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1. Introduction

Cerebral infarction, as a severe cerebrovascular disease
that poses a significant threat to human health, has a high
incidence rate and a high disability rate, which brings a
heavy burden to patients’ families and society. Hemiplegia
is one of the most common sequelae of cerebral infarction,

which seriously affects the quality of life of patients'.

*Corresponding Author:

Objective: To explore the effect of traditional Chinese medicine
rehabilitation nursing on early functional rehabilitation of patients
with cerebral infarction hemiplegia.Method: 72 patients with
cerebral infarction hemiplegia (March 2024 March 2025) were
randomly divided into two groups using the drawing method, with
36 samples in each group. The control group received routine
nursing interventions, while the study group received traditional
Chinese medicine rehabilitation nursing. The effects of nursing
interventions were compared among groups.Result: Compared
with the control group, the study group showed better recovery
of limb motor function after intervention, with improvements
in neurological function, self-care ability, and quality of life
scores (P<0.05).Conclusion: The use of traditional Chinese
medicine rehabilitation nursing can help stroke patients
with hemiplegia gradually recover neurological function
remodeling and motor function, promoting substantial
improvement in daily activity ability and quality of life.

In recent years, with the development of rehabilitation
medicine, early rehabilitation intervention has become
an important means to improve the functional prognosis
of patients with hemiplegia due to cerebral infarction.
Traditional Chinese medicine (TCM) rehabilitation
nursing, as a unique nursing model that combines
traditional Chinese medicine with modern rehabilitation
concepts, has demonstrated unique advantages in

Liu Nan (1986.08-), female, from Tianjin, Han nationality, undergraduate, nurse-in-charge, research direction is traditional Chinese

medicine brain disease nursing, traditional Chinese medicine brain disease rehabilitation guidance, and traditional Chinese

medicine ear acupoint application.
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the rehabilitation of hemiplegia after stroke through
syndrome differentiation nursing and holistic regulation.
Therefore, this study explores the application effect of
TCM rehabilitation nursing in order to optimize the early
rehabilitation program for patients with hemiplegia due
to cerebral infarction and improve the rehabilitation
outcomes.

2. Materials and Methods
2.1 General information

Seventy-two patients with hemiplegia with cerebral
infarction (March 2024-March 2025) were randomly
divided into two groups using the lottery method, with 36
samples from each. There were 22 males in the control
group and 14 females; the ages were 56 to 83 years old,
with the mean value (62.53£8.77) years old; there were 21
males in the study group and 15 females; the ages were 55
to 82 years old, with the mean value (61.28+9.31) years
old. The baseline data of the two groups were compared
with P>0.05.

Inclusion criteria: (1) Consistent with the diagnostic criteria
of cerebral infarction; and confirmed by CT or MRI; 2 The
first onset and there are clear symptoms of hemiplegia,
and the muscle strength is <grade 3; (3 The onset time is
less than 2 weeks, and the vital signs are stable.

Exclusion criteria; (1) Severe heart, liver and renal
insufficiency; (2 Malignant tumors; (3 There is a
tendency to bleeding or abnormal coagulation function;
@ Severe aphasia or mental illness cannot cooperate; &
Previous motor system diseases affect functions.

2.2 Method

The control group was given routine nursing
interventions. (1) Basic nursing: The system of dynamic
monitoring of vital signs was strictly implemented. Risk
assessment of pressure sores was carried out. Patients
were assisted to change their positions every 2 hours and
were provided with pressure-relieving devices. Three-
level respiratory tract management was conducted, which
included comprehensive measures such as postural
drainage, percussion and expectoration, and nebulized
inhalation. At the same time, attention was paid to the
placement of limbs in functional positions. Orthopedic
supports were used to maintain the neutral position
of joints to prevent contracture deformity and muscle
atrophy. (2) Rehabilitation and nursing intervention: Early
guidance for patients to recuperate. As the condition
recovers, the rehabilitator will be given exercises. A
systematic joint passive activity training is performed
every day. The single training time is strictly controlled at

2 Distributed under creative commons license 4.0

30 minutes. The training content includes abduction (0-
90°), forward flexion (0-180°) and internal and external
rotation (0-45°) training of shoulder joints, and the elbow
joints complete the full range of flexion and extension;
the wrist joints are subject to dorsal extension (0-70°)
and palm flexion (0-80°) exercises. Each joint activity
is performed according to the standards of 10-15 times/
group, and the training intensity is dynamically adjusted
according to the patient’s tolerance. (3)Psychological
support and health education: Structural psychological
intervention twice a week, 20 minutes each time,
cognitive behavioral therapy is used to improve negative
emotions, cooperate with the demonstration of successful
rehabilitation cases to enhance treatment confidence, carry
out step-by-step health education, explain the discase
mechanism in the early stage, guide family rehabilitation
methods in the middle stage, and emphasize measures to
prevent recurrence in the later stage.

Based on the above intervention, the research group
carried out traditional Chinese medicine rehabilitation
nursing: (1) Syndrome and nursing: Establish an
individualized traditional Chinese medicine nursing
plan, implement emotional and mutual benefit therapy
for patients with hyperactivity of liver yang, adopt the
regulation mechanism of anger to hurt the liver-sad to
overcome anger, and cooperate with the Yongquan point
of Wuzhuyu patch; patients with phlegm and blood stasis
blocking meridians to strengthen the spleen and eliminate
phlegm, and use Poria yam porridge with hawthorn to
eliminate food and drink, and implement the meridian
patience; patients with Qi deficiency and blood stasis use
the nursing method to nourish the middle and replenish
Qi, and use Astragalus Guizhi Wuwu Decoction Foot
Bath and Shenque Point to separate ginger moxibustion.
(2) Acupuncture treatment: Academician Shi Xuemin’s
“Wake the Brain and Open the Orifices” acupuncture
method is improved. The head acupuncture point is
mainly selected by the exercise area and sensory area, and
combined with Baihui, Sishencong and other acupoints;
the limbs are selected by the Yangming meridian, Quchi,
Hegu, Zuyangming meridian, Fengguan, Zusanli, etc.,
and 0.30x40mm acupuncture needle is used to perform a
flat and smooth replenishment technique. After obtaining
qi, the G6805 electric acupuncture device is connected
to the sparse and dense wave, with a power of 2/100Hz,
and the stimulation intensity is based on the patient’s
tolerance. (3) Traditional Chinese medicine fumigation:
Use intelligent fumigation therapy instrument (ZZ-2000
type) to carry out targeted transdermal administration. The
medicine liquid prescription is based on “Medical Forest
Remedy” Buyang Huanwu Decoction, which contains 10
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medicinal materials such as 15g of Angelica sinensis, 10g
of Chuanxiong, and 10g of safflower. After decorating,
it is filtered and bagged. During treatment, the distance
between the affected limb and the fumigation head is
maintained at 15-20cm, and the steam temperature is
constant at (504+2)°C. The PID temperature control system
ensures uniform thermal penetration. After treatment,
use infrared thermal imaging camera to evaluate the
improvement of local microcirculation.(4) Tuina massage:
The rolling technique was used to relax the area along the
Gallbladder Channel on the affected side, combined with
the one-finger Zen pushing technique applied to specific
acupoints of the Yangming Channel. The kneading
technique was used for spastic muscles at a frequency
of 120 times per minute to reduce muscle tension. The
point-pressing technique was applied to atrophic muscles
to stimulate the meridian energy. Key acupoints such as
Hegu and Zusanli were stimulated, with each acupoint
receiving manual stimulation for 1 minute. The whole set
of operations was carried out according to the rhythm of
light-heavy-light stimulation.

2.3 Observation indicators

The limb function was assessed according to the Fugl-
Meyer scale, with 66 points for the upper limbs and 34
points for the lower limbs.

The National Institutes of Health Stroke Scale (NTHSS)
was used for assessment, with lower scores indicating
better recovery. The Barthel Index was employed to
evaluate the ability of self-care, with scores based on a
percentage system.

The quality of life was assessed using the General
Quality of Life Scale (GQOL-74), with each item scored
on a percentage basis.

2.4 Statistical Methods

The data involved in the research were processed
using SPSS26.0 software, and the measurement data
was represented by “(#s)” and the inspection was carried
out through “t”; the counting data was represented by
“In/(%)]” and the inspection was carried out through “”
and P < 0.05 indicated that the difference had obvious
significance.

3. Results
3.1 Limb motor function score

As shown in Table 1: The study group recovered better
limb motor function after intervention than the control
group, with P <0.05.

3.2 Neurological function and self-care ability
score

As shown in Table 2: Compared with the control group,
the study group’s scores of neurological

function and self-care ability were both improved after
intervention, with a comparison P < 0.05.

3.3 Quality of Life Score

As shown in Table 3: After the intervention, the quality
of life score of the research group was higher than that of
the control group, with a comparison P<0.05.

Table 1 Comparison of the functional scores of limbs in the two groups (+s)

Upper limb motor function score

Lower limb motor function score

Group Number of examples
Before intervention After intervention Before intervention After intervention
Control group 36 28.334+4.82 34.11+4.26 17.33+£2.82 22.65+1.49
Research Group 36 28.22+4.74 41.75+5.68 17.22+2.74 25.38+2.24
t - 0.0976 6.4563 0.0023 6.0885
p - 0.9225 0.0000 0.9981 0.0000

Table 2 Comparison of the scores of neurological function and self-care ability of the two groups (+s)

NIHSS score Barthel index
Group Number of examples
Before intervention After intervention Before intervention After intervention
Control group 36 14.56+1.81 10.44+2.74 29.39+3.48 66.14£3.25
Research Group 36 14.72+1.91 6.14+2.72 29.22+3.86 71.19+£3.43
t - 0.3648 6.6825 0.1963 6.4124
P - 0.7164 0.0000 0.8450 0.0000
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Table 3 Comparison of Quality of Life Scores between the Two Groups (X+s, points)

Psychological function

Material life

Somatic function Social function

Number of
Group
examples Before After Before After Before After Before After
intervention intervention treatment treatment treatment treatment treatment treatment
Control group 36 46.98+7.46  65.74+9.54  45.78+7.26  66.49+6.66  39.88+7.23  65.74+6.32  42.45+8.33  65.61+6.52
Research
Group 36 46.87£7.37  72.61£8.63  4594+8.32  73.16+8.41  39.59+8.28  75.26+5.41 43.28+7.27  73.46+6.43
u
t - 0.0629 3.2042 0.0869 3.7305 0.1583 6.8660 0.4504 5.1435
p - 0.9500 0.0021 0.9310 0.0004 0.8747 0.0000 0.6538 0.0000
4.Discussion traditional Chinese medicine fumigation can reduce blood

Hemiplegia caused by cerebral infarction is essentially
due to ischemic necrosis of brain tissue caused by cerebral
vascular occlusion, which leads to the interruption of the
motor conduction pathway. When the middle cerebral
artery supply area is affected, damage to the cortical
motor area and pyramidal tract will directly cause
motor dysfunction of the contralateral limb. Long-term
immobilization can lead to secondary damage such as
muscle atrophy and joint contracture, forming a vicious
cycle of disuse and atrophy. The traditional rehabilitation
nursing model does not accurately grasp the timing of
intervention. Some hospitals still hold the concept of
“bed rest,” missing the golden recovery period within 3
months after onset. Moreover, the intervention methods
are singular, mainly relying on passive joint movement,
and lack an overall functional reconstruction strategy /.
The fragmented nursing model cannot fully mobilize
the patients’ inherent rehabilitation potential, leading to
the early appearance of the functional recovery plateau.
Traditional Chinese medicine rehabilitation nursing, as an
important part of the traditional medical system, is based
on the theory of Yin and Yang, the Five Elements, and the
holistic concept. By systematically applying traditional
Chinese medicine theory to guide clinical practice, it helps
patients to recover or improve physical functions .

The results show that the recovery of limb motor
function in the research group is better than that in the
control group after intervention, which indicates that
traditional Chinese medicine rehabilitation nursing can
effectively promote the remodeling of central nervous
system function. The reasons are analyzed as follows:
Acupuncture therapy is used to stimulate the acupoints
in the motor and sensory areas, which can activate the
neuroplasticity changes in the motor representation
area of the cerebral cortex. The sparse-dense wave of
electroacupuncture can simultaneously excite Ap and
C nerve fibers, promoting the secretion of neurotrophic
factors. The dual effect of temperature and medicine in

4 Distributed under creative commons license 4.0

viscosity. The medicinal components such as Angelica
sinensis and Ligusticum chuanxiong, which are absorbed
through the skin, can improve local microcirculation
and provide a material basis for nerve repair. Tuina
massage activates the feedback of muscle spindles and
tendon organs through mechanical stimulation, breaking
the vicious cycle of spasm and atrophy, and thereby
promoting the recovery of limb function .

