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Role of CGRP expression in the mechanism of Electroacupuncture at “Ciliao” (BL32), Zhongji” (CV3), and “Guan Yuan” (CV4) points to relieve overactive bladder in rats
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Abstract: 
Background. The occurrence mechanism of catheter-related bladder discomfort (CRBD) is unclear among patients requiring urinary catheterization. This study aimed to investigate the regulatory mechanism of electroacupuncture (EA) in alleviating bladder detrusor hyperactivity in a rat model.  
Methods. 21 male Sprague–Dawley rats were randomly divided into three groups: control, model, and EA. The control group received saline perfusion in the bladder, whereas model group received 0.25% acetic acid perfusion for 60 munites. The EA group received EA on “Ciliao” (BL32), “Zhongji” (CV3), and “GuanYuan” (CV4) at 2/100 Hz,1mA, and 30 minutes, followed by 0.25% acetic acid perfusion for 60 munites. Physiological signal acquisition and processing system were used to measure urodynamics and electromyography (EMG). Real-time qPCR, western blot and ELISA were used to measure the levels of Ach, IL-1β, TNF-α, AKT, PI3K and CGRP. 
Results. Compared to model group, EA prolonged the inter-urination interval and increased bladder capacity, maximum bladder detrusor pressure, and EMG amplitude, and reduced the expression of bladder Ach, M3R, and PI3K in the spinal cord, as well as CGRP in the dorsal root ganglia. EA also reduced IL-1β and TNF-α levels. 
Conclusions. EA can alleviate involuntary contractions of the rat detrusor muscle by reducing CGRP expression.
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Introduction
In urological surgeries, indwelling catheters can often cause postoperative frequent urination and pain, accompanied by a strong emotional response termed catheter-related bladder discomfort (CRBD)[1]. CRBD manifests as frequent and acute urinary symptoms, possibly resulting from involuntary contractions of the detrusor muscle[2]. However, the exact reason for its occurrence during urological surgery remains unclear.

Sensory information from the bladder is transmitted via the lumbar visceral afferent nerve and the sacral pelvic visceral nerve to the spinal dorsal root ganglia (DRG) and the corresponding region of the spinal cord[2]. Recent studies have shown that mechanical      stimuli in the bladder can cause neurochemical and electrophysiological changes in the transmission of sensory information from neurons innervating the bladder[3, 4]. Neurotransmitters or inflammatory cytokines in the DRG and spinal cord may further activate intracellular signaling kinases and gene transcription in the primary sensory pathways[5]. One important nociceptive marker is the calcitonin gene-associated peptide (CGRP)[6]. In cases of peripheral inflammatory pain and neuralgia, high expression of CGRP has been observed in the DRG[7]. Recently, some researchers found that CGRP expression is increased in the trigeminal ganglia and is concentrated in class C fibers. In addition, it has been shown that CGRP activates the PI3K/AKT pathway. This pathway is widely expressed in the spinal cord, especially in the dorsal horn where injured primary afferent C and Aδ fibers terminate. This pathway is involved in nociceptive signaling, contributing to peripheral sensitization and hyperalgesia[8, 9].

Electroacupuncture (EA) can generate nerve-conducting impulses through acupoint stimulation and deliver them in the form of electricity. These impulses travel to the spinal cord and cerebral cortex, exerting extensive regulatory effects on neurotransmitters[10]. Some studies have reported that EA can significantly reduce spinal C-fos expression in rats with colorectal hypersensitivity[11, 12]. EA can improve the expression of thalamic antistress-related neuropeptide, raise the threshold of abdominal retraction reflex, and reduce visceral hypersensitivity. However, the connection between the inpulses regulatory effects of EA and neurons innervating the bladder detrusor contraction remains poorly understood.

Therefore, to explore the regulatory mechanism of bladder detrusor overactivity by EA, a rat model of bladder hyperactivity was established to mimic the simulative symptoms of acute and frequent urination.

