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Abstract: Objective: The aim of this study was to systematically evaluate the antimicrobial potential of Compound 
Huangbai Liquid (HB) against Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) and methicillin-resistant 
Staphylococcus aureus (MRSA) infections. Methods: A multidimensional research strategy combining clinical trials, 
bacteriological experiments and animal model studies was used. The clinical efficacy and adverse effects of HB 
were observed in patients with abdominal abscesses and non-lactating breast abscesses. The antimicrobial activity 
of HB was assessed in vitro by minimal inhibitory concentration (MIC), and its antibacterial, anti-inflammatory as 
well as pro-healing mechanisms were explored in a mouse infection model. Results: Clinical studies of abdominal 
abscesses showed that patients in the HB treatment group had a significantly lower rate of pus bacterial positivity, 
lower serum white blood cell (WBC), neutrophil (NEU) and C-reactive protein (CRP) levels, higher levels of vascular 
endothelial growth factor (VEGF), epidermal growth factor (EGF) and basic fibroblast growth factor (βFGF), reduced 
pus volume and shorter hospitalization time. Clinical studies of non-lactating breast abscesses showed that HB 
significantly reduced tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) levels, promoted wound healing and 
relieved pain. No significant adverse effects were observed in either clinical study, and there was no statistically 
significant difference in the recurrence rate during long-term follow-up, indicating that HB has a favorable safety 
profile and stable efficacy. The results of bacteriological experiments showed that the MICs of HB on S. aureus and 
E. coli were 140 µg/mL and 500 µg/mL, respectively, showing concentration-dependent bacteriostatic effects. 
Animal experiments further revealed that HB significantly reduced the wound bacterial load, inhibited inflammatory 
cell infiltration, increased the number of fibroblasts, and down-regulated the levels of inflammatory factors such as 
IL-1, IL-6, and TNF-α, while up-regulating the expression of tissue repair factors such as EGF, VEGF-A, and TGF-β. 
Conclusion: HB possesses antimicrobial effects against S. aureus and E. coli and possesses the prospect of further 
development as an antimicrobial adjuvant therapeutic agent.
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Introduction

Staphylococcus aureus (S. aureus) and Esche- 
richia coli (E. coli) are the most common gram-
positive and gram-negative pathogens in clini-
cal practice, and have posed a serious threat to 
human health [1, 2]. S. aureus is a major caus-
ative agent of a variety of infectious diseases, 

including breast abscesses, respiratory infec-
tions, and sepsis [3-5]. At the same time, E.  
coli is a major causative agent of abdominal 
abscesses, urinary tract infections, diarrhea, 
and food poisoning [6-8]. However, with the 
widespread use and abuse of antibiotics,  
bacteria such as S. aureus and E. coli have 
become increasingly resistant to conventional 
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antibiotics. The growing problem of antibiotic 
resistance and the declining therapeutic effi-
cacy of conventional antimicrobial drugs have 
become one of the major clinical challenges 
worldwide, which inevitably increases the risk 
of treatment failure and disease recurrence 
[9-12]. Therefore, the development of new an- 
timicrobial strategies, especially alternative or 
adjunctive therapeutic regimens derived from 
natural medicines, has become an important 
direction in the global research of infection 
therapy [13].

Traditional Chinese medicine is an important 
natural medicinal resource with thousands of 
years of history and rich therapeutic experi-
ence. Phellodendron bark, as a Chinese herbal 
medicine, is widely used in traditional Chinese 
medicine and has good medicinal value. Se- 
veral studies have confirmed that more than 
active components (e.g., huangpao alkaloids, 
flavonoids, flavonoids, etc.) in Phellodendron 
bark have significant antimicrobial activities 
and have certain inhibitory effects on S. au- 
reus and E. coli [14-16]. However, the applica-
tion of single components is limited to some 
extent due to the complexity of the pathogen 
ecosystem and the presence of multiple re- 
sistance mechanisms. Therefore, combining 
Huangbai with other herbal components to 
form a compound preparation becomes a 
potential solution. Compound Huangbai Liquid 
(HB) is a traditional Chinese herbal compound 
formulation composed of five herbal ingredi-
ents: Phellodendron bark, Forsythia fruit, Hon- 
eysuckle flower, Dandelion root, and Centipede. 
Its main active components include cinnamic 
acid, caffeic acid, quercetin, ursolic acid, and 
D-limonene, among others. It exhibits signifi-
cant antibacterial and anti-inflammatory effe- 
cts [17-19].

HB has been shown to have favorable anti-
inflammatory effects in ameliorating inflam- 
mation-related diseases such as ulcerative 
colitis, diabetic foot and atopic dermatitis [20-
22]. However, the clinical application of HB in 
patients with infected abscesses still lacks  
systematic validation, and there is a gap in 
research on infected abscesses caused by S. 
aureus and E. coli in particular. In this study,  
we evaluated the clinical efficacy and safety of 
HB for the first time in two typical abscess pop-

ulations - abdominal abscess (deep infection) 
and non-lactating breast abscess (superficial 
infection) - in patients with S. aureus and E. 
coli, and systematically investigated the anti- 
microbial efficacy and therapeutic potential of 
HB at multiple levels in conjunction with bacte-
riological and animal experiments. The results 
of these studies can provide a scientific basis 
for further development and application of HB, 
as well as new therapeutic strategies and app- 
roaches for the treatment of infections caused 
by S. aureus and E. coli. This is of great signifi-
cance for alleviating the problem of antibiotic 
resistance and improving the clinical therapeu-
tic effects.

Materials and methods

Clinical trials-abdominal abscess

Patients: A total of 50 patients with abdominal 
abscesses who were seen and diagnosed at 
the First Affiliated Hospital of Anhui Univer- 
sity of Traditional Chinese Medicine between 
January 2018 and June 2023 were retrospec-
tively collected in this study. All patients were 
clearly diagnosed by clinical and imaging exam-
inations and met the inclusion criteria. The vol-
ume of abscess cavity (cm3) at 3 days postop-
eratively was used as the main outcome index. 
Sample size estimation was based on the pre-
test data (postoperative pus cavity volume of 
3.7±1.68 cm3 in the study group and 5.2±1.68 
cm3 in the control group), and was calculated 
using the formula for comparing the means of 
two independent samples. The detailed proce-
dure is described in Supplementary Table 1. It 
was finally determined that 25 patients were 
needed in each of the two groups, and the  
total sample size was 50 cases. This study  
was approved by the Ethics Committee of the 
First Affiliated Hospital of Anhui University of 
Traditional Chinese Medicine (Ethics Approval 
No. 2020AH-12), and all patients provided writ-
ten informed consent prior to participation in 
the study.

Diagnostic criteria: Abdominal abscess [23]: 
The patient presents clinically with abdominal 
pain, fever, and localized tenderness. Imaging 
(Computed Tomography, CT) reveals an accu-
mulation of fluid in the abdominal cavity, and 
the lesion is usually encapsulated by tissues 
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such as bowel, visceral organs, omentum, or 
mesentery, and is clearly separated from the 
free abdominal cavity. CT suggests the pres-
ence of an abscess in the interstitial space of 
the abdomen or in an abdominal organ and is 
confirmed by CT-guided puncture to aspirate 
the pus.

