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Abstract

Electro-acupuncture is widely used in gynecology. Adnexal torsion is an important threat to
ovarian reserves in women of reproductive age. This is the first study to investigate whether
electro-acupuncture is beneficial in protecting ovarian reserves in case of adnexal torsion
resulting in reperfusion injury. Thirty-two female Wistar Albino rats were randomized into
four groups: the first group—sham operation, the second group—torsion/detorsion model, the
third group—pre-acupunture -+ torsion/detorsion + post-acupuncture, and the fourth
group—torsion/detorsion + post-acupuncture. The acupoints used were CV4 and bilateral SP6
Ex-CA1, Kid3, and ST36. In the third group, the acupoints were needled for two weeks before
torsion, continuing for a further two weeks after torsion. In the fourth group, needling began
after torsion and was maintained for two weeks. Both histological and biochemical parameters
indicating ovarian reserves showed that electro-acupuncture applied to the above points
exhibited an ameliorating effect on ovaries injured during ischemia/reperfusion.
Electro-acupuncture may be capable of protecting against and preventing
ischemia/reperfusion injury in case of ovarian torsion.
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1. Introduction

Ovarian torsion is an important emergency in the second to fourth decades of women’s
reproductive lives. The condition occurs in approximately 3% of all gynecological emergency
conditions [1]. Ovarian torsion refers to twisting of the ovary. Venous return is first
interrupted, followed by tissue edema and internal hemorrhage. If the torsion continues, the
arterial supply to the ovary also ceases, leading to tissue necrosis and follicular depletion [2].
In previous decades, the recognized therapeutic option in case of a necrotic and swollen ovary
was salpingo-oopherectomy. However, in the last two decades, it has been recognized that
follicles can be preserved even in swollen and purple-blue necrotic ovaries. Conservative
management with detorsion is therefore recommended [3]. After the entry into use of
detorsion therapy for adnexal torsion, the question of reperfusion ischemic injury came to
prominence. Tissue oxidative products accumulate in the interval between torsion and
detorsion and damage the ovarian tissue following reperfusion [4]. Consequently, researchers
have started to explore various agents, plant extracts, or methods for reversing such
reperfusion ovarian injury without resulting in ovarian follicular depletion.

In gynecology practice, acupuncture has been investigated in a number of clinical randomized
studies, for the purpose of increasing retrieved oocytes in assisted reproduction, for improving
pregnancy rates and live birth rates in IVF cycles [5], for thickening the endometrium [6], for
enhancing diminished ovarian reserve (DOR) [7], and for improving fertility in polycystic
ovary syndrome (PCOS) [8]. Previous research has reported that acupuncture lowered
follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels, and increased serum
levels of anti-Miillerian hormone (AMH) and estradiol (E2) in patients with DOR [9].
Previous studies have shown that electro-acupuncture (EA) regulates ovarian blood flow in
rats, as well as modulating uterine artery blood flow in humans [10]. Furthermore, in terms of
reproductive organ blood supply, the efficacy of abdominal acupuncture in increasing human
testicular blood flow has also been investigated. Increased testicular blood flow was observed
when the acupoint Gulai (S-29) was stimulated at a 10 Hz frequency [11]. In addition to the
reproductive system, EA has also been shown to exhibit ameliorating effects on oxidative
stress in the liver [12], spinal cord [13], and also EA is studied in diabetic rats [14] and even
in obesity there have been shown ameliorating effects [15]. An experimental study of
testicular torsion/detorsion also reported amelioration of oxidative stress following bilateral
stimulation of acupoint S-29 in male rats [16].

Numerous studies have investigated the efficacy of acupuncture or EA in female reproductive
system diseases such as PCOS, premature ovarian failure (POF), and DOR. However, this is
the first study to investigate the efficacy of EA in ovarian reperfusion injuries in rats.
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2. Materials and methods

2.1. Animals:

Thirty-two female Wistar Albino rats, aged eight weeks and weighing 180-250 g, were
purchased from the Samsun 19 Mayis University Experimental Animal Science Department,
Turkey. Wistar Albino rats have generally been used for experimental studies of the female
reproductive system, and rat acupuncture mapping is more practical than using mice. The
local Ordu University Animal Ethics Committee approved the experimental stages (Date of
approval: 12/09/2019; Approval number 82678388/07).

