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Abstract
Background For a long time, the high incidence of hemorrhoidal disease has been
a significant concern, severely impacting patients’daily life, work, and study
while diminishing their quality of life. The pathogenesis of hemorrhoidal disease
is closely associated with the imbalance of anal cushion mucosal barrier function
and the disruption of both mucus and mucosal barriers. Consequently, develop-
ing simple and efficient treatment modalities has become a priority for clinicians.
Objective To comprehensively evaluate the clinical efficacy of mussel adhesive
protein (MAP) combined with traditional Chinese medicine Tongyangxiao lo-
tion fumigation and sitz bath in the treatment of grade I and II mixed hem-
orrhoids. Methods A randomized, controlled, single-blind prospective study
design was employed. A total of 298 patients with grade I and II mixed hem-
orrhoids who met the inclusion criteria were enrolled and randomly allocated
to either an experimental group or a control group (n=149 each). Both groups
received general interventions including dietary and lifestyle counseling. The ex-
perimental group received topical MAP application combined with Tongyangx-
iao lotion sitz bath, while the control group received only traditional Chinese
medicine sitz bath, for a 10-day treatment course. Primary outcome measures
included efficacy index and recurrence rate; secondary outcome measures encom-
passed improvement in clinical symptoms before and after treatment, safety in-
dicators, incidence of adverse events, and quality of life scores. Results The final
analysis included 140 patients in the experimental group and 136 in the control
group, with comparable baseline characteristics. During the follow-up period,
both groups exhibited symptom alleviation; however, the experimental group
demonstrated more rapid onset and superior symptom improvement compared
to the control group. Post-treatment comparisons revealed significant improve-
ments in VAS scores, clinical symptom scores, anal canal resting pressure values,
and HF-QoL scores in both groups, with more pronounced reductions observed
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in the experimental group. The experimental group achieved a cure rate of
84.28%, total effective rate of 96.43%, and recurrence rate of 3.23%; correspond-
ing values for the control group were 69.85%, 91.18%, and 5.33%, respectively.
No adverse reactions were reported in either group. Conclusion MAP combined
with traditional Chinese medicine Tongyangxiao lotion sitz bath can effectively
repair anal cushion mucosal injury in hemorrhoid patients. This combination
therapy improves clinical symptoms in patients with grade I and II mixed hem-
orrhoids, reduces internal anal sphincter tone, enhances quality of life, provides
rapid onset of action, and demonstrates superior therapeutic efficacy.
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Abstract

Background: The high incidence of hemorrhoidal disease has long been a
public health concern, significantly impacting patients’quality of life and daily
functioning. The pathogenesis of hemorrhoids is closely associated with disrup-
tion of the anal cushion mucosal barrier and impairment of both mucus and
mucosal defense systems. Developing simple yet effective therapeutic strategies
remains a critical clinical priority.

Objective: To comprehensively evaluate the clinical efficacy of mussel adhe-
sive protein (MAP) combined with traditional Chinese medicine Tongyangxiao
lotion in fumigation-sitz bath therapy for grade I–II mixed hemorrhoids.

Methods: This prospective, randomized, controlled, single-blind study enrolled
298 eligible patients with grade I–II mixed hemorrhoids, randomly assigned to
experimental and control groups (n=149 each). Both groups received standard
dietary and lifestyle counseling. The experimental group received topical MAP
combined with herbal sitz bath, while the control group received herbal sitz
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bath alone. Treatment duration was 10 days. Primary outcome measures in-
cluded efficacy index and recurrence rate. Secondary outcomes encompassed
clinical symptom improvement, safety indicators, adverse events, and quality-
of-life scores.

