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Abstract: Here, hyperoside (HYP) was investigated against ovarian
tissue injury induced by bilateral ovarian torsion detorsion (T/D)
model. 18 Sprague Dawley female rats were grouped as sham, T/D
and T/D+HYP. Sham group, abdominal incision was performed and
repaired with no additional intervention. T/D group, T/D model was
established. T/D+HYP group, HYP was administered by oral gavage
prior to detorsion. Following detorsion, rats were sacrificed and the
ovarian tissues were excised. Oxidant parameters elevated and
antioxidant values declined in T/D group compared to sham group.
HYP treatment decreased oxidant biomarkers and increased
antioxidant mediators. After all, HYP prevented ovarian tissue injury
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generated by T/D model in rats. © 2020 NTMS.
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1. Introduction

Ovarian torsion (O/T) may reduce ovarian reserve
through damaging ovarian tissue and therefore it is an
gynecological ~ emergency,  especially  during
reproductive period (1). Several clinical conditions lead
to O/T which diminishes or blocks ovarian blood flow
and results in tissue injury (2). Detorsion leads to
ischemia reperfusion (I/R) injury by enhancing reactive
oxygen species (ROS) production which aggravates the
ischemic injury (3). Early diagnosis has importance for
the viability of ovaries and keeping fertility (4, 5).
Antioxidant molecules play role in overcoming the
harmful effects of ROS (6). Malondialdehyde (MDA)
indicates tissue injury and it is generated as a result of
lipid peroxidation. It ruins enzymatic activity and
permeability of cell membrane (7).

Total oxidant status (TOS) is a significant parameter on
evaluating oxidative damage (8). Total antioxidant
status (TAS) reflects whole antioxidant activity.
Therefore, ratio between TOS and TAS determines
oxidative balance (9). Different agents have been
examined to alleviate or eliminate I/R-induced
oxidative injuries in various organs (10-14).

But the role of hyperoside (HYP) against ovarian
torsion detorsion (T/D) injury has not been investigated
yet. HYP is a flavonoid (15) performs against oxidative
stress through its anti-ischemic, anti-inflammatory and
antiapoptotic activities (16-18). HYP prevented I/R-
induced myocardial injury (19). HYP protected against
oxidative damage in lung cells induced by H20- (20).
HYP also performed protection against I/R-induced
liver damage (18).

Here, it was aimed to determine potential beneficial
effects of HYP against oxidative damage induced by
ovarian T/D.

2. Material and Methods

2.1. Experimental Animals and Ethical Approval

This study was carried out with the permission
(Protocol number: 07.11.2019-207) of Atatiirk
University Experimental Animals Local Ethics
Committee. The animals were supplied by Atatiirk
University Experimental Animal Research and
Application Center and here was also preferred for the
experimental steps. Animals were held in regular cages
via appropriate laboratory conditions.
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They were fed with standard pellet feed and water but
fasted 12 hours prior to experiment to avoid anesthesia
related complications.

2.2. Groups and Torsion Detorsion Model

Rats were immobilized in supine position. Abdominal
regions were barbered, cleaned and anesthesia was
administered prior to surgical procedure. Povidone-
iodine was used for the disinfection step. 60 mg/kg
intraperitoneal (i.p.) ketamine (Ketalar®, Pfizer,
Istanbul) and 10 mg/kg i.p. xylazine hydrochloride
(Rompun®, Bayer, Istanbul) were applied as anesthesia
to animals. HYP was obtained from Sigma Aldrich Co.
18 Sprague Dawley female experimental rats were
randomized as: Sham group: 1-2 cm incision, a median
laparotomy, was performed on abdominal area and then
it was repaired. T/D group: Following the incision, as
described in sham group, torsion was established by
rotating ovaries and related structures in clockwise 360
degrees and they were fixed by microvascular clamps.
Following 3 hours, clamps were removed providing
blood flow for 3 hours in detorsion phase. Incisions
were repaired by silk 3/0 suture. T/D+HYP group: All
procedures of T/D group were carried out and 20 mg/kg
HYP was given to the rats as i.p. prior to detorsion.
After the experiment, rats were sacrificed. Ovarian
tissues were excised and held at -80°C until the
biochemical analysis.

2.3. Biochemical Analysis of Ovarian Tissues

Firstly, all ovarian tissue samples were homogenized
and then all biochemical analyses were performed.
Interleukin-1 beta (IL-1B) and tumor necrosis factor-
alpha (TNF-a) were gauged through appropriate kits
(Elabscience, Wuhan, China).

