduce the reperfusion injuries. 

 

Material and Methods 

Animals 

The experiment was performed in the Laboratory of 
Biochemistry of the Nicolae Testemitanu State University of 
Medicine and Pharmacy.  

Our study involved 70 rats (Rattus albicans), females from the 
vivarium of the Nicolae Testemitanu State University of Medicine 
and Pharmacy.  

The rats (body weight 180-265 grams) were randomly 
distributed into seven groups, each group including ten animals: 1 
– no intervention (control); 2 – only laparotomy (sham); 3 – the 
ovaries were exposed to ischemia twisting the adnexa for 3 hours 
(OT group); 4 – OT for 3 hours, 1 hour simple reperfusion (SR); 5 – 
OT for 3 hours, 1 hour controlled (ON-OFF) reperfusion (the first 
120 seconds we opened and closed the clips on the ovarian 
pedicles in 10 seconds intervals, succeeded by SR); 6 – OT for 3 
hours, 24 hours SR; 7 – OT for 3 hours, 24 hours ON-OFF 
reperfusion.  

 

Surgical procedures 

All surgical manipulations were done under sterile conditions. 
The rats received intraperitoneal anesthesia 50 mg/kg, 10% 
ketamine hydrochloride sol. (Calypsol®, Gedeon Richter, Hungary).  

The surgical intervention that lasted approximately 15 minutes 
was accomplished after the rats' skin was disinfected using Iodine 
povidone 100 mg/ml (Betadine®, Egis Pharmaceuticals PLC, 
Hungary) and shaved. When animals were motionless after 
anesthesia in a supine position, a 2-2.5 cm laparotomy in the lower 
abdomen was performed.  

The rats from the control group were not subject to ovarian 
torsion. They were only anesthetized, laparotomy performed, after 
which blood samples from abdominal aorta and ovaries were 
collected, then they were euthanized.  

The sham group also underwent no ovarian torsion. After 
anesthesia the rats were subject to laparotomy, the abdomen 
cavity was left open for 15 minutes, then was closed using 3/0 silk 
sutures. Re-laparotomy was done after 3 hours under anesthesia. 
Ovaries and blood samples were taken after which the rats were 
euthanized. 

In animals of the experimental groups 3-7 the ovaries were 
subject to OT for 3 hours, by twisting the annexes in the clockwise 
direction 3 times and fixing them to the abdominal wall with 3/0 
silk suture and closing after that the abdomen using 3/0 silk 
sutures. After the torsion period the animals were re-anesthetized 
and their abdominal wall opened. In rats that belong to third 
group (OT group) the ovaries and blood from aorta was collected 
and according to the study protocol the rats were euthanized. The 
animals that belong to groups 4-7 underwent different 
reperfusions methods after the torsion period, as follows: group 4 
– detorsion of the ovaries with 1 hour of simple reperfusion (SR), 
group 6 – detorsion with 24 hours SR, group 5 – detorsion with 1 
hour controlled reperfusion (ON-OFF), group 7 – detorsion with 24 
hours ON-OFF. The ON-OFF procedure was performed the first 2 
minutes after the torsion period followed by simple reperfusion. 

Using the clips on ovarian pedicles, we controlled the restoration 
of the blood flow gradually opening and closing them in 10 
seconds intervals. After the detorsion procedure the abdomen was 
closed with 3/0 silk sutures. After the reperfusion phase the rats 
underwent anesthesia, the abdominal wall was opened, then 
ovaries and blood samples from abdominal aorta collected. After 
the procedure the rats were euthanized. 

 

Biochemical analysis 

The blood samples were placed into tubes allowing to clot for 
30 minutes, then centrifuged 10 minutes at 1500 rpm. The serum 
was stored at -40 °C until analysis. 

The ovarian tissue (0.2 g) was homogenized in ice with 2 ml of 
phosphate buffer 0,1 M (pH=7.4), centrifuged at 4 °C, 3000 rpm for 
15 minutes. The supernatant stored at -40 °C until analysis. 

Lactate amounts were determined using the 
spectrophotometric method according to the instructions of the 
kit of EliTech Group (France). 

AOPP levels were measured spectrophotometrically using the 
Capeillère-Blandin C., et al. method [14]. 

 

Statistical analysis  

SPSS 20.0 software was used to analyse the results. The mean 
and standard deviation were used as descriptive statistical 
methods. The individual group biochemical parameters were 
examined for normality using Shapiro-Wilk and Kolmogorov-
Smirnov tests and were considered normally distributed (p>0.05). 
Levene's test was applied to study the homogeneity of variance. 
The data obtained in different groups were compaired using 
Welch's ANOVA. Games-Howell post hoc test was used. Spearman 
test was applied to identify the correlations between serum and 
homogenates biochemical markers. Statistically significant was 
considered the value of p<0.05. 