Rats were housed in a controlled manner (12 h light/12 h dark, 22°C, 55-65% humidity, with
free access to nutrient sand food), in plastic cages containing four animals each. During the
first week, following the purchase and transfer of rats from the Samsun 19 Mayis University
Animal Science Department to the Ordu University Animal Science Laboratory where the
experiments would be conducted, the rats were left to acclimatize to their new conditions and
housing. After the adaptation week, all rats were immobilized in a special setup for adaptation
to EA application, for 20 min a day, thus mimicking the experiment. The setup consisted of a
handmade wood plate with attachment sites for cords in all four corners. Rats were held down
and tied using smooth, non-traumatic cords from all four distal extremities, the ventral region
facing the investigator.

Electro-acupuncture stimulations were conducted with a professional six-ducted EA
stimulation and transcutaneous electrical nerve stimulation devices (Product code: AKU130,
China). Stainless steel needles 0.20*13 mm in size were applied to the acupoints at depths of
5-8mm. The needles were then linked to a device emitting a continuous wave frequency of 2
Hz and 2 mA current producing vibration around the acupuncture area. EA stimulations
(displayed in Figure 1.) on the bilateral Sanyinjiao (SP6), Zusanli (ST36), Taixi (Ki3), Zigong
(ExCA-1) points and the Guanyuan (CV4) point were conducted at fixed time points for each
group of rats (16.00 p.m. - 19.00 p.m.), 20 min for each rat, in line with previous acupuncture
studies [17,18].

Animals were randomized into four groups of eight animals each, using a computer-based
random order generator. The first group (n=8, sham operation group) was the sham operation
group in which a midline incision below the umbilicus was made, the internal organs were
manipulated, and the incision was then closed after 3 h, similarly to the other ovarian torsion
groups. The second group (n=8, torsion/detorsion model) underwent ovarian torsion/detorsion
with sham acupoint needling. The first sham acupoint was on the inner face of the leg, four
body units down to the popliteal fold, the second on the posterior of the leg, six body units
down to the popliteal fold and one body unit lateral to the midline, and the third was located
one body unit laterally to the anterior midline, and one body unit above the umbilicus, in
agreement with previous study reports [19,20]. These acupoints were stimulated for the same
duration (20 minutes) as the original acupoints used in those studies. The third group (n=8,
pre-acupuncture treatment + torsion/detorsion + post-acupuncture) received pretreatment with
EA. At the end of the adaptation week, EA was initiated with theCV4 and bilateral SP6,
Ex-CAl, Kid3, and ST36 acupoints. Application was performed from Monday to Friday,
between 16.00 p.m. and 19.00 p.m., for two weeks, over a total of 10 sessions. The ovarian
torsion/detorsion model was then applied, and EA was administered for a further two weeks
using the same acupoints as described above. The fourth group (n=8, torsion/detorsion+post
acupuncture) was the post-EA treatment group. One day after torsion-detorsion, EA was
applied from Monday to Friday, for two weeks, between 16.00 p.m. and 19.00 p.m. at the
same acupoints as described above.
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Figure 1. Ex-CA1: Supine position; 3 cun lateral to and 1 cun above the upper margin of the
pubic bone. Ki-3: On the inner aspect of the foot, posterior to the medial malleolus, in the
excavation between the medial malleolus and tendo calcaneus. CV4: The lower 1/5 of an
imaginary line between the xiphoid and pubic symphysis. SP6: Approximately 1 cm above
the top of the medial malleolus and anterior to the rear border of the tibia. ST36: Directly
below the capitulum fibulae on the posterior side of the knee joint, the needle being inserted at
a depth of 5-7 mm.

