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Purpose: Benign prostatic hyperplasia (BPH) is a common condition in older men, but treatment is often associated with complica
tions and high recurrence rates. Previous clinical studies have shown that Brain Awakening and Mind Opening (BAMO) acupuncture 
and Simiao Pill can improve lower urinary tract symptoms in patients with BPH. This study explores the potential mechanisms behind 
these treatment methods for BPH using a mice model.
Methods: Six-week-old ICR male mice were divided into 5 groups (n=10). The Mice were injected subcutaneously with TP (5mg/kg/d) / corn 
oil (equal volume) for 28 days to establish a BPH model and a control group. After successful modelling, the mice were treated with distilled 
water for 21 days, while the BAMO acupuncture group, the Simiao pill group, and the mixed group were treated accordingly (BAMO 
acupuncture at Neiguan (PC6), Sanyinjiao (SP6), and Guanyuan (CV4) acupoints for 30 minutes every other day, or Simiao pill once a day).
Results: BAMO acupuncture, Simiao pills, and their combination effectively reduced prostate hyperplasia in mice. The observed 
therapeutic effects likely involve multiple mechanisms: suppression of dihydrotestosterone (DHT) synthesis via reduced testosterone 
levels and downregulated SRD5A2 expression (P<0.01), promotion of prostate cell apoptosis (indicated by an increased BAX/BCL-2 
ratio, P<0.05), and mitigation of inflammation through decreased levels of pro-inflammatory cytokines IL-6 and TNF-α (P<0.05).
Conclusion: BAMO acupuncture and Simiao pill can restore normal prostate tissue structure in mice through multiple mechanisms: 
(1) reducing DHT production; (2) promoting apoptosis; (3) reducing inflammatory responses. Future studies could further investigate 
the hormonal regulation and apoptosis of BAMO acupuncture in mice.
Keywords: BAMO acupuncture, Simiao pill, BPH, mechanism study

Introduction
The Benign prostatic hyperplasia (BPH) is a widespread urological condition, affecting over 50% of men worldwide aged 
60 years or older, and represents a major global health challenge. It is mainly manifested by lower urinary tract symptoms 
(LUTS), such as urinary frequency, urgency and difficulty urinating, which significantly reduce patients’ quality of life.1 

Research indicates that its incidence correlates positively with age, with a high prevalence among men over fifty. 
Autopsy studies reveal a histological prevalence of BPH reaching 50–60% in men aged 60–69, rising to 80–90% in those 
over seventy.2 As the proportion of older individuals in the population continues to grow, BPH has garnered increasing 
attention.3 TCM therapeutic tools play an important role in the treatment of BPH. Chinese medicine compound treatment 
has the synergistic advantage of “Network-based multi-component, multi-target, multi-pathway interactions”.4 The 
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efficacy of acupuncture in improving patients’ quality of life is widely recognized,5,6 and it demonstrates significant 
benefits in treating urinary retention caused by various conditions.7–9 The pathogenesis of BPH is still unclear. Currently, 
the theories that are more widely accepted include the androgen-estrogen synergy theory, the imbalance of cell 
proliferation and apoptosis theory, the inflammation-driven theory, the epithelial–mesenchymal cell interaction theory, 
and the neuroendocrine regulation theory.10–13 The treatment for BPH mainly consists of surgical treatment and drug 
therapy. Surgery is the most effective treatment for BPH, particularly in refractory or high-risk cases, but there are 
complications such as bleeding, urinary incontinence, erectile dysfunction, retrograde ejaculation, infection, and 
recurrence.14 The main forms of drug treatment include 5α-reductase inhibitors and α1-adrenergic receptor blockers. 
The combination of these two drugs is the preferred treatment option for BPH in clinical practice. However, α1-blockers 
can cause orthostatic hypotension, while 5α-reductase inhibitors can lead to adverse reactions such as sexual dysfunction, 
breast enlargement, and compressive pain.15