 

Results 

The results are presented as mean and standard deviation in 
Table 1 for ovarian homogenates and Table 2 for blood serum.  

 

 
Table 1. Lactate and AOPP levels in ovarian homogenates 

Group Lactate, mmol/g.prot. AOPP, µmol/g.prot. 
1 - control 2.893±0.283 5.695±0.781 
2 - sham 2.918±0.240 5.804±1.179 
3 - ischemia (OT) 4.002±0.667 ٭٭ ᶛᶛ ᶳ 7.183±1.566 ᵝ ᶳᶳ ᶴᶴ 
4 - 1h SR 3.933±0.395 ٭٭٭ ᶛᶛᶛ ᶳᶳᶳ 9.434±0.747 ٭٭٭ ᶛᶛᶛ ᵟ 
5 - 1h ON-OFF  3.907±0.147 ٭٭٭ ᶛᶛᶛ ᶳᶳᶳ ᶴ 8.401±1.288 ٭٭ ᶛᶛ 
6 - 24h SR 2.957±0.130 ᵟ ᵝᵝᵝ ᵠᵠᵠ 9.660±0.395 ٭٭٭ ᶛᶛᶛ ᵟᵟ 
7 - 24h ON-OFF  3.222±0.573 ᵠ 9.617±0.412 ٭٭٭ ᶛᶛᶛ ᵟᵟ 

OT, ovarian torsion; h, hour; SR, simple reperfusion; g., gram; prot., 
protein. The results are presented as mean with standard deviation – 
M±SD. Differences between groups compared to (and a p value<):  

‒ control: 0.001>٭٭٭ ,0.01>٭٭ ,0.05>٭; 
‒ sham: ᶛ<0.05, ᶛᶛ<0.01, ᶛᶛᶛ<0.001; 
‒ OT: ᵟ<0.05, ᵟᵟ<0.01, ᵟᵟᵟ<0.001; 
‒ 1h SR: ᵝ<0.05, ᵝᵝ<0.01, ᵝᵝᵝ<0.001; 
‒ 1h ON-OFF: ᵠ<0.05, ᵠᵠ<0.01, ᵠᵠᵠ<0.001; 
‒ 24h SR: ᶳ<0.05, ᶳᶳ<0.01, ᶳᶳᶳ<0.001; 
‒ 24h ON-OFF: ᶴ<0.05, ᶴᶴ <0.01, ᶴᶴᶴ<0.001. 
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Table 2. Lactate and AOPP levels in blood serum 
Group Lactate, mmol/L AOPP, µmol/L 
1 - control 3.014±0.301 26.415±3.251 
2 - sham 3.071±0.388 26.474±3.543 
3 - ischemia (OT) 5.029±0.442 ٭٭٭ ᶛᶛᶛ ᵝᵝᵝ 

ᵠᵠᵠ ᶴ 
 ᶛ ᵠᵠ ᶴᶴᶴ ٭٭ 31.885±2.322

4 - 1h SR 6.632±0.284 ٭٭٭ ᶛᶛᶛ ᵟᵟᵟ 33.412±3.454 ٭٭ ᶛᶛ ᵠᵠ ᶴᶴ 
5 - 1h ON-OFF  6.590±0.335 ٭٭٭ ᶛᶛᶛ ᵟᵟᵟ 27.824±1.566 ᵟᵟ ᵝᵝ ᶳᶳᶳ 
6 - 24h SR 5.633±1.151 ٭٭٭ ᶛᶛᶛ   33.234±1.892 ٭٭ ᶛᶛ ᵠᵠᵠ ᶴᶴᶴ 
7 - 24h ON-OFF  6.254±0.952 ٭٭٭ ᶛᶛᶛ ᵟ 26.580±1.800 ᵟᵟᵟ ᵝᵝ ᶳᶳᶳ 
OT, ovarian torsion; h, hour; SR, simple reperfusion; L, litre. The results are 
presented as mean with standard deviation – M±SD. Differences between 
groups compared to (and a p value<):  

‒ control: 0.001>٭٭٭ ,0.01>٭٭ ,0.05>٭; 
‒ sham: ᶛ<0.05, ᶛᶛ<0.01, ᶛᶛᶛ<0.001; 
‒ OT: ᵟ<0.05, ᵟᵟ<0.01, ᵟᵟᵟ<0.001; 
‒ 1h SR: ᵝ<0.05, ᵝᵝ<0.01, ᵝᵝᵝ<0.001; 
‒ 1h ON-OFF: ᵠ<0.05, ᵠᵠ<0.01, ᵠᵠᵠ<0.001; 
‒ 24h SR: ᶳ<0.05, ᶳᶳ<0.01, ᶳᶳᶳ<0.001; 
‒ 24h ON-OFF: ᶴ<0.05, ᶴᶴ <0.01, ᶴᶴᶴ<0.001. 