Material and methods
Animals
All experimental procedures involving rats were conducted strictly in accordance with the National Health Agency Guidelines for the Care and Use of Laboratory Animals. Male Sprague–Dawley rats weighing 220–290 g were selected for the study. The rats were housed in plastic cages and were alternately provided cornflakes and water. They were kept under controlled light/dark conditions with an indoor temperature maintained at 23°C–25℃.
The rats were randomly divided into three groups: control, model, and EA group. Each group initially had seven rats, but the number of rats was adjusted to ensure at least six surviving animals in each group for biochemical analyses. To create the rat bladder detrusor hyperactivity model, acetic acid perfusion was performed. A cannula was placed into the bladder dome for the infusion of either 0.9% saline or 0.25% acetic acid. Rats in the control group received 0.9% saline perfusion at a rate of 0.1 mL/min for 60 minutes. Rats in the model group received 0.9% saline perfusion to obtain baseline bladder urodynamic data (before modeling), followed by 0.25% acetic acid to induce bladder detrusor hyperactivity and obtain post-induction bladder urodynamics data. Rats in the EA group initially received 0.9% saline perfusion to obtain baseline bladder urodynamics data (before EA treatment), followed by EA treatment for 30 minutes, and then bladder perfusion with 0.25% acetic acid for another 60 minutes. Finally, a second round of saline infusion was administered to obtain post-EA bladder urodynamics data.
Acupoints
“Zhongji” (CV3), “GuanYuan” (CV4), and Bilateral “Ciliao” (BL32) acupoints were selected [13]. BL32 is located 5–10 mm beside the S2/S3 spinal process gap in the dorsal region. CV3: The “Shenque” point is located at the intersection of the upper 3/4 and the lower 1/4 between the upper edge of the sternoclavicular joint and the symphysis pubis. The “Zhongji” point is located at the intersection of the upper 4/5 and the lower 1/5 between the “Shenque” point and the symphysis pubis. CV4 is located between the midpoint of the root connection of the two hind limbs and the midpoint of the double iliac crest line. The EA parameters used were as follows: frequency, 2/100HZ; intensity, 1 mA; duration, 30 minutes (Fig. 1).
Laboratory tests
Urodynamic data were recorded using the MedLab-420F system (sampling rate, 100 Hz; pressure range, 0–200 Hg, cutoff frequency of low-pass filter, 20 Hz). The basal bladder pressure value, time interval between urination episodes, maximum bladder detrusor contraction pressure, mean urination pressure value, and bladder capacity were recorded[14].

After administration of urethane anesthesia, a positive and a negative conductive needle were inserted into the detrusor bladder at a distance of approximately 2 mm from the bladder. The subarea under the electromagnetic (EMG) signal curve was measured, and the detrusor firing activity of the rats was analyzed and recorded. The rat detrusor firing amplitude was calculated as the difference between the increased phase area of EMG signal amplitude and the baseline phase area.

After administration of excessive urethane anesthesia (20%, 1 mL/100g), blood samples, bladder tissue, and (L5-S1) DRG and spinal cord tissue were collected from the rats and stored for further analysis. 

Total RNA was extracted using the RNeasy™ animal RNA extraction kit. Subsequently, RNA reverse transcription reactions were performed using the RevertAid First Strand cDNA Synthesis Kit. For the internal reservoir GAPDH primer, the forward and reverse sequences were as follows:
Forward: GGACATGCCGCCTGGAGAAAC.
Reverse: AGCCCAGGATGCCCTTTAGT.
For the AKT primer, the forward and reverse sequences were as follows:
Forward: TGAACGACGTAGCCATTGTGAAGG.
Reverse: GCCATCATTCTTGAGGAGGAAGTAGC.

The specimens for western blot analysis were weighed, and lysates were added. The protein concentration in the samples was measured using the Pierce™ BCA Protein Assay Kit. Protein absorbance was measured using a full-wavelength microplate reader at a wavelength of 562 nm. Protein concentrations were calculated by analyzing the absorbance values of the samples. Proteins were detected by SDS-PAGE. The protein bands were visualized using an ECL luminescence reagent, and the band grayscale values were analyzed using Image J software.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For ELISA, samples were weighed and mixed with phosphate buffered saline（PBS） liquid. Standard products with known concentrations were prepared and added to the precoated plate, starting from the highest concentration, and gradually decreasing. Blank control wells were also included, and the samples to be tested were added to the appropriate sample wells. Absorbance was measured at 450 nm using a spectrophotometer. A standard curve was taken as the abscissa and the absorbance as the vertical coordinate, and the corresponding concentrations of Ach, IL-1β, and TNF-α in the samples were calculated by comparing their absorbance values to the standard curve.