MDA level was gauged through a previous described
method (21). Superoxide dismutase (SOD) activity was
determined via protocol presented by Sun et al (22).
Myeloperoxidase (MPO) activity was demonstrated
using a foreknown method (23). TAS and TOS values
were determined by commercial kits (Rel Assay
Diagnostics).
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Oxidative Stress Index (OSI) was measured as:
OSI=[(TOS, umol H>0, equivalent/L)/(TAS, mmol
Trolox equivalent/L)x10].

2.4. Statistical Analyses

SPSS package program was preferred for the
evaluation of the results. One-way ANOVA test was
used for data and Tukey test was used for the results
that with no distribution. All results were demonstrated
as MeantStandard Deviation (SD) and p value was
accepted significant when p<0.05 level.

3. Results

Table 1, 2 and figure 1 represent the biochemical results
of ovarian tissue samples. MPO activity, TOS, OSI,
TNF-a, MDA and IL-1 levels elevated significantly
while TAS value and SOD activity diminished in T/D
group when it is compared to sham group. HYP
treatment decreased oxidant values, pro-inflammatory
cytokine levels and increased antioxidant parameters.
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Figure 1: Comparisons of IL-1p and TNF-a levels
among sham, T/D and T/D+HYP groups. 2p<0.001
compared to sham group. °p<0.001 compared to T/D
group.

Table 1: Comparisons of Total Antioxidant Status (TAS), Total Oxidant Status (TOS) and Oxidative Stress Index

(OSI) levels among sham, T/D and T/D+HYP groups.

Experimental Groups TAS TOS osl

(n=6) (mmol/L) (umol/L) (arbitrary unit)
Sham 0,73 £0,04 5,87 +£0,81 0,80+£0,14

T/D 0,25+ 0,032 12,17 £ 1,352 4,88 £ 0,682
T/D+HYP 0,72 +0,02° 6,42 +£0,77° 0,88 £ 0,08°

4<0.001 compared to sham group. ®p<0.001 compared to T/D group.
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Table 2: Comparisons of Superoxide dismutase (SOD), Myeloperoxidase (MPO) activities, and Malondialdehyde

(MDA) levels among sham, T/D and T/D+HYP groups.

Experimental Groups SOD MPO MDA

(n=6) (U/mg protein) (U/g protein) (umol/g tissue)
Sham 428,36 +29,92 235159,09 £20761,28 53,68 £4,43
T/D 148,61 + 7,802 736561,96 + 55587,92¢ 136,17 + 12,362
T/D+HYP 408,87 + 26,12° 269082,17 + 35651,37° 66,57 + 4,30°

41<0.001 compared to sham group. ®p<0.001 compared to T/D group.

4. Discussion

O/T describes the spinning of ovaries and related
structures. During O/T, blood flow is interrupted,
ischemia and even necrosis occur in tissues (24).
Reperfusion leads to ovarian tissue damage even more
than ischemia (25, 26). O/T treatment mainly depends
on the protection of ovaries after detorsion (2).
Therefore, proactive measures are carried out against
tissue injury (27).

I/R injury pathogenesis includes various factors
including ROS formation, cytokine release and
inflammation (28). It has been proven that oxidative
stress causes tissue damage in various animal models
(29-32). Various factors including MPO, TOS, TAS
and MDA play role in oxidative stress determination.
MDA is commonly used to indicate oxidative stress
during I/R injury (33-35). Neutrophil infiltration is a
part of I/R injury and MPO reflects the neutrophil
activity (36). I/R enhances MPO activity in ovarian
tissues (37). Neutrophil activation and release of pro-
inflammatory cytokines such as TNF-a, IL-1B are
enhanced during I/R (38). Exposing to I/R results in
increase in TNF-a, IL-1B levels (39, 40). ROS plays
role in I/R-related tissue injury (41).

TOS, OSI and TAS values act as oxidative stress
indicators and have been used for this purpose in
various studies (42, 43). TAS and TOS demonstrate
oxidant and antioxidant equilibrium. TAS is an
indicator for all antioxidant activity while TOS is
limited with ROS (44, 45). SOD catalyzes superoxide
free radical conversion into molecular oxygen and
superoxide free radical. SOD protects tissues through
neutralizing free radicals (46).