The animal models of benign prostatic hyperplasia (BPH) can be classified into several main types based on the 
modeling mechanism: spontaneous BPH models, sex hormone-induced models, inflammation-induced models, urogenital 
sinus (UGS)-induced models, deoxy noradrenaline (PE)-induced models, xenograft models, and transgenic/ knockout 
models.16 Among them, the spontaneous BPH model is the closest to the clinical pathological features because it can 
replicate the natural pathological process of the disease, such as in elderly chimpanzees17 and dog models.18 However, 
this model is difficult to obtain, and canine BPH compresses the rectum while human BPH with lower urinary tract 
symptoms, which are inconsistent.19,20 The sex hormone-induced model is currently the most widely used BPH model, 
with rats and mice as the main experimental animals. It induces hyperplasia by subcutaneous injection of testosterone 
propionate (TP) (dose 3–10mg/kg/d, for 21–35 days), and it can be divided into castration and non-castration subtypes. 
The castration model excludes the interference of endogenous hormones and make the model phenotype more stable and 
uniform,21 providing better conditions for the study of hormone-related molecular mechanisms;22 the non-castration 
model retains endogenous hormone secretion and can form a more realistic physiological environment similar to the 
“estrogen/androgen (E/T) imbalance” of elderly men.23 It can more realistically reproduce the pathological features of 
human BPH dominated by matrix hyperplasia and can better support the study of the “hormone-inflammation” 
synergistic pathogenic mechanism,24–26 but its homogeneity is poor due to fluctuations in endogenous testosterone levels 
in individual animals.25 Other models have specific research values.

Traditional Chinese medicine (TCM) offers a holistic approach rooted in centuries of clinical practice, emphasizing 
symptom alleviation with minimized adverse effects through multi-target regulatory mechanisms. BPH is classified as 
“essence and urine”, “urinary retention”, and “gonorrhoea” in TCM.27 For BPH, excess patterns should be treated with 
clearing heat, draining dampness, promoting qi movement, and dissipating blood stasis; deficiency patterns should be 
treated with warming and tonifying the spleen and kidney, assisting yang to transform qi, thereby promoting urination.28 

Both the excess and deficiency patterns can achieve therapeutic effects by promoting qi movement and draining 
dampness. Simao Pill is composed of atractylodes, phellodendron, achyranthes, and coix Seed. Modern pharmacological 
studies have shown that the main active components of Simao Pill include adenosine, phellodendrine, mangnoflorine, β- 
ecdysterone, etc.29 The pharmacokinetic study on rats showed that the main components absorbed by Simao Pill in the 
gastrointestinal tract include berberine, berbamine, maeckenine, berbamine methyl ether, and berbescoside.30 Simao pill 
has the effects of anti-inflammation31 and antioxidation.32 Simiao pill is commonly used to treat rheumatoid arthritis and 
hyperuricemia. In urological conditions, it is primarily employed for chronic prostatitis, though its application in BPH 
has not been extensively studied. However, chronic prostatitis combined with its symptoms is thought to be attributed to 
the categories of “semen catarrh”, “gonorrhoea”, and “leucorrhoea”, which have certain commonalities with BPH.27 

Modern medical development also believes that chronic prostatitis is an important factor in the development of prostatic 
hyperplasia, and prostatic hyperplasia can develop in combination with chronic prostatitis.33 Simiao pill can promote 
glandular tissue metabolism by improving microcirculation and dilating blood vessels, effectively inhibit tissue hyper
plasia, reduce urethral pressure, and decrease urine reflux.34,35 Therefore, Simiao pill can be used to treat BPH, and this 
experiment will initially explore the mechanism of Simiao pill in treating BPH.