2.2. Ovarian Ischemia—Reperfusion Modelling (torsion/detorsion):

Rats were food-deprived for 16 h before surgery, but were allowed access to water. A mixture
of 40 mg/kg ketamine (Ketalar, Eczacibasi, Turkey) and 10 mg/kg xylazine hydrochloride
(Alfazyne, Alfasan, Holland) was employed for general anesthesia. Ophthalmic ointment was
used to prevent corneal drying. Depth of anesthesia was evaluated every 5 min based on
various reflexes (corneal touch and pedal flexion). Intra cardiac blood sampling was first
performed for the investigation of hormone profiles. After removing the bristles on the lower
abdomen and cleaning with povidone-iodine, a 1.5-2 cm midline and vertical incision was
made to the lower abdomen in order to explore the ovaries and uterine horns. In the sham
operation group, the incision was closed following manipulation and observation of uterine
horns and ovaries. In the other three groups, ischemia was induced for 3 h with the application
of atraumatic clips to the vascular pedicle 1 cm superior and inferior to the right ovary.
Following 3-h ischemia, the abdomen was opened. The presence of swollen and dark purple
ovaries (Figure 2) was regarded as successful application of the ischemia model, and
detorsion was then performed. The abdominal incisions were closed with 3-0 vicryl sutures
(polyglactin 910, Ethicon, NJ, USA). Daily wound care was applied on the following days. At
the end of the acupuncture treatments, the rats were anesthetized, and oophorectomy was
carried out for histological sampling after intra cardiac blood collection. Finally, the rats were
sacrificed via cervical dislocation under painless anesthesia. Blood and tissue samples were
stored at -80°C in a deep freeze until analysis.

' e e
Figure 2. Successful Torsion Injury
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2.3. Histopathological evaluations:

Ovarian tissues were fixed in 10% formalin for light microscopy, passed through
consecutive70%, 90%, 96%, and 100% alcohol series, cleared with xylene, and embedded in
paraffin. Tissue sections 5 pm in thickness were next cut from the paraffin blocks using a
semi-automatic microtome (DiaPath Galileo Semi-Automatic Microtome, Italy) and stained
with hematoxylin and eosin. All sections were photographed with an Olympus DP26 digital
camera (Olympus, Tokyo, Japan) attached to an Olympus BX53F microscope (Tokyo,Japan).
All preparations were photographed with CellSens imaging software (Olympus, Tokyo,Japan)
and transferred to a digital medium. Histopathological evaluation was performed by a
histology specialist blinded to the study groups.

2.4. Biochemical evaluations; Hormone Assay:

Intra cardiac blood samples were first collected immediately prior to the torsion/ detorsion
operation, and again after the last day of EA. These samples were centrifuged at 1000*g for
20 min at 4°C. The resulting supernatants were aliquoted and stored at -80°C until the day of
investigation. Serum follicular stimulating hormone (FSH, E-EL-R0391, 96 well, Elabscience,
USA), serum luteinizing hormone (LH, E-EL-R0026; 96 well; Elabscience, USA), serum
estradiol (E-EL-0152; 96 well; Elabscience, USA), and serum AMH (E-EL-R3022; 96 well;
Elabscience, USA) were estimated in rat serum using sandwich enzyme-linked
immunosorbent assay (ELISA) kits with the non-competitive sandwich ELISA method. The
FSH assay measured concentrations in a detection range of 3.13-200 ng/mL. The sensitivity
of the test was 1.88 ng/mL, and intra- and inter-coefficients of variation were <10%. The LH
assay measured concentrations in a detection range of 1.56-100 mIU/mL. The sensitivity of
the test was 0.94 mIU/mL, and intraand inter-coefficients of variation were <10%. The
estradiol assay measured concentrations in a detection range of 1.56-100 pg/mL. The
sensitivity of the test was 1.00 pg/mL, and intra- and inter-coefficients of variations were
<10%. The AMH assay measured concentrations in a detection range of 62.50-4000 pg/mL.
The sensitivity of the test was 37.50 pg/mL, and intra- and inter-coefficients of variation were
<10%. Optical density (OD) was measured spectrophotometrically at a wave length of 450
nm = 2 nm. OD values reflected the concentrations of rat FSH, LH, estradiol, and AMH.

2.5. Statistical Analysis:

All values were represented as mean + standard deviation. Differences were considered
significant at p <0.05. SPSS Version 26 software was used for statistical analysis.