Results: A total of 276 patients completed the study (experimental group: 140;
control group: 136). Baseline characteristics were comparable between groups.
During follow-up, both groups showed symptom relief, with the experimental
group demonstrating faster onset and superior improvement. Post-treatment
VAS scores, clinical symptom scores, anal canal resting pressure, and HF-QoL
scores improved significantly in both groups, with greater reductions in the
experimental group. The experimental group achieved an 84.28% cure rate and
96.43% total effective rate, with 3.23% recurrence; the control group showed
69.85% cure rate, 91.18% total effective rate, and 5.33% recurrence. No adverse
reactions were observed in either group.

Conclusion: MAP combined with Tongyangxiao lotion sitz bath repairs anal
cushion mucosal injury, improves clinical symptoms, reduces internal anal
sphincter tension, and enhances quality of life in grade I–II mixed hemorrhoid
patients. This combination therapy offers rapid onset and superior efficacy,
providing a promising non-surgical approach.

Keywords: Hemorrhoidal disease; Mussel adhesive protein; Tongyangxiao lo-
tion; Anal cushion mucosal barrier; Clinical efficacy

Introduction

A 2015 national epidemiological survey revealed that the overall prevalence
of anorectal diseases reached 50.10%, with 98.09% of symptomatic cases at-
tributable to hemorrhoids, yielding a hemorrhoid-specific prevalence of 49.14%
[[1]]. Hemorrhoids have become a common clinical condition, characterized by
bleeding, prolapse, pain, and pruritus that severely impair work and quality of
life. As understanding of hemorrhoid pathogenesis has evolved, the anal cushion
prolapse theory has gained widespread acceptance. The biological barrier func-
tion of anal cushion mucosa is intimately related to disease development, making
mucosal protection a focal point in current research. The therapeutic principle
emphasizes treating symptomatic hemorrhoids [[2]-[4]]; while 9.3% of patients
require surgery, over 90% can achieve symptom relief through non-surgical ap-
proaches including dietary therapy, sitz baths, magnetotherapy, oral laxatives,
venoactive drugs, analgesics, syndrome-based Chinese medicine, topical agents,
and sclerotherapy [[5]-[10]]. Local rectal administration delivers medication di-
rectly to lesions, maintaining therapeutic concentrations and yielding favorable
outcomes [11], representing a key research direction in colorectal surgery.

Mussels, treasures from the sea, secrete byssal threads that firmly adhere to
underwater surfaces. This property has been harnessed to develop mussel ad-
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hesive protein (MAP), a biomaterial with promising biomedical applications
due to its excellent adhesiveness, biodegradability, flexibility, and water re-
sistance. MAP contains 20% lysine and abundant catechol amino acids (L-
3,4-dihydroxyphenylalanine, DOPA), forming a reticular biological scaffold that
promotes cell adhesion and migration [[10],[13]]. As an effective mucosal protec-
tive agent for anal cushions, MAP can repair and reconstruct mucosal barrier
function, making it an ideal candidate for topical hemorrhoid therapy [[13]].

Herbal fumigation and sitz bath represent traditional Chinese external treat-
ment modalities [14]. Tongyangxiao lotion was developed by Professor Gao
Jihua, chief expert of the Colorectal Department at Hebei Provincial Hospital
of Chinese Medicine, based on nearly 40 years of clinical experience. Emphasiz-
ing non-surgical hemorrhoid treatment to prevent disease progression, Professor
Gao posits that hemorrhoids predominantly manifest as damp-heat syndrome.
Tongyangxiao lotion, administered via fumigation-sitz bath, exerts heat-clearing,
dampness-drying, hemostatic, antipruritic, and detumescent effects, suitable for
conservative management and postoperative care [14].

This clinical trial collected a large sample of grade I–II mixed hemorrhoid cases
to validate preliminary findings, elucidate mechanisms, and provide clinical data
supporting MAP and Tongyangxiao lotion application, offering novel insights
for non-surgical hemorrhoid treatment.

Methods

1.1 Case Source This prospective, randomized, controlled, single-blind study
enrolled patients with grade I–II mixed hemorrhoids who presented to the Col-
orectal Department of Hebei Provincial Hospital of Chinese Medicine between
January 1, 2021, and December 31, 2021.