Inclusion and exclusion criteria: Inclusion crite-
ria: ① Meet the diagnostic criteria of abdomi-
nal abscess; ② Positive bacterial culture of 
pus, detecting S. aureus or E. coli; ③ Age 
between 18 and 80 years; ④ No serious vital 
organ disease (such as heart, liver, kidney 
insufficiency), coagulation dysfunction or im- 
mune system disease. Exclusion criteria: ① 
People with allergy to this drug; ② People  
who were discharged or transferred to other 
hospitals in the early postoperative period, 
which resulted in incomplete follow-up records; 
③ People who combined with serious neuro-
logical or psychiatric diseases, which affected 
the compliance with treatment.

Treatment: Control group: ① Basic treatment 
methods: give fluid rehydration, systemic anti-
infection treatment, organ function mainte-
nance and nutritional support. ② Characteri- 
zation, localization and volume determination 
of abscess cavity [23]: use ultrasound or CT to 
determine the formation of its abscess cavity, 
abscess wall intact (to determine whether the- 
re is an indication for flushing), and the volume 
of abscess cavity, according to the formula: 
(length × width × height)/2. ③ Placement of 
drainage tube: put the patient in prone position; 
provide routine disinfection, lay towels, admin-
istrate 2% Lidocaine 5 ml of local anesthesia, 
place CT-guided puncture needle into the pus 
cavity. The CT-guided puncture needle enters 
the pus cavity, extracts the pus, places the 
guide wire, withdraws the puncture needle, fully 
expands the skin with the skin expander, intro-
duces the 8F anti-living catheter along the 
guide wire, and pulls out the core of the needle 
and the guide wire; the pus is seen to flow out 
through the catheter, and the drainage bag is 
connected; disinfect bandage and fix the cath-
eter. ④ Purge the pus cavity: firstly, fully drain 
out the pus from the pus cavity (usually 12-24  
h can drain completely). Determine the initial 
flushing volume according to the volume of  
pus cavity; flush the drug of selection gentami-
cin (2 mL/80000 U, Shanghai Modern Hassan 

Pharmaceutical Co., Ltd.), each time 8-10 mL, 
or with 0.9% NaCl injection solution mixed with 
the ratio of 1:1 flushing. The flushing fluid had  
a temperature at 38-39°C, and was slowly 
injected 2 times a day to achieve the disap-
pearance of pus cavity.

Treatment group: ①-③ Same as the con- 
trol group. ④ Pus cavity irrigation: Use HB 
(Shandong Hanfang Pharmaceutical Co., Ltd., 
National Drug Approval Number Z10950097, 
Batch Number 1308281, 100 mL per bottle)  
as the irrigation solution. Administer 10-20 mL 
per session, or mix with 0.9% sodium chloride 
injection solution in a 1:1 ratio before irrigation. 
Perform twice daily. For patients with deep ab- 
scess locations or those with deep abscesses 
requiring tube drainage, mix with 0.9% NaCl 
injection solution in a 1:1 ratio and perform 
continuous irrigation through the drainage tu- 
be for 24 hours. For double-lumen tubes, con-
nect the inflow tube to the mixed solution and 
the outflow tube to the central negative pres-
sure suction system.

Collection of clinical indicators: Pus samples 
were collected from patients at the time of 
puncture and tube placement and on days 7 
and 14 after tube placement for bacterial iden-
tification and drug susceptibility testing. Blood 
samples were collected preoperatively and 
postoperatively on days 3, 7, and 14, respec-
tively, and serum white blood cell (WBC), neu-
trophil (NEU), C-reactive protein (CRP), vascu- 
lar endothelial growth factor (VEGF), epidermal 
growth factor (EGF), and basic fibroblast grow- 
th factor (βFGF) were measured. CT images 
were used to measure the change in the vol-
ume of the abscess cavity before puncture 
placement and on days 7 and 14 after place-
ment, respectively. The number of days the 
patients were hospitalized was recorded and 
they were followed up for one year to observe 
the recurrence of abdominal abscesses. Ad- 
verse effects were also recorded during the 
treatment and follow-up, including hepatic and 
renal impairment, skin irritation, diarrhea, drug-
related fever and bleeding.

Clinical trials - non-lactating breast abscess 
abscesses

Patients: A total of 38 patients with non-la- 
ctating mastitis who were hospitalized in the 
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Department of Breast Surgery at the First 
Affiliated Hospital of Anhui University of Tra- 
ditional Chinese Medicine between February 
2021 and November 2021 were included in 
this retrospective analysis. All patients were 
consistent with abscess stage presentation 
(with or without local skin ulceration) and un- 
derwent breast abscess incision and drainage 
and necrotic tissue removal. The sample size  
of this study was estimated on the basis of the 
difference in the overall rate of wound healing 
between the two groups. Based on the prelimi-
nary pre-test data, the total effective rate was 
set to be 55% in the control group and 85% in 
the treatment group. Setting α = 0.05 (two-sid-
ed test) and test efficacy (1 - β) = 0.80, it was 
calculated that about 16-17 patients needed  
to be included in each group, and the total sam-
ple size was about 33 cases. The detailed for-
mula and derivation of the sample size esti- 
mation are shown in Supplementary Table 1. 
38 patients (20 patients in the treatment  
group and 18 patients in the control group) 
were included in the study, which was slightly 
higher than the theoretical estimation, and met 
the statistical requirements of the preliminary 
exploratory study. This study was approved  
by the Ethics Committee of the First Affiliat- 
ed Hospital of Anhui University of Traditional 
Chinese Medicine (Ethics Approval No. 2021AH-
28), and all patients provided written informed 
consent prior to participation in the study.

Diagnostic criteria: Breast abscess [24] clini- 
cal manifestations are pain and/or lump, fever, 
chills and discomfort. Ultrasound shows the 
presence of multiple small abscesses or a sin-
gle isolated cavity. The abscess is confined  
or compartmentalized and ultrasound-guided 
puncture extracts pus.

Inclusion and exclusion criteria: Inclusion crite-
ria: ① Meet the relevant diagnostic criteria of 
non-lactating mastitis, and clearly diagnosed 
as periductal chronic mastitis or granuloma-
tous mastitis; ② Non-pregnant or non-lactat-
ing, ages older than 18 years and younger than 
50 years; ③ No serious diseases of impor- 
tant organs, coagulation system diseases and 
immune system diseases. Exclusion criteria:  
① Allergic to this drug; ② Not in accordance 
with the prescribed treatment program, or long-
term combined use of other drugs with thera-

peutic effects on non-lactating mastitis, and 
the efficacy of which cannot be determined; ③ 
Lack of complete clinical medical records.