Acupuncture, as a unique therapeutic tool of Chinese medicine, can largely improve patients’ lower urinary tract 
symptoms and quality of life in the treatment of BPH. The BAMO acupuncture technique is based on regulating the spirit 
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and opening the orifices to facilitate communication. By adding or subtracting specific points according to the condition, 
it achieves both disease differentiation and syndrome differentiation in treatment. The fundamental points include 
Neiguan (PC6), Sanyinjiao (SP6), and Guanyuan (CV4) as determined by the specific pathology. A survey study on 
acupuncture treatment for BPH has shown that Guanyuan (CV4) and Sanyinjiao (SP6) are commonly selected acupoints 
for managing this condition.33,36,37 It has been reported that Guanyuan (CV4) acupoint can treat urinary retention, 
yellowish urine, heat-induced dysuria, and five types of urinary disorders including stone-induced dysuria. Sanyinjiao 
(SP6), the convergence point of the spleen, kidney, and liver meridians in TCM, is clinically employed to harmonize 
these three meridians, invigorate qi, and regulate bladder function. Clinical studies demonstrate that stimulation of the 
Sanyinjiao (SP6) acupoint—located on the medial aspect of the ankle—effectively alleviates urinary retention in patients 
with diverse underlying pathologies. Acupuncture at the Sanyinjiao (SP6) acupoint reduces bladder pressure and 
ameliorates urinary retention in rats.38–40 Besides, although Neiguan (PC6) is not a commonly used acupoint for treating 
urinary system disorders, it can enhance analgesic effect,41 inhibit inflammation-mediated fibrosis,42 improve anxiety 
state43 and quality of life of patients.44 Many BPH patients experience frequent urination, urinary urgency, incomplete 
voiding, and increased nighttime urination, which significantly affect their emotional state and quality of life. All of these 
indicated that the selection of acupoints for the BAMO acupuncture technique is well-founded and demonstrates certain 
efficacy in treating BPH, though the underlying mechanism remains unclear.

Acupuncture does indeed demonstrate efficacy in the treatment of clinical diseases; however, its effectiveness remains 
questionable when compared to pharmacological interventions.45 Consequently, it is frequently combined with medica
tion in the hope of achieving enhanced therapeutic outcomes.46–48

Therefore, this study aimed to observe the regulation by Simiao Pill, BAMO acupuncture (Guanyuan (CV4), Sanyinjiao 
(SP6), and Neiguan (PC6)), and their combined application to treat BPH and to further explore the mechanism by in vivo tests, 
which is helpful in elucidating the related transduction mechanism of BPH to provide a basis for clinical treatment.

Materials and Methods
Experimental Animals
Six-week-old ICR SPF male mice were obtained from Beijing Viton Lihua Laboratory Animal Company Limited 
(License Number: SCXK [Beijing] 2021–0011). The mice were housed in a specific pathogen-free (SPF) animal facility 
with a controlled temperature of (22±2) °C, humidity of (50±10) %, and a 12-h light/dark cycle. Five mice were placed 
per cage, with free access to standard chow and sterile water. For all invasive procedures requiring sedation or anesthesia, 
isoflurane was used in conjunction with an anesthesia machine (induction: 2–3% isoflurane with oxygen supplementa
tion; maintenance: 1–1.5% isoflurane) to ensure stable anesthesia and minimize animal distress. At the end of the 
experiment, mice were euthanized by overdose of isoflurane inhalation (5% concentration with continuous oxygen 
supply) until respiratory and cardiac arrest. All animal experiments were conducted at the Laboratory Animal Centre of 
Shanghai University of Traditional Chinese Medicine, which holds a valid experimental permit (Permit Number: SYXK 
[Shanghai] 2020–0009). The experimental protocol was reviewed and approved by the Experimental Animal Ethics 
Committee of Shanghai University of Traditional Chinese Medicine (Approval Number: PZSHUTCM2503280009) and 
conducted in strict compliance with the ARRIVE Guidelines 2.0 and the Guide for the Care and Use of Laboratory 
Animals published by the National Institutes of Health (NIH, USA), as well as the relevant regulations of the People’s 
Republic of China (Experimental Animal Administration Regulations, Decree No. 2 of the State Council).

Medications and Reagents
Simiao pill was obtained from Zixin (Jilin, China); testosterone propionate was obtained from Adamas (Shanghai, China); 
corn oil was obtained from Yuan Ye (Shanghai, China); general dihydrotestosterone ELISA kit (DHT), general testosterone 
ELISA kit (T), general estradiol (E2) ELISA kit, and ABplex mouse 3-plex custom panel were obtained from ABclonal 
(Wuhan, China); isoflurane was obtained from RWD (Shenzhen, China), BAX rabbit monoclonal antibody was obtained from 
ABclonal (A20227, 1:100, Wuhan, China) for IHC; BCL-2 rabbit monoclonal antibody was obtained from ABclonal 
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(A19693, 1:100, Wuhan, China) for IHC; SRD5A2 rabbit polyclonal antibody was obtained from Bioss (bs-6700R, 1:100, 
Beijing, China) for IHC.