Biochemical variables were analyzed made using One-Way ANOVA and Tukey’s post hoc
honest significant difference test. The Shapiro-Wilk test was applied to detect the normality of
distribution of variables. Levene’s test was used to assess the homogeneity of the group
variances. Multi-group comparisons of nonparametric variables were performed using the
Kruskal-Wallis test.
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3. Results
3.1. Biochemical Results:

The groups’ hormone assay results are shown in Table 1. Due to the significant quantities of
comparable data elicited, only statistically significant data are shown in the table as
upper-case letters. Elevation in FSH and LH hormone levels was observed after two weeks in
the torsion/detorsion group compared to the sham operation group, while AMH and estradiol
levels had decreased. FSH hormone levels were significantly higher in the torsion model
group than in the other three groups. FSH levels were lower in both acupuncture groups
(group 3 and 4) than in the torsion/detorsion model group (shown as %' in the table, p=
0.000). LH hormone levels also increased in the torsion/detorsion model group ("p=0.002).
The increase in the torsion/detorsion+ post-acupuncture group (group 4) was also statistically
significant (°p=0.02). Estradiol levels decreased in the torsion/detorsion-model group, the
pre-acupuncture + torsion/detrosion + post-acupuncture group, and the torsion/detorsion +
post-acupuncture group (dp=0. 003, ‘p=0.03, and I:19=0. 047, respectively). However, while a
significant difference was observed between the sham operation and torsion/detorsion-model
groups, there were no differences between the sham group and either of the acupuncture
groups. Estradiol levels in both acupuncture groups decreased after 15 days of torsion injury,
but no significant difference was observed with the sham group. Finally, AMH levels
decreased significantly in the torsion/detrosion model group after 15 days of torsion injury
(p=0.000), and significant differences were determined between both acupuncture groups and
the torsion/detorsion-model group ("p=0.000, and "p= 0.000). In terms of AMH, a significant
difference was observed between the torsion/detorsion model group and third group
(torsion/detrosion + post-acupuncture group) ("p= 0.004), but no significant difference was
determined compared with the pre-acupuncture + torsion/detorsion + post-acupuncture group.

3.1. Histological Results:

All rats were subjected to histological evaluation to detect differences in tissue edema,
follicular growth, and atretic follicles between the groups and represented in Figure 3. In the
sham group, the ovaries exhibited no macroscopic or microscopic pathological changes.
Follicles at different stages of maturation (primordial, primary, secondary, tertiary follicles
and corpus luteum) were observed inside the normal ovarian stroma. In the torsion/detorsion
group, the majority of follicles had become atretic, exhibiting intense vacuolization and
edema, hemorrhagic areas, and cystic-degenerated follicles. In the pre-acupuncture +
torsion/detorsion + post-acupuncture group, the ovaries were very similar in appearance to
those of the control group, exhibiting anormal structure and developing follicles inside the
stroma. In the torsion/detorsion + post-acupuncture groups, occasional atretic follicles were
observed, but the normal follicle structure was largely preserved.
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Table 1. Hormone assay results

FSH(1) FSH(2) LH (1) LH (2) E2(1) E2(2) AMH (1) | AMH (2)
(ng/mL) | (ng/mL) | (mIU/mL) (mIU/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL)
Sham (n=8) 161.8 167.6+ | 75.0+11.2 | 67.8+7.5 | 33.8+4.9 36.8+7.4" | 3623.6+ | 3571.5+
+3.9 6.2° 370.5 467.7"
Torsion/detorsion | 172.2+ 1950+ | 72.0+45.7° | 895+59° | 35.8+4.7° | 155+ 3223+ 1721+
Model(n=8) 5.1° 4,677 1.8%8" 486 280.8 ™"
Preacupuncture+ 169.0+ 170.5 + 71.7 +8.5 76.1+3.7 46.7+ 33.0+ 3489.1+ 3092+
Torsion/detorsion | 8.1 4.9 109°¢ 33°%¢ 424 250.3™
+
postacupuncture
(n=8)
Torsion/detorsion | 170.2+ | 1741+ | 66.2+6.1° | 79.6+3.3° | 38.8+ 30.1+2.6' | 3317.7+ | 2718+
+ Postacupuncture | 8.5 7.3¢ 9.0f 397 291.9%"
(n=8)