The results show that after the intervention, the
scores of neurological function and self-care ability
in the research group were improved . This indicates
that the individualized plans established by traditional
Chinese medicine rehabilitation nursing can regulate the
neuroendocrine network for different syndromes.The
reasons are analyzed as follows: Syndrome differentiation-
based nursing care was used. For the type of hyperactivity
of liver yang, emotional regulation was applied to inhibit
the excessive excitation of the sympathetic nerve, which
can reduce the level of catecholamines. For the type of qi
deficiency and blood stasis, ginger-separated moxibustion
was used to increase the serum nitric oxide (NO) content

. . : 8
and improve cerebral tissue perfusion ™.

5.Conclusion

In summary, the application of traditional Chinese
medicine rehabilitation nursing can assist patients with
hemiplegia due to stroke in gradually restoring the
remodeling of neurological function and motor function,
and promoting substantial improvements in the ability to
perform activities of daily living and in the quality of life.
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Introduction:

Biochemical experiments, as an important part of life
science research, the scientific nature of the experimental
plan design directly affects the quality of the research
results. With the complication of the experimental content
and the increase of variables, the amount of experimental
data has risen sharply. The traditional manual design and
empirical optimization methods have gradually exposed
their deficiencies and are difficult to meet the requirements
of high throughput and high precision. DeepSeek
technology has powerful data analysis and adaptive
adjustment capabilities, adapting to the requirements
of multi-dimensional information processing, and
has become an important helper for improving the

*Corresponding Author:

Zhang Ming, male, Han, 19800725, Kunming, Yunnan Province,

qq.com
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As biochemical experiments are constantly deepening, the complexity and
scale of experimental scheme design has now burst out in an explosive way,
which made traditional optimization methods significantly bottlenecking.
DeepSeek technology relies on superior data processing abilities and
intelligent analysis methods, becoming a key tool to optimize experimental
plan.This paper aims to introduce the application mechanism of DeepSeck
in biochemical test scheme, and detail and explain the basic principles,
integration approaches and optimization measures of DeepSeek.By orderly
sorting of design content of the scheme and technology deep integration,
the efficiency and accuracy of the experiment are greatly improved, and
will give more support to the scheme design of complex experiment
environment and scientific and intelligent process of experiment operation.

optimization level of experimental plans.

1 The basic theory of biochemical experimental
schemes

1.1 Basic Components of the experimental plan

The foundation of the composition of the biochemical
experimental plan is to be strictly established in the
experimental objectives, reasonable in the variables and
control. The experimental design should take into full
account the efficiency of experimental materials, reagents,
detection methods on the basis of scientific.Every detail of
each link will have a deep influence on the experimental
results, especially in terms of arrangement of experimental

bachelor’s degree, associate professor, biochemistry. 804107862@,
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steps, so we should pay attention to the rigidity and
integrity of the process. And the experimental plan should
also consider the control of the experimental environment,
temperature, humidity and time etc., these factors directly
influence reaction speed and stability of the results.
Besides, the reasonable allocation of experimental
resources and no superfluous and wasteful experiments are
also ineradicable components of the scheme construction.
A precise experimental plan should integrate theoretical
anticipation with actual experiments to constitute an
overall and unified structural system so that consistent and
verified data can be obtained in repeated experiments.

1.2 Key Considerations in the scheme design

The design of the scheme has to grapple with the
complexity of experimental subjects themselves directly.
The design that does not consider the interaction of
variables will reduce the explanatory power of the
conclusion. When designing, more attention should be
paid to how to control the variables and exclude the
presence of confounding factors affecting the data as
accurately and easily as possible.A reasonable number of
samples and test environment ensure the statistical power,
standardization of test conditions ensures the consistency
of the result, and the shortness of time and lack of
resources force the designer to make a trade off, which
needs a balance point between flexibility and stability
of the plan. The adoption of technical means is also key.
Although using the high-sensitivity instruments enhances
data quality, the cost-effectiveness should be considered.
The work repetitiveness of technical operations and the
professional quality of operators should not be overlooked
in the scheme designing stage as well. Any human factor
can easily cause systematic errors. The convenience of
data collection and processing should also be considered
when designing the scheme.A rational planning of data
structure is conducive to effective implementation of
subsequent analysis. A good scheme design requires a
global vision of the entire experimental life cycle, the
design and plan of each stage from material preparation to
data interpretation should be scientifically planned, so that
the experiment can not only meet the preset goal but also
lay the foundation for subsequent in-depth exploration'"

2 The application mechanism of DeepSeek
technology

2.1 Overview of the Principle of DeepSeek Technology

DeepSeek technology actually is an optimization
system based on deep learning model that it can realize
adaptive setting by entering large data and adopts the

Distributed under creative commons license 4.0

multi-layer neural network architecture to extract the
implicit relationships between experimental data, and
will breakthroughs traditional linear analysis algorithm to
calculate the variables of more correct correlation value.In
the technical architecture, the data preprocessing module
guaranteeing the completeness and unification of the
input information and the noise does not disturb with the
analysis results. The core layer of neural network obtains
the mutual relationship between complex variables by
nonlinear mapping to improve the generality of the
model.Its optimization algorithm will iteratively update
parameters according to methods such as gradient descent,
constantly tend towards the optimal solution, and realize
the online tuning of the experimental scheme parameters.
Different from the static design, DeepSeek makes it
possible to modify the experimental plan in real time
based on feedback information, so as to further improve
the adaptability and real-time response of the experiment.
Furthermore, the technical support of the multiple data
format has also promoted the application of the expansion
of the application scenarios under the condition of
multiple experiment schemes. The combination of deep
learning is not only a strategy that improves the efficiency
of parameter correction, but also has an impact on the
range of research in the scheme design of the experiment,
and thus makes many factors that were previously hard to
identify easy to be shown, thus promoting the scientific
improvement of the experiment'”.

2.2 The DeepSeek integration method in the
experimental scheme

The deep integration of DeepSeek focuses on seamless
combination with the current experimental process to avoid
too much disturbance to the original operation process.
The integration generally starts from the construction
of data interface to ensure that experimental data can be
passed to DeepSeek system in real time to form a closed-
loop feedback.The designer should make clear the range
of input parameters and optimization objectives according
to the experimental needs to guarantee the directness and
relevance of the scheme technical intervention. In the
scheme, the parameter screening and optimization work
are undertaken by DeepSeck, and it screens out the key
variable combinations after several repeated iterations,
improving the scheme accuracy.When introducing new
technologies into an integrated system, compatibility (e.g.,
interfacing the wide array of the instruments and program
platforms, how to import data seamlessly and stably, and
how to monitor, etc.) is an important factor during the
integration stage; while the usability (ease of learning)
of the operational interface is another important factor
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for the efficient application of a technology.DeepSeck
integration emphasizes, in addition to the technical part,
the feedback of laboratory staff, and gradually form a
technology-practice interaction and realize the system
solution executing capability.

2.3 The Influence of DeepSeek Optimization on
the Experimental effect

It can be seen that after the experimental scheme is
optimized with DeepSeek technology at all levels, the
most direct reflection of optimization is the accurate grasp
of experimental parameters, that is, the experimental
conditions are closer to the best state, and the reliability
and repeatability of the data have been improved; the data
processing speed is accelerated to reduce the time cost
of artificial intervention, and the experimental rhythm
is smoother.The error reduction in a systematic manner
suggests that the optimization makes the interference and
deviation among variables well-controlled. The feedback
of DeepSeek allows the experiment to be corrected
dynamically in the process for enhancing its response
capability against sudden abnormal circumstance.The
refined plan also has high adaptability and can change
the implementation strategy flexibly according to the
changes of experiment aims so that the scientificity
of experiment results are guaranteed. Conversely, the
adoption of technology also realizes the standardization
and modularization of experiment plan, minimized the
subjective experience in plan formulation and achieved
the universality and verifiability of experiment results.

3 Research on the Strategy of Optimizing
Biochemical Experiment Schemes with
DeepSeek

3.1 Goals and Principles of the Scheme Design

The main task of establishing an optimization plan
is to further improve the experimental accuracy and
efficiency, while guaranteeing the maximization of each
experimental procedure. Not only is the optimization of
parameters, but also the reconstruction of the experimental
structure and procedure to ensure that the plan has great
capacity of fitting with the experimental environment
that is always intricate and changes continuously.It is
necessary to clarify the purpose from the three aspects
of simultaneously when planning, in order to clarify the
goal, that is, to precisely regulate the variation of the
experimental variables, reduce the error and improve the
reproducibility of the experimental results. Scientificness
is the premise. The rationality should be in accordance
with the rigorous experimental logic, that is to say, not

8 Distributed under creative commons license 4.0

to make arbitrary changes that lead to systematic errors.
Secondly, the plan should be flexible and adaptable
to various experimental environment conditions; that
is, it should be able to be flexibly adjusted in various
experiment conditions. The openness principle should
also be adhered to. A mechanism is designed to process
multiple input parameters and feedback information
to realize the continuous iteration and improvement in
the future. The design goal also involves data-driven
automated decision making without requiring too much
human intervention and making the plan more dependent
on the machine.With the goal and principles being
defined, the optimization method can be designed with
both scientific significance and application significance,
facilitating the global improvement of the experiment.

3.2 Data Processing and Parameter Adjustment
Strategies

The core point of the data processing strategy is to
enhance the capacity of efficient information extraction
and noise filtering. On the basis of multi-stage data
cleaning and screening, the abnormal and invalid
information is filtered out to ensure the data quality of
the input model, meanwhile, reasonable compression of
the data dimensions and feature extraction are the core
points in order to improve processing efficiency and to
avoid the interference of redundant information to the
analysis.The principle of parameter adjustment focuses
on dynamics and use iterative optimization method to
constantly adjust the critical parameters, making up for
the constraints caused by static parameters. The principle
of feedback adjustment of parameter is used. Parameters
are adjusted in real time according to the feedback
information of experiment results, ensuring that the
optimized route can always meet the object of experiment.
The construction of parameter space should consider
both width and height.Not only should we emphasize
coverage of enough parameter combination schemes, but
we need to pay attention to whether important influential
factors have been reflected in a certain dimension, and
a multi-level parameter adjustment framework design
should be established, a key variable selection by the
preliminary screening and then select for fine adjustment,
with a dual guarantee of efficiency and effectiveness.
The thinking pays attention to the parameter adjustment
controllability, to avoid the occurrence of over fitting,
and the optimization plan has good generalization ability.
Systematic data processing and parameter adjustment
strategies have formed an intrinsic basis for scheme
optimization and are the core of the links in order to have

the efficient and reliable experimental schemes'”.
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3.3 Challenge Analysis in the Process of Scheme
Optimization

There are many difficulties encountered when carrying
out the scheme optimization. First, there is complexity and
diversity of experimental data. The insufficient data, noise
disturbance and highly nonlinear relationships between
variables make optimization difficult. Second, due to the
dynamic changes in experimental conditions, optimization
plan is no longer suitable and real-time response ability is
required.In addition, the occupied computing resources in
the process of optimization are rather big, particularly for
highdimensional data, so there is a bottleneck of efficiency.
And in human resources, the optimization plan has high
requirements for the professional level of operators, and
improper operation will make the final result inaccurate.
There is also a system integration compatibility problem.
The optimization tools require connection with diversified
experimental hardware and software platforms, which
is a technical coordination problem. In the face of the
difficulties, in terms of method, we should pay more
attention to multi-source data fusion technologies,
improve data quality and information content. Resolve
the computing bottleneck based on distributed computing
and high-speed computing platform.Reinforce operation
training and refine the user interface to reduce human
error; Strengthen modular design to improve the flexibility
and inter-changeability of system integration. The in-
depth discussion of problems lays the foundation for
formulation of targeted optimization schemes and is the
first and indispensable step to ensure the efficient running
of the optimization scheme.

3.4 Performance of the optimization results

The experimental plan obtained after optimizing
the optimization scheme is able to realize the relative
improvement on accuracy and efficiency. The experimental
error rate is greatly reduced and the repeatability of
experiment results is improved by realizing the effective
data-driven parameter optimization adjustment. The
optimized process will make the cycle period of the
experiment to be shortened, the resource wasting can
be reduced and the over-all time utilization rate of
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experiment will improve.As can be observed, several
iterative validations demonstrate stable performance of
the scheme with various experimental environments and
hence exhibit great robustness and feasibility, in which
abnormal data’s effect to calculation result is reduced so
as to avoid deviation owing to accidental factors. While in
this way, the efficiency of improvement is also reflected
by the reduction of laboratory personnel’s workload. With
automatic handling and intelligent decision, less and fewer
human interference occurred. Speeding up the speed of
data processing is to meet the requirement of reporting
and correction in a timely manner of experimental results.