Mouse Modelling and Grouping
In this experiment, six-week-old SPF males ICR mice were acclimatised and reared for one week and then divided into 5 
groups (n=10). Mice were injected subcutaneously with TP (5mg/kg/d) / corn oil (equal volume) for 28 days to establish 
a BPH model and a control group. The treatment groups, based on the BPH model, comprised the BAMO acupuncture 
group, the Simiao pill group, and the combined BAMO + Simiao pill group.

Drug Administration to Mice
The dose of Simiao pill in mice was 1.56 g/kg (human dose: six grams twice daily, converted proportionally to body 
surface area). Simiao pill was prepared as a 1.56 g/mL suspension solution in distilled water, and the mice were gavaged 
in equal doses according to their body weights, while the control and model groups were given distilled water for 21 
consecutive days.

BAMO Acupuncture in Mice
Neiguan point (PC6): the inner side of the forelimb of mice, about 2 mm from the carpal joint between the radial-ulnar 
suture, 1.5 mm; Guanyuan point (CV4): about 10 mm below the navel of the mice, 3 mm; Sanyinjiao point (SP6): the tip 
of the inner ankle of the hind limb of the mice, about 5 mm directly above the tip of the hind limb, 3 mm. Prior to 
acupuncture, all mice were anaesthetised for two minutes using an anaesthesia machine before being placed in a mouse 
restraint device. Needling was performed at a frequency of once every other day, with the sequence being Sanyinjiao 
(SP6), Guanyuan (CV4), and Neiguan (PC6). Typically, mice awoke immediately upon insertion into the Neiguan (PC6) 
point. Needles were retained for 30 minutes, with mice in other groups similarly restrained for 30 minutes and BAMO 
+Simiao group received oral gavage followed by BAMO acupuncture treatment.

H&E Staining and Masson’s Staining
Mice prostate tissues were harvested 24 hours after the final drug administration. Post-fixation, tissues were processed for 
paraffin embedding and sectioned. Histological evaluation involved H&E staining, wherein sections were deparaffinized, 
rehydrated, stained with hematoxylin and eosin to differentiate cellular components, and subsequently dehydrated, 
cleared in xylene, and mounted. Additionally, Masson’s trichrome staining was performed, employing a sequential 
protocol with Weigert’s iron hematoxylin, acid fuchsin/ponceau S, phosphomolybdic acid, and aniline blue to specifically 
identify nuclei, cytoplasmic structures, non-collagenous elements, and collagen fibers, respectively, followed by dehy
dration, clearing, and mounting. Microscopic imaging of both H&E and Masson’s trichrome stained sections was 
conducted, with subsequent quantitative analysis performed using ImageJ software.

Immunohistochemical Staining
Mice prostate tissues were dissected and harvested 24 h after the final drug administration, carefully dissected, and 
processed for immunohistochemical (IHC) analysis. Paraffin-embedded tissue sections were dewaxed and rehy
drated using a graded ethanol series, followed by antigen retrieval to unmask epitopes. Endogenous peroxidase 
activity was quenched by incubation with hydrogen peroxide, and nonspecific binding sites were blocked with 
serum. Sections were then incubated sequentially with primary antibodies (specific to the target antigen) and 
horseradish peroxidase (HRP)-conjugated secondary antibodies. 3,3′-Diaminobenzidine (DAB) was applied to 
visualize antibody–antigen complexes, and nuclei were counterstained with hematoxylin to enhance histological 
detail. After dehydration through an ethanol-xylene series, the sections were mounted with a resinous medium and 
imaged under microscope.
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Enzyme-Linked Immunosorbent Assay
24 h after the final drug administration, blood samples were collected. Serum was isolated by centrifugation, diluted 
according to the manufacturer’s protocol, and analyzed using a competitive enzyme-linked immunosorbent assay 
(ELISA). Briefly, 50 μL of standard or diluted serum samples were loaded into pre-coated wells, followed by the 
addition of 50 μL of assay buffer and 50 μL of enzyme conjugate. After thorough mixing, the plate was incubated at 
37°C for 1 h. Unbound components were removed by washing, and 100 μL of substrate solution was added to each well 
for 20 min at room temperature to initiate chromogenic development. The reaction was terminated with 50 μL of stop 
solution, and absorbance was immediately measured at 450 nm (primary wavelength) and 630 nm (reference wavelength) 
using a microplate reader.