 

 

Ischemic processes determined the orientation of metabolism 
to lactate production. Its serum and ovarian homogenates values 
in the control and sham group were not statistically significantly 
different, p>0.05. After ovarian ischemia, the amount of lactate 
increased in serum by about 66% (from 3.014±0.301 mmol/L to 
5.029±0.442 mmol/L, p<0.001) and in homogenates by about 38% 
(from 2.893±0.283 mmol/g.prot. to 4.002±0.677 mmol/g.prot., 
p=0.006) in the OT group, compared to the control group.  

The serum lactate (Table 2), after 1 hour, in both simple and 
controlled reperfusion groups, had a statistically significant growth 
by about 120% compared to control group (from 3.014±0.301 
mmol/L to 6.632±0.284 mmol/L in 1 hour SR, respectively to 
6.590±0.335 mmol/L in 1 hour ON-OFF, p<0.001). Compared to the 
group of rats exposed to ovarian ischemia only (the 3rd group), the 
increase of serum lactate was about 31% (from 5.029±0.442 
mmol/L to 6.632±0.284 mmol/L in 1 hour SR, respectively to 
6.590±0.335 mmol/L in 1 hour ON-OFF, p<0.001). Subsequently, at 
24 hours after the restoration of the blood circulation, no 
significant decrease was registered compared to 1 hour groups, 
p>0.05. However, there was established a tendency to lower the 
initial values recorded after 1 hour of reperfusion, this being more 
evident in the 24 hours simple reperfusion than in 24 hours 
controlled reperfusion. 

Removal of ischemia, a phenomenon involving the restoration 
of the blood flow with significant oxygen and nutrient intake, no 
longer determines the increase in lactate levels in the ovaries 
(Table 1). The amounts recorded in 1 hour SR group and 1 hour 
ON-OFF group were not significantly different from those recorded 
in the OT group, p>0.05. The trend of this index in the 
homogenates is to return to baseline after 24 hours of reperfusion 
in both groups with simple and controlled reperfusion. 

There were no correlations between the amounts of lactate 
determined in the blood serum and ovarian homogenates in the 
research groups, except the moderate positive correlation in the 
sham group (rs=0.673, p=0.033). 

Ovarian torsion induced an increase in AOPP. Its serum and 
ovarian homogenates values in the control and sham group were 
not different, p>0.05. Ischemia determined a significant growth of 
AOPP in serum by about 20% compared to control (from 
26.415±3.251 µmol/L to 31.885±2.322 µmol/L, p=0.007). AOPP 

increased non-singnificantly after 1 hour and 24 hours of simple 
reperfusion compared to OT group (p>0.05), while in the ON-OFF 
groups AOPP values decreased and were lower compared to those 
recorded in SR groups by about 20% (from 33.412±3.454 µmol/L in 
1h SR group to 27.824±1.566 µmol/L in 1h ON-OFF group, p=0.007, 
respectively 26.580±1.800 µmol/L in 24h ON-OFF group, p=0.001, 
and from 33.234±1.892 µmol/L in 24h SR group, to 27.824±1.566 
µmol/L in 1h ON-OFF group, p<0.001, respectively 26.580±1.800 
µmol/L in 24h ON-OFF group, p<0.001). 

Ovarian torsion determined an increased of AOPP content in 
the ovaries by about 26% (from 5.695±0.781 µmol/g.prot. to 
7.183±1.566 µmol/g.prot., p>0.05) compared to control group. 
AOPP levels rised after reperfusion despite its technique. At 1 hour 
of detorsion the AOPP was higher in SR group compared to 
ischemia group (p=0.016). The amounts registered in 1 hour ON-
OFF group were not significantly different from those recorded in 
OT group (p>0.05). At 24 hours of reperfusion the values of AOPP 
rised by about 34% compared to ischemia group (from 
7.183±1.566 µmol/g.prot. in OT group to 9.660±0.395 
µmol/g.prot. in 24h SR group, p=0.008, respectively to 
9.617±0.412 µmol/g.prot. in 24h ON-OFF group, p=0.009). 

No correlations were found between the levels of AOPP from 
the blood serum and ovarian homogenates in the research groups, 
except the strong negative correlation in the 24 hours ON-OFF 
group (rs=-0.770, p=0.009). 

 

Discussion 

Ovarian torsion is accompanied by oxidative stress, AOPP and 
lactate synthesis.  

It is established that the disease is followed by ischemia-
reperfusion injuries due to an enhance of oxidative stress [2]. 
Different enzymes are responsible for this process, one of them 
being myeloperoxidase (MPO) from neutrophils. MPO is the main 
enzyme involved in the formation of AOPP. ROS that are produced 
by this MPO have an important role in changing the structure of 
proteins to dityrosine containing and cross-linked structures. 
Hypochlorous acid (HClO) and chloramine (NH2Cl) directly 
transform proteins into AOPP [13].  