4 Conclusion

The emergence of DeepSeek technology has
undergone a huge revolution to the optimization of
biochemistry experiment protocols. In the future, with
the comprehensive combination of various different
experimental demands and the emerging latest
technologies, a more accurate and effective experimental
design system will be established and biochemical
research will be pushed towards a higher level to lay a
foundation for scientific innovation in related disciplines.
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Introduction experiential learning that strengthens clinical reasoning,
decision-making, and skill application among nursing
students "', This review systematically examines the
impact of these technologies on nursing clinical thinking
within internet hospital frameworks, highlighting their

real-time data analytics t? offer efficient, remote c'are role in preparing competent nursing professionals for
that overcomes geographical and resource constraints  gmart medicine.

. The enhancement of nursing professionals’ clinical
thinking—ecritical for care quality and safety—remains 2. Theoretical Foundations and Research Review
challenging under traditional education methods, which

Internet hospitals, as a pivotal component of smart
healthcare, have transformed medical and nursing services
by leveraging technologies like telemedicine, EHRs, and

2.1 Internet Hospital Smart Services and Their

often lack adequate practical training . Innovations such . .
d P & Impact on Nursing Education

as virtual simulation and real-scene interactive training
have emerged as effective tools, providing immersive, The rise of internet hospitals, defined as a
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transformative healthcare model leveraging telemedicine,
EHRs, and Al-driven decision support, has redefined
service delivery through improved accessibility and
personalized care ") Concurrently, smart services
within nursing have integrated IoT devices and intelligent
systems to optimize workflows, enhance real-time patient
monitoring, and improve care quality and efficiency "
8] This evolution profoundly impacts nursing education
by necessitating a shift towards digitally competent
professionals. Internet hospitals provide a platform for
integrating virtual simulation and real-scene interactive
training into curricula, exposing students to remote care
modalities and diverse clinical scenarios. This fosters the
development of clinical thinking and bridges the theory-
practice gap, preparing students for the demands of smart
healthcare ecosystems ',

2.2 Technological Foundations of Virtual
Simulation and Real-Scene Interactive Training

Virtual simulation technology, including VR, AR,
and MR, creates immersive 3D environments for safe,
repeatable practice of clinical skills and decision-making
2304 1t effectiveness hinges on sound instructional
design and perceived relevance for learning "', Real-
scene interactive training complements this by augmenting
physical clinical environments with virtual elements,
enhancing realism and multi-sensory engagement
through tools like AR glasses or hybrid simulations with
standardized patients """, This approach strengthens
situational awareness and facilitates reflective learning !'”.
Applications in nursing education are diverse, spanning
procedural skill training (e.g., vacuum blood collection via
VR %), clinical reasoning development through virtual
cases ''”!, and emergency preparedness using immersive
disaster simulations “*. These technologies collectively
enhance practical skills, clinical judgment, and learner
satisfaction *'*2124,

2.3 Cultivating Clinical Thinking Ability:
Mechanisms and Evidence

Clinical thinking in nursing encompasses observation,
analytical judgment, decision-making, and reflection,
evaluated through indicators like knowledge application
and problem-solving ', Virtual simulation enhances
this ability by providing a safe space for repetitive
practice with immediate feedback, facilitating knowledge
consolidation and self-regulated learning **°!, Its
immersive nature promotes hypothesis generation and
adaptive reasoning *”. Real-scene interactive training
further promotes clinical thinking by sharpening

Distributed under creative commons license 4.0

contextual adaptability and teamwork skills within
authentic settings, improving critical and systematic
thinking """, Empirical evidence strongly supports
the efficacy of both modalities, with studies showing
significant improvements in clinical reasoning, knowledge
retention, and performance, particularly when combined in
blended approaches 1P
as high costs, faculty training needs, and technological
limitations regarding realism and personalization remain.
Future directions include developing cost-effective
solutions, enhancing faculty development, integrating Al
for adaptive learning, and improving simulation fidelity to

maximize educational impact "1,

1521 However, challenges such

Conclusion

In conclusion, the integration of intelligent services
within internet hospitals has transformed nursing
education by leveraging virtual simulation and immersive
technologies to enhance clinical thinking, decision-
making, and experiential learning. These innovations
bridge theory-practice gaps, improve accessibility, and
foster critical competencies, though challenges like
technical limitations and curriculum integration persist.
Future advancements will rely on interdisciplinary
collaboration, evidence-based practices, and personalized
learning pathways to fully realize their potential in
preparing skilled nursing professionals for modern
healthcare demands.
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ARTICLE INFO ABSTRACT

Article history Adenomyosis is a common benign gynecologic disease caused by the

Received: 17 October 2025 invasion of functionally active endometrial glands as well as mesenchyme
into the myometrium. The main clinical features are excessive menstrual

Accepted: 15 December 2025 flow, prolonged menstrual cycles, and secondary dysmenorrhea that

Published Online: 30 December 2025 worsens progressively and may lead to infertility. With the increasing
number of intrauterine operations, mainly in the form of abortions, in

Keywords: the younger age groups, the incidence of the disease has shown a yearly

increase, and the patients tend to be younger.There are more treatment

adenomyosis options for adenomyosis; however, the lack of the concept of choosing
graded treatment treatment based on the size of the uterine lesions makes the treatment
Three schemes of Mirena of this disease more arbitrary.Inadequate treatment, overtreatment, and

hysterectomy are widespread in clinical practice.The team has long
been dedicated to researching the “graded treatment” of adenomyosis.
More than ten years ago, based on the characteristic of uterine volume/
lesion size dependence, i.e., the “lesion threshold” phenomenon in the
treatment of adenomyosis with the intrauterine placement of Mirena,
the “Three schemes of Mirena” was proposed, grounded in the concept
of “graded treatment”.Based on the concept of “graded treatment”, we
proposed the “Three schemes of Mirena” and obtained a series of research
results, identifying the “lesion threshold” of Mirena in the treatment of
adenomyosis.The team has provided a comprehensive set of concepts and
methods for treating adenomyosis to preserve the uterus. In recent years,
due to the high incidence of adenomyosis and the trend of youthfulness,
as well as the background of declining birth rate and fertility protection,
the team has followed the research foundation and experience of the
previous study, and used Danhuang Dispelling Blood Stasis Capsule/Tablet
(hereinafter referred to as Danhuang) as the basic drug, and composed the
“Danhuang three scheme” by using Danhuang alone or in combination with
other drugs. The “Danhuang three scheme”, which is a targeted treatment
for adenomyosis based on different degrees of severity, has achieved
sound therapeutic effects and provided a complete set of concepts and
methodologies for the “fertility protection” treatment of adenomyosis.Three
schemes of Mirena and Danhuang three scheme are two treatment systems
based on the concept of graded treatment by the team at different times,
which makes it possible to “uterine preservation and fertility protection”
in the treatment of adenomyosis.Although the concepts and measures
of staging/management have been published in the literature in recent
years, they are overly complex and have a hysterectomy outcome, which
is contrary to the era of uterine preservation and fertility protection. This
article reviews the two sets of solutions of the team and other literature
on the staging/management of adenomyosis to clarify the concept of
adenomyosis treatment with “staging” as a means to achieve the goal of
“uterine preservation and fertility protection”.

Danhuang three scheme

*Corresponding Author:
Wang Yan, female, born in November 1991, from Dafang, Bijie, Guizhou Province, bachelor degree, attending physician, engaged in
obstetrics and gynecology research
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Adenomyosis(AM) is a disease in which the glands and
mesenchyme of the endometrium invade and grow into
the myometrium, which in turn causes a uterine pathology
mainly resulting in increased uterine size, dysmenorrheal
symptoms, increased menstrual flow, and secondary
infertility, which seriously affects women’s physical and
mental health.The disease is most common in 30-50-year-
old menstruating women or those with a history of uterine
operation, with an incidence of 7%-23% and a prevalence
of up to 70% "'. About 15% of patients are also combined
with endometriosis, and about half of patients are
combined with uterine fibroids .

The degree of AM lesions (lesion size/uterine volume)
varies greatly. The difference in lesion size will directly
lead to a massive difference in the effectiveness of various
treatments/drugs, e.g., there is a “lesion threshold (LTD)”
phenomenon in the treatment of AM with Mirena ",
which means that it is ineffective in the treatment of large-
volume uterus [6], which may lead to inappropriate or
ineffective use of Mirena. Therefore, the use of different
treatment methods or protocols for patients with different
lesion degrees can avoid inappropriate selection of
treatment methods and make the treatment rule-based; at
the same time, it is also conducive to the comparison of
the actual results of various treatment methods, which is
conducive to the summarisation, promotion and academic
exchange of experience.

The team has been working on the clinical treatment
of AM for a long time and has obtained a series of
research results %, The team was the first to propose the
concept of “graded therapy”, i.e., to grade AM patients
according to the maximum thickness of the uterine wall
or the maximum diameter (MD) of the adenomyoma, and
then select the appropriate treatment plan according to
the graded size. After a long period of clinical practice
and exploration, the “Three schemes of Mirena” and
“Danhuang three scheme” based on the idea of graded
treatment have been summarised"”"'"). The “Three
schemes of Mirena” provide a comprehensive method
system for AM “‘uterus preservation” treatment, whereas
the “Danhuang three scheme” offers a novel approach and
method for the non-surgical, non-invasive treatment of
AM, specifically through “fertility protection” treatment.
In this paper, we present a review of the two sets of plans
and other relevant literature on AM staging/grading
management, to clarify the concept of AM treatment with
“grading” as the means and “uterus preservation and
fertility protection” as the goal, to avoid or minimize the
phenomenon of over-hysterectomy and the loss of fertility
caused by AM. The purpose of this review is to clarify
the concept of AM treatment by means of “grading” and
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“uterus preservation and fertility protection”, to avoid or
minimize the phenomenon of excessive hysterectomy and
fertility loss caused by AM.

1 Methods of staging, typing, grading, and
classifying adenomyosis of the uterus

1.1 Methods of staging adenomyosis

AM staging is mainly seen in TCM treatment of
AM, which is based on the menstrual cycle and does
not depend on the size of the AM lesion/uterine volume.
Based on the fact that AM is affected by the level of sex
hormones and that the pathogenesis of blood stasis is not
constant at different times, Ge Hongyu et al """’ suggested
that the treatment should be divided into three phases, i.e.,
the premenstrual phase is about 1 week before the onset of
menstruation, the menstrual phase is the period that lasts
for about 1 week at the time of the onset of menstruation,
and the postmenstrual phase is the period that lasts for
about 2 weeks after the onset of menstruation. In terms of
treatment, the approach should be based on the specific
disease to address the root cause, the menstrual period
to alleviate symptoms, and the postmenstrual period to
address both symptoms and the root cause. The study of
Li Peixin et al® which was based on Professor Wang
Ping’s experience in treating AM, concluded that the
etiology of AM is due to the deficiency of kidney yang,
the lack of positive qi, and the stagnation of stagnant and
turbid masses, which results in the formation of blood
impediments, and stagnation is the key. During the period
when there was no requirement for pregnancy, emphasis
is placed on warming the menstruation and relieving
pain during menstruation, and on eliminating stasis and
eliminating symptoms during normal times; during the
period when pregnancy is required, according to the
characteristics of the different stages of the menstrual
cycle, tonifying the kidneys and adjusting the weekly
cycle, the fetus and pregnancy may be accomplished.
Lv Shuang et al[21], whose staged therapy of warming
the kidney and removing blood stasis, consider the
pathogenesis of this disease to be a deficiency of
kidney yang, internal obstruction of blood stasis, which
accumulates and becomes the symptoms of the disease,
and divide it into the perimenstrual period and the
intermenstrual period for treatment.

The staging of AM in TCM is based on the menstrual
cycle and the dialectic of the treatment. Although this
method offers the advantages of non-invasive, non-
hormonal treatment with minimal impact on bone quality
and a low incidence of adverse effects, the dialectic of
TCM is complex. Different physicians may arrive at
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inconsistent results in different menstrual cycles of the
same patient, or even the same patient with the same
menstrual cycle, so there is a large degree of subjectivity
in judging the therapeutic efficacy. The slow onset of the
effect on patients with severe diseases, and the patients
can hardly tolerate the pain until the medication has taken
effect, so it is difficult to popularise the method in the
clinic. It is challenging to popularise it in the clinic.

1.2 Methods of typing adenomyosis

There are multiple methods of AM typing, and no
single, universally accepted method exists. The main
ones are histopathology and imageological examination.
Histopathologic examination is the gold standard
for diagnosis, which is challenging to adopt in the
clinic because it requires uterine resection or trans-
uterine laparoscopic sampling and delivery, which is
invasive and intrusive. With the rapid development of
iconography, iconography has become a commonly
used clinical method to diagnose AM and its degree of
pathology (uterine accretion/lesion size). Commonly
used methods include magnetic resonance imaging (MRI)
and transvaginal ultrasound (TVU).MRI is expensive,
limiting its application.TVU is economical, noninvasive,
reproducible, and universally applicable.Compared with
transabdominal ultrasound, TVU has higher clinical value
and higher accuracy for the diagnosis of AM .

