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ABSTRACT 

The aim of this study was to investigate the effects of ampelopsin (AMP) on injuries of ovarian and lung tissues 
generated by bilateral ovarian torsion/detorsion (TD) model in rats. In the present study, 32 Sprague Dawley female rats 
were randomly divided into four groups. Groups planned as sham, TD, 80 mg/kg dose of AMP+TD, and 160 mg/kg dose 
of AMP+TD. In the sham group, the abdomen was opened applying an incision and closed again without TD model. In 
TD group, 3 hours of torsion followed 3 hours of detorsion were made. In the 80 and 160 mg/kg dose groups, 
respectively, AMP was given orally 80 and 160 mg/kg doses before detorsion and TD was performed as defined in TD 
group. At the end of detorsion period, rats were sacrificed and the ovarian and lung tissues were quickly removed. All 
results were analyzed using statistically appropriate tests. Malondialdehyde (MDA) level, myeloperoxidase (MPO) 
activity, tumor necrosis faktor-α (TNF-α), interleukin-1beta (IL-1β), total oxidant status (TOS) and oxidative stress index 
(OSI) values increased significantly in TD group when compared to sham group (p≤0.05). However, superoxide 
dismutase (SOD) enzyme activity and total antioxidant status (TAS) values decreased in ovarian and lung tissues of TD 
group. Conversely, SOD enzyme activity increased, while TOS and OSI values, MPO activity and TNF-α, IL-1β, MDA 
levels decreased significantly due to administration of AMP in 80 and 160 mg/kg dose groups (p≤0.05). As a conclusion, 
in this study, it was demonstrated that 80 and 160 mg/kg doses of AMP administrations protected against oxidative 
damage of the ovarian and lung tissues that generated by experimental TD in rats. 
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INTRODUCTION 

 Ovarian torsion, mostly seen in reproductive 
ages (particularly in first three decades), is a common 
gynecological emergency  (Oelsner et al. 2003). Several 
health conditions such as adnexal venous congestion and 
long mesovarium may end up with ovarian torsion and 
soon after obstruction in ovarian vessels. This is a life-
threatening situation results in tissue blood flow 
reduction and permanent damage in tissues (Oelsner and 
Shashar 2006). Early diagnosis and treatment are 
important to salvage the viability of the ovary and to 
maintain fertility (Huchon and Fauconnier 2010; 
Smolinski et al. 2015; Rey-Bellet Gasser et al. 2016). 
Cell damage due to reperfusion depends on various 
factors but mostly oxygen-derived free radicals, which 
are quickly produced in tissue by virtue of reperfusion 
(Nakagiri et al. 2010). Unbalance between antioxidants 
and free oxygen radicals is called as oxidative stress 
(Frederiks and Bosch 1995). Increased oxidative stress 
causes tissue damage which can be end up with necrosis 
or apoptosis (Kroemer et al. 2007; Broughton et al. 
2009). Reactive oxygen species (ROS) may lead to 

oxidative damage directly on lipids, DNA and proteins 
(Casini et al. 1997; Ito et al. 2003). Intracellular enzymes 
like glutathione peroxidase (GSH-Px), superoxide 
dismutase (SOD) and catalase (CAT) protect cells from 
ROS (Kurt et al. 2015; Topdağı et al. 2020). It has 
previously been proposed that the use of antioxidant 
pharmacological agents before or during reperfusion 
might protect against ovarian ischemia reperfusion (I/R) 
injury (Kohen and Nyska 2002; Park et al. 2013; Sengul 
et al. 2013). I/R injury has a complex pathophysiological 
mechanism. For example; ROS lead to injury, leukocytes 
perform adhesive infiltration, inflammatory mediators are 
released, energy metabolism is corrupted, etc.(Bertoni et 