Analyzing our results, the blood serum low level of AOPP in the 
ON-OFF reperfusion groups compared to SR groups indicates a 
decrease in ROS production when controlled method of 
reperfusion is used.  

As AOPP are known to be compounds with negative effect that 
increase the inflammatory response [13], the lower serum values 
in controlled reperfusion groups compared to SR groups suggest 
that ON-OFF method could prevent other possible lesions in the 
organ and at distance from the injured ovary. Thus, one of the 
suppositions of our research results is that the controlled type of 
reperfusion in ovarian torsion could have protective effect on 
other organs and tissues, reducing the ROS production and 
consequently inflammatory reactions due to AOPP. 

Less obvious increase of AOPP in ovarian homogenates during 
the initial period of controlled reperfusion (at 1 hour after the 
restoration of the blood flow), followed by a significant reduction 
of differences between groups at distance (after 24 hours), 
suggests the protective effect of ON-OFF technique in the early 
period. 

Piwowar A. (2010) mentioned that AOPP interact with specific 
RAGE receptors and stimulates the activity of neutrophils and the 
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inflammatory response. Enzymes such as NADPH oxidase and MPO 
also increase their activity. Thus, ROS production is increased and 
as a consequence the AOPP too [13]. It is well known that RAGE 
are expressed in ovarian cells [15]. Then, the high levels of AOPP 
identified in ovarian homogenates at 24 hours of reperfusion can 
be due to an increased inflammatory response, as a consequence 
of interaction of AOPP that were produced in the initial period of 
reperfusion with RAGE. Thereby is supported the hypothesis of a 
vicious circle where AOPP growth stimulates the production of 
other AOPP in tissues, which are subsequently identified at 24 
hours of reperfusion in our research. 

As 1 hour after reperfusion, lower amounts of AOPP were 
determined in homogenates of controlled reperfusion group than 
in SR group, it can be concluded that the ON-OFF procedure could 
have protective effect at early stages of treatment. However, the 
lack of differences between AOPP values in both types of 
reperfusion after 24 hours indicates the need for antioxidants to 
be used as soon as possible after diagnosis to prevent the 
enhancement of lesions. 

Under reduced tissue perfusion, anaerobic processes, as 
anaerobic glycolysis, become intense, thus, increasing the lactate. 
The increase in lactate level in the ovarian homogenate is the 
result of preferential anaerobic oxidation of glucose. The 
approximately two-fold increase in the amount of serum lactate in 
the reperfusion groups compared to control group, indicates a 
takeover of lactate at the time of reperfusion from the tissue. 

The high metabolism of leukocytes infiltrating the organ after 
ischemia could also increase lactate. A high level of AOPP in the 
homogenates after the restoration of blood flow indicates an 
important activity of these cells, AOPP being synthesized under the 
action of MPO that belong to leukocytes, these growing lactate 
too. This hypothesis requires further research. 

After 24 hours of reperfusion, the lactate level tendend to 
decrease in the serum. This could be due to liver that metabolizes 
lactate from peripheral tissues during the Cori cycle [16] or to 
other organs that take up and oxidize it [12].  

The change in lactate transporters, these transporters being 
membrane proteins [16], could reduce the lactate clearance rate. 
Thus, high levels of lactate identified in the homogenates of 
groups exposed to ovarian torsion, could be due also to affected 
membrane proteins by oxidative stress. 

We must cautiously interpret the changes of these parameters 
in the blood serum because there were not found homogenate-
serum correlations of the studied indices in all research groups. A 
decreased in AOPP in serum did not show a similar trend of 
decreasing in homogenates. Thereby, organ-level changes can not 
be appreciated based on the blood level of AOPP or lactate. 

 

Conclusion 

Our results suggest that lactic acid is a biomarker for ischemia 
in ovarian torsion, reflecting the anaerobic changes of metabolic 
processes and also the high metabolism of neutrophils infiltrating 
the organ after ischemia.  

The increased AOPP in experimental groups indicate that there 
is a degree of oxidative stress that can affect the cells after the 
restoration of the blood flow and then the use of antioxidants 
could be helpful in the early stages of the disease. As AOPP were 
higher in simple reperfusion groups compared to ON-OFF groups, 
the controlled reperfusion method in ovarian torsion could reduce 

reactive oxygen species production and could be appropriate to 
prevent additional injuries due to reperfusion. 

 

Limitations 

This study has some limitations. First, the experimental 
induced ovarian torsion is not identical to what is encountered in 
clinical practice. But, to conduct such a research in humans is 
difficult because the disease is rare, clinical signs are not specific 
and often mislead doctors. Second, it is well known that there are 
interspecies differences concerning different parts of metabolism, 
then, the research results can not be directly related to humans. 
Further studies are required to establish if these experimental 
results are applicable in humans. 
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