Lan Guiluan"’' classified the sonographic features
of AM into five types based on pathological findings:
type I is diffuse, type II is adenomyomatous, type III is
adenomyomatous intracystic, type IV is adenomyomatous
polyp, and type V is adenomyomatous leiomyomatous.
Kishi et al** classified the foci into four subtypes based
on MRI of the foci. Type I is endogenous: the AM foci are
directly connected to the thickened binding zone, and the
adenomyosis foci have normal musculature on the outer
side. Type I is exogenous: AM lesions are in a myometrial
position outside the uterus, their binding bands remain
intact, and normal musculature exists between the lesion
and the binding bands. Type III is intramural, and this type
of AM lesion is free-standing, neither connected to the
binding bands nor the plasma membrane. Type I'V: Except
for the above three types categorised in this category.
Lazzeri et al. ® and Exacoustos et al. * classified AM
as diffuse, focal, and adenomyoma based on ultrasound
sonographic characteristics.

Studies on AM staging have provided information on
the extent of lesion invasion and the extent of different
staging types of the disease, to guide clinical treatment.
However, most of the current studies on staging mainly
focus on the discrepancy between the staging results
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of different examinations and the pathological findings
and the correlation with the severity of AM™"**, and no
relevant studies have been seen on the correspondence
between the staging results and the choice of treatment
regimens, i.e., the treatment regimens corresponding to
different staging. Therefore, the above typing methods
have no substantial guiding effect on clinical treatment
and have not been adopted by the clinic.

1.3 Methods of grading adenomyosis

In recent years, the incidence of AM has been on the
rise and is accompanied by a lower age"”**. Therefore,
Qi et al.”” suggested a three-tiered prevention of AM:
primary prevention, i.e., blocking or delaying the
occurrence of AM by reducing or eliminating high-risk
factors; secondary prevention, i.e., avoiding or delaying
the progression of AM through early detection, diagnosis,
and treatment; and tertiary prevention, i.e., the long-term
management of AM to prevent recurrence. It is similar
to the three-level management of AM studied by Wang
Shixuan et al"*®,

1.3.1 Primary management of adenomyosis

Since the etiology of AM is unknown, prevention based
on the possible causes of AM covers initiatives such as
strengthening doctor-patient education efforts, carrying
out genetic testing and genetic counselling activities,
minimising or avoiding uterine cavity manipulation,
changing behavioural patterns, and stopping or reducing
retrograde menstrual blood flow in order to reduce the
incidence of AM""??,

1.3.2 Secondary management of adenomyosis

At the stage of diagnosing AM, symptoms have
appeared. However, surgical treatment is not yet
needed; this stage mainly focuses on symptoms such as
dysmenorrhea, excessive menstrual flow and infertility,
using drugs, Mirena(levonorgestrel intrauterine slow-
release system, LNG-IUS), uterine artery embolisation
(UAE) and high-intensity focused ultrasound (HIFU),
radiofrequency or microwave.LNG-IUS,Uterine artery
embolisation (UAE), and non-surgical therapies such as
high intensity focused ultrasound (HIFU), radiofrequency,
or microwave ablation to relieve or reduce symptoms,
promote fertility, and slow down the process. Among the
drugs are nonsteroidal anti-inflammatory drugs (ibuprofen,
naproxen sodium, mefenamic acid, celecoxib), compound
oral contraceptives, oral progestational hormone analogs
(dienogest), gonadotropin-releasing hormone agonist
(GnRHa), hemostatic drugs (tranexamic acid), and
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Chinese herbal medicine™® ***,

1.3.3 Tertiary management of adenomyosis

For patients who require surgical treatment after
non-surgical treatment is ineffective, the indications
for surgery should be strictly controlled. The choice of
surgical modality depends on factors such as the patient’s
fertility requirements, the severity of clinical symptoms,
and the patient’s age.Surgical treatments for AM include
secondary/total hysterectomy and uterus-preserving
surgeries,and uterus-preserving surgeries include
hysterectomy of uterine foci (adenomyoma excision
and foci reduction) and uterine endometrial removal.
Endometrial removal.AM patients require long-term
management after surgery, and individualised treatment
can be implemented according to the patient’s age, clinical
symptoms, the presence of fertility requirements, the type
of lesion, and drug characteristics”® ***%,

Tertiary management of AM is a model of segmented
management based on the different stages of the
disease, with the emphasis on management, treatment
and assessment of efficacy, not based on changes in
lesion size. The advantage is that it proposes prevention
based on the possible causes of AM, thereby reducing
or minimising morbidity. However, for AM that has
already been diagnosed, treatment is still generalised,
with treatment plans varying from person to person.
There is still considerable variability. The size range of
the lesions requiring treatment was not provided, and
the corresponding treatment methods for different lesion
sizes were not specified. There is also an absence of a
reference standard for evaluating treatment effectiveness.
Consequently, under- or over-treatment, or even non-
essential hysterectomies, persist.

1.4 Methods of grading adenomyosis

1.4.1 Staging of adenomyosis with the “Three
schemes of Mirena”

All of the above Staging, typing and grading
methods have the disadvantage of not relating the size
of the lesion to the treatment method/protocol, and
there is the possibility of eventual hysterectomy. The
uterus is an important female sex organ with complex
functions. Removal of the uterus may be associated
with premature ovarian decline, pelvic organ prolapse,
urinary incontinence, and other pelvic floor dysfunctional
disorders™”™, and therefore, the uterus should not be
removed thoughtlessly. Based on this concept, the team
proposed grading patients according to the maximum
thickness of the uterine myometrial wall or the maximum
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diameter of adenomyoma (Maximum diameter, MD)
over ten years ago, and then selecting treatment options
based on the grading. Based on Mirena, a system of
“Three schemes of Mirena” was proposed for the graded
treatment of AM, and a series of research results were
obtained”™. On this basis, the academic view that there
is a lesion size/uterine volume dependence, i.e., the
“lesion threshold (LTD)” phenomenon, in the treatment
of AM with Mirena was discovered and proposed"’.
Subsequently, the team discovered that levonorgestrel
(a component of Mirena) exhibits a distance-dependent
“concentration gradient” and a time-dependent
“concentration stabilisation” phenomenon in the silica
gel uterine membrane, as demonstrated by the Silicone
imitation uterine body membrane experiment"'? This
verified Mirena LTD from an experimental perspective.
This experimentally verifies the scientific hypothesis of
the LTD phenomenon of Mirena. The academic view
that LTD exists in the treatment of AM with Mirena is 2
years earlier than that of foreign scholars™®. Based on the
results of LTD and series of studies, the team classified
AM into three degrees according to MD, i.e., MD<30 mm
is mild, MD between 30-40 mm is moderate, and MD>40
mm is severe; the corresponding treatment protocols were
as follows: Mirena protocol, Mirena + HIFU/GnRHa
protocol, Mirena + major uterine wall resection and
reconstruction of the uterus(MURU) program.

Three schemes of Mirena and MURU provide
a complete methodology system for AM “uterus
preservation” treatment. In the process of clinical
implementation, the measurement of MD by TVU/MRI
is a simple, objective and accurate method. The selection
of the corresponding treatment program according to MD
can make the clinical treatment follow the rules, avoiding
over-treatment, under-treatment and bias in the selection
of methods. The most important aspect is that MURU can
avoid hysterectomy from a methodological perspective.

1.4.2 “Danhuang three scheme” graded treatment
of adenomyosis

Although the “Three schemes of Mirena” provides a
complete set of methods for AM “uterus preservation”
treatment, there are also related problems. Firstly,
levonorgestrel is the drug component of Mirena.
Therefore, those who are prohibited from using
progesterone are not suitable for the Three schemes
of Mirena, such as: progesterone allergy, history of
thrombophilia, obstructive jaundice, porphyria, etc.;
secondly, there are corresponding problems with the
placement of Mirena in the uterus, such as: there are
Mirena downward displacement or detachment, abnormal

DOL: https://doi.org/10.26549/jams.v8i2.33848 17


https://doi.org/10.26549/jams.v8i2.33848

Journal of Advances in Medicine Science | Volume 08 | Issue 02 | December 2025

uterine bleeding, or unwillingness or inability to use the
IUD, and patients with obesity, blemishes, acne, etc. should
not be used; Mirena belongs to the IUD category, and the
standard MURU procedure has a sterilizing effect. This is
contrary to the current era of negative growth in China’s
birth population, the state’s encouragement of childbirth,
and academia’s strong advocacy for fertility preservation.
Therefore, it is imperative to explore the treatment
modality of AM fertility protection (conservation).
Based on this understanding, the team combined the rich
experience gained from the treatment of ICR mice with
traditional Chinese medicine and the graded treatment of
AM with the “Three schemes of Mirena” in the previous
period. It proposed the graded treatment of AM with
the “Danhuang three scheme” for fertility preservation,
through a systematic, prospective approach. After
continuous exploration and summarisation, we proposed
the “Danhuang three scheme” method for the graded
treatment of AM with the purpose of conservation, and
achieved satisfactory therapeutic effects after systematic
and prospective clinical studies! """

The “Danhuang three scheme” is based on Danhuang
expectorant capsules/tablets (abbreviated as: Danhuang),
used alone and in combination with mifepristone
and leuprolide/triptorelin, forming the Danhuang,
Danmu, and Danrui protocols for the treatment of mild,
moderate, and severe AM, respectively. Studies have
shown that''”’, among the “Danhuang three scheme”, the
“Danrui protocol” has the most significant efficacy, but
GnRHa analogs have chemical oophorectomy effects,
and the prolonged use of GnRHa analogs may cause
hypoestrogenic manifestations such as hot flashes, and
they are expensive. Therefore, “Danrui protocol” is
recommended for patients with severe AM or those who
need to reduce the size of the uterine lesions rapidly;
“Danmid protocol” has a longer course of treatment and
slower effect than Danrui protocol in the treatment of
severe AM, but its effect in the treatment of intermediate
AM is significant and stable, and mifepristone is
inexpensive, so it is recommended to be used in
intermediate AM; “Danhuang protocol” can effectively
control mild AM, and it is recommended to be used in
intermediate AM. Danhuang three scheme can effectively
control the symptoms of dysmenorrhea in patients with
mild AM, and can also prevent the recurrence of the
disease. Under the premise of guaranteeing therapeutic
effect, based on the principle of pharmacoeconomics, the
treatment mode of “grading” and “down-regulation” of
Danhuang three programs not only reduces the cost of
treatment, but also reduces the potential toxicity and side
effects of the drug, which maximizes the three principles
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of cost-effectiveness, effectiveness and utility, and is
also a reflection of the principle of cost-effectiveness,
effectiveness, and utility. This embodies the maximization
of the three principles of cost-effectiveness, effectiveness,
and utility, which is also the reason and charm of “graded
treatment”. The “Danhuang three scheme” offers a
comprehensive and non-invasive approach to treating
AM, building on the team’s previous innovation and
breakthrough with the “Three schemes of Mirena” through
graded treatment.

2 Special application scenarios of “Three
schemes of Mirena” and “Danhuang three
scheme”

The “Three schemes of Mirena” and the “Danhuang
three scheme” are two original “graded” systems of
treatment for AM that were developed by the team at
different times in history. Three schemes of Mirena is
aimed at preserving the uterus (uterine preservation).
Danhuang three scheme is aimed at preserving fertility
(conservation). In clinical application, in addition to
treatment according to the MD classification, the patient’s
comorbidities, age, and willingness to be treated need
to be taken into account in order to determine whether
the two systems should be used individually or in
combination, with the dual purpose of treating the disease
and satisfying the patient’s wishes for treatment.

2.1 Comorbidities

2.1.1 Comorbid uterine fibroids: About half of AM
patients have comorbid uterine fibroids”. Danhuang has
little or no therapeutic effect on uterine fibroids. Therefore,
when there is a combination of fibroids, the following
treatments are recommended: for those with large/number
of fibroids and no fertility requirements, the Mirena
+ MURU regimen is recommended for optimal cost-
effectiveness;for those with fertility requirements, only
myomectomy (open or laparoscopic) is recommended,
and the AM is treated with the Danhuang three scheme
after myomectomy to minimize the trauma to the uterine
myometrial wall. For those with small fibroids/number of
fibroids/unwilling to undergo surgery or those who still
have the desire to have children, it is recommended to
treat AM with Danhuang three scheme as appropriate, in
addition to the use of proprietary Chinese medicines for
uterine fibroids, such as Gui Zhi Fu Ling Capsules and
Uterine Tumor Elimination Capsules, etc., to synergize
the treatment of uterine fibroids.

2.1.2 Combined chocolate cysts: For AM combined
with ovarian chocolate cysts, use the Danhuang three
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scheme with caution, as the blood-activating effect
of Danhuang has the potential to cause intracapsular
hemorrhage and enlargement of the cysts. If the cyst is
large and there is a desire to have children, the coeliac cyst
can be treated as a single surgical factor, and laparoscopic
or open excision can be performed. Postoperatively, AM
is then treated with the Danhuang three scheme to avoid
uterine trauma. For those with large cysts without fertility
intention, MURU can be performed at the discretion of
the MD and the patient’s wish. In contrast, the cyst is
removed (concurrent MURU treatment is recommended
for severe patients). For those with small cysts without
surgical indications, they can be treated with dienogest/
mifepristone/GnRH analogs first. Then, after sexual axis
suppression and coelomic ectopic endothelial atrophy,
danhuang can be added to treat AM, starting from a small
dose at discretion. The frequency of ultrasonography can
be increased simultaneously.

2.2 Age factor: AM is a hormone-dependent disease,
so the patient’s age is an important reference factor for
treating the disease and preventing recurrence. Generally
speaking, the age of women and ovarian function are in a
parallel state, with young women having relatively good
ovarian function and a higher risk of disease recurrence.
Older women have weaker ovarian function and are less
likely to have recurrence of the disease. If the patient’s
age is <45 years old, or the ovarian function is good, it
is easy to relapse. Therefore, for severe patients without
fertility intention and contraindication to progesterone, it
is recommended to treat with Mirena+tMRUR regimen.
If the patient is >45 years old or has weak ovarian
function and is not prone to recurrence, unless the lesion
is particularly severe or voluntary MURU treatment is
performed, treatment with the Danhuang three scheme
is recommended. It should be noted that AM patients are
often associated with late menopause, and the age factor
needs to be judged in conjunction with ovarian function.

2.3 Extreme cases: the degree of uterine pathology
is particularly severe, which needs to be considered in
conjunction with the patient’s treatment wishes. For
example, MD >60mm, uterine volume >4 months of
pregnancy, and no desire to have children (common),
it is recommended that the Mirena + MURU regimen
be used, which can quickly obtain therapeutic effects to
achieve the goal of uterine preservation treatment. In
order to minimise the difficulty of surgery and to favour
uterine reconstruction, it is recommended to treat with
the Danrui protocol for about three courses of treatment
before performing MURU. Those who have the desire
to have children or refuse surgery (rare) are treated with
the Danrui protocol. It should be noted that due to the
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excessive size of the uterus, a longer course of treatment
is required, which needs to be fully communicated to the
patient in order to improve treatment compliance; when
the MD is reduced to mild or regular, and the CA125 turns
negative, IVF-ET is recommended.

3 Summary and Outlook

AM is a highly prevalent disease in gynecology, and
hysterectomy is still the primary treatment modality for
critically ill patients and those who fail conservative
treatment worldwide. Although the uterus is not a
pathogenic organ, it plays a crucial role in women’s lives
and quality of life"® . It should not be easily removed,
which is the purpose of the “uterus preservation”
treatment for AM. On the other hand, although AM is
not absolutely infertile, the prevalence of AM among
infertile women under 40 years of age ranges from 7.5%
to 22%, and among infertile women aged 40 years and
above ranges from 24.4% to 29.7% Y. In the context of
China’s declining birthrate and high incidence of AM, the
treatment of AM and protection of patients’ fertility are
particularly important, making a realistic need for AM
“fertility protection” treatment.

Among the methods of conservative treatment of AM,
almost all of them are lesion-level dependent™* **. For
example, Mirena, HIFU, and dienogest are much less
effective in treating large volumes of the uterus than small
volumes of the uterus. This dependence dictates that when
treating with a particular method or methods, the choice
must be differentiated according to the extent of the lesion,
i.e., different therapeutic agents/protocols must be selected
according to the extent of the lesion in order to meet the
dual objectives of therapeutic efficacy and principles of
health economics. Therefore, “graded therapy” according
to the extent of the lesion is not only a requirement for
the treatment of the disease, but also a prerequisite for the
“standardisation” and “differentiation” of AM treatment.

There are many treatment methods for the preservation
of the uterus and the fertility protection of AM. Based on
the idea of “graded therapy”, the team’s “Three schemes
of Mirena” provides a complete method system for AM
“uterus preservation” treatment. At the same time, the
“Danhuang three scheme” is the team’s non-invasive
treatment following the idea of “graded therapy”. The
“Danhuang three scheme” is another system of non-
invasive fertility preservation (conservation) treatment
for AM, following the idea of “graded treatment” after
the “Three schemes of Mirena”. In clinical work, the two
programs can be used individually or in combination, as
appropriate, to achieve the goal of fertility preservation or
conservation treatment.
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Just like the “staged treatment” of gynecological
cancer, the concept of “graded treatment” should become
the basic principle of AM treatment. The concept of
graded treatment will attract the attention of the academic
community and change the confusing situation of AM
treatment and the status quo of hysterectomy as the
ultimate treatment, to protect the uterus and fertility of
AM patients.
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ARTICLE INFO ABSTRACT
Article history Adenomyosis is a common gynecological disease
Received: 17 October 2025 causing secondary dysmenorrhea, menstrual irregularities,
Accepted: 15 December 2025 and infertility. Traditionally, the treatment of adenomyosis
Published Online: 30 December 2025 has been primarily surgical, however, with the deepening
Keywords: understanding of the disease and the contemporary demand
) for fertility preservation, non-surgical treatments are gaining
Adenomyosis

more attention. Pharmacotherapy, a key non-surgical
approach, encompasses diverse strategies such as hormonal
agents, anti-hormonal drugs (e.g., gonadal axis suppressants/
blockers), non-steroidal anti-inflammatory drugs (NSAIDs),
and traditional Chinese medicine (TCM). It plays a crucial
role in managing adenomyosis, enhancing patients’ quality
of life, and preserving fertility.

In recent years, traditional Chinese medicine (TCM) and the integration
of TCM with Western medicine have demonstrated unique advantages
in adenomyosis management. Traditional Chinese medicine considers
the main cause of adenomyosis to be “blood stagnation in the uterus,”
leading to poor circulation of qi and blood, which causes symptoms such
as dysmenorrhea and menstrual abnormalities. The treatment principle is
to invigorate blood circulation and resolve stasis, warming the meridians
to improve qi and blood circulation, combined with lifestyle adjustments
and other comprehensive interventions. The team has long been committed
to clinical research on the grading treatment of adenomyosis, proposing
the concept and approach of the “Danhuang San Plan,” which integrates
traditional and Western medicine based on the principles of Western
medicine’s gonadal axis suppression/blocking treatment and traditional
Chinese medicine’s invigorating blood circulation and resolving stasis,
achieving good results and providing references for preserving the uterus
and fertility in adenomyosis treatment. This article reviews the current
status of drug treatment for adenomyosis and the team’s related concepts
and research results, aiming to provide references for non-surgical treatment
of adenomyosis and support the practical need for fertility preservation in
adenomyosis.

Drug treatment
Traditional and Western medicine treatment

Danhuang San Plan

*Corresponding Author:
Yang Guo, female, born on November 1, 1990, Miao nationality, from Fenghuang County, Hunan Province, holds a bachelors degree
and is a chief physician specializing in gynecology and obstetrics.

Distributed under creative commons license 4.0 DOIL: https://doi.org/10.26549/jams.v8i2.33849 23


https://ojs.bilpublishing.com/index.php/jams
https://doi.org/10.26549/jams.v8i2.33849

Journal of Advances in Medicine Science | Volume 08 | Issue 02 | December 2025

Adenomyosis (AM) is a common gynecological
disease found in women of reproductive age'". It exhibits
hormone-dependent proliferation and invasive growth
similar to malignant tumors, with its pathogenesis related
to hormonal drives, genetic susceptibility, immune
imbalance, and changes in the local microenvironment.
Imaging or pathology presents benign characteristics,
but long-term clinical management is required to avoid
functional impairment or disease progression, hence it is
often referred to as “benign cancer.” There is currently
no unified conclusion regarding the pathogenesis of AM,
with various theories having theoretical limitations and
academic controversies. Among many theories, the “in
situ endometrium determination theory” and “3A model”
proposed by Academician Lang Jinghe have gained
widespread recognition”’. Traditionally, the treatment of
AM has been primarily surgical, especially for patients
with larger uterine volumes or those who have failed
conservative treatment” ), However, surgical treatment
has long recovery times and risks of loss of fertility'",
which does not align with the current context of declining
birth rates, the national open fertility policy, and the
strong advocacy for fertility preservation in academia”.
Therefore, exploring non-surgical treatment methods for
AM is of significant practical importance.

Non-surgical treatment methods for adenomyosis
mainly include various drug therapies and physical
therapies. Drug treatments include progestins/anti-
hormonal drugs, intrauterine drug delivery systems,
traditional Chinese medicine, and non-steroidal anti-
inflammatory drugs™”.. Physical therapy, represented by
High-Intensity Focused Ultrasound (HIFU), is a non-
invasive treatment option"'”""!. However, HIFU treatment
has limitations such as high equipment costs, dependence
on acoustic pathways, selection of lesion types (better
effects on anterior wall and focal types), combination
schemes, and long-term recurrence, which restrict its
clinical application'*"”).

Adenomyosis is a mass lesion formed by the
endometrium located ectopically in the uterine
myometrium under the influence of estrogen, leading to
repeated bleeding and fibrosis'*. Theoretically, methods
that suppress the gonadal axis and atrophy the ectopic
endometrium can treat this disease, which is the basic
principle of various gonadal axis blocking/suppressing
drugs and progestin treatments. Throughout the history
of drug treatment for AM, various progestins or anti-
hormonal drugs have been the mainstay, such as Danazol,
Nemezine, and Dienogest; gonadal axis suppressants like
Mifepristone and GnRHa!"**". These drugs primarily
achieve therapeutic goals by atrophying the ectopic

24 Distributed under creative commons license 4.0

endometrium or suppressing the gonadal axis system,
preventing the formation of new lesions. On this basis,
the diseased tissue is absorbed by the body, and the
pathogenic lesions/uterine volume are reduced to a certain
extent. However, this reduction is very limited and does
not favor the restoration of uterine morphology and
fertility.

With the rise of fertility preservation concepts,
traditional Chinese medicine and the combination of
traditional and Western medicine have shown unique
characteristics and advantages in the clinical treatment
of AM”'"!. The team explored the use of compound
traditional Chinese medicine to treat ICR mouse models
of adenomyosis over a decade ago, achieving good
results™. Based on this, the team adopted the concept of
combining traditional and Western medicine and proposed
a methodology for grading treatment of AM, achieving
satisfactory treatment outcomes”™. This article aims to
review the current status of drug treatment for AM and the
team’s related research results, providing references for
non-surgical treatment and fertility preservation in AM.

—. Hormonal Treatment Drugs

1.Danazo A synthetic progestin that acts like an
androgen. Its main mechanism of action is to inhibit the
synthesis of estrogen, thereby reducing the occurrence of
endometriosis. However, this drug has notable side effects,
such as weight gain, acne, and other androgen-related side
effects, and has been largely eliminated”*>”".

2.Nemezine A progestin derivative of
19-nortestosterone, previously used to treat endometriosis
and AM. Studies have shown its poor efficacy and
significant side effects”"”", such as irreversible male
characteristics with long-term continuous use, leading
to poor patient compliance, and it has now been largely
eliminated.

3.Dienogest A synthetic progestin that primarily
inhibits the proliferation of endometrial cells by
activating progesterone receptors in the endometrium
and reducing the biological activity of estrogen, thereby
alleviating symptoms of AM, such as pain and irregular
menstruation”” ", Some patients may experience irregular
vaginal bleeding during use, affecting compliance. In
addition, Dienogest does not significantly reduce lesions
(uterine volume), which is not conducive to eliminating
lesions and restoring uterine volume and morphology,
thus hindering the recovery of uterine fertility.

4 Mirena A levonorgestrel-releasing intrauterine
device widely used in the treatment of AM. It can control
menstrual bleeding and alleviate pain to a certain extent
through continuous release of progestin®®”. However,
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Mirena’s effectiveness drops as the size of the uterus
or lesion increases, exhibiting a “lesion threshold”
phenomenon”*?”, Studies have shown that using
Mirena alone for AM treatment is ineffective when the
maximum myometrial thickness or maximum diameter
of the adenomyoma (MD) > 35 mm, indicating that the
effective “lesion threshold” for Mirena treatment of AM
is MD < 35 mm, with a recommendation for use at MD
< 30 mm[38-40]. The “lesion threshold” is an academic
viewpoint proposed by the team in the “Mirena Three
Plan” for grading treatment of AM, which predates
similar findings by foreign scholars by two years***'". The
academic viewpoint of the “lesion threshold” provides a
reference for the clinical application of Mirena in treating
AM, avoiding its excessive use.

The “Mirena Three Plan” based on grading treatment
provides a complete methodology for “uterus-preserving”
treatment of AM, but Mirena is an intrauterine device, and
standard major uterine wall resection and reconstruction
(MURU) has contraceptive effects'*”. More importantly,
Mirena can only control symptoms, prevent disease
progression, or recurrence within a limited degree
of lesions (MD < 35 mm), with no significant effect
on reversing signs/lesions, which is not conducive to
restoring uterine morphology and regaining fertility. This
is a limitation of Mirena and the Mirena Three Plan in the
context of fertility preservation.

—. Gonadal Axis Suppressants

1.Gonadotropin-Releasing Hormone Agonists (GnRHa)
GnRHa is an analogue of Gonadotropin-Releasing
Hormone (GnRH). GnRHa competitively inhibits
pituitary GnRH receptors, blocking the pulsatile action of
endogenous GnRH, achieving “chemical ovarian ablation”
and reducing estrogen effects, thereby inhibiting repeated
bleeding and fibrosis of ectopic lesions and preventing
17431 Due to its powerful
“chemical ablation” effect, it can achieve a state similar to
“artificial menopause,” thus showing significant treatment
effects during medication*. However, GnRHa drugs
also have corresponding issues, such as high costs, low
estrogen effects, and osteoporosis, making long-term
use impractical**"!. Additionally, while these drugs can
reduce lesions (uterine volume) through tissue absorption
based on gonadal axis suppression, they cannot eliminate
lesions or restore the uterus to normal size, which is not
conducive to restoring uterine morphology and fertility.
Therefore, they are often used as a phased treatment or in
combination therapy"**..

2.Mifepristone Mifepristone is a progesterone receptor
antagonist commonly used for medical abortion. With the

the formation of new lesions
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expansion of clinical applications and in-depth research,
it has been found that this drug participates in regulating
the function of the hypothalamic-pituitary-ovarian axis
(HPO axis). Mifepristone can act on the hypothalamus
to inhibit the secretion of Gonadotropin-Releasing
Hormone (LHRH), thereby affecting the secretion of
Follicle-Stimulating Hormone (FSH) and Luteinizing
Hormone (LH). At the same time, it can directly act
on the pituitary to inhibit the release of FSH and LH,
suppressing ovarian function and reducing the secretion of
estrogen and progesterone, thereby inhibiting the growth
of fibroids and adenomyosis***’. Multiple studies have
confirmed that Mifepristone has good efficacy in treating
AM, especially suitable for patients wishing to preserve
fertility™>*]. Other studies have shown that Mifepristone
effectively alleviates the inflammatory response and
related symptoms of AM by inhibiting the secretion of
inflammatory cytokines, limiting mast cell activation,
and reducing nerve fiber density”". Clinical studies
have shown that Mifepristone can significantly relieve
symptoms in adenomyosis patients, such as dysmenorrhea
and heavy menstrual bleeding, while also reducing
uterine volume"™”. However, compared to GnRHa drugs,
Mifepristone’s suppressive effect on the gonadal axis is
milder. Although it can downregulate the secretion of
FSH, LH, and estrogen, it does not reach the level of
“chemical ovarian ablation” seen with GnRHa drugs, thus
its therapeutic effect is also lower"”.

=. Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs)

NSAIDs are the first choice for pain management in
AM patients, reducing the synthesis of prostaglandins by
inhibiting the activity of cyclooxygenase (COX-1 and
COX-2), thereby decreasing the inflammatory response
in the uterine myometrium!”. In the pathogenesis of
AM, local inflammatory responses are prominent, with
prostaglandins (especially PGE2) playing a key role
in pain and abnormal uterine contractions. NSAIDs
alleviate inflammation, reduce pain, abnormal smooth
muscle contractions, and abnormal uterine bleeding
by inhibiting cyclooxygenase (COX) and blocking the
conversion pathway of arachidonic acid to prostaglandins,
thus reducing PGE2 synthesis[4,54]. However, NSAIDs
do not reduce ectopic lesions and have gastrointestinal
discomfort and damage as side effects with long-term use,
making them not a routine or commonly used drug for
treating AM.

M. Traditional Chinese Medicine Treatment

Traditional Chinese medicine has shown certain
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effects in the treatment of AM due to its unique treatment
concepts. Traditional Chinese medicine categorizes
AM under “dysmenorrhea” and “heavy menstrual
bleeding,” attributing it to pathogenesis categories
such as “qi stagnation and blood stasis” and “spleen
deficiency and blood stasis.” The treatment principle
is to invigorate blood circulation and resolve stasis
to improve qi and blood circulation. Research by Cai
Xiaohui et al. showed that the serum containing Guizhi
Fuling Pill with additional ingredients could reduce the
wet weight and uterine coefficient in AM rats’\. Luo
Xuejuan et al. used Xuefu Zhuyu Decoction to treat AM,
demonstrating that this formula achieves clinical efficacy
through its regulatory effect on the hormonal endocrine
system”®. Research by Li Kunyin’s team confirmed that
modified Shaoyao Gancao Decoction can inhibit the
proliferation of human adenomyosis cells, reduce cell
migration, effectively regulate endometrial thickness
and uterine volume, adjust serum hormone levels,
alleviate dysmenorrhea symptoms, and improve disease
7% Traditional Chinese medicine has unique
characteristics in treating AM, alleviating dysmenorrhea,
reducing menstrual flow, and shrinking lesions through
methods such as invigorating blood circulation and
resolving stasis. However, pure traditional Chinese
medicine treatment has limitations such as slow onset and
long treatment duration, making it difficult to effectively
shrink or eliminate ectopic lesions, leading to symptom
recurrence.

outcomes

. Combination of Traditional and Western
Medicine Treatment

The combination of traditional and Western medicine
in treating AM reflects the complementary advantages and
synergistic effects of both approaches. Western medicine
can quickly suppress the gonadal axis, reduce estrogen
production, or atrophy ectopic endometrium, preventing
the formation of new lesions; while traditional Chinese
medicine’s effects of “invigorating blood circulation
and resolving stasis” can eliminate existing lesions (old
lesions) and reduce the side effects of Western medicine,
enhancing treatment compliance. Clinical research by Wei
Xinjun et al. showed that compared to using Dienogest
alone, the combination of Xuandan Sanjie Decoction
and Dienogest effectively improved clinical symptoms
in patients with qi stagnation and blood stasis type AM,
especially in reducing abnormal uterine bleeding caused
by Dienogest™™. Jia Haijin used Shaofu Zhuyu Decoction
combined with Leuprolide to treat AM postoperative
patients, achieving higher overall efficacy and reducing
dysmenorrhea scores, disease indicators, and adverse
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reaction rates compared to using Leuprolide alone!*”.

Wang Liyuan et al. showed that the combination of
Sanjie Zhen Tong Capsule and Dienogest in treating
AM could exert synergistic effects through multi-
target mechanisms, significantly improving hormonal
balance, uterine morphological indicators, optimizing
menstrual cycle characteristics, and ensuring medication
safety'®". Research by Qiao Xiaoli et al. demonstrated
that the combined application of Guizhi Fuling Wan and
Ethinyl Estradiol/Progesterone Tablets could enhance
clinical efficacy in AM through multi-target synergistic
mechanisms, significantly alleviating dysmenorrhea
symptoms, reducing uterine volume, improving
coagulation function, and downregulating serum-related
factor levels'®. Research by Li Juan et al. showed that
Mifepristone combined with Xuefu Zhuyu Decoction
has a definite therapeutic effect on AM, outperforming
the single Mifepristone regimen'®’. The combination
of traditional and Western medicine leverages their
respective advantages, forming complementary and
synergistic effects, providing new ideas and methods for
the comprehensive treatment of AM.

The team has long been dedicated to research on AM
treatment, validating the therapeutic effects of compound
traditional Chinese medicine based on Danshen and
Huangqi in ICR mouse models of adenomyosis over
a decade ago*. This compound traditional Chinese
medicine is the same as the “Danhuang Quyu Capsule/
Tablets” (referred to as Danhuang) formula (20 medicinal
materials), with the main functions being: invigorating
blood circulation and relieving pain, softening and
resolving masses, suggesting that Danhuang may have a
therapeutic effect on AM (this indication is not listed in
the Danhuang instructions). In subsequent exploratory
and non-systematic clinical observations using Danhuang
to treat moderate to severe patients, the team found that
using Danhuang alone for treatment took a long time and
had poor efficacy. Therefore, the team combined the rich
theoretical and practical experience accumulated from the
previous “Mirena Three Plan” grading treatment of AM
and the principles of pharmacoeconomics maximizing
cost-effectiveness and efficacy, adopting a combination of
traditional and Western medicine and grading treatment
approach, gradually forming a methodology based
on “Danhuang,” used alone or in combination with
Mifepristone or Leuprolide/Triptorelin to treat mild,
moderate, and severe AM, achieving satisfactory treatment
outcomes through prospective and systematic clinical
research’”. The “Danhuang Three Plan” consists of: 1.
Danhuang Plan: using Danhuang alone, suitable for mild
AM; 2. Danmi Plan: Danhuang + Mifepristone, suitable
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for moderate AM; 3. Danrui Plan: Danhuang + Leuprolide
(Leuprolide/Triptorelin), suitable for severe AM**.

Clinical research results of the “Danhuang Three Plan”
indicate that the grading treatment of mild, moderate,
and severe AM is very significant. Considering efficacy
alone, the “Danrui Plan” shows the fastest effect and
best efficacy, making it worthy of priority consideration
for patients with severe AM who need to rapidly reduce
uterine lesions to meet fertility needs. However, under
the premise of ensuring efficacy, the three principles
of pharmacoeconomics must be considered in clinical
practice. The “grading and adjustment” treatment model
of the Danhuang Three Plan not only reduces treatment
costs but also minimizes potential toxic side effects of
drugs, reflecting the maximization of cost-effectiveness
and efficacy, and is the reason and charm of “grading”
treatment. The “Danhuang Three Plan” provides a
systematic, complete, and non-invasive treatment concept
and methodology for AM, representing another innovation
and breakthrough by the team following the “Mirena
Three Plan” grading treatment of AM.

75. Conclusion and Outloo

AM is prevalent among women of reproductive
age, with an incidence rate of 5% to 70% in the female
population[65-66]. In the context of fertility preservation,
treatments for AM that protect fertility should receive
widespread attention. Among the existing methods for
preserving fertility, the combination of traditional and
Western medicine has shown unique advantages. Its core
advantage lies in the synergistic effects of traditional
and Western medicines, as seen in the “Danhuang Three
Plan,” where Western medicine (Mifepristone, GnRHa)
suppresses/block the gonadal axis and prevents the
formation of new lesions; while Danhuang’s
blood circulation and resolving stasis” eliminates
already formed lesions, thus having a significant effect
on reversing signs (shrinking lesions) and restoring
uterine morphology and volume, which undoubtedly
has clear practical significance in the context of fertility
preservation. The concept of blending traditional and
Western medicine should become the foundation for
drug treatment of AM to achieve non-invasive and rapid
elimination of lesions.

Furthermore, AM is a disease primarily characterized
by changes in the uterine myometrium, with varying
degrees of lesions, akin to cancer staging treatment,
which should be treated differently based on “staging”
or “grading” with different treatment plans. The team’s
treatment model for AM combining traditional and
Western medicine, grading, and adjustment is conducive

invigorating
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to non-invasive, precise, and standardized disease
treatment, also aligning with the three principles of health
economics and clinical medication habits. The idea of
“grading” treatment should become the cornerstone of
AM treatment.

Although the combination treatment concept
represented by the “Danhuang Three Plan” has shown
satisfactory therapeutic effects in preserving fertility in
AM, there are also corresponding issues, such as the lack
of AM indications in the Danhuang guidelines, which
hinders clinical application under strict insurance controls;
gastrointestinal reactions caused by oral Danhuang may
obstruct treatment continuity and affect efficacy; AM is a
chronic disease requiring long-term management, all of
which are clinical challenges. Therefore, increasing the
new indications for existing traditional Chinese medicines
(such as Danhuang) or developing new formulations
(such as injections); conducting in-depth research on new
traditional Chinese medicines that can effectively shrink
ectopic lesions and establishing long-term chronic disease
management systems should be the direction for non-
invasive and fertility-preserving treatment of AM.

With reason and belief, as we learn more about AM
and develop new treatments and formulations, we can
expect more personalized and effective drug therapies.
The combination of traditional and Western medicine
treatment model is expected to become mainstream,
providing AM patients with more comprehensive and
efficient non-invasive treatment options.
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Ensuring an effective antimicrobial activity in contact lens solutions is
crucial, as microbial keratitis related to contact lenses can be caused by
various pathogens, including Gram-negative and Gram-positive bacteria.
Exploring the potential of plant-based antimicrobial agents, such as Psidium
guava L. leaves, can lead to innovative solutions in the world of contact
lens care. This research focuses on formulating a novel contact lens solution
using guava leaf extract, evaluating its in-vitro antimicrobial efficacy,
and assessing its impact on contact lenses and lens cases against common
bacterial pathogens like Staphylococcus aureus, Pseudomonas aeruginosa,
and Serratia marcescens. The study adhered to the standards set by the
International Organization for Standardization (ISO) 14729 and 18259. In
this quantitative experimental research study, the antimicrobial effectiveness
of 45% hydroethanolic guava leaf extract was assessed. The results indicated
a significant impact on various microorganisms, as determined by one-way
ANOVA analysis. This extract with 0.35% concentration was incorporated
as the antimicrobial agent into a novel contact lens solution formulation. The
findings of this study demonstrated the remarkable antimicrobial efficacy of
the solution against bacterial pathogens, as outlined in ISO 14729 and ISO
18259 for contact lenses and lens cases. These results highlight the good
potential of guava extract as a disinfectant agent. By using the antimicrobial
properties of guava leaves through the novel contact lens solution, this
research has aimed to contribute to the development of safer and more
effective plant-based contact lens solutions which can help prevent ocular
infections and improve overall eye health.

contain disinfectants to remove germs, bacteria, fungi, and
other microorganisms that can cause infection (Zastrow,
2021). In clinical practice, contact lens-related conditions
are commonly seen as numerous contact lens wearers
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do not provide proper care for their CLs and supplies as
instructed hence increasing the risk of eye infections. To
achieve the best contact lens care, it is necessary to find
a balance between reducing ocular toxicity and ensuring
effective disinfection against a range of ocular pathogens,
particularly those commonly associated with contact lens-
related diseases (Iguban et al., 2013).

When protein and other debris on CLs accumulate,
they provide the proper conditions for microorganisms
to grow and survive. There is an association with corneal
infections and microbial contamination of CLs, which
may be leading to serious health problems such as
corneal ulcers and blindness. According to the American
Academy of Ophthalmology, the most common bacteria
that are contact lens-related and cause microbial keratitis
are Pseudomonas aeruginosa and Staphylococcus aureus.
Microbial keratitis commonly occurs as a potential
complication of CL wear (Zimmerman et al., 2016). Based
on another study by Eryilmaz et al. (2018), Pseudomonas
aeruginosa, Staphylococcus aureus, Klebsiella pneumonia,
Moraxella catarrhalis, and Staphylococcus epidermidis are
the most frequently related bacteria to biofilm associated
eye infections in people.

Guava (Psidium guajava L.) is readily available
to locals in tropical areas and possesses antibacterial
properties. Different phytochemical elements in guava
extracts are reported to have antimicrobial effects (Kumar,
2021). The results of a qualitative and quantitative
phytochemical investigation showed that guava leaf
extract contained a variety of polyphenols. Guava leaves
were discovered to be high in phenols, flavonoids,
and tannins, while being relatively low in alkaloids,
saponins, and triterpenes. Given that polyphenols have
significant antibacterial properties, it may be concluded
that the antimicrobial properties of guava leaves are
most apparently due to the plant’s abundance in phenols,
flavonoids, and tannins (Goswami & Das, 2019).

Contained in this study is information on how
numerous contact lens care products are available
depending on the patient's specific lens type, material, and
other aspects, including replacement frequency, mode of
wear, and patient profile. The most recent advancements
in lens care influence how eye care professionals
prescribe. The formulation of contact lens solutions
is intricate and challenging, as its pharmacologic and
antimicrobial efficacy would play a crucial role to the
contact lens wearers' ocular health. Different properties
and compounds are modified in an optimal formulation of
a contact lens solution because they have various effects
on the solution. A systematic approach is also used when
identifying problems and patient symptoms during lens

32 Distributed under creative commons license 4.0

wear. This can lead to establishing their possible causes
and resolving them. Possible interactions with the general
properties of a solution with varying lens types can allow
products to be used as recommendations or alternatives
in certain conditions or situations. Regular assessment
follow-up has an effect on patients as well as those
patients' education, which is crucial for excellent patient
compliance. A successful care system must achieve a
balance between microbial efficacy, patient ease of use
and compliance, and ocular toxicity.

With the growing market for contact lens use, various
contact lens solutions are produced with different
components for various purposes but currently, there is not
yet any existing plant-based contact lens solution made
in the Philippines that is composed of a purely organic
antimicrobial agent. Hence, there are only limited studies
that prove the antimicrobial efficacy of the said solution
with guava leaf extract against the common contact lens
infecting bacterial strains. It is of great interest to search
for an effective plant-based antimicrobial component in
contact lens solutions, as the current chemical solutions
may have possible side effects to the human eye.

According to a study by Lin et al. (2016),
chlorhexidine and polyaminopropyl biguanide had the
best antistaphylococcal activity. Based on research,
chlorhexidine may have anaphylactic effects, and may
cause serious and permanent injuries to the eyes, ears
and mouth. In addition, Lee et al. (2022) proved that
polyaminopropyl biguanide has toxic effects to keratocytes
and was observed to have acute toxic effects in human
cells, specifically causing inflammation, atherogenesis,
and aging. According to the research conducted by
Saleh and Al-Mariri (2020), their study demonstrated
that Psidium guajava L. has the potential to be utilized
as a low-cost antibacterial agent, in which this finding
suggests that P. guajava L. could serve as a valuable
resource for future research in this field. In line with this,
only one plant-based contact lens solution is available
in the market, which is unfortunately not available in
the Philippines. Thus, the researchers aim to present the
first cost-effective, accessible, and functional plant-based
contact lens solution available to the Philippine market.

This would all be carried out by developing a novel
contact lens solution that is infused with guava leaves
extract which was found to be a natural antimicrobial
agent. This solution would be further tested in terms of its
disinfection efficacy and lens cleaning capability based on
the International Organization for Standardization (ISO).
The formulation of the aforementioned solution may
bring a better effect to the maintenance of the contact lens
integrity and may have a stronger antimicrobial property,
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which would provide a compatible solution to the general
public.

1. MATERIALS AND METHODS

The following tests and procedures were used to
provide accurate quantitative data through laboratory
experimentation and testing. These experiments included
the formulation of a novel contact lens solution with guava
leaf extract as disinfecting agent. Physical properties of
the solution in terms of viscosity and pH level were tested
as well as its chemical and antimicrobial properties. ISO
standards were used to assess the antimicrobial activity
of the solution against five common contact lens-related
ocular pathogens.

1.1The Test Solution

The diluted guava leaves extract served as a substitute
antimicrobial component for a standard contact lens
solution formula and were subjected to laboratory testing
to evaluate the intensity of its antimicrobial effect against
test organisms as well as whether the presence of guava
affected the physical and chemical properties of the
overall solution.

1.2The Challenge Organisms

In light of the findings of the literature review,
microbial keratitis commonly occurs as a potential
complication of CL wear (Zimmerman et al., 2016).
The American Academy of Ophthalmology claims that
Pseudomonas aeruginosa and Staphylococcus aureus are
the most common bacteria associated with contact lenses
and are capable of causing microbial keratitis. Alongside
the two was Serratia marcescens, which were used as the
challenge organisms to evaluate the novel contact lens
solutions' antimicrobial effectiveness against a variety
of ocular pathogens, including both fungus and bacteria.
The selection of these organisms was based on their
similarity to the challenge organisms recommended by
the International Organization for Standardization (ISO/
CD 14729) for use with disinfecting solutions. To acquire
standard isolates of the organisms, a collaboration with the
Microbiology Section of the Institute of Ophthalmology
at the University of the Philippines Los Bafios was
conducted.

1.3Antimicrobial Activity using the Agar Well
Diffusion Assay Testing

The agar well diffusion assay is commonly utilized
to assess the antimicrobial properties of plant-derived
substances (Dahiya & Purkayastha, 2012). In this

Distributed under creative commons license 4.0

procedure, a bacterial isolate is combined with soft agar
and poured onto a plate to solidify. Subsequently, wells
are created using a 6mm sterile cork borer, into which
test substances are introduced. Following an incubation
period, the plate is examined for distinct zones of
inhibition surrounding the wells.

1.4Antimicrobial Activity using The Stand-Alone
Criteria

The antimicrobial activity was assessed in accordance
with the methodology and acceptance standards for stand-
alone disinfecting solutions. The ISO/CD 14729 that
has been established by the International Organization
for Standardization (ISO) states the microbiological
requirements and test methods for products and regimens
for the hygienic management of contact lenses.

According to the ISO's primary acceptance criteria
for stand-alone disinfectants, a reduction of >3logs in
bacterial count must be achieved during the recommended
soaking time. It also includes a secondary criterion that
requires a minimum of 5.0 log reduction in bacterial count
for each of the three species, as well as a minimum of
1.0 log reduction for any single bacterial species within
the recommended 100% soaking period specified by the
manufacturer.

Contact Lens and Contact Lens Cases (ISO
18259)

For determining the suitability of contact lens solutions,
lens cases, and hydrogel lenses for disinfection, ISO
18259:2014 provides a methodology for antimicrobial
effectiveness end points. This is a procedure for assessing
the suitability of disinfection solutions for use with contact
lenses and lens cases using an antimicrobial efficacy
end point. In particular, the microbiological effect of the
antimicrobial agents was assessed while in the presence of
the lens cases and/or lenses, as indicated in the soak stage
of the label instructions.

The research protocol consists of three distinct
phases: extraction, formulation, and evaluation. During
the extraction phase, guava leaf extract was obtained
through the use of solvent extraction. In the subsequent
formulation phase, the guava leaf extract was incorporated
into the contact lens solution along with various excipients
and additives to ensure compatibility with the contact lens
material. Finally, the study evaluated the antimicrobial
efficacy of the contact lens solution that is infused with
guava leaf extract, according to the guidelines with
modifications set forth by the International Organization
for Standardization (ISO 14729 and 18259). The aim
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of the study was to develop a contact lens solution that
is both safe and effective, while also harnessing the
antimicrobial and antioxidant properties of guava leaf
extract.

1.5 Secure Approval by Institutional Ethics
Review Board

The researchers have requested the approval to conduct
their study to formulate a contact lens solution from the
Institutional Ethics Review Board (IERB) of Centro
Escolar University. They sent the general protocol of
the research which has been submitted and deliberated.
The researchers have then received a certificate from the
IERB.

1.6 Preparation and Working Conditions

Prior to commencing any task, hands were diligently
washed using antibacterial soap, both before and after
each procedure, to maintain optimal hygiene standards.
To ensure overall cleanliness, a 70% isopropyl alcohol
solution served as the primary disinfectant. Disinfection
of the working area was accomplished by moistening a
piece of tissue with the disinfecting solution and carefully
swabbing the surfaces. Once the disinfectant had dried,
laboratory work commenced. All assay procedures were
meticulously carried out in a thoroughly disinfected
environment, adjacent to a well-lit alcohol lamp, and
ideally within a laminar flow hood.

2 Plant Phase
2.1Authentication of Plant Sample for Collection

Guava leaves extracts, both aqueous and organic, have
been shown to exhibit antibacterial activity as they inhibit
the growth of clinical isolates against clinical isolates that
are antibiotic-resistant (Milyani & Ashy, 2011). The leaves
of Psidium guajava L. were authenticated at the Jose Vera
Santos Memorial Herbarium, Institute Biology, University
of the Philippines Diliman.

2.2 Collection of the Psidium guajava L. Leaves

The fresh and healthy leaves of Psidium guajava L.
were obtained from Paombong, Bulacan, Philippines.
The collected guava leaf samples were stored in plastic
zip lock bags with appropriate labeling. To ensure the
freshness of the leaves, the zip lock bags were placed in
an ice cooler upon collection and during transportation to
the laboratory for extraction. The samples are rinsed and
aired in the open air without direct sunlight for a week.
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2.3 Plant Extraction

The dried leaves were put in a blender which was
sieved by 0.425 millimeter until powder was formed and
obtained. The powder weighed 100 grams and was added
to an extracting solvent, hydroethanolic in which 95%
ethyl alcohol was diluted with distilled water to make
a 45% concentration. The findings of Seo et al. (2014)
indicate that hydroethanolic extracts possess higher
antioxidant properties when compared to water extracts.
Notably, the 50% hydroethanolic extract demonstrated
the highest concentration of phenolic compounds among
the various solvents tested, including water, ethanol, and
methanol.

The dried guava leaves submerged in the
hydroethanolic solvent were stirred by a digital rotator for
thirty minutes. The mixture is kept in a dark place for 24
hours. Afterwards, the guava extract solution was filtered
through a Whatman No. 4 filter paper and made up to 225
mL. After a week, the filtrates were concentrated using a
rotary evaporator at 50°C. The resulting filtrates were then
placed in a steam water bath and allowed to stand for 30
minutes, and afterwards, it was stored at the laboratory in
an upright chiller with a freezer at 2°C.

2.4 Phytochemical Analysis

According to Biswas et al. (2013), there are chemical
tests available for screening and identifying bioactive
chemical constituents in guava leaves. These tests were
conducted using the extract and following standard
procedures.

(1) Test for Flavonoids (Shinoda Test)

A volume of 1 mL of the extract was carefully
transferred into a test tube, and then combined with 0.02
mg of magnesium ribbon fragments. Subsequently, 0.5 mL
of hydrochloric acid (HCI) was added drop by drop. The
anticipated outcome was the development of an orange,
red, pink, or purple coloration, which would serve as an
indication of the presence of flavonoids.

(2) Test for Phenols and Tannins (Ferric Chloride Test)

A volume of 1 mL of the extract was carefully
transferred into a test tube, and subsequently combined
with 2 mL of a 2% solution of ferric chloride (FeCl3).
The anticipated outcome was the development of a dark
blue or greenish-black color, which would serve as an
indication of the presence of phenols and tannins.

(3) Test for Terpenoids (Salkowski’s Test)

A volume of 1 mL of extract was carefully transferred
into a test tube and subsequently combined with 2 mL of
chloroform. Additionally, 2 mL of concentrated sulfuric
acid was introduced into the mixture. As anticipated,
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the interphase displayed a distinct reddish-brown hue,
confirming the presence of terpenoids.

(4) Test for Glycoside

A volume of 1 mL of extract was carefully transferred
into a test tube, followed by the addition of 2 mL of
glacial acetic acid containing 2 drops of 2% FeCl3. The
resulting mixture was then carefully poured into another
tube containing 2 mL of concentrated sulfuric acid. It was
anticipated that a distinct brown ring would form at the
interphase.

(5) Test for Saponins (Wet Foam Test)

The test involved the addition of 3 mL of extract to
10 mL of distilled water in a test tube. The tube was then
tightly sealed with a stopper and vigorously shaken for a
duration of 2 minutes. The anticipated outcome was the
formation of a stable layer on the liquid surface, which
would persist for 15 minutes, indicating the presence of
saponins.

2.5 Zone of Inhibition Test for Antimicrobial
Activity

The antimicrobial susceptibility testing was conducted
using the agar well diffusion assay in accordance with
the standards set by the National Committee for Clinical
Laboratory Standards. This methodology was also aligned
with the research conducted by Biswas et al. (2013).
Following the extraction of guava leaves, the resulting
extracts were applied to plates containing Mueller Hinton
agar to assess their antibacterial properties. Subsequently,
all plates were inoculated with the test bacteria by dipping
a sterile cotton swab into the agar slant with inoculum.

The agar plate was evenly streaked across its sterile
surface, ensuring uniform distribution of the inoculum
as the plate was rotated. After inoculating the plates with
bacteria, wells measuring 6 mm in diameter were created
in the agar using a sterile cork borer. Following this step,
the plates were left to dry for 5 to 10 minutes to remove
excess moisture. Subsequently, fifty microliters of guava
leaf extract were dispensed into each positive well after
the plates were inoculated with bacteria. The same extract
was used for all three plates dedicated to each bacterium.
Control wells were also maintained for each bacterial
strain, with distilled water added to the opposite side of
the positive wells, spaced 2 inches apart. Once prepared,
the plates were sealed, labelled, and placed in an incubator
set at 37°C. After 24 hours of incubation, the plates were
examined for inhibition zones. The diameter of these
zones was measured in millimeters using a vernier caliper.
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3 Formulation Phase
Formulation of the Novel Contact Lens Solution

The formulation of the novel contact lens solution
with guava leaf extract was spearheaded by a registered
chemist, under the assistance of the researchers. The
standard components of the commercially available and
medical grade contact lens solution, such as the carrier,
preservatives, humectant, and protein deposit remover,
were similarly incorporated in the said solution. The
novelty of the formulation was brought about by the
substitution of the common biocides or antimicrobial
components such as polyhexamethylene biguanide and
polyaminopropyl biguanide with the prepared guava
leaves extract. The contact lens solution of interest was
developed in such a way, in order to effectively isolate
the antimicrobial efficacy of the guava leaves and to
subsequently confirm the functionality of the novel
formulation.

The procedure involved weighing all the necessary
ingredients using an electronic balance with a readability
of 0.01 grams. To ensure safety, the material safety data
sheet (MSDS) was consulted for each raw material as a
precautionary measure. The phase A ingredients, including
aqua (carrier), sodium chloride, boric acid (preservatives),
sorbitol, hyaluronic acid (humectant), and sodium citrate
(protein deposit remover), were combined and thoroughly
mixed until a uniform consistency was achieved.

Moving on to phase B, the guava leaf extract was
added to the combined liquids, which consist of the
hyaluronic acid solution and sorbitol. The extract was
used in three different concentrations: 0.10%, 0.25%, and
0.35%. Subsequently, the solids, namely sodium chloride,
sodium citrate, and boric acid, were blended with the
liquids containing the guava leaf extract.

In phase C, the pH adjuster was not added to the
ingredients as the pH of the concentrations was ideally
around 7.3 to 7.8. The solution was then allowed to cure
for a period of 5 hours, resulting in the production of
the final products. By following these meticulous steps,
we were able to create high-quality and safe lens care
products.

4 Antimicrobial Evaluation Phase

4.1Secure Permission for Assessment at the
Microbiology Laboratory

The test was carried out at the Centennial Laboratory
of the Centro Escolar University, Manila to test
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microorganisms to assess their antimicrobial potential and
activity, according to a prior letter of request that has been
delivered.

4.2 Sterilization of Materials

Glassware (pipettes, swabs, test tubes, petri dishes,
Erlenmeyer flasks, vials, beaker), cork borers, inoculating
loops, and needles were utilized in the study. These items
were cleaned with soap and water before being allowed
to air dry. In order to effectively destroy endospores and
sterilize the materials, they were wrapped in clean papers
and sterilized through autoclaving at a pressure of 15 psi
and a temperature of 121°C for 15 minutes. The cotton
swabs, inoculating loops and needles, cork borers, cotton,
and cork stoppers were also wrapped in clean papers and
sterilized. The materials were maintained in the paper
wrappers until usage after sterilization.

4.3 Cultivation of the Test Organisms Obtained
from Pure Cultures

Pseudomonas aeruginosa, Staphylococcus aureus, and
Serratia marcescens, pure cultures of the test organisms,
both gram-positive and gram-negative bacteria, were
obtained from the University of the Philippines Los
Bafios. They were aseptically transferred to test tubes
that contain sterilized nutrient broth. This was done to
propagate and keep the test organisms alive.

Using a sterile inoculating loop, the test organisms
were inoculated into each of the nutrient broths. The
sterilized, cooled loop was dipped into each of the tubes
to collect a loopful of pure cultures of the test organisms,
and the loop was then immersed in sterile broth. The test
tube mouths were flamed and closed with sterile cotton
stoppers following the inoculation. Thereafter, until the
following day, all of the inoculated broths were incubated
at 35°C.

4.4 Preparation of Culture Media

40 grams of Tryptic Soy Agar (TSA) were dissolved
in 1000 mL of distilled water in a beaker, and the
resulting solution was placed into an Erlenmeyer flask
for sterilization. The dissolved agar had undergone a
30-minute autoclave at 15 psi and 121°C. One hundred
and sixty-two dry and sterile petri dishes have gotten a
thin (15 mL) layer of freshly prepared agar in which they
were poured during the procedure as it utilized a pour
plate method.

4.5 Inoculation of Culture Media

The inoculation procedure was conducted in
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accordance with the guidelines outlined in ISO 14729.
As part of this process, sample tubes containing 10 ml of
the newly developed contact lens solution were prepared
and then inoculated with challenge organisms for testing
purposes. Specifically, Pseudomonas aeruginosa was
introduced into the sample tube, resulting in a final count
of 1.0 x 10° and 1.0 x 10° cfu/ml.

Similarly, following the protocols specified in ISO
18259, Pseudomonas aeruginosa was inoculated into
both the test and control wells. Each well received 0.10
ml of the prepared inoculum suspension, resulting in a
final count ranging from 1.0 x 10° to 1.0 x 10° per well.
The inoculum was carefully dispensed onto the concave
surface of the lens for the test wells, while the control
wells received the inoculum directly into the well.
Subsequently, all wells were securely covered. These
standardized protocols were repeated using the other
challenge organisms: Staphylococcus aureus and Serratia
marcescens.

4.6 Determination of Antimicrobial Activity In-
Vitro with Stand-Alone Test, Challenged with
Bacterial Organisms (ISO 14729)

10 mL of the novel CL solution was added to the
Pseudomonas aeruginosa strain in which they were mixed
and stored at 25°C which was monitored. The mixture
rested for 2 hours, then the 1.0 ml of the mixture was
added to the neutralizing media. The TSA culture media
and the sterilized equipment were used for the pour plate
method. Serial dilutions are then performed as they are
used to determine the concentration of microorganisms in
a sample with an unknown concentration. This technique
involves diluting the sample multiple times to create a
series of solutions with decreasing concentrations.

The procedure was done until it resulted in the CFU
of 1.0 x 10* to 1.0 x 10°. For the inoculation, the petri
dishes’ lids were opened and 1 mL of the diluted sample
were poured. The molten TSA was also heated a little,
ensuring that it was below 50°C prior to pouring. Around
15 ml of the agar was poured into the sample and then
the plate was solidified, inverted, and incubated at 37°C
which is the optimal temperature for 20 to 48 hours. The
entire procedure was conducted using the 2-hour and
8-hour waiting time frames. All of the mentioned steps
were also repeated while using the bacterial strains of
Staphylococcus aureus and Serratia marcescens.

4.7 Assess Contact Lens Care Products with
Contact Lenses in a Lens Case, Challenged with
Bacterial Organisms (ISO 18259)

The stand-alone test of ISO 14729 had successfully
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been completed, in which it indicated the need for the
completion of ISO 18259. In this test, microorganism
suspensions of S. aureus, P. aeruginosa, and S. marcescens
were prepared at concentrations ranging from 1.0x107 to
1.0x108 colony-forming units (CFU) per milliliter.

Each lens was removed directly out of the blister pack
prior to use in the assay. 3 lens case wells were prepared
with lenses for test and another 3 case wells without lenses
as controls. The lenses and case wells were both then
inoculated to contain a final count of 1.0x10° to 1.0x10°
CFU/mL of the tested microorganism. Test samples and no-
lens controls were evaluated by determining the number of
surviving microorganisms at the minimum regimen soaking
times: £10min and 24h=1lh. An additional time point was
evaluated which was 3h. The solution from both wells
have been sampled at each time point. The bacteria were
incubated for 24h at 37°C+1°C.

Following the incubation periods, plate counts were
conducted and the numbers of organisms have been
recorded in CFU. CFU/mL were calculated based on the
average for duplicate plates. The average log reduction for
the three replicate wells for each unique test sample was
also calculated.

4.8 Microbiological Wastes Clean-up

All used agar cultures were disposed of according to
the procedures in the bin marked "to be autoclaved." The
glassware was immediately decontaminated by being
placed in the autoclave (15 psi at 121 °C) for 30 minutes
to 1 hour, and then they were cleaned of any remaining
agar using a brush and detergent solution. All used agar
media were disposed of right away.

4.9 Data Analysis and Interpretation

There was a designated statistician that utilized the
one-way analysis of variance (ANOVA) to demonstrate
the in-vitro antimicrobial efficacy of the novel contact
lens solution against the three bacterial organisms. Log
reduction was used to quantify the reduction in the number
of living microbes following disinfection and provides a
measure of the effectiveness of the disinfection process in
eliminating the bacterial strains. Post-hoc Tukey test was
also used for the comparisons for bacterial strain.

5. RESULTS AND DISCUSSION

5.1 Phytochemical Analysis of Hydroethanolic
Psidium guajava L. Leaves Extract

The phytochemical analysis confirmed the presence
of significant bioactive compounds in the hydroethanolic
extract of Psidium guajava L. leaves, including saponins,
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phenols, tannins, flavonoids, terpenoids, and glycosides.
These compounds are well-known for their antimicrobial
properties, suggesting the extract has a broad spectrum
of action against various microorganisms. This finding
aligns with previous studies by Kumar et al. (2021) and
Ratnarakan et al. (2020), which also identified these key
phytochemicals in guava leaf extracts. The presence of
these natural antimicrobial agents indicates the potential
of guava leaf extract as an effective, natural alternative to
traditional chemical preservatives in products like contact
lens solutions, potentially reducing the risk of adverse
reactions and promoting ocular health.

5.2 Antimicrobial Activity Evaluation

The antimicrobial efficacy of the hydroethanolic
extract was evaluated against Pseudomonas
aeruginosa, Staphylococcus aureus, and Serratia
marcescens using the well-diffusion method. Results
demonstrated that the extract possessed antibacterial
effects against all three strains, though the level of
effectiveness varied. The mean zones of inhibition were
17.00 mm for P. aeruginosa, 12.00 mm for S. marcescens,
and 22.67 mm for S. aureus, while the negative control
(distilled water) showed no inhibition. This variation in
susceptibility is consistent with other studies, such as
Sanches et al. (2005) and Khadka et al. (2019), which also
reported on the antibacterial properties of guava extracts,
noting that factors like the solvent used and the state of
the leaves (fresh vs. dried) can influence activity.

A one-way ANOVA revealed a statistically significant
effect of bacterial strain on the zone of inhibition (F-value
= 257.923, p < 0.001), confirming that the type of