Multiparameter Flow Cytometry
24 h following the final drug administration, blood samples were collected. Multiplex flow cytometry experiments were 
conducted in collaboration with ABclonal using the ABplex® Mouse 3-plex Custom Panel kit. Prior to formal analysis, 
pre-experimental conditions were optimized on the ABplex-100 multi-parameter flow cytometer in accordance with the 
manufacturer’s protocols. Once calibration and antibody titration were validated, the company performed formal 
experiments and provided raw datasets, including technical replicates, to facilitate subsequent data analysis.

Statistical Analyses
Statistical analysis was performed using R software to assess normality within groups and homogeneity of variance 
between groups. GraphPad Prism 9.0 software was employed for data plotting. All data are presented as mean ± standard 
error of the mean (SEM). Statistical analysis employed one-way analysis of variance (ANOVA). Statistical significance 
was defined as a P value < 0.05, denoted, respectively, as *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001.

Statistical analysis of epithelial thickness in mouse prostates via HE staining for each slide, six measurements were 
taken from distinct fields of view representing thin, medium, and thick sections respectively, with the mean calculated. 
These three field values constituted the statistical data for each slide. GraphPad Prism 9.0 software was employed for 
graphical representation and statistical significance testing. For IHC of mouse prostates, six images per group were 
selected showing no or minimal non-specific staining. Three random fields per image were analysed (non-specific 
staining was minimal; eosinophilic fluid within the prostatic lumina may undergo non-specific staining during IHC 
and required exclusion). Statistical analysis employed ImageJ software to perform colour deconvolution and optical 
density correction, followed by measurement of positive areas for relevant indicators. Data were then statistically 
analysed and plotted using GraphPad Prism 9.0 software.

Results
Inhibition Effect of Prostate Hyperplasia by BAMO Acupuncture and Simiao Pill
After 21 days therapy, mice’ seminal vesicles (a), prostates (b) and bladders (c) were harvested from control, model, 
BAMO acupuncture, Simiao pill and BAMO+Simiao groups. In the study, the physiological morphology of the prostate 
tissue in the model group exhibited significant enlargement (Figure 1A-a), the seminal vesicles of the drug-administered 
group and the model group mice showed atrophy (Figure 1A-b). Wet weight of the prostate and prostate index (PI) of 
mice in the model group was significantly higher than those in the control group. Compared with model group, BAMO 
acupuncture group, Simiao pill group and BAMO+Simiao group all showed a significant trend towards reduction 
(Figure 1B–D).

Improvement of Prostate Histopathological Structure by BAMO Acupuncture and 
Simiao Pill
To further explore the effects of BAMO acupuncture and Simiao pill on histopathological structure for BPH therapy, 
H&E and Masson’s staining were applied for pathological analysis. The results of H&E staining of mice prostate tissues 
are displayed in Figure 2A. Compared to control group, the state of model group was changed. The thickness of epithelial 
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Figure 1 Effects of different groups on prostate in mice. (A) Physiological morphology of the mice (a: seminal vesicles; b: prostate; c: bladder). Control: control group 
(n=10); Model: model group (n=10); AC: BAMO acupuncture group (n=10); SMW: Simiao pill group (n=10); AC+SMW: BAMO Acupuncture+Simiao group (n=10). (B) Body 
weight of mice, *P<0.05 (n=10). (C) Wet weight of prostate in mice (n=10), ***P<0.001, ****P<0.0001. (D) Prostate index of mice (prostate wet weight (mg) / body weight 
(g) of the mice, n=10), **P<0.01, ***P<0.001, ****P<0.0001.
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cells in the field of view of the prostate tissue was increased to 160.57% of control values. Moreover, the epithelial cells 
were irregularly arranged, and most of the cells protruded inward in the form of ridges into the cavity of the alveoli. 
Eosinophilic substances in model group were seen to be reduced in the lumen of the gland, and prostate hyperplasia was 
more severe. A marked improvement was observed in the status of the remaining experimental groups. There was 
a 45.63%, 42.32%, and 49.49% decrease in BAMO acupuncture group, Simiao pill group and BAMO+Simiao group 
relative to the model group, respectively (Figure 2C). This pathological profile was further substantiated by Masson’s 
staining, which revealed a significant increase in blue-stained collagen fibers within the interstitial spaces (Figure 2B).