al. 2014; Woodman et al. 2014). Interleukin-1β (IL-1β) 
and tumor necrosis factor-α (TNF-α) are examples for 
proinflammatory cytokines which appear in the early 
stages of inflammation, lead to neutrophil oxidative burst 
and free radical release (Dinarello 2000; Eltzschig and 
Collard 2004). I/R directly causes to damage in the 
primary organ. However, it has been reported by some 
researchers that I/R leads to the remote organ damage 
initiating a series of inflammatory and oxidative reactions 
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in the secondary organs and tissues (Sahna et al. 200;, 
Oguz et al. 2015).  
 Ampelopsin (2R,3R)-3,5,7-trihydroxy-2- (3,4,5-
trihydroxyphenyl) -2,3-dihydrochromen-4-, AMP, Figure 
1) is a bioactive component, also goes by the name of 
dihydromyricetin, and is among the most common 
flavonoids. Ampelopsis grossedentata (Hand-Mazz), 
commonly used in traditional Chinese medicine, is 
isolated from the leaves and roots of WT Wang which is 
specifically preferred to make an infusion called Rattan 
tea (Murakami et al. 2004; Kou and Chen 2012; Ye et al. 
2017). AMP has a great variety of pharmacological 
activities involving anti-hypertensive, antifungal, anti-
inflammatory, anticarcinogenic, anti-alzheimer and anti-
cholinesterase abilities (Zhang et al. 2012; Zhou et al. 
2014; Dung et al. 2015; Ye et al. 2017). AMP has strong 
antioxidant and anti-microbial activities and also 
hepatoprotective effect in different experimental 
protocols (Murakami et al. 2004). 
 We aimed to evaluate the possible beneficial 
effects of AMP, which has various biological properties 
such as antioxidant, anti-inflamatory on ovary as a primer 
organ and lung as a remote organ in order to alleviate the 
oxidative damage in the adnexial TD model.Also, as a 
result of our detailed literature reviews, we could not find 
any study about treatment or prophylactic effectiveness 
of AMP in TD model which is applied on ovarian tissue. 
In this respect, this is a valuable and orginal study that 
will contribute to the scientific literature.  

MATERIALS AND METHODS 

 Experimental phase of this research was 
performed at Atatürk University Experimental Animal 
Research and Application Center and experiment animals 
were supplied by the same place.Animals were kept into 
standard cages in laboratory environment provided with 
humidity, temperature and light/dark cycle control. 
Animals had access to food and water ad libitum.Animals 
were fasted before the experiment for 12 hours to prevent 
anesthesia complications.This research was initiated with 
approval of Atatürk University Experimental Animals 
Local Ethics Committee (30.06.2017/68). 

Experimental Groups and Torsion/Detorsion Model: 

Sprague Dawley type female rats (n=32) were weighed 
(260±10 g) and randomized into 4 groups. In sham group, 
the abdominal area was shaved, cleaned and opened with 
an incision under the anesthesia (ketamine/xylazine 60/10 
mg/kg i.p) and then closed again without TD model or 
any medication application. Anesthesia method and 
dosage were selected based on the previous studies 
(Ekinci Akdemir and Tanyeli, 2019; Topdağı et al. 2019). 
In TD group, immediately anesthesiawas given, after the 
subjects were prepared in the dorsal horizontal position, 
the incision field was washed using by povidone iodine 

and laparotomy incision was opened as 1-2 cm. Bilateral 
arteria, veins of ovary, fallopian tube and ovaries were 
rotated in clockwise 360 degrees and held with 
atraumatic microvascular clamp for 3 hours. Later, 
allowing blood circulation for 3 hours by opening the 
clamps in the detorsion period. Incision was closed with 
silk 3/0 suture. In this study, the ischemia-reperfusion (3 
hours; 3 hours) time was used in the experimental ovarian 
TD model was preferred based on previous studies(Sahin 
Ersoy et al. 2016). In 80 and 160 mg/kg doses AMP+TD 
groups, AMP was administered to rats orally at the doses 
of 80 and 160 mg/kg for 1 week before TD 
process.AMP(molecular formula; C15H12O8, purity ≥ 
98%) was purchased from Chem Faces. Ketamine and 
xylazine hydrochloride were bought from Rompun®, 
Bayer, Istanbul and Ketalar®, Pfizer, Istanbul, Turkey. 
AMP doseswere selected as a reference dose used the 
previous researches (Yeet al. 2017). Later, as described 
in TD group, the TD model was established. Following 
the experiment, all subjects were sacrificed by applying 
high-dose anesthesia, abdominal and thoracic areas were 
opened and then lung and ovarian tissues were removed. 
Finally, when the experiment is over, ovarian and lung 
tissues were washed and kept frozen at -80 oCuntil the 
biochemical analysis. 