Treatment: Control group: ① Basic treatment: 
all non-lactating mastitis patients complete 
routine examinations in advance such as blood 
routine, biochemical series, coagulation rou-
tine, immune combination, electrocardiogram, 
breast ultrasound, breast magnetic resonance 
and other routine examinations, and exclude 
contraindications to surgery, preoperative posi-
tioning marking, skin preparation, fasting and 
water for 6 h. Anesthesia adopts general anes-
thesia, and the surgical procedure is as follows: 
the patient takes a flat lying position, disinfects 
and spreads a towel, and then takes the appro-
priate position to incise the skin and subcuta-
neous glandular tissue. After incising the skin 
and subcutaneous glandular tissues in a suit-
able position, opening the abscess cavity in the 
breast, releasing the pus, removing all the dis-
eased inflammatory tissues in the breast as far 
as possible, rinsing with saline and hydrogen 
peroxide and checking that there is no bleeding 
point, filling the trauma cavity with Vaseline 
gauze strips, and fixing the wound by external 
bandage with sterile gauze, cotton pads, or 
abdominal bandage. After the operation, the 
patient is put on oxygen, cardiac monitoring, 
fasting for 6 h, and temporary drip nutritional 
support drugs. ② Dressing change from the 
first postoperative day, only change the ex- 
ternal dressing, the gauze block filled in the 
wound is not taken out, the next day begin to 
change the dressing in the wound, once a day. 
Pay attention to the aseptic operation when 
changing the dressing, keep clean inside the 
wound, and check whether there is blood seep-
age, secretion and granulation tissue inside  
the wound. ③ Start to change the gauze block 
in the wound on the second day after the ope- 
ration. When changing the dressing, first use 
iodophor cotton balls to disinfect and clean the 
wound around the outer mouth, then gently 
scrub the wound cavity, and the strength should 
not be too big, to avoid bleeding. Wipe away  
the pus and secretion in the wound cavity, and 
after the wound cavity is clean, fill the wound 
cavity evenly with sterile gauze block. Use ster-
ile cotton pads to put pressure on the external 
dressing, and fix it with elastic bandage, adhe-
sive tape or abdominal belt, and change the 
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dressing once a day for a total of 3 weeks of 
observation.

Treatment group: ①-③ Same as control gr- 
oup. ④ Purge of pus cavity: patients begin to 
change the gauze block (Henan Yadu Industry 
Co., Ltd., production batch number: 2009- 
CA0095, specification: 80 mm × 80 mm × 8P) 
in the trauma on the second day after the oper-
ation. When changing the medicine, first disin-
fect and clean the wound around the outer 
mouth with iodine volts (Shandong Meide Me- 
dical Science and Technology Co., Ltd., batch 
number: 210102, specification: 500 mL per 
bottle) cotton balls, and then gently scrub the 
traumatic cavity. The strength should not be 
too large, in order to avoid bleeding. After that, 
wipe away the pus and secretion in the trauma 
cavity. To clean, take the appropriate amount  
of compound cypress liquid coating (Shandong 
Hanfang Pharmaceutical Co., Ltd., State Phar- 
maceutical License: Z10950097, Batch No.: 
1308281, specifications: 100 mL per bottle), 
uniform penetration of gauze block, about 10- 
20 mL/times, to the extent that gauze block is 
soaked through but the liquid does not drip out. 
The gauze block evenly fills the trauma cavity, 
followed by fixation using external pressure 
bandage with sterile cotton pads, elastic ban-
dage, tape or abdominal bandage. Change the 
medicine once a day, and observe for a total of 
3 weeks.

Collection of clinical indicators: Cytokines: 
Measured before treatment and on day 7 of 
treatment, including levels of tumor necrosis 
factor-α (TNF-α) and interleukin-1β (IL-1β) in  
the budding tissue; Wound healing rate [25]: 
Measure the size of the wounds on the 7th, 
14th, and 21st day after the treatment, and 
then combine with the area of the original 
wounds after the operation to calculate the 
wound healing rate. Specific operation steps: 
When changing the dressing, use sterile for-
ceps to detect the outermost edge of the wo- 
und in all directions, mark the corresponding 
position on the surface skin, then apply the 
transparent film evenly to the wound, and draw 
the area of the wound by connecting the points 
along the previously marked points. The film 
was compared with the ECG scanning paper  
to calculate the specific value, and then the 
wound healing rate was calculated according  
to the formula: wound healing rate on day n (%) 

= (original wound area - measured wound area 
on day n)/original wound area × 100%; VAS 
Pain Score [26]: On the 7th, 14th, and 21st 
days after treatment, the patients were asked 
to record the self-perceived pain and the pain 
sensation of the wound during dressing chan- 
ge, the scores ranged from 0 to 10, and the 
higher score of the VAS meant the stronger  
the pain sensation. Efficacy evaluation criteria: 
after 21 days of treatment, the overall efficacy 
was evaluated according to the healing of the 
wounds in the two groups. Total Effective = 
Cured + Significantly Effective + Improved 
(Supplementary Table 2). Patients were fol-
lowed up for one year to detect recurrence  
of breast abscesses; finally, it was recorded 
whether the patients had any adverse reac-
tions such as bleeding liver and kidney impair-
ment, skin allergy, diarrhea, drug-related fever, 
and bleeding during the treatment and follow-
up period.

Bacterial experiment

Bacterial strains and medication: S. aureus 
(NCTC8325) and E. coli (MPEC6) were supplied 
by the College of Biological Sciences, Anhui 
Agricultural University, Anhui Province, China, 
and the HB was purchased from Maanshan 
Hospital of Traditional Chinese Medicine, Ma- 
anshan City, Anhui Province, China (Specifica- 
tion: 100 mL per bottle; China National Phar- 
maceutical License No.: Z10950097, Batch 
No.: 1308281).

Extraction of methicillin-resistant Staphyloco- 
ccus aureus (MRSA): Initially, samples were 
aseptically collected from the patient’s infec-
tion site, such as abscess pus or wound se- 
cretions. These samples were then inoculated 
onto selective media, such as oxacillin-conta- 
ining mannitol salt agar, for preliminary isola-
tion and incubated aerobically at 37°C for 
24-48 hours. Suspected colonies were preli- 
minarily identified through Gram staining and  
a coagulase test, with methicillin resistance 
confirmed via the cefoxitin disk diffusion meth-
od. Finally, the bacterial strains were preserv- 
ed in glycerol broth and stored at -80°C for 
future use.

Growth conditions of the strain and prepara-
tion of the bacterial solution: The S. aureus, E. 
coli and MRSA bacterial fluids frozen in the 
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refrigerator at -80°C were taken out and inocu-
lated onto TSB solid medium for delineation 
respectively, and the TSB solid medium was 
placed in overnight culture at 37°C tempera-
ture. A pipette gun was used to pick single  
colonies on the overnight cultured TSB medi-
um. 3 mL of TSB liquid medium was added to 
the sterilized test tube, and the single colonies 
dipped on the tip of the pipette gun were blown 
into the test tube. 37°C, 200 rmp/min was 
used for overnight culture.

Minimum inhibitory concentration (MIC): The 
MIC was determined using the broth microdilu-
tion method in accordance with Clinical and 
Laboratory Standards Institute (CLSI) guidelin- 
es. Overnight cultures of S. aureus NCTC8325, 
E. coli MPEC6, and MRSA clinical isolates were 
adjusted to an optical density of OD600 = 1.0 
(approximately 1 × 108 CFU/mL) and diluted 
1:100 in cation-adjusted Mueller-Hinton broth 
(CAMHB) to achieve a final inoculum of ~5 × 
105 CFU/mL. Serial two-fold dilutions of the HB 
stock solution (0.2 mg/mL) were prepared in 
CAMHB across a 96-well microtiter plate. Each 
well was inoculated with 100 µL of the bacterial 
suspension. The plates were incubated at 35°C 
for 18-24 hours. The MIC was defined as the 
lowest concentration of HB that completely 
inhibited visible bacterial growth. Controls in- 
cluded growth control (bacteria without HB), 
solvent control (CAMHB with vehicle), and ste- 
rility control (CAMHB only). All experiments  
were performed in triplicate. The MIC values 
were reported in µg/mL after conversion based 
on the HB stock concentration.