Improvement of Hormone Level by BAMO Acupuncture and Simiao Pill
To delineate the hormone-modulating mechanisms of the therapeutic regimen, serum concentrations of T, DHT, and E2 

were quantitatively profiled using multiplex flow cytometric assays in murine models. Subsequent IHC of SRD5A2 
expression patterns was systematically performed to evaluate SRD5A2 dynamics in prostatic tissues. Compared with the 
counterparts in control group, levels of T and DHT in plasma but not E2 were significantly higher in Model group. Then 
plasma levels of T and DHT were significantly lower in BAMO acupuncture group, Simiao pill group and BAMO 
+Simiao groups than those in model group, and the levels of E2/T were significantly higher in BAMO acupuncture group 
than that in model group (Figure 3A–D). Furthermore, compared with the counterparts of control group, the expression 
of SRD5A2 were higher in model group significantly, which were attenuated in BAMO acupuncture group, Simiao pill 
group and BAMO+Simiao groups (Figure 3E and F). Quantitative analysis indicated a 93.54% increase trend of SRD5A2 
in the model group compared to controls. In addition, BAMO acupuncture group, Simiao pill group and BAMO+Simiao 
group had 56.33%, 54.97%, and 58.77% decrease collagen deposition compared to model group.

Promoting Apoptosis of Prostate Cells by BAMO Acupuncture and Simiao Pill
In order to further explore the impact of BAMO acupuncture and Simiao pill on the apoptosis pathway modulation, IHC 
assays were conducted to quantify the expression profiles of apoptosis-related biomarkers BAX and BCL-2. The 
expression of BAX and BCL-2 were displayed in Figure 4A and B, and quantitative levels of BAX, BCL-2, and 
BAX/BCL-2 were showed (Figure 4C–E). Quantitative analysis indicated a 30.96% decrease trend of BAX/BCL-2 in the 
model group compared to controls. In addition, BAMO acupuncture group, Simiao pill group and BAMO+Simiao group 

Figure 2 Effects of different groups on pathological tissues of mouse prostate; Control: control group (n=10); Model: model group (n=10); AC: BAMO acupuncture group 
(n=10); SMW: Simiao pill group (n=10); AC+SMW: BAMO Acupuncture+Simiao group (n=10). (A) H&E staining (X10, X40, n=10); (B) Masson’s staining (X10, X40, n=10); 
(C) Statistical graph of prostate epithelial thickness in mice (n=10); ****P<0.0001.
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Figure 3 Improvement of hormone levels by BAMO acupuncture and Simiao pill. Control: control group (n=10); Model: model group (n=10); AC: BAMO acupuncture 
group (n=10); SMW: Simiao pill group (n=10); AC+SMW: BAMO Acupuncture+Simiao group (n=10). (A) ELISA kit to detect T level in plasma (n=10), *P<0.05, **P<0.01, 
***P<0.001; (B) ELISA kit to detect DHT level in plasma (n=10), ***P<0.001, ****P<0.0001; (C) ELISA kit to detect E2 level in plasma (n=10), p>0.05; (D) E2/T level in plasma 
(n=10), **P<0.01; (E) IHC staining for the antibody of SRD5A2 (X10, X40, n=6*3); (F) Number of SRD5A2-positive cells (n=6*3), ****P<0.0001.

Figure 4 Promotion of apoptosis in different groups: Control: control group (n=10); Model: model group (n=10); AC: BAMO acupuncture group (n=10); SMW: Simiao pill 
group (n=10); AC+SMW: BAMO Acupuncture+Simiao group (n=10). (A) IHC staining for the antibody of BAX (X10, X40); (B) IHC staining for the antibody of BCL-2(X10, 
X40); (C) Number of Bax-positive cells (n=6*3), ****P<0.0001; (D) Number of BCL-2-positive cells (n=6*3), ****P<0.0001; (E) BAX/BCL-2 ratio (n=6*3), *P<0.05, 
***P<0.001.
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had 42.12%, 26.95%, and 43.87% increase collagen deposition compared to model group, indicating the pro-apoptosis 
mechanism of BAMO acupuncture and Simiao pill.