1.1.1 Diagnostic Criteria (1) Western Medicine Criteria: Based on
the Chinese Guidelines for Diagnosis and Treatment of Hemorrhoids (2020)
(Colorectal Disease Committee, Chinese Association of Integrative Medicine)
[[5]], hemorrhoids are classified as internal, external, or mixed. The Goligher
classification system categorizes internal hemorrhoids into four grades based on
prolapse severity [[17]].

(2) Traditional Chinese Medicine Criteria: Based on the national stan-
dard Clinical Terminology of Traditional Chinese Medicine Diseases (GB/T
16751.1-1997) issued by the State Administration of Traditional Chinese
Medicine and the 13th Five-Year National Planning Textbook Surgery of
Traditional Chinese Medicine [[18]]. Mixed hemorrhoids result from damp-heat
descending to the anus causing vessel obstruction, or constitutional deficiency
with straining during defecation, heavy lifting, or childbirth leading to venous
stasis. Symptoms include: � intermittent hematochezia (dripping, spurting, or
blood on tissue, bright red, not mixed with stool); � prolapse (spontaneous
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reduction or requiring manual replacement, may occur with prolonged standing
or coughing); � anal discomfort (pain, foreign body sensation, heaviness,
discharge, perianal pruritus). Signs feature a mass spanning the dentate line
with indistinct boundaries between internal and external components and
disappearance of the intersphincteric groove.

1.1.2 Case Selection (1) Inclusion Criteria: Age 18–65 years, any gender;
meeting TCM and Western diagnostic criteria for mixed hemorrhoids with grade
I–II classification; presenting with bleeding (staining, dripping, or spurting) that
stops spontaneously after defecation, prolapse that reduces spontaneously, pos-
sibly accompanied by pain, heaviness, or moist pruritus; providing informed
consent for conservative treatment.

(2) Exclusion Criteria: Colorectal bleeding, swelling, or pain from organic
lesions; severe primary cardiac, hepatic, renal, or hematopoietic diseases, ma-
lignancy, severe endocrine/metabolic or neurological disorders; allergy to study
medications or components; suspected alcohol or drug abuse; infectious diseases;
pregnancy or lactation; investigators’assessment of unsuitability.

(3) Withdrawal/Dropout Criteria: Development of concomitant conditions
or complications precluding continuation; severe adverse events; participant-
initiated withdrawal (reasons documented); poor compliance or loss to follow-
up.

1.2.1 Sample Size Estimation PASS 15.0 software calculated the sample
size based on a cure rate of 85% from previous literature, using one-sided testing
with 𝛼=0.05 and power=0.9, yielding n=129 per group. Accounting for 15%
attrition, 298 patients were required (149 per group).

1.2.2 Randomization and Blinding A random number generator created
allocation sequences, which were converted into grouping variables using visual
binning. An Excel allocation table assigned eligible patients sequentially. The
single-blind design assigned Physician A to randomization and medication distri-
bution (unblinded at study completion), while Physician B conducted follow-up
visits and data recording.

1.2.3 Treatment Protocol Both groups received dietary and lifestyle coun-
seling. The experimental group received topical MAP combined with herbal sitz
bath; the control group received herbal sitz bath alone. Treatment duration was
10 days. For combined therapy, herbal sitz bath preceded MAP application, fol-
lowed by 10 minutes of bed rest. MAP anal dressing was provided by Jiangyin
Berison Biochemical Technology Co., Ltd. Tongyangxiao lotion (herbal gran-
ules containing: Phellodendron 15g, Sophora flavescens 30g, Angelica sinensis
15g, Atractylodes 15g, Gentiana macrophylla 15g, Asarum 6g, Mirabilite 30g,
Alum 15g, Saposhnikovia 15g, Zanthoxylum 15g, Galla chinensis 15g) was pro-
vided by the Pharmacy Department of the First Affiliated Hospital of Hebei
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University of Chinese Medicine. Each dose was dissolved in 3000ml hot water
at 38–42°C for 15-minute sitz baths, administered twice daily. The protocol
was approved by the Hebei University of Chinese Medicine Ethics Committee
(Approval No. YXLL-2021010).