°p=0,000, "p=0.002, “p=0.02, °p=0.003, °p=0.03, 'p=0.047, ®p= 0.008, "p= 0.002, 'p=0.000, “p= 0.004, "p=0.000,
"p= 0.000, "p=0,000,"p=0,000, 'p=0,000

Figure 3. Histopathological results. (a) Sham group (K-10x): Germinative epithelium
(chevrons), Tertiary follicles (TF); Teka layer (T), Granulosa cells (GC), Antrum (A), Oosit
(arrowhead), H&E; x100. (b) Sham group(K-20x): Teka layer(T), granulosa cells (GC),
Antrum (A), Primary follicle (right arrow), oocyte (arrowhead), H&E; x200. (c)
Torsion/detorsion-Model (T-10x): Atretic follicle (star), Cystic folicle (up arrow), H&E;
x100. (d) Torsion/detorsion-Model (T-20x): Atretic follicle (star), Vacuolisation
(Rightwards Arrow with Notched Tail), edema and haemorrhagic area (6-pointed star), H&E;
x200. (e) Pre-acupunctire + Torsion/detorsion + Post-acupuncture(PA-20x-1): Tertiary
follicles (TF); Teka layer (T), Granulosa cells (GC), Antrum (A), oocyte (arrowhead),
Primary follicle (right arrow) H&E; x200. (f) Pre-acupunctire + Torsion/detorsion +
Post-acupuncture(PA-20x-1): Secondary follicles (SF); Teka layer (T), Granulosa cells
(GC), antral vesicles (AV), oocyte (arrowhead), H&E; x200. (g) Torsion/detorsion +
Post-acupuncture(T-A-10x): Germinative epithelium (chevrons), Corpus luteum (CL),
Tertiary follicles (TF), Primary follicle (right arrow), Atretic follicle (star), H&E; x100. (h)
Torsion/detorsion + Post-acupuncture(T-A-20x): Tertiary follicles (TF); Teka layer (T),
Granulosa cells (GC), Atretic follicle (star), Vacuolisation (Rightwards Arrow with Notched
Tail), H&E; x200.
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4. Discussion

In case of ovarian torsion, the reperfusion state in which accumulated ROS attack the ovarium
following detorsion surgery is particularly responsible for follicular apoptosis [21]. Numerous
pharmaceutical agents have been investigated for the purpose of reducing inflammation,
protecting the follicles from apoptosis, and enhancing the antioxidant capacity of the ovary
[22]. The anti-apoptotic and anti-inflammatory effects of EA have been studied under various
conditions. EA has been shown to reduce the infarct area and nerve cell apoptosis in cerebral
ischemia [23]. The cardio-protective effect of EA has also been studied in a rat model of
myocardial injury, and the mechanisms, such as regulation of mitochondrial autophagy and
inhibition of NLRP3 inflammasome activation have also been investigated [24]. EA
pre-treatment has been shown to inhibit apoptosis by the mitochondrial dependent pathway in
arat cervical disc degradation model [25].

The reproductive organs display a high degree of vascularization, that blood supply being
highly important for ovulation in both humans and animals [26]. Studies investigating the
effect of EA on ovarian blood flow in animals have shown that low frequency EA at
intensities of both 3 mA and 6 mA increased ovarian blood flow through mediation via the
sympathetic nerves, and that maintenance of high OBF is necessary for ovulation. EA reduces
sympathetic ovarian activity by modulating sensory, motor and autonomic outflow at the
segmental level [27].

EA points in this study were selected in accordance with previous studies. Ovarian torsion is
capable of progressing to POF (Premature Ovarian Failure), but neither POF nor ovarian
torsion have been described in acupuncture medicine. The acupoints selected in the present
study were therefore generally those used in the treatment of amenorrhea and infertility, for
increasing ovarian and endometrial blood flow, and for improving follicular growth. TCM
explains these diseases or disturbances in terms of insufficient transformation of blood of the
spleen and stomach, and consumption of yin blood, the main deficiency observed being
kidney deficiency and dysfunction. CV4 (Guan Yuan) is described as the site where yin and
yang meet, while ST36 (Zusanli) warms the spleen and stomach, and provides Qi and blood
nourishment. SP6 (Sanyinjiao) is an acupoint frequently used in female disorders and that
harmonizes liver functions and nourishes renal Qi. A combination of acupoints CV4, ST36,
SP6 and KI3 was used to study POF in a previous human study, the authors reporting
decreases in FSH and LH hormones and increases in estradiol hormones. Similar biochemical
results were observed in the present study, AMH and estradiol hormones decreasing
significantly in the torsion/detorsion-model group, while the decreases in the both
acupuncture groups (group 3 and 4) were not significant [28,29,30].