Bacterial growth experiment: Bacterial su- 
spensions were standardized by measuring the 
OD600 value to ensure consistent initial inocu-
lum size. Four separate 100 mL LB liquid me- 
dia were each inoculated with 1 mL of the  
bacterial suspension. Experimental groups re- 
ceived varying amounts (0.5 mL, 1 mL, 1.5 mL) 
of HB, while a positive control group was es- 
tablished without the HB. These cultures were 
incubated at 37°C with shaking at 150 rpm. 
The OD600 value was recorded every 2 hours 
until bacterial growth plateaued. This proce-
dure was replicated three times [27].

Determination of colony-forming units (CFU): 
Within a sterile environment, the overnight bac-
terial culture was adjusted to OD600 = 1. This 

was then diluted 1:1000 with TSB liquid medi-
um and mixed thoroughly. Five centrifuge tubes 
were prepared. The first tube received only 1 
mL of the diluted bacterial solution. The subse-
quent four tubes were supplemented with vary-
ing HB doses, resulting in concentrations of 35 
μg/mL, 70 μg/mL, 105 μg/mL, and 140 μg/mL 
for S. aureus, and 125 μg/mL, 250 μg/mL, 375 
μg/mL, and 500 μg/mL for E. coli. Each tube’s 
total volume was adjusted to 1 mL and mixed 
well. After a 12-hour incubation at 37°C, the 
solutions underwent a 10-fold serial dilution. 
Samples from the 10^-5 and 10^-6 dilutions 
were plated on liquid medium and incubated 
overnight at 37°C. The number of bacterial col-
onies on these plates was then counted. This 
experiment was conducted three times, with 
three replicates each time [28].

Animal experimentation

Animal modeling and drug administration: 
BALB/C mice (female, 18-23 g, 7-8 weeks old) 
were procured from Hangzhou Ziyuan Experi- 
mental Animal Technology Co., Ltd. (License 
No. SCXK (Zhejiang) 2019-0004). All animal 
procedures were approved by The Experimen- 
tal Animal Ethics Committee of Anhui University 
of Traditional Chinese Medicine (Approval No. 
AHUCM-mouse-2022141) and conducted in 
accordance with institutional guidelines. A prio-
ri sample size calculation was performed based 
on preliminary data, indicating that n = 15 per 
group would provide 80% power to detect a 
2-log10 reduction in bacterial load with α = 
0.05. Mice were acclimatized for one week 
under standard conditions. The mouse full-
thickness burn wound infection model was 
established as previously described. Briefly, 
mice were anesthetized by intraperitoneal in- 
jection of 1% pentobarbital sodium (50 mg/kg). 
The dorsal hair was removed, and a full-thick-
ness burn was created by applying a copper  
rod to the exposed skin for 40 seconds. Sub- 
sequently, a 20 μL bacterial suspension con-
taining 5 × 107 CFU of S. aureus and E. coli was 
topically applied to the burn site. Sham-infected 
control mice received an equal volume of ster-
ile PBS. Successful infection was confirmed by 
the presence of an open, purulent wound 48 
hours post-inoculation. Post-operative analge-
sia was provided by administering ibuprofen 
(30 mg/kg) in drinking water for 48 hours.
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Following successful model establishment, 
mice were randomly assigned to four groups  
(n = 15 per group per bacterial strain) using a 
computer-generated random number sequen- 
ce: (1) Sham-infected Control (PBS treatment), 
(2) Infected Model (Vehicle control), (3) HB 
Treatment, and (4) Levofloxacin Treatment. The 
investigator performing the surgeries and daily 
observations was blinded to the treatment 
group allocations during the experiment. Gr- 
oup allocation was concealed until interven-
tions were administered. HB Group: Wounds 
were topically treated with 20 μL of undiluted 
Compound Huangbai Liquid (HB, 0.1 g/mL) 
applied directly to the wound bed, twice daily. 
Levofloxacin Group: Mice received intraperito-
neal injections of levofloxacin (10 mg/kg in 
saline) once daily. Infected Model Group: 
Wounds were treated topically with 20 μL of 
sterile saline, twice daily. Sham-infected Con- 
trol Group: Wounds were treated topically with 
20 μL of sterile PBS, twice daily. Upon com- 
pletion of the experimental procedures, the  
animals were euthanized by carbon dioxide 
inhalation.

Assessment of bacterial burden: On day 7 post-
infection, a pre-defined primary endpoint, mice 
(n = 5 per group) were euthanized. A full-thick-
ness wound tissue sample (approximately 1 cm 
diameter, weighed) was harvested aseptically. 
Tissues were homogenized in 1 mL of sterile 
PBS. Serial 10-fold dilutions were plated on LB 
agar and incubated at 37°C for 24 h. Bacterial 
colonies were counted, and the results were 
expressed as log10 colony-forming units per 
gram of tissue (log10 CFU/g). Data are pre- 
sented as scatter plots showing individual ani-
mal values as mean ± SD [29].

Histopathological analysis: Mice were anesthe-
tized by intraperitoneal injection of 3% pento-
barbital sodium 50 mg kg-1, and were executed 
by cervical dislocation method, with two mice in 
each group randomly executed on days 3, 7, 
and 14 after modeling. Under aseptic con- 
ditions, the whole trabecular tissue was cut 
along the outer edge of the trabeculae of about 
2 mm, and the trabecular tissue was fixed, 
dehydrated, embedded in paraffin, sectioned, 
hematoxylin stained for 5 min; washed with tap 
water, 3 times; eosin alcohol treated for 2 min; 
differentiated, rinsed with 1% ethanol, hydro-

chloric acid, and cemented [22]. The structural 
changes of the traumatized tissue at each time 
point were observed at ×200 magnification. All 
histopathological slides were coded and evalu-
ated by a pathologist blinded to the treatment 
groups. A semi-quantitative scoring system 
was used to assess inflammation (0-4), ne- 
crosis (0-3), and granulation tissue formation 
(0-3).

Enzyme-linked immunosorbent assay (ELISA): 
Post-anesthesia with 3% pentobarbital sodi- 
um (50 mg/kg) administered intraperitoneally, 
blood samples (3 mL each) were drawn from 
randomly selected mice on the 3rd, 7th, and 
14th days post-modeling (n = 5 per group). 
Serum concentrations of IL-1, IL-6, TNF-α, 
VEGF-A, EGF, and TGF-β were determined using 
enzyme-linked immunosorbent assays (ELISA 
kits, Keshun Biotechnology, Shanghai, China) 
[30]. Three sets of wells were prepared: stan-
dard, test sample, and blank. Each set received 
100 μL of their respective solutions: varying 
concentrations of standards, test samples, or 
standard solution diluents. The ELISA plate was 
sealed and incubated at 37°C for 1 hour. After 
discarding the liquid and drying the plate, it  
was rinsed thrice. Subsequently, 50 μL of work-
ing solution A was added to each well, followed 
by a 37°C incubation for 1 hour. The liquid was 
discarded, the plate dried and washed, and 
then 50 μL of working solution B was added, 
following the same procedure. After a 15-min-
ute incubation at 37°C, the reaction was halted 
by adding 50 μL of stop solution. The optical 
density (OD) values for each well were recorded 
using a microplate reader at a wavelength of 
450 nm.