1.2.4 Efficacy Evaluation Criteria (1) Primary Efficacy Indicators:
Comprehensive efficacy comprising efficacy index at treatment completion and
recurrence rate during follow-up. Recurrence was defined as persistent or recur-
rent major symptoms requiring additional treatment. Efficacy index was calcu-
lated using the Nimodipine method: [(pretreatment total score –post-treatment
total score) ÷ pretreatment total score] × 100%, categorized as cured, markedly
effective, effective, or ineffective.

(2) Secondary Efficacy Indicators: Clinical symptom improvement, safety
indicators, adverse events, and quality-of-life scores.

1.3.1 General Data Collection Baseline data included name, gender, age,
occupation, contact information, medical history, allergy history, hemorrhoid
duration, specialized examination findings, comorbidities, and concomitant med-
ications.

1.3.2 Follow-up Time Points Patients were evaluated on days 4, 7, and 10
of treatment, with assessments of hematochezia, prolapse, heaviness, mucosal
erosion, and hemorrhoid size scores. One month after treatment completion,
follow-up was conducted via telephone, WeChat, or clinic visit.

1.3.3 Anorectal Pressure Measurement Anal canal resting pressure was
measured before and after treatment.

1.3.4 Pain Assessment The Visual Analogue Scale (VAS) was used to eval-
uate anal pain before and after treatment, recording maximum pain during
defecation and at rest based on patient-reported experience.

1.3.5 Clinical Symptom Improvement Scoring Based on the April 2020
Clinical Guidelines for Anorectal Diseases in Traditional Chinese Medicine,
symptom scores were evaluated for hematochezia, prolapse, heaviness, mucosal
erosion, and hemorrhoid size. Scoring system: Hematochezia (0=none, 2=stain-
ing, 4=dripping, 6=spurting); Prolapse (0=none, 2=self-reducing); Heaviness
(0=none, 2=mild sensation, 4=mild pain, 6=severe pain); Mucosal status
(0=normal, 2=congestion/edema, 4=erosion, 6=bleeding points); Hemorrhoid
size (0=normal, 2=one hemorrhoid >1 clock hour, 4=two hemorrhoids >1
clock hour or one >2 clock hours, 6=three hemorrhoids >1 clock hour).
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1.3.6 Safety Indicators Vital signs, general condition, and potential adverse
reactions were monitored, with documentation of any MAP or Tongyangxiao
lotion-related adverse events, including timing, symptoms, and management.

1.3.7 Quality of Life Assessment The HEMO-FISS-QoL (HF-QoL) scale,
comprising 23 items across four domains (physical, psychological, defecation,
and sexual dysfunction), was administered before and after treatment. Re-
sponses of never, rarely, sometimes, often, and always were scored 1–5 respec-
tively [[19],[20]].

1.4 Statistical Methods SPSS 25.0 and GraphPad Prism 8.0 were used for
data analysis. Normally distributed continuous data were expressed as mean ±
standard deviation; skewed data as median and interquartile range. Paired
t-tests were used for within-group comparisons, and independent t-tests for
between-group comparisons when variance homogeneity was met; otherwise, cor-
rected t-tests or non-parametric tests were applied. 𝛼=0.05; P<0.05 indicated
statistical significance.

Results

2.1 Study Completion Status Patient screening is illustrated in [Figure
1: see original paper]. During the study, some cases withdrew or were lost to
follow-up. Ultimately, 276 patients completed the trial (experimental group:
140; control group: 136).