The present study, the first of its kind in the literature, was intended to investigate the
protective effect of EA in a rat model of ovarian ischemia-reperfusion injury resulting in
decreased ovarian reserves. The results suggest that the acupuncture points studied may be
effective in ameliorating the histological and biochemical effects of ischemia on the ovary in
terms of ovarian reserve markers. While AMH and estradiol decreased significantly in the
torsion/detorsion model group, the decreases in the both acupuncture groups (group 3 and 4)
were not statistically significant. Only a slight difference was observed between the sham
operation group and torsion/detorsion + post-acupuncture groups in terms of AMH. FSH
levels increased in both acupuncture groups, but not statistically significantly compared with
the sham group. The number of experimental studies investigating the effects of reperfusion
injury on ovarian reserve markers to date is limited. One study investigated N-acetylcysteine
(NAC) and enoxaparin in terms of ovarian reserve marker preservation after torsion and
detorsion injury. The authors reported higher AMH values in the NAC administration group
compared with the enoxaparin and control groups [31]. Moreover, histologically similar
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results to those in the sham group were observed in the preacupuncture + torsion/detorsion +
postacupuncture group. Follicular structure was protected, and no atretic follicles were
observed in the third group. Occasional atretic follicles were observed in the post-acupuncture
group (group 4), but no edema, hemorrhage, cystic degradation or vacuolization comparable
to those detected in the torsion/detorsion-model group occurred.

In addition to the ameliorating effects of EA on ischemic liver, brain, and heart injuries, its
effects on torsion-ischemia have also studied in a testicular torsion model. In that study, the
researchers investigated the blood flow modulation effect in twisted arteries using 3D
ultrasound imaging and observed significant improvement in bilateral testicular blood flow
following electrical stimulation [32]. The modulation of blood flow to the pelvic and genital
organs by EA in various conditions has been investigated in both human and animal studies
[33,34]. Both histological and ovarian reserve marker results were satisfactory in both the
pre-acupuncture (group3) and post-acupuncture (group4) groups compared to the
torsion/detorsion -model group in terms of follicular reserve protection. AMH and estradiol
levels decreased, albeit not statistically significantly, compared to the sham group.

There are a number of limitations to the present study. First, only a limited number of animals
was approved by the animal ethics committee for comparing the effectiveness of different
acupoints. Second, financial constraints meant that it was not possible to investigate apoptosis
markers. We believe that studying oxidative stress parameters, which are already investigated
in such research, is an inefficient use of resources, since the main aim in case of torsion is to
prevent apoptosis as a result of accumulating oxidative stress. Another concern, in addition to
apoptosis, is the level to which ovarian reserve markers are affected. Despite the limitations
described above, this study reveals the preventive and complementary effects of acupuncture
on ovarian reperfusion damage.

In contrast to other ischemia-reperfusion studies investigating the effects various
pharmaceutical agents for only a limited period, the present study continued for two weeks
after torsion-detorsion in order to observe the effect of injury on ovarian reserve markers.
Since the rat estrous cycles lasts approximately 4-5 days, a period of two weeks corresponds
to 3-4 menstrual cycles. In future studies we intend to reduce the number of acupoints in one
group and to identify the most efficacious points by comparing their effects. We are also
considering investigating which signaling pathways or molecular basis may provide ovarian
protection by preventing apoptosis in case of ovarian torsion.

5. Conclusions

In conclusion, the answer to the main question of the present study, whether EA, which has
previously been investigated in various gynecological diseases, is also effective in
ameliorating ovarian ischemia-reperfusion injury is ‘possibly ‘. Further clinical studies
involving human participants are now needed in order increase our knowledge of
evidence-based acupuncture protocols for treating ovarian ischemic injury.
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