Biochemical Measurements: Ovarian and lung tissues 
were processed for malondialdehyde (MDA) assay to 
determine lipid peroxidation status according to methods 
of Ohkawa et al(1979). The results were given as µmol/g 
tissue. It was measured using SOD activity determination 
protocol defined by Sun et al(1988). The results of tissue 
samples were presented in U/mg protein. We also 
quantified ovarian and lung injuries by measuring tissue 
myeloperoxidase (MPO) activity, the activity of 
infiltrated neutrophils, using a protocol developed by 
Bradley et al(1982).The results of MPO activity in tissue 
samples were given in U/g protein. The total antioxidant 
status (TAS) value was calculated with the commercially 
available kit (Rel Assay Diagnostics). Total oxidant 
status (TOS) measurement was made with commercially 
available kit (Rel Assay Diagnostics). TAS and TOS 
results were presented as nmol/L. TOS to TAS ratio was 
admitted as the Oxidative Stress Index (OSI). OSI value 
was detected as follows: OSI = [(TOS, μmol H2O2 

equivalent/L)/(TAS, mmol Trolox equivalent/L) × 10]. 
OSI may demonstrate the state of oxidative status more 
precisely compared to TOS value. IL-1β and TNF-α 
levels were determined with the commercially available 
kits(Elabscience, Wuhan, China). The results of IL-1β 
and TNF-α  were presented as pg/mg protein. 

Statistical Analysis: For all the results obtained in this 
study, statistical analysis was done using SPSS package 
program. For this purpose data of one-way analysis of 
variance (ANOVA) and Tukey from post hoc tests were 
applied in determining the relationship among groups. 
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Descriptive statisticsweregiven as the mean ± SEM. The 
results were evaluated statistically meaningful at p≤0.05 
level. 

RESULTS AND DISCUSSION 

 In this research it was applied AMP against 
ovarian and lung tissue injuries induced by experimental 
ovarian TD model, it was found that MPO activity, 
MDA, IL-1β and TNF-α levels,  TOS and OSI values 
were significantly higher in TD group compared to sham 
group, but these results significantly reduced due to 80 
and 160 mg/kg doses of AMP application in ovarian and 
lung tissues (see Table 1-2, Figure 2,3,4, p≤0.05). 
 SOD activity and TAS value are the antioxidant 
parameter levels and they were found to be lower in TD 
group compared to sham and other groups. The results of 
SOD activity and TAS value importantly increased via 80 
and 160 mg/kg doses of AMP administration in ovarian 
and lung tissues (see Table 1-2, p≤0.05). 
 Adnexal rotation directly leads to torsion. 
Rotation degree is effective on prognosis. Ischemia 
occurs due to ovarian torsion and in case of late 
treatment, necrosis occurs. There has been found no clear 
information about ovarian injury pathophysiology 
(Sagsoz et al. 2002). MDA and ROS levels increase due 
to I/R injury. Neutrophil adhesion and ROS secretion are 
observed during I/R injury (Kurose and Granger 1994). 
Lipid peroxidation is a result of ROS generation and it 
leads to impairment in cell membrane permeability, 
disruption in cellular integrity and eventually cell injury 
(Refaie and El-Hussieny 2017). Lipid peroxidation 
produces MDA and fatty acids (with three or more 
double bonds) take charge in this process. MDA leads to 
cross-linking of membrane components and then enzyme 
activity and ion permeability change by affecting the ion 
exchange through the cell membranes (Niki et al. 2005; 
Ximenes et al. 2005). Leukocytes accumulate and ROS 
increase in detorsion phase (Bozkurt et al. 2012). Aerobic 
metabolism involves ROS as an active component and it 
is purified by antioxidant enzymes like SOD and CAT 
(Gough and Cotter 2011). GSH and SOD are examples 
for natural free radical scavengers which take role on 
protection of tissues and organs against injury induced by 
ROS. In case of antioxidant and free radical scavenger 
depletion, ROS-induced injury and lipid peroxidation 
increase(Li et al. 2015). SOD is an important molecule in 
endogenous defence system which plays role against free 
radicals  (Senbel et al. 2014). TOS and TAS are used in 
I/R injury evaluation (Yaziciet al. 2014). TOS shows 
negative correlation with TAS (Erel 2004; Erel 2005). IL-
1β and TNF-αare examples for proinflammatory 
cytokines which appear in early stages of inflammation, 
lead to neutrophil oxidative burst and free radical release 
(Dinarello 2000; Eltzschig and Collard 2004). Several 
antioxidants demonstrated prevention against oxidative 

injury and inflammation in ovarian tissues exposed to I/R 
injury (Prieto-Moure et al. 2016). AMPwas preferred in 
this model which has a strong antioxidant and 
antiinflammatory effects for this purpose. 
 Many AMP-related studies are available in the 
literature supporting the results of present study. In this 
study, reduction of levels of oxidant and inflammatory 
parameters in ovarian TDinjury model in rats by AMP, 
suggesting that AMP decreased TD-induced injuries of 
ovarian and lung tissues.Intracellular ROS formation 
plays a critical role in modulating cell death, cell 
survivaland the production of massive amounts of ROS is 
known to be an important molecular mechanism that 
contributes to cell death by triggering cellular toxicity. 
Also, in addition, ROS is associated with a wide range 
and variety of different clinical conditions by activation 
of different signal transduction or transcriptional 
pathways (Simon et al. 2000; Fleury et al. 2002). In a 
study evaluating the therapeutic efficacy of AMP, it was 
reported to reduce the expression of nitric oxide and 
proinflammatory cytokines like TNF-α, IL-6 and IL-1β 
from lipopolysaccharide-induced by decreasing ROS 
level or by supporting downregulation (Qi et al. 2012).In 
another experimental study evaluating the medicable 
effect of AMP on acute phase response induced by 
lipopolysaccharide, it was reported that AMP treatment 
increased SOD, glutathione peroxidase, glutathione 
reductase activities and total glutathione levels by 
reducing oxidative stress and inflammation in liver tissue 
(Hou et al. 2017). Furthermore, it has been detected that 
AMP has influence to preclude the oxidative stress 
intracellular that may have been formed via ROS 
produced by macrophages due to the effect of D-
galactosamine (Murakami et al. 2004). In addition, in 
another study, there has been valuable scientific 
knowledge that ROS-mediated activation of 
PI3K/Akt/NF-κB signaling pathways were suppressed 
due to AMP administration and AMP alleviated 
endotoxic inflammation (Qi et al. 2012). In parallel with 
these studies, in present study, antioxidant and 
antiinflammatory properties of AMP have been shown in 
ovarian and lung tissues in TD model. In TD group, TAS 
level and SOD activity decreased while MPO activity, 
IL-1β, MDA, TNF-α levels, OSI, TOS values were 
increased and AMP treatment reversed these levels. 
 We assessed oxidative stress in the ovarian and 
lung tissues to search the possible mechanisms of the 
protective effect of AMP against TD-induced ovarian and 
lung tissues injuries. It was observed that oxidative stress 
decreased with AMP. To make effective changes in the 
clinical management of TD, the pathogenesis of TD-
induced organ damage should be better understood for 
the development of therapeutic strategies. Clearly 
observed in I/R studies that inflammation, oxidative 
stress suppression can provide significant contributions to 
the treatment of I/R. In the current study, inflammation, 
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oxidative stress pathways were suppressed by AMP and this promise hope in the treatment of TD.  

Table 1. Mean, minimum, maximum and standart error mean of Total Antioxidant Status (TAS), Total Oxidant 

Status (TOS) and Oxidative Stress Index (OSI) values of ovarian and lung tissues of all groups. 

 

Ovarian Tissue  Lung Tissue 

  

TAS 

(mmol/L) 

TOS 

(µmol/L) 

OSI 

(TAS/TOS) 

TAS 

(mmol/L) 

TOS 

(µmol/L) 

OSI 

(TAS/TOS) 

Sham Mean 0.67a 5.36a 0.81a 1.00a 6.65a 0.66a 

Minimum 0.49 4.82 0.58 0.87 5.69 0.56 
Maximum 0.83 5.88 1.10 1.27 7.53 0.86 

Std. Error of Mean 0.03 0.13 0.05 0.04 0.22 0.03 
TD Mean 0.36 a,b,c 8.51 2.35 0.60a,b,c 8.91a,b,c 1.47a,b,c 

Minimum 0.30 7.12 1.88 0.52 7.18 1,25 
Maximum 0.43 9.44 3.03 0.71 10.22 1.88 

Std. Error of Mean 0.01 0.27591 0.15 0.02 0.33 0.06 
80 mg/kg 
doses of 
AMP+TD 

Mean 0.57b 6.06b 1.06b 0.92b 7.27b 0.7954b 

Minimum 0.48 5.23 0.89 0.79 6.01 0.62 
Maximum 0.67 7.07 1.33 1.08 8.33 0.98 

Std. Error of Mean 0.02 0.20 0.06 0.03 0.29 0.04 
160 mg/kg 
doses of 
AMP+TD 

Mean 0.63c 5.57c 0.88c 1.00c 7.06c 0.72c 

Minimum 0.54 5.01 0.77 0.83 6.22 0.53 
Maximum 0.70 6.56 1.08 1,17 8.37 1.00 

Std. Error of Mean 0.02 0.20 0.04 0.04 0.28 0.05 
a,b,c:Among the groups that has the same letters are statistically significant at the p≤0.05 level. 
 

Table 2. Mean, minimum, maximum and standart error mean of Superoxide Dismutase (SOD) activity and 

Malondialdehyde  (MDA) level of ovarian and lung tissues of all groups. 

 
Ovarian Tissue Lung Tissue 

SOD 

(U/mg protein) 

MDA 

(µmol/g tissue) 

SOD 

(U/mg protein) 

MDA 

(µmol/g tissue) 

Sham Mean 353.43a 65.05a 257.70a 60.46a 
Minimum 287.27 53.56 201.74 52.89 
Maximum 442.83 77.78 335.72 71.24 

Std. Error of Mean 20.39 2.65 15.11 2.30 
TD Mean 172.78a,b,c 102.16a,b,c 138.01 a,b,c 107.86a,b,c 

Minimum 136.46 79.56 109.51 75.20 
Maximum 211.25 138.54 184.15 193.56 

Std. Error of Mean 8.83 7.09 7.95 13,32 
80 mg/kg 
doses of 
AMP+TD 

Mean 314.86b 71.27b 224.15b 69.19b 
Minimum 263.32 58.33 168.93 59.69 
Maximum 378.68 81.99 264.65 81.13 

Std. Error of Mean 14.68 2.83 12.29902 2.71 
160 mg/kg 
doses of 
AMP+TD 

Mean 346.36c 67.42c 252.29c 63.56c 
Minimum 299.68 60.57 203.48 52.24 
Maximum 424.71 80.00 306.52 72.38 

Std. Error of Mean 15.79 2.39 11.41 2.52 
a,b,c: Among the groups that has the same letters are statistically significant at the p≤0.05 level 
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Figure 1. Chemical structure of ampelopsin (Kou, Li et al. 2015). 

 
Figure 2. Tumor necrosis factor-alpha (TNF-α) and Interleukin 1beta (IL-1β) level of ovarian tissue of all groups. 

a,b,c:Among the groups that has the same letters are statistically significant at the p≤0.05 level. 

 

 
Figure 3.Tumor necrosis factor-alpha (TNF-α) and Interleukin 1beta (IL-1β) level of lung tissue of all groups. 

a,b,c: Among the groups that has the same letters are statistically significant at the p≤0.05 level 
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Figure 4.Myeloperoxidase (MPO) activities of ovarian and lung tissues of all groups. a,b,c: Among the groups that 

has the same letters are statistically significant at the p≤0.05 level. 

 

Conclusions:After all the data were evaluated, it is 
possible to say that treatment with AMP reduces ovarian 
and lung tissue damage in experimental animals exposed 
to TD model. Moreover, further researches are necessary 
for explain the other protective mechanismsin TD-
induced ovarian and lung injuries.  
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