2.2 Baseline Characteristics As shown in , no statistically significant differ-
ences existed between groups in baseline data distribution (P>0.05), indicating
comparable gender, age, disease duration, disease stage, pre-treatment symp-
toms, anal canal resting pressure, quality of life, and surgical history.

2.3 VAS and Symptom Scores During Follow-up and [Figure 2: see orig-
inal paper] demonstrate that VAS scores and symptom scores (hematochezia,
prolapse, heaviness, mucosal status, hemorrhoid size) decreased progressively in
both groups, with significant symptom relief. On day 4, VAS and symptom
scores differed significantly between groups (P<0.05), indicating the combined
therapy’s superior efficacy emerged early. The experimental group showed
marked reductions in VAS and hematochezia scores, demonstrating rapid pain
and bleeding relief with shortened onset time. By day 10, the experimental
group exhibited superior improvement in pain, hematochezia, prolapse, and mu-
cosal symptoms compared to the control group, with statistically significant
differences in mean VAS and symptom scores (P<0.05), confirming the com-
bined regimen’s rapid onset and enhanced efficacy.
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2.4 Pre-Post Treatment Comparison and [Figure 3: see original paper]
compare pre- and post-treatment VAS scores, symptom scores, anal canal rest-
ing pressure, and HF-QoL scores, all of which decreased significantly. Post-
treatment differences between groups were statistically significant (P<0.05), in-
dicating that the experimental regimen more effectively improved pain, symp-
toms, sphincter tension, and quality-of-life impairment.

2.5 Safety Evaluation and Follow-up No drug-related complications or
adverse reactions occurred in either group, confirming the excellent safety profile
of MAP and Tongyangxiao lotion. One-month follow-up of patients achieving
“cured”status showed 3 recurrences in 93 patients (3.23%) in the experimental
group versus 4 recurrences in 75 patients (5.33%) in the control group, with no
statistically significant difference in recurrence rates (P>0.05).

2.6 Comprehensive Efficacy Comparison Among 276 enrolled grade I–II
mixed hemorrhoid patients, the experimental group achieved 118 cures (84.28%),
12 markedly effective, 5 effective, and 5 ineffective cases, yielding a 96.43%
total effective rate. The control group showed 95 cures (69.85%), 19 markedly
effective, 10 effective, and 12 ineffective cases, with a 91.18% total effective
rate (). Both therapies effectively relieved symptoms with good safety and low
recurrence rates, but the experimental group demonstrated statistically superior
overall efficacy (P<0.05), confirming the combined therapy’s rapid onset and
enhanced effectiveness.

Discussion

The pathogenesis of hemorrhoids remains incompletely understood. While ex-
ternal hemorrhoid etiology is relatively clear, internal hemorrhoid physiology
and pathology are debated. Proposed mechanisms include venous varicosis,
vascular hyperplasia, venous pump dysfunction, arterial distribution patterns,
herniation, infection, and pressure gradient theories, with the anal cushion pro-
lapse theory being most widely accepted [[21]-[25]]. The anal cushion represents
a specialized anorectal structure present from infancy, not inherently pathologi-
cal. Only pathological changes with symptoms constitute hemorrhoidal disease;
treatment aims to relieve symptoms rather than eliminate tissue [[24],[25]]. The
progression from thin infantile structures to enlarged hemorrhoidal tissue ex-
plains advanced disease, while early-stage (grade I–II) hemorrhoids present pri-
marily with bleeding, suggesting the anal cushion prolapse theory alone cannot
fully explain hemorrhoid pathogenesis [[24]-[26]].