Statistical analysis

All statistical evaluations were conducted using 
SPSS 23.0 software (SPSS Inc., Chicago, IL, 
USA). Continuous variables were presented as 
mean ± standard deviation (mean ± SD). Data 
from two groups were analyzed using the in- 
dependent samples t-test. For data from three 
or more groups, one-way analysis of variance 
(ANOVA) was employed. If continuous variables 
did not meet normality or had unequal varianc-
es, nonparametric tests were utilized. Count 
data comparisons were executed using the chi-
square test, with a significance threshold set at 
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Table 1. Comparison of positive bacterial culture results in pus 
between the two patient groups [n (%)]

Time Treatment 
Group n (%)

Control 
Group n (%)

χ2/Fisher 
exact P 

7 days after treatment 9 (36%) 16 (64%) 3.92 0.048
14 days after treatment 2 (8%) 4 (16%) Fisher exact 0.667
Notes: Fisher exact test was used for comparisons with expected counts < 5.

Table 2. Comparison of inflammatory response indicators between 
the two patient groups (mean ± SD)

Group Treatment 
Group (n = 25)

Control Group 
(n = 25) t/Z P

WBC (× 109/L)
    Before treatment 13.13±3.06 13.88±2.04 -1.022 0.312
    3rd day after treatment 9.07±3.86 12.15±2.51 -3.342 0.002
    7 days after treatment 6.70±2.15 8.30±2.28 -2.550 0.014
    14 days after treatment 6.38±2.18 5.74±1.16 -1.252 0.211
NEU (× 109/L)
    Before treatment 11.04±4.24 11.56±2.37 -.525 0.602
    3rd day after treatment 6.77±3.40 8.52±2.49 -2.069 0.044
    7 days after treatment 4.94±2.00 6.17±1.25 -2.756 0.006
    14 days after treatment 4.58±1.30 4.16±0.90 1.343 0.185
CRP (mg/L)
    Before treatment 13.18±0.87 13.05±0.61 -.699 0.485
    3rd day after treatment 13.59±1.45 14.85±2.29 -3.660 0.000
    7 days after treatment 6.64±0.66 7.29±0.82 -3.183 0.001
    14 days after treatment 6.11±1.54 6.60±1.50 -1.138 0.261
Notes: WBC, white blood cell; NEU, neutrophil; CRP, C-reactive protein.

Table 3. Comparison of tissue growth and healing indicators be-
tween the two patient groups (mean ± SD)

Group Treatment 
Group (n = 25)

Control Group 
(n = 25) t/Z P

VEGF (pg/ml)
    Before treatment 88.24±6.30 87.27±7.10 .512 .611
    3rd day after treatment 145.33±7.64 137.17±7.73 3.750 .000
    7 days after treatment 155.80±7.70 147.26±6.78 4.160 .000
    14 days after treatment 154.00±9.06 134.59±4.78 -5.559 .000
EGF (pg/ml)
    Before treatment 423.66±14.79 420.57±7.24 .939 .353
    3rd day after treatment 523.84±13.93 501.20±11.81 6.195 .000
    7 days after treatment 590.57±5.21 535.66±7.41 -6.064 .000
    14 days after treatment 615.39±8.28 565.38±7.67 -6.063 .000
βFGF (mg/L)
    Before treatment 3.56±0.74 3.51±0.55 -.466 .641
    3rd day after treatment 4.67±0.73 4.20±0.34 2.933 .005
    7 days after treatment 5.61±0.70 4.26±0.60 7.344 .000
    14 days after treatment 4.98±0.60 4.32±0.38 -3.824 .000
Notes: VEGF, vascular endothelial growth factor; EGF, epidermal growth factor; 
βFGF, basic fibroblast growth factor.

α = 0.05. P < 0.05 was con-
sidered statistically signifi- 
cant.

Results

Clinical efficacy of HB in ab-
dominal abscess patients

To evaluate the clinical effi- 
cacy and safety of HB in pa- 
tients with abdominal ab- 
scesses, the study involved 
grouping patients and obser- 
ving them after HB interven-
tion. No significant differenc-
es were observed between 
the two groups of patients in 
terms of gender, age, abscess 
size, comorbidities, and the 
types and duration of antibi-
otic use (all P > 0.05) (Supp- 
lementary Table 3). Following 
intervention, the bacterial po- 
sitivity rate in pus samples 
was significantly lower in the 
HB group (9/25, 36%) com-
pared to the control group 
(16/25, 64%) on day 7 post-
treatment (P < 0.05) (Table 
1). Serum levels of inflam- 
matory markers (WBC, NEU, 
CRP) were significantly reduc- 
ed in the HB group on days 3 
and 7 (all P < 0.05) (Table 2), 
while levels of growth factors 
(VEGF, EGF, β-FGF) were sig-
nificantly elevated on days 3, 
7, and 14 (all P < 0.05) (Table 
3). Furthermore, the HB gr- 
oup demonstrated a signifi-
cantly smaller abscess cavity 
volume on day 14 (P < 0.05) 
(Supplementary Table 4) and 
a shorter hospitalization time 
(P < 0.05) (Supplementary 
Table 5). No significant dif- 
ferences in recurrence rates 
were observed during follow-
up, and no adverse reactions 
were reported.

Clinical efficacy of HB in 
non-lactating breast abscess 
patients

To investigate the therapeutic 
effects of HB on wound heal-
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Table 4. Changes in cytokine levels after treatment in patients with non-lactation mastitis (mean ± SD)
Group Time Treatment Group (n = 20) Control Group (n = 18) t/Z P
TNF-α (pg/mL) Before treatment 386.60±75.37 413.59±65.27 -1.174 0.248

7 days after treatment 360.46±47.46* 404.14±60.47* -2.490 0.018
IL-1β (pg/mL) Before treatment 205.26±31.23 222.41±33.41 -1.636 0.111

7 days after treatment 195.64±21.35* 215.88±36.74* -2.103 0.043
Notes: TNF-α, tumor necrosis factor-α; IL-1β, interleukin-1β. Notes: *P < 0.05 Compared with before treatment.