Down-Regulated Inflammation Level by BAMO Acupuncture and Simiao Pill
To further explore the inflammation level of treatment protocol on inflammation levels, the serum contents of IL-6 and 
TNF-α were analyzed by ELISA (Figure 5A and B). Compared with the control group, the levels of IL-6 and TNF-α 
were significantly higher in model group. At the same time, the concentrations of IL-6 were reduced in BAMO 
acupuncture group, Simiao pill group and BAMO+Simiao groups by 47.61%, 39.86%, and 39.24% compared with 
model group. Meanwhile, the contents of TNF-α were decreased to 14.77%, 13.74%, and 19.76%, respectively.

Discussion
Whether the BPH model is valid is mainly verified by the wet weight of the prostate and PI (prostate wet weight (mg) / 
body weight (g) of the mice). The research shows that the wet weight of the prostate and PI in the model group of mice 
have significant differences compared to the model group (P < 0.0001, Figure 1C and D). Moreover, the prostate images 
of the mice in the BPH model group also indicate that the prostate tissue is more prominent, while it is not obvious in the 
control group (Figure 1A). The HE staining and Masson staining of the prostate tissues of the mice in the model group 
were used to determine that the epithelial cells of the prostate tissues of the mice in this group were thickened and there 
was deposition of matrix fibrous collagen, which was in line with the pathological features of BPH (P < 0.0001, 
Figure 2). However, the BPH model employed in this experiment was induced by exogenous TP stimulation in six-week- 
old mice, which cannot simulate the ageing process in elderly males. Furthermore, the rapid modelling approach does not 
align with the pathological progression of BPH. The absence of a sham acupuncture group in this study precludes the 
exclusion of non-specific effects of needle insertion. Although grounded in clinical practice, this research lacks validation 
using human prostate tissue, necessitating further assessment of whether the model conclusions translate to clinical 
applications.

T, the primary circulating androgen, is enzymatically converted to its potent bioactive metabolite DHT by 
SRD5A2, an enzyme localized on the nuclear membrane of stromal mesenchymal cells.49,50 DHT binds to the 

Figure 5 Reduction of inflammation level by BAMO acupuncture and drug administration. Control: control group (n=10); Model: model group (n=10); AC: BAMO 
acupuncture group (n=10); SMW: Simiao pill group (n=10); AC+SMW: BAMO Acupuncture+Simiao group (n=10). (A) IL-6 level was detected by multifactor flow assay 
(n=10), ***P<0.001, ****P<0.0001; (B) TNF-α level was detected by multifactor flow assay (n=10), *P<0.05, **P<0.01, ****P<0.0001.
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androgen receptor (AR) in prostate cells to form a nuclear complex that promotes the synthesis of growth factors and 
cytoplasmic proteins, leading to aberrant cell proliferation and the formation of BPH.51–53 The major male estrogen is 
E2, which is converted from T in peripheral tissues by aromatase, controls, and regulates the prostate organ.54 E2 

stimulates prostate cell proliferation and promotes epithelial–mesenchymal transformation of prostate cells through its 
action on the estrogen receptor,55,56 which can lead to prostate hyperplasia. Dysregulation of the estrogen/androgen 
ratio is also a major cause of BPH. In aging males, serum T levels exhibit a progressive decline, whereas E2 

concentrations remain stable or show a compensatory rise. This age-related hormonal imbalance elevates the estrogen- 
to-androgen ratio, which disrupts prostatic tissue homeostasis by promoting imbalanced proliferative/apoptotic signal
ing pathways, a hallmark mechanism driving BPH pathogenesis.57 Animal research models have confirmed that 
dysregulation of the estrogen/androgen ratio contributes to prostate enlargement and urinary incontinence.58 Studies 
have shown that the Simiao pill acts on the AR and ER-β genes in the body, and acupuncture can reduce T and DHT 
levels in patients.59–61 The results of this study were that the T and DHT levels of mice in the model group were 
elevated compared with the control group (P<0.01, P<0.001) and decreased in the treatment group (P<0.05, P<0.001) 
compared with the model group, at the same time, the E2/T ratio increased, which showed the hormone modulation 
effects of the Simiao pill and BAMO acupuncture (Figure 3A–D). Furthermore, we observed the downregulation of 
SRD5A2 (the key enzyme responsible for DHT synthesis, Figure 3E and F) in the treatment group, which meant the 
inhibition of the androgen metabolic pathway.