Statistical analysis
Data were analyzed using SPSS version 26.0. Descriptive data are represented as the mean ± standard deviation (𝑥 ± s). For comparisons involving multiple factors, ANOVA with Tukey’s multiple comparisons were employed. Pairwise t-tests were performed for post hoc analyses to compare specific groups. In cases where the assumption of equal variance was violated, multiple comparisons were conducted using the Games–Howell method. Statistical significance was considered at P < 0.05.

Results

Bladder urodynamics in rats
No significant difference was observed in urodynamic parameters before molding among the three groups (P > 0.05). However, after the perfusion of 0.25% acetic acid, rats in the model group exhibited significantly shortened urination intervals (P=0.003), increased basal urination pressure (P=0.019), reduced bladder capacity (P=0.003), and decreased maximum bladder detrusor pressure (P=0.001). In contrast, rats in the EA group, which received pretreatment with EA, showed increased urination intervals (P=0.048), bladder capacity (P=0.048), and maximum bladder detrusor pressure compared to the model group (P=0.01).

The model group showed significant differences in urodynamic parameters before and after molding (P < 0.05 or P < 0.001). However, urodynamics in the EA group showed no significant differences before and after molding (P > 0.05; Table 1).

EMG amplitude in rats
No significant differences were observed in the EMG amplitude among the three groups before molding (P > 0.05). However, the model group showed a significantly reduced bladder EMG amplitude compared to the control group (P=0.041). In contrast, the EA group showed reversal of the decreased EMG amplitude after treatment (P=0.005).

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The model group showed a significant difference in EMG amplitude before and after molding (P=0.044). However, no significant difference was observed in EMG amplitude in the EA group before and after molding (P > 0.05; Table 2).

Relations between rat urodynamic curve and EMG amplitude
When the liquid in the bladder reaches a certain amount, the urination pressure increases sharply, leading to the appearance of the peak wave of maximum urination pressure. Meanwhile, the detrusor muscle contracts, resulting in the appearance of an EMG waveform, whose size is related to the peak maximum urination pressure. At the end of the voiding process, the voiding pressure line gradually drops and reaches a level equivalent to the baseline pressure line.

The time interval between the maximum pressure peaks was significantly reduced, the basic pressure of urination showed a double peak wave, and the maximum pressure peak wave was significantly reduced in the model group. Simultaneously, the EMG amplitude decreased, and a detrusor involuntary contractive wave appeared at the urination baseline. With EA pretreatment, the rat detrusor contraction rhythm significantly decreased, the time interval between urination intervals significantly increased, the maximum pressure peak value increased, the EMG amplitude increased accordingly, and the basic pressure line shifted downward (Fig. 2).

Ach content and expression of M3R in groups
Compared to the control group, the Ach content (P=0.001) and the expression of M3R (P =0.011) were significantly increased in the model group and significantly decreased in the EA group (P=0.002 and P=0.031, respectively; Fig. 3).

Expression of CGRP in DRG (L5-S1)
The expression of CGRP increased in the DRG (L5-S1) compared to the control group (P = 0.001), whereas it was reversed in the EA group (P=0.003; Fig. 4).

Expression of AKT, p-AKT, and PI3K in spinal cord(L5-S1)
The expression of p-AKT (L5-S1) showed an increasing trend but did not have a significant difference (P > 0.05) compared to the control group. However, in the EA group, the expression of p-AKT significantly decreased (P=0.028). RT-qPCR showed that AKT-mRNA expression was high in the model group and sharply decreased to a low level in the EA group, but this difference was not statistically significant (P > 0.05). In addition, the expression of AKT protein in the spinal cord did not show a significant difference among the groups (P > 0.05). Compared to the control group, the expression of PI3K was increased (P=0.03) in the model group. In contrast, it was significantly decreased in the EA group (P=0.037; Fig. 5).
Content of IL-1β and TNF-α in groups.
The levels of IL-1β and TNF-α were significantly increased in the model group (P < 0.001) compared to the control group. Compared to the model group, the EA group showed significantly reduced levels of IL-1β and TNF-α (P < 0.001 and P=0.001, respectively; Table 3).