Hemorrhoids predominantly affect the anal cushion, whose mucosa originates
from specialized embryonic tissue containing diverse epithelial cells, abundant
nerve endings, complex neuroendocrine regulatory mechanisms, and active im-
mune participation [[27],[28]]. This multifunctional biological membrane pos-
sesses intrinsic defense capabilities against harmful factors. Goblet and colum-
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nar cells secrete mucins, glycoproteins, and polysaccharides forming a mucus
protective layer—the first defensive barrier. The stratified epithelium with tight
and adherens junctions constitutes a second barrier, blocking toxin invasion
[[27],[28]]. When barrier function weakens or mucosa is damaged, local neuro-
hormonal dysregulation, increased vascular permeability, vasodilation, conges-
tion, edema, and muscle hypertonia occur, triggering inflammatory lesions and
symptomatic hemorrhoids.

Treatment must address not only symptoms but also protect anal cushion bar-
rier function, mitigating damage from systemic and local pathogenic factors
to maintain mucosal integrity, microenvironmental stability, and coordinated
vascular-neurohormonal regulation—prerequisites for anorectal health.

MAP was developed specifically for mucosal protection and repair. Mussels
secrete MAP through byssal glands to adhere to surfaces in marine environ-
ments, forming high-strength, water-resistant protein fibers [[29]-[32]]. MAP’s
positive charge enables rapid electrostatic interaction with negatively charged
human cells, while hydrophobic effects and physiological conditions (tempera-
ture, pH) promote cross-linking into stable polymers that resist fluid 冲刷. Cells
are attracted to the positively charged scaffold, facilitating migration and mu-
cosal healing [[30]-[32]]. MAP maintains stable attachment to rectal and anal
cushion mucosa in fluid-rich environments, providing durable protection [[13]].

Fumigation-sitz bath is a characteristic technique in Chinese colorectal medicine,
first documented in Fifty-Two Prescriptions [[33]] and later elaborated in Stan-
dards of Treatment as effective for dredging meridians, harmonizing blood,
dissipating heat-toxin, reducing swelling, and promoting tissue regeneration
[[35],[36]]. This method uses heated herbal steam and liquid to enhance local
drug absorption, improving circulation, metabolism, and oxygen exchange
while alleviating symptoms [[34]].

Tongyangxiao lotion acts locally through percutaneous and mucosal absorption,
maintaining barrier cleanliness, reducing pathogenic risk, and enhancing disease
resistance. Hemorrhoids predominantly manifest as damp-heat descending and
blood stasis. Sophora flavescens (containing alkaloids and flavonoids) inhibits
Staphylococcus aureus and E. coli, exerting heat-clearing and dampness-drying
effects [[37],[38]]. Phellodendron (containing berberine) demonstrates anti-
inflammatory, antioxidant, and antimicrobial properties [[39]]. Angelica sinensis
reduces capillary permeability and inflammation while promoting hematopoiesis
[[40]]. Asarum alleviates edema and pain through anti-inflammatory and free
radical-scavenging actions [[41]]. Gentiana macrophylla contains flavonoids
and triterpenoids with anti-inflammatory and analgesic effects [[42]]. Galla
chinensis (containing gallic acid and tannins) promotes protein coagulation for
hemostasis and exhibits antimicrobial activity [[43]]. Mirabilite reduces local
vascular permeability and inflammation [[44],[45]]. Alum provides astringent,
antiparasitic, and dampness-drying effects. Zanthoxylum contains volatile oils
and alkaloids with anti-inflammatory, antioxidant, and anticoagulant properties
[[46]]. This combination achieves heat-clearing, dampness-drying, hemostatic,
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analgesic, antipruritic, and tissue-regenerative effects.

This study selected grade I–II mixed hemorrhoid patients exhibiting anal cush-
ion barrier dysfunction and local neuroendocrine dysregulation with inflamma-
tory, congestive, and ulcerative changes. Clinical trials demonstrated that MAP
combined with Tongyangxiao lotion effectively repaired mucosal injury, relieved
bleeding, pain, prolapse, and heaviness, improved quality of life, reduced inter-
nal anal sphincter tension, and outperformed herbal therapy alone, achieving
an 84.26% cure rate with rapid onset and enhanced efficacy, offering a valuable
non-surgical approach warranting clinical promotion.
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