Table 5. Wound healing rate of non-lactation mastitis patients 
after treatment (mean ± SD)
Group 7 days 14 days 21 days
Treatment group (n = 20) 15.53±1.48 35.66±3.07* 64.91±8.46#

Control group (n = 18) 14.26±1.46 32.30±5.35* 58.43±9.67#

t 2.647 2.404 2.204
p 0.012 0.022 0.034
Notes: *P < 0.05 Compared with the 7th day in the same group; #P < 0.05 Com-
pared with the 14th day in the same group.

ing, inflammation, and pain relief in non-lactat-
ing breast abscess patients, the study further 
grouped the patients. No significant differenc-
es were found in baseline characteristics and 
types and duration of antibiotic use between 
the two groups (P > 0.05) (Supplementary Ta- 
ble 6). On day 7 post-treatment, levels of local 
inflammatory cytokines (TNF-α, IL-1β) in wound 
tissue were significantly lower in the HB group 
compared to the control group (P < 0.05) (Table 
4). The wound healing rate was significantly 
higher in the HB group on days 7, 14, and 21  
(all P < 0.05) (Table 5), accompanied by signifi-
cantly lower VAS pain scores on days 7 and 14 
(P < 0.05) (Supplementary Table 7). The total 
effective rate after 21 days was 95.0% in the 
HB group, significantly higher than the 83.3%  
in the control group (P < 0.05) (Table 6). No 
recurrences were observed in the HB group  
at the 6-month follow-up, compared to 2 ca- 
ses (11%) in the control group (Supplementary 
Table 8), and no adverse reactions occurred.

In vitro antibacterial activity of HB

To validate the in vitro antibacterial effects of 
HB, the study applied HB interventions to E. 
coli, S. aureus, and MRSA isolated from pa- 
tients, followed by relevant observations. The 
MIC assessment was conducted utilizing the 
two-fold dilution technique. The MIC values for 
HB were determined to be 140 µg/mL for S. 
aureus and 500 µg/mL for E. coli. As illustrated 

in Figure 1A and 1B, bacterial 
cultures in both the positive 
control group (devoid of HB) 
and the group with half the 
drug concentration exhibited 
pronounced growth during the 
lag and logarithmic phases. 
This growth decelerated in la- 
ter stages, attributed to nutri-
ent exhaustion. Notably, upon 
introducing HB at the MIC con-

centration, a marked suppression of bacterial 
growth was evident. This inhibitory effect on 
bacterial proliferation intensified with escalat-
ing HB concentrations. Repeated CFU experi-
ments with HB targeting S. aureus revealed a 
discernible impact on CFU counts when HB 
concentration reached 70 µg/mL, as repre-
sented in Figure 1C. Analogously, for E. coli, 
repeated CFU experiments highlighted a dis-
tinct influence on CFU counts at an HB concen-
tration of 250 µg/mL, as depicted in Figure 1D. 

To validate the in vitro antibacterial effects of 
HB, the study applied HB interventions to E. 
coli, S. aureus, and MRSA isolated from pati- 
ents. The MIC was determined using the broth 
microdilution method, with results showing MIC 
values of 140 µg/mL for S. aureus and 500 µg/
mL for E. coli. As illustrated in Figure 1A and 
1B, bacterial cultures in the positive control 
(without HB) and the half-MIC concentration 
group exhibited pronounced growth during the 
lag and logarithmic phases, which decelerated 
in later stages due to nutrient exhaustion. 
Notably, the introduction of HB at the MIC con-
centration markedly suppressed bacterial gr- 
owth, with the inhibitory effect intensifying as 
HB concentrations increased. Repeated colo-
ny-forming unit (CFU) experiments demonstrat-
ed that HB began to significantly reduce CFU 
counts of S. aureus at a concentration of 70 
µg/mL (Figure 1C) and of E. coli at 250 µg/ 
mL (Figure 1D). For the inhibition of MRSA, HB 
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Table 6. Total postoperative clinical efficacy of non-lactation mastitis patients
Group Cured Markedly effective Improved Ineffective Total effective rate (%)
Treatment group (n = 20) 4 12 3 1 95.0
Control group (n = 18) 1 8 6 3 83.3
Z value 2.092
P value < 0.05
Notes: P < 0.05 indicates a statistically significant difference between groups (rank-sum test).

Figure 1. Antibacterial effects of HB. A. The effect of different concentra-
tions of HB on the growth curve of S. aureus. B. The effect of different con-
centrations of HB on the growth curve of E. coli. C. The effect of different 
concentrations of HB on the CFU of S. aureus, *P < 0.05, ***P < 0.001; 
N.S., Not significant. D. The effect of different concentrations of HB on the 
CFU of E. coli, *P < 0.05, **P < 0.01, ***P < 0.001; N.S., Not significant. 
HB, Compound Huangbai Liquid. S. aureus, Staphylococcus aureus. E. coli, 
Escherichia coli. CFU, Colony-forming units. MIC, minimal inhibitory concen-
tration.

showed effects similar to those on E. coli and  
S. aureus (Figure 2).

Efficacy of HB in a mouse wound infection 
model

On day 7 post-infection, bacterial counts in 
wound tissues were significantly lower in both 
the HB and levofloxacin antibiotic groups com-
pared to the model group (*P < 0.05, **P < 
0.01, ***P < 0.001). A significant difference 
was also observed between the HB and an- 
tibiotic groups (*P < 0.05) (Figure 3). Histopa- 
thological examination showed that HB treat-
ment reduced inflammatory cell infiltration and 

increased fibroblast numbers 
over time in both E. coli and S. 
aureus infected wounds, com-
pared to the model and anti- 
biotic groups (Figures 4, 5). 
ELISA results indicated that 
HB treatment significantly re- 
duced serum levels of pro-
inflammatory cytokines (IL-1, 
IL-6, TNF-α) and increased lev-
els of tissue growth factors 
(EGF, VEGF-A, TGF-β) on days  
7 and 14 post-infection (P < 
0.05) (Figures 6, 7).

Discussion

In this study, we systemati- 
cally evaluated the antimicro-
bial potential of HB against S. 
aureus and E. coli infections 
through clinical trials, bacterio-
logical experiments and multi-
dimensional validation in ani-
mal models. The main findings 
were as follows: (I) clinical tri-
als showed that HB had good 
clinical efficacy and safety for 
patients with deep and super- 

ficial abscesses; (II) in vitro experiments con-
firmed that HB possessed good antimicrobial 
activity against S. aureus and E. coli; and (III) 
the results of the mouse animal model demon-
strated that HB effectively reduced the bacte-
rial load of the infected wounds of S. aureus 
and E. coli, inhibit inflammatory cell infiltration, 
and significantly promote the tissue repair pro-
cess. Overall, HB showed good antimicrobial 
effects at multiple experimental levels, sug-
gesting that it may be an effective supplement 
to traditional antibiotics and provide a new 
strategy for the treatment of S. aureus and E. 
coli infections.
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Modern pharmacological studies have shown 
that HB is rich in active compounds such as  
cinnamic acid, quercetin, ursolic acid and 
D-limonene, and many of them have been 
shown to have broad-spectrum antimicrobial 
effects [17-19]. Zolfaghari et al. [31] reported 
that cinnamic acid could inhibit the growth of  
S. aureus and E. coli, and the mechanism may 
be through enhancing the permeability of cell 
membrane, interfering with the key enzyme 
system of bacteria (e.g. DNA gyrase B), and 
improving the membrane binding capacity 
through structural modification of hydrophilic 
substituents, thus exhibiting good antibacterial 

rupting cell wall and membrane structure, 
inhibiting protein synthesis, inducing reactive 
oxygen species (ROS) accumulation, promo- 
ting lipid peroxidation and DNA rupture, and 
inhibiting biofilm formation [37, 38]. Meanwhile, 
D-limonene also showed relevant antimicro- 
bial activities against E. coli and S. aureus  
[39], mainly by disrupting the cytoplasmic  
membrane structure, increasing permeability 
and inducing leakage of intracellular compo-
nents, which effectively inhibited the growth  
of E. coli and S. aureus [40]. These findings 
suggest that HB acts synergistically through 
multi-component and multi-targeting, thus  
providing a pharmacological basis for its use  
as an antibiotic alternative or adjunctive 
therapy.