Discussion

CGRP and PI3K/AKT pathway induce bladder overactivity
The DRG plays an extremely important role in transmitting information between the peripheral and central nerves. Within the DRG, the nerve cell bodies of the bladder afferent fibers are located in the thoracic-lumbar (T10-L2) and lumbosacral (L5-S1) regions[15]. Class C afferent fibers are mainly located in the bladder and submucosa. They account for 60% of the bladder afferents and are sensitive to chemical stimulation[16]. It has been shown that injection of acetic acid into the bladder could stimulate nociceptive afferent fibers, induce inflammatory responses, and result in detrusor hyperactivity[17]. Bladder overactivity was defined as involuntary contractions of the detrusor muscle, which may occur spontaneously or in response to certain stimuli[18]. Approximately 90% of detrusor contractions can cause symptoms of urgency and frequent urination. CGRP is an important nociceptive sensory signal involved in mediating hypersensitivity. It is abundantly present in the DRG and can be released from the C fibers, particularly during peripheral inflammation[19]. In the context of bladder-related disorders, such as cyclophosphamide-induced cystitis-related pain in rats, the expression of CGRP-mRNA and CGRP protein was found to be significantly increased in the L6 ganglia, prompting bladder non-voiding contractions in rats[20]. Furthermore, in studies exploring pain-sensitive signal transduction and the involvement of prostaglandin E2 (PGE2)/EP4 receptor (PGE2 receptor) in cultured rat DRG neurons, continuous exposure to EP4 agonists led to the release of CGRP, resulting in enhanced pain sensitivity. Inhibition of PI3K and Akt, which are signaling pathways involved in cellular processes, reduced the sensitivity of nociceptors and attenuated the effects of PGE2-induced signaling through EP4 receptors [21]. These findings suggest that CGRP is involved in the transmission of nociceptive signals and the initiation of peripheral sensitization.

Visceral hypersensitivity is associated with an imbalance in neurotransmitter release and increased sensitivity of sensory nerve terminals to the corresponding mediators, which may involve multiple links including the dorsal horn of the spinal cord and the central nervous system. The spinal cord receives sensory signals from the primary afferent nerve innervating the bladder and descending regulatory signals from the central nervous system, which help modulate the incoming pain signals. These regulatory signals play an important role in maintaining normal bladder function[2]. The PI3K/AKT pathway is a widely recognized intracellular signaling pathway that can initiate peripheral sensitization and hyperalgesia[22]. PI3K activation promotes the conversion of diphosphoinositol to triphosphoinositol, thereby activating Akt[23]. Akt has been recognized as an important component in sensory hypersensitivity and can induce chemical or neurological hyperalgesia[24, 25]. The expression of AKT is closely related to the inflammatory environment; inflammatory factors can promote AKT phosphorylation, leading to the activation of downstream inflammatory factors such as IL-1β and TNF-α, thus aggravating the pain cycle[25]. In this study, it is proposed that nociceptive signals from acetic acid stimulate bladder afferent nerve fibers, leading to an increase in the excitatory CGRP, thus activating the expression of PI3K and promoting Akt phosphorylation, leading to hypersensitivity. 

EA affect visceral hypersensitivity

EA is a technique that involves the stimulation of acupoints using electrical energy. This electrical stimulation can generate nerve conduction impulses, which can then reach the spinal cord. EA has been found to have extensive effects on neurotransmitter regulation[10]. In previous studies, EA applied to acupoints could significantly inhibit the expression of CGRP and substance P（SP）. By reducing the expression of these neuropeptides, EA has been shown to reduce the thermal pain threshold and relieve incision pain. It has also been found to block the expression of phosphorylated PI3K in rat spinal cord injury models[26],[27]. Moreover, both low-frequency (2 Hz) and high-frequency (100 Hz) stimulation could downregulate CGRP expression in the L4-L6 spinal ganglia[28]. Collectively, previous studies and the current study showed that EA could block the transmission of nociceptive information by regulating the expression of neurotransmitters in the inflammatory visceral pain.