BPH arises from smooth muscle cell and epithelial cell proliferation, primarily within the transition zone of the 
prostate.62 Apoptosis and inflammation play important roles in the control of cell growth and in the maintenance of 
tissue homeostasis.63 Disturbances in molecular mechanisms of apoptosis machinery have been linked to BPH.64 

Apoptosis is primarily triggered by specific stimuli, such as an activation or inactivation of several molecules 
through a multifaceted regulation. Cells showing a higher expression of Bax undergo apoptosis, while those over 
expressing BCL-2 often undergo suppression of apoptosis.65 It has been suggested that the BAX/BCL-2 ratio is very 
important for the regulation of apoptosis, determining cell fate.66 Acupuncture has a unique advantage in promoting 
apoptosis, which is closely related to the role in promoting blood circulation and activating meridians and 
collaterals, and a large number of studies have confirmed that acupuncture plays a pro-apoptotic role by increasing 
BAX and decreasing BCL-2.67–69 Studies have shown that acupuncture on Guanyuan (CV4), Zhongji, and 
Sanyinjiao (SP6) can reduce the volume and mass of rat prostate, reduce prostate inflammation and fibrosis,70 

increase the apoptosis rate, decrease the expression of BCL-2 and increase the expression of BAX in rat prostate 
cells.71 Our results suggested that Simiao Pill, BAMO acupuncture, and their combined application could upregulate 
the ratio of BAX/BCL-2, namely, promote the apoptosis of hyperplastic prostate cells (P<0.05, Figure 4). Regarding 
the up regulation of BAX expression in mice prostate tissues, mainly because that the prostate cells in the model 
group were abnormally proliferated, the epithelial thickness was increased, and the area of positive expression was 
also increased.

The role of inflammation in BPH has been extensively studied in recent years. In approximately 70% of prostate 
tissue samples from BPH patients, inflammatory infiltration was observed. This inflammation is correlated with the 
volume and weight of the prostate.72–74 Simiao pill can significantly reduce the levels of IL-6 and TNF-α in various 
immune and inflammatory diseases, thus exerting anti-inflammatory effects.75–77 The anti-inflammatory effects of 
acupuncture have been extensively studied, primarily through the regulation of TNF-α, IL-6, IL-8, and other 
factors.78–80 This experiment confirms that Simiao Pill, BAMO acupuncture, and their combined application effectively 
reduce serum levels of IL-6 (P<0.01) and TNF-α (P<0.05) in BPH model mice (Figure 5), which served as inflammatory 
biomarkers to assess systemic inflammation.

Furthermore, we observed that all mice exhibited a micturition response within 3 to 5 min following acupuncture 
stimulation at the corresponding acupoints. This response may be attributable to acupuncture-induced relaxation of the 
urethral sphincter, concurrent with contraction of the detrusor muscle in the bladder wall, thereby facilitating urine 
expulsion. This finding is consistent with the established efficacy of acupuncture in alleviating urinary retention. 
However, this was not investigated further in the present experiment.
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Conclusion
In conclusion, our study demonstrated that Simiao Pill, BAMO acupuncture, and their combined application had the 
effect of treating BPH in mice. They could regulate androgen metabolism of T and DHT, which playing a therapeutic role 
by downregulating the expression SRD5A2. On the other hand, they could inhibit the release of inflammatory factors 
such as IL-6 and TNF-α. Furthermore, the treatment protocol could induce apoptosis of prostate cells, and up-regulate the 
ratio of BAX/BCL-2 to exert therapeutic effects. Further research into the mechanism of this formulation will help to 
demonstrate the potential value of traditional Chinese medicine in the treatment of BPH.
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