E. coli is the main causative agent of abdo- 
minal abscesses [8], while S. aureus is consid-
ered a common causative agent in patients 
with non-lactating breast abscesses [5]. In  
clinical trials of abdominal abscesses, it was 
found that the bacterial positivity rate was sig-
nificantly lower in the treatment group than that 
in the control group, and serum WBC, NEU and 
CRP levels were significantly lower, while VEGF, 
EGF and βFGF levels were significantly higher. 
In addition, the treatment group had a sma- 
ller abscess cavity volume, shorter hospitaliza-
tion time, and faster overall recovery process. 
Meanwhile, in the clinical trial of non-lactat- 

Figure 2. Efficacy of HB against MRSA. A. The effect of different concentra-
tions of HB on the growth curve of MRSA. B. The effect of different con-
centrations of HB on the CFU of MRSA, *P < 0.05, ***P < 0.001; N.S., 
Not significant. HB, Compound Huangbai Liquid. S. aureus, Staphylococcus 
aureus. CFU, Colony-forming units. MIC, minimal inhibitory concentration. 
MRSA, methicillin-resistant Staphylococcus aureus.

Figure 3. Effect of different treatment groups on S. 
aureus and E. coli bacterial culture results. *P < 
0.05, **P < 0.01, ***P < 0.001; HB, Compound 
Huangbai Liquid. S. aureus, Staphylococcus aureus. 
E. coli, Escherichia coli.

activity against S. aureus and 
E. coli [32]. Zhou et al. [33] 
indicated that caffeic acid 
could exert its effect on the 
growth of S. aureus and E. coli 
by disrupting the cell mem-
brane and ultrastructure of  
the bacterial cells. Quercetin 
exhibits antimicrobial activity 
against S. aureus and E. coli  
by disrupting cell membrane 
structure, inhibiting cell wall 
synthesis, interfering with DNA 
and protein synthesis, inhibit-
ing the expression of virulence 
factors and biofilm formation, 
and synergizing with antibiot-
ics [34-36]. Ursolic acid inhib-
its the growth and survival  
of S. aureus and E. coli at  
multiple target levels by dis-
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Figure 4. The histopathological features of rat S. aureus infected wounds were observed by Hematoxylin and eosin 
staining (200 magnification). Representative images of each group at different time points were selected. HB, Com-
pound Huangbai Liquid. S. aureus, Staphylococcus aureus.

Figure 5. The histopathological features of rat E. coli infected wounds were observed by Hematoxylin and eosin 
staining (200 magnification). Representative images of each group at different time points were selected. HB, Com-
pound Huangbai Liquid. HB, Compound Huangbai Liquid. E. coli, Escherichia coli.

ing breast abscess, patients in the treatment 
group showed a significant decrease in se- 
rum TNF-α and IL-1β levels, accelerated wound 
healing, and lower pain scores than the control 
group. The clinical efficacy of the treatment 
group was better than that of the control group, 
and there was no significant difference in the 
recurrence rate between the two groups dur- 
ing long-term follow-up. No adverse drug reac-
tions were observed, suggesting that HB has 
good safety and efficacy. There are fewer clini-

cal cases of HB applied to abdominal abscess 
and breast abscess. Su et al. [20] applied HB  
to the treatment of ulcerative colitis, and found 
that it could significantly reduce the clinical 
symptoms of patients, reduce the inflammatory 
reaction, and promote the healing of intestinal 
mucosa. Yang et al. [41] compared the effect  
of wet application of compounded Phellodend- 
ron Bark liquid with that of antimicrobial calci-
um alginate wound dressing in the treatment of 
diabetic foot infection. The results showed that 
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Compound Huangbai Liquid had good efficacy 
in controlling infection and promoting wound 
healing, and demonstrated advantages in drug 
economy. However, it should be noted in clini- 
cal operation that the timing of abdominal 
abscess flushing should be after the formation 
of the abscess cavity and pus wall, to prevent 
the drug and pus from overflowing into the 
abdominal cavity, so that the drug and the pus 
wall can come into contact to produce effects. 
At the same time, the amount of flushing sh- 
ould be calculated according to the volume of 

the pus cavity before flushing, and the dosage 
of flushing should be changed according to the 
volume of the pus cavity, to ensure that the 
drug is sufficient and can be in full contact with 
the pus cavity.

Currently, antibiotics are the mainstay of treat-
ment for S. aureus and E. coli infections; how-
ever, the widespread use of antibiotics has led 
to an increase in bacterial resistance, which 
largely increases the difficulty of treatment [11, 
12, 42]. Herbal medicines have been shown to 

Figure 6. The levels of IL-1 (A), IL-6 (B), TNF-α (C), EGF (D), VEGF-A (E), and TGF-β (F) in the serum of animals with S. 
aureus infected wound models were determined using ELISA. HB, Compound Huangbai Liquid. IL-1, interleukin-1. IL-
6, interleukin-6. TNF-α, tumor necrosis factor-α. EGF, epidermal growth factor. VEGF-A, vascular endothelial growth 
factor-A. TGF-β, transforming growth factor-β.

Figure 7. The levels of IL-1 (A), IL-6 (B), TNF-α (C), EGF (D), VEGF-A (E), and TGF-β (F) in the serum of animals with E. 
coli infected wound models were determined using ELISA. HB, Compound Huangbai Liquid. IL-1, interleukin-1. IL-6, 
interleukin-6. TNF-α, tumor necrosis factor-α. EGF, epidermal growth factor. VEGF-A, vascular endothelial growth 
factor-A. TGF-β, transforming growth factor-β.
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not only have potent antibacterial activity, but 
also can effectively avoid the problem of bacte-
rial resistance, providing new means for the 
treatment of S. aureus and E. coli infections 
[43, 44]. The results of our bacterial experi-
ments showed that HB had good antibacterial 
effects against both S. aureus and E. coli, and 
the MICs of HB were 140 µg/mL and 500 µg/
mL, respectively, which indicated that HB was 
able to inhibit the growth of these two pa- 
thogens within a certain concentration range. 
Moreover, the observation of bacterial growth 
curves at different concentrations of HB sh- 
owed that the bacteriostatic effect of HB in- 
creased with the increase of drug concentra-
tion. And the CFU experiment found that the 
number of S. aureus colonies could be inhibit-
ed after the concentration of HB reached 70 
µg/mL, and the number of E. coli colonies  
could be inhibited after the concentration of  
HB reached 250 µg/mL. The inhibitory effect 
was positively correlated with the concentra-
tion of HB. The results of CFU experiment also 
further verified the inhibitory effect of HB. 
Quercetin, one of the components of HB, can 
inhibit the growth and reproduction of S. aure-
us and E. coli without exerting selective pres-
sure on the bacteria, leading to the occurrence 
of bacterial resistance [19, 45, 46]. This may 
be one of the mechanisms of action of HB to 
inhibit bacteria and avoid bacterial resistance.

The inflammatory environment of infected wo- 
unds favors bacterial growth and delays heal-
ing of infected wounds. HB has been reported 
to reduce wound area, symptom score, calcito-
ninogen, blood sedimentation, and C-reactive 
protein levels in patients with diabetic foot 
ulcers, which in turn improves local and sys-
temic inflammation levels and promotes the 
healing of diabetic foot ulcers [43]. HB also 
reduces the expression of proinflammatory 
cytokines, such as IL-1β, IL-4, IFN-γ, IL-13, and 
IL-17, and increases the expression of anti-
inflammatory cytokines, such as IL-10, by de- 
creasing the infiltration of inflammatory cells 
into inflamed tissues of rats with atopic der- 
matitis [47]. Our animal experiments also con-
firmed that HB reduced the bacterial count, 
inflammatory cell count and serum levels of 
IL-1, IL-6, and TNF-α in S. aureus and E. coli 
infected wounds. In addition, HB increased the 
number of fibroblasts and serum levels of EGF, 

VEGF-A, and TGF-β in infected wounds. This 
indicates that HB not only has the effect of 
inhibiting the growth of wound bacteria and 
improving the inflammatory environment, but 
also has the effect of promoting wound healing 
and repair.

However, there are some limitations of this 
study. First, the relatively small sample size  
and retrospective nature of the clinical trial  
may have some impact on the reliability and 
generalizability of the results. Further large-
scale prospective clinical trials will be able to 
more strongly verify the antimicrobial efficacy 
of HB. Second, the animal experiments in this 
study can be further deepened, such as the 
detection of cytokine levels, histological stain-
ing and drug resistance mechanism, in order to 
more comprehensively understand the mecha-
nism of antimicrobial and avoidance of bacte- 
rial resistance effects of HB.

In summary, our clinical, bacterial and animal 
experimental findings revealed that HB pos-
sesses antimicrobial effects against S. aureus 
and E. coli, and we also found that HB can 
inhibit inflammation and promote wound heal-
ing. It suggests that HB may be a potential anti-
microbial drug to provide new therapeutic strat-
egies and methods to improve the treatment 
efficacy of S. aureus and E. coli infections and 
to solve the problem of antibiotic resistance.
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Supplementary Table 1. Sample size estimation for the study
Study Condition Indicator Formula/Value used Result/Conclusion
Abdominal 
abscess

Primary endpoint: 
cavity size on day 
3 (cm3)

Mean ± SD (treatment: 3.7±1.68; control: 
5.2±1.68)
Sample size formula: n = 2 × ((Zα + Zβ) × σ/δ)2

Parameters: σ = 1.68, δ = 1.5, Zα = 1.96, Zβ = 
1.282 (power = 90%)

n = 2 × (3.62976)2 = 26.34
Each group requires ~26 patients; 
actual enrolled: 25 per group 
(total 50)

Breast abscess Primary endpoint: 
total effective rate

Expected rate (control: 55%, treatment: 85%)
Sample size formula: n = ((Zα/2 + Zβ)2 × [P1(1 - P1) 
+ P2(1 - P2)])/(P1 - P2)

2

Parameters: Zα/2 = 1.96, Zβ = 0.84 (power = 80%)

n = 2.94/0.09 ≈ 32.67
Each group requires ~16-17 
patients; actual enrolled: 20 vs. 
18 (total 38)

Supplementary Table 5. Comparison of hospital days and clinical follow-up between the two groups
Treatment Group Control Group t/χ2 P 

Hospital days (d) 18.8±3.15 21.08±2.74 0.446 0.009
6-month follow-up [n (%)] 1 (4%) 3 (12%) Fisher exact 0.605
12-month follow-up [n (%)] 0 0 - -
Notes: Fisher exact test was used for categorical data comparisons due to small sample sizes.

Supplementary Table 2. Efficacy evaluation criteria for wound healing
Efficacy Evaluation Criteria
Cured The wound surface is fully epithelialized and remains closed after one week of observation.
Significantly Effective Wound area reduced by ≥ 75%, granulation tissue is fresh, and symptoms significantly relieved.
Effective Wound area reduced by > 25% but < 75%, granulation tissue relatively fresh, and symptoms improved.
Ineffective Wound area reduced by ≤ 25%, granulation tissue slightly fresh, but minimal growth observed.

Supplementary Table 3. Comparison of clinical data between the two patient groups

Baseline data Treatment 
Group (n = 25)

Control Group 
(n = 25) t/χ2 P

Gender Male 14 10 1.282 0.258
Female 11 15

Age (year) 59.72±11.81 54.88±15.32 -0.991 0.322
Abscess size (cm3) 4.56±1.90 3.93±1.14 1.417 0.164
Combined with diabetes 5 7 0.439 0.508
Types of antibiotic use β-Lactams 10 12 Fisher exact 1.000

Aminoglycosides 2 3
Fluoroquinolones 13 10

Duration of antibiotic use (Days) 13.12±2.17 14.20±3.11 1.425 0.161

Supplementary Table 4. Comparison of changes in pus cavity size between the two groups (mean ± SD)
Time Treatment Group Control Group t P
Before treatment (cm3) 4.56±1.90 3.93±1.14 1.417 0.163
3rd day after treatment (cm3) 3.71±1.58* 3.30±1.04* 1.106 0.274
7 days after treatment (cm3) 2.74±1.13* 2.65±1.00* 0.286 0.776
14 days after treatment (cm3) 1.43±0.73* 1.94±0.94* -2.157 0.036
Notes: Compared with the pretreatment of this group *P < 0.05.
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Supplementary Table 6. Baseline characteristics of patients with non-puerperal mastitis

Group Treatment Group 
(n = 20)

Control Group 
(n = 18) t/Z P

Age (years) 33.80±6.26 34.00±5.96 -0.101 0.920
Disease course (days) 25.50±9.35 24.83±9.78 0.215 0.831
Postoperative wound area (cm2) 14.41±1.74 14.02±1.80 0.685 0.498
Types of antibiotic use β-Lactams 12 11 Fisher exact 1.000

Aminoglycosides 1 2
Fluoroquinolones 7 5

Duration of antibiotic use (days) 12.87±3.03 13.96±3.86 1.731 0.213

Supplementary Table 7. Comparison of postoperative wound VAS pain scores in non-lactation masti-
tis patients (mean ± SD)
Group 7 days 14 days 21 days
Treatment group (n = 20) 4.10±1.62 1.55±1.64* 2.05±1.36#

Control group (n = 18) 5.28±1.67 2.94±2.18* 1.78±1.06#

t -2.204 -2.242 0.684
p 0.034 0.031 0.499
Notes: *P < 0.05 Compared with the 7th day in the same group; #P > 0.05 Compared with the 14th day in the same group.

Supplementary Table 8. Comparison of recurrence rates between the two groups at 6 and 12 
months after treatment
Time point Treatment Group (n = 20) Control Group (n = 18) t/χ2 P 
6 months follow-up 0 (0%) 2 (11%) - -
12 months follow-up 0 (0%) 0 (0%) - -
Notes: Statistical comparison was not performed due to low event rates.