The nerves in the bladder are mainly distributed by visceral nerves. Sympathetic nerves originating from the T11-12 and L1-2 segments innervate the bladder wall, whereas parasympathetic nerves mainly arise from the pelvic visceral nerves in the S2-4 sacral segments, innervating the bladder detrusor muscle[29]. The “Zhongji” acupoint is innervated by the terminal nerve of the T12-L1 spinal segment, the “Ciliao” point corresponds to the S2 sacral nerve, and the “GuanYuan” point connects to the medial branch of the 12th costal intercostal nerve. When EA is applied to these acupoints, it may stimulate the sacral nerve and reduce the parasympathetic secretion of Ach, ultimately preventing detrusor muscle contraction. Similarly, some studies have shown that EA with “Sanyinjiao,” “Hegu,” and “Ciliao” points can significantly increase the maximum detrusor contraction pressure value and prolong the urination interval time[30]. These findings suggest that EA pretreatment can effectively improve the function of the bladder detrusor muscle. However, the exact electrophysiological effects of electrical signals on bladder sensory nerve afferent fibers warrant further exploration.

Conclusions 
EA can alleviate involuntary contractions of the rat detrusor muscle by reducing the expression of CGRP.
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Table 1. Urodynamics in groups(𝑥±s, n=7)
	Groups
	
	Inter-urination 
interval time (s)
	Basal urination pressure (cmH2O)
	Maximum bladder detrusor pressure (cmH2O)
	Average urination pressure (cmH2O)
	Bladder capacity
 (ml)

	Control group
	
	175.72±46.59
	1.27±0.95
	25.70±5.63
	10.80±5.49
	0.29±0.08

	Model group
	Before
	163.28±18.23
	1.85±0.47
	23.78±6.61
	7.67±4.01
	0.27±0.03

	
	After
	79.45±12.62*∆∆
	3.59±1.58*∆
	14.78±3.31*∆
	6.56±1.46
	0.13±0.02*∆∆

	EA group
	Before
	158.47±59.28
	1.44±0.64
	20.45±3.70
	6.80±1.62
	0.26±0.10

	
	After
	168.27±75.93#
	1.28±0.24#
	21.61±3.90#
	6.69±1.71
	0.28±0.13#


*P<0.05 vs control group; #P<0.05 vs model group; ∆P<0.05, ∆∆P<0.001: self-comparison between the before and the after of model group.

 Table 2. EMG amplitude in three groups(𝑥±s, n=7)
	Groups
	
	EMG amplitude (uV*s)

	Control group
	
	9.49±4.67

	Model group
	Before
	6.66±4.40

	
	After
	1.65±0.60*∆

	EA group
	Before
	6.62±3.30

	
	After
	5.33±1.40#


*P<0.05 vs control group; #P<0.05 vs model group; ∆P<0.05: self-comparison between the before and the after of model group.

Table 3. Content of IL-1β and TNF-α in each group(𝑥±s, n=7)
	Groups
	IL-1β(ng/L)
	TNF-α(ng/L)

	Control group
	15.73±3.83
	75.70±27.21

	Model group
	31.87±6.021**
	175.48±33.49**

	EA group
	17.53±3.36##
	112.87±16.12#


**P<0.001 vs control group; #P<0.05, ##P<0.001vs model group.
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Figure 1. Position of the rat acupoints
The left side shows the "Zhongji point" and "Guan Yuan point" in the abdomen. The right side shows bilateral "ciliao point" in the back.
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Figure 2.Relations between rat urodynamic curve and detrusor discharge amplitude in each group.
The upper curve shows the urodynamic curve (cmH2O), and the lower curve shows EMG discharge amplitude (uV). a. The urodynamic curve and EMG in the control group. b. The urodynamic curve and EMG in the model group. c. The urodynamic curve and EMG in the EA group.
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Figure 3. Bladder Ach content and M3R expression in three groups(𝑥±s, n=7). a. Bladder Ach content; b. M3 protein strip plots c. M3R relative expression. *P<0.05 vs control group; #P<0.05 vs model group.
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Figure 4. CGRP relative expression in DRG in each group (𝑥±s, n=6). a. CGRP strip plots; b. CGRP relative expression in DRG in each group. *P<0.05 vs control group; #P<0.05 vs model group.
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Figure 5. The expression of AKT, p-AKT and PI3K in each group(𝑥±s, n=6). a. Protein strip plots; b. AKT relative expression; c. AKT-mRNA levels in spinal cord; d. p-AKT relative expression in each group; e. PI3K relative expression in each group. *P<0.05 vs control group; #P<0.05 vs model group.
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