HYP prevented H,O,-related apoptosis and oxidative
stress in granulosa cells by diminishing MDA levels
and supporting SOD activity (47). HYP inhibited free
radical formation in a previous study (48). Piao et al
showed that HYP decreased ROS production besides
enhancing antioxidant activity (20). Different agents
which performe feature anti-inflammatory, antioxidant
and radical scavenging effects have been examined
against various I/R injuries (49). In this study, oxidative
stress created in ovarian tissues through ovarian T/D
model and the potential beneficial properties of HYP
were examined against tissue injury. HYP
administration was successful on reducing oxidative
damage in ovarian tissues caused by ovarian T/D
model.

5. Conclusions

HYP is an effective agent against ovarian tissue injury
caused by ovarian T/D model via its antioxidant and
anti-inflammatory effects. It reduced ovarian tissue
injury and became a candidate for therapies against
ovarian T/D induced tissue injury.

Conflict of interest statement
None

Financial Support

None

References

1. Bayer Al, Wiskind AK. Adnexal torsion: can the
adnexa be saved? Am J Obstet Gynecol 1994;
171(6): 1506-10; 10-11.

2. Oelsner G, Shashar D. Adnexal torsion. Clin Obstet
Gynecol 2006; 49(3): 459-463.

3. Erkanli Senturk G, Erkanli K, et al. The protective
effect of oxytocin on ischemia/reperfusion injury in
rat urinary bladder. Peptides 2013; 40: 82-88.

4. Rey-Bellet Gasser C, Gehri M, Joseph JM,
Pauchard JY. Is It Ovarian Torsion? A Systematic
Literature Review and Evaluation of Prediction
Signs. Pediatr Emerg Care 2016; 32(4): 256-261.

5. Smolinski SE, Kreychman A, Catanzano T. Ovarian
Torsion:  Multimodality Review of Imaging
Characteristics. J Comput Assist Tomogr 2015;
39(6): 922-924.

6. Kalogeris T, Bao Y, Korthuis RJ. Mitochondrial
reactive oxygen species: a double edged sword in
ischemia/reperfusion vs preconditioning. Redox
Biol 2014; 2: 702-714.

7. Rodrigo R, Libuy M, Feliu F, Hasson D. Oxidative
stress-related biomarkers in essential hypertension
and ischemia-reperfusion myocardial damage. Dis
Markers 2013; 35(6): 773-790.

8. Aycicek A, Ipek A. Maternal active or passive
smoking causes oxidative stress in cord blood. Eur
J Pedatr 2008; 167(1): 81-85.

9. Akcilar R, Akcilar A, Savran B, et al. Effects of
ukrain in rats with intestinal ischemia and
reperfusion. J Surg Res 2015; 195(1): 67-73.

10.Eraslan E, Tanyeli A, Polat E, Polat E. 8-Br-
CADPR, a TRPM2 ion channel antagonist, inhibits
renal ischemia-reperfusion injury. J Cell Physiol
2019; 234(4): 4572-4581.

11.Eraslan E, Tanyeli A, Polat E, Yetim Z. Evodiamine
alleviates kidney ischemia reperfusion injury in



rats: A biochemical and histopathological study. J
Cell Biochem 2019; 120(10): 17159-17166.

12.Ozturk D, Erdogan DG, Tanyeli A, Comakli S,
Baylan H, Polat E. The protective effects of urapidil
on lung tissue after intestinal ischemia-reperfusion
injury. Turk J Biochem 2019; 44(4): 539.

13. Tanyeli A, Guler M, Eraslan E, et al. Barbaloin
attenuates ischemia reperfusion-induced oxidative
renal injury via antioxidant and anti-inflammatory
effects. Med Sci 2020; 9(1): 246-250.

14.Dogan C, Halici Z, Topcu A, et al. Effects of
amlodipine on ischaemia/reperfusion injury in the
rat testis. Andrologia 2016; 48(4): 441-452.

15.Zou YP, Lu YH, Wei DZ. Antioxidant activity of a
flavonoid-rich extract of Hypericum perforatum L.
in vitro. J Agr Food Chem 2004; 52(16): 5032-
5039.

16. Conforti F, Statti GA, Tundis R, Menichini F,
Houghton P. Antioxidant activity of methanolic
extract of Hypericum triquetrifolium Turra aerial
part. Fitoterapia 2002; 73(6): 479-483.

17.Schettler V, Methe H, Staschinsky D, Schuff-
Werner P, Muller GA, Wieland E. Review: the
oxidant/antioxidant balance during regular low
density lipoprotein apheresis. Ther Apher 1999;
3(3): 219-26.

18.Shi YP, Qiu XX, Dai MJ, Zhang XB, Jin GX.
Hyperoside  Attenuates  Hepatic  Ischemia-
Reperfusion Injury by Suppressing Oxidative Stress
and Inhibiting Apoptosis in Rats. Transpl P 2019;
51(6): 2051-2059.

19. Xiao R, Xiang AL, Pang HB, Liu KQ. Hyperoside
protects against hypoxia/reoxygenation induced
injury in cardiomyocytes by suppressing the Bnip3
expression. Gene 2017; 629: 86-91.

20.Piao MJ, Kang KA, Zhang R, et al. Hyperoside
prevents oxidative damage induced by hydrogen
peroxide in lung fibroblast cells via an antioxidant
effect. Bba-Gen Subjects 2008; 1780(12): 1448-
1457,

21.0Ohkawa H, Ohishi N, Yagi K. Assay for Lipid
Peroxides in Animal-Tissues by Thiobarbituric
Acid Reaction. Anal Biochem 1979; 95(2): 351-
358.

22.Sun Y, Oberley LW, Li Y. A Simple Method for
Clinical Assay of Superoxide-Dismutase. Clin
Chem 1988; 34(3): 497-500.

23.Bradley PP, Priebat DA, Christensen RD, Rothstein
G. Measurement of cutaneous inflammation:
estimation of neutrophil content with an enzyme
marker. J Invest Dermatol 1982; 78(3): 206-209.

24.Hibbard LT. Adnexal torsion. Am J Obstet Gynecol
1985; 152(4): 456-61.

25.Sak ME, Soydinc HE, Sak S, et al. The protective
effect of curcumin on ischemia-reperfusion injury
in rat ovary. Int J Surg 2013; 11(9): 967-970.

26. Ozkisacik S, Yazici M, Gursoy H, Culhaci N. Does
gradual detorsion protect the ovary against
ischemia-reperfusion injury in rats? Pediatr Surg
Int 2014; 30(4): 437-440.

Hyperoside mitigates ovarian damage

27.0zler A, Turgut A, Soyding HE, et al. The
biochemical and histologic effects of adnexal
torsion and early surgical intervention to unwind
detorsion on ovarian reserve: an experimental
study. Reprod Sci 2013; 20(11): 1349-1355.

28.Yaman Tunc S, Agacayak E, Goruk NY, et al.
Protective effects of honokiol on
ischemia/reperfusion injury of rat ovary: an
experimental study. Drug Des Devel Ther 2016; 10:
1077-1083.

29.Tanyeli A, Giizel G. Investigation into the
Biochemical Effects of Barbaloin on Renal Tissue
in Cecal Ligation and Puncture-Induced
Polymicrobial Sepsis Model in Rats. Sout Clin
Istanb Eurasia 2019; 30: 285-289.

30. Tanyeli A, Giizel D. Alliin mitigates Cecal Ligation
Puncture (CLP)-induced lung injury through
antioxidant and antiinflammatory effects. Turk J Sci
2019; 4(2): 46-59.

31.Ekinci Akdemir FN, Tanyeli A. The Antioxidant
Effect of Fraxin against Acute Organ Damage in
Polymicrobial Sepsis Model induced by Cecal
Ligation and Puncture. Turk J Sci 2019; 4(1): 22-
29.

32. Tanyeli A, Eraslan E, Guler MC, Ozbek Sebin S,
Demet Celebi D, Ozgeris FB, Toktay E.
Investigation of biochemical and histopathological
effects of tarantula cubensis D6 on lung tissue in
cecal ligation and puncture-induced polymicrobial
sepsis model in rats. Med Sci 2019; 8(3): 644-650.

33.Ergenoglu M, Erbas O, Akdemir A, et al
Attenuation  of  ischemia/reperfusion-induced
ovarian damage in rats: does edaravone offer
protection? Eur Surg Res 2013; 51(1-2): 21-32.

34.Yildirim N, Yigitturk G, Sahingoz Yildirim AG, et
al. Octreotide protects ovary against ischemia-
reperfusion injury in rats: Evaluation of histological
and biochemical parameters. J Obstet Gynaecol Res
2015; 41(10): 1591-1597.

35. Akdemir A, Erbas O, Gode F, et al. Protective effect
of oxytocin on ovarian ischemia-reperfusion injury
in rats. Peptides 2014; 55: 126-130.

36.Zhang Y, Zhu J, Guo L, et al. Cholecystokinin
protects mouse liver against ischemia and
reperfusion injury. Int Immunopharmacol 2017; 48:
180-186.

37. Meister A. Glutathione deficiency produced by
inhibition of its synthesis, and its reversal;
applications in research and therapy. Pharmacol
Therapeut 1991; 51(2): 155-194.

38. Raup-Konsavage WM, Gao T, Cooper TK, Morris
SM, Jr, Reeves WB, Awad AS. Arginase-2
mediates renal ischemia-reperfusion injury. Am J
physiol Renal 2017; 313(2): 522-534.

39.Sengul O, Ferah I, Polat B, et al. Blockade of
endothelin  receptors with  bosentan  limits
ischaemia/reperfusion-induced injury in rat ovaries.
Eur J Obstet Gynecol Reprod Biol 2013; 170(2):
458-463.



Giiler MC and Tanyeli A

40. Lutz J, Thiirmel K, Heemann U. Anti-inflammatory
treatment strategies for ischemia/reperfusion injury
in transplantation. J Inflamm (Lond) 2010; 7:27.

41. Murphy E, Steenbergen C. Mechanisms underlying
acute protection from cardiac ischemia-reperfusion
injury. Physiol Rev 2008; 88(2): 581-609.

42.Kumas M, Altintas O, Karatas E, Kocyigit A.
Protective Effect of Ischemic Preconditioning on
Myocardium Against Remote Tissue Injury
Following Transient Focal Cerebral Ischemia in
Diabetic Rats. Arq Bras Cardiol 2017; 109(6): 516-
526.

43. Soylu Karapinar O, Pinar N, Ozcan O, Ozgiir T,
Dolapgioglu K. Protective effect of alpha-lipoic
acid in methotrexate-induced ovarian oxidative
injury and decreased ovarian reserve in rats.
Gynecol Endocrinol 2017; 33(8): 653-659.

44.Rabus M, Demirbag R, Sezen Y, et al. Plasma and
tissue oxidative stress index in patients with
rheumatic and degenerative heart valve disease.
Turk Cardiol Assoc 2008; 36(8): 536-540.

45. Erel O. A new automated colorimetric method for
measuring total oxidant status. Clin Biochem 2005;
38(12): 1103-1111.

46. Arosio B, Gagliano N, Fusaro LM, et al. Aloe-
Emodin quinone pretreatment reduces acute liver
injury induced by carbon tetrachloride. Pharmacol
Toxicol 2000; 87(5): 229-233.

47.Wang XX, Fan GM, Wei FM, Bu Y, Huang WH.
Hyperoside protects rat ovarian granulosa cells
against hydrogen peroxide-induced injury by sonic
hedgehog signaling pathway. Chem-Biol Interact
2019; 310.

48.Liu ZY, Tao XY, Zhang CW, Lu YH, Wei DZ.
Protective effects of hyperoside (quercetin-3-o-
galactoside) to PC12 cells against cytotoxicity

induced by hydrogen peroxide and tert-butyl
hydroperoxide. Biomed Pharmacother 2005; 59(9):
481-490.

49. Tanyeli A, Ekinci Akdemir FN, Eraslan E, Guler
MC, Sebin S, Giilgin I. Role of p-Coumaric acid in
Alleviating of the Intestinal Ischemia/Reperfusion
Injury. Kocaeli Med J 2020; 9: 166-173.

50. Topdagi O, Tanyeli A, Ekinci Akdemir FN, Eraslan
E, Guler MC, Comakli S. Preventive effects of
fraxin on ischemia/reperfusion-induced acute
kidney injury in rats. Life Sci 2020; 242: 117217.

51.Guzel D and Tanyeli A. Investigation of
Chlorogenic Acid (Cga) as An Antioxidant in Renal
Ischemia-Reperfusion Injury: An Experimental
Study. Sakarya Med J 2018; 8(2): 410-415.

52. Giizel D and Tanyeli A. Investigation of Oxidative
Damage of Lung Tissue in Experimental Renal
Ischemia Reperfusion Model and The Protective
Effects of Chlorogenic Acid (CGA). Sakarya Med
J 2018; 8(2): 260-265.

53. Topdag1 O, Tanyeli A, Ekinci Akdemir FN, Giizel
Erdogan D, Giiler MC, Eraslan E. Higenamine
decreases testicular damage injured by ischemia
reperfusion: A biochemical study. Turk J Sci 2019;
4(2): 92-99.

Authors' ORCID

Mustafa Can Giiler
http://orcid.org/0000-0001-8588-1035
Ayhan Tanyeli
http://orcid.org/0000-0002-0095-0917

NTVIS

Now Trends in
Medicine Sciences

https://dergipark.org.tr/tr/pub/ntms
All Rights Reserved. © 2020 NTMS.



http://orcid.org/0000-0002-4000-2815
https://dergipark.org.tr/tr/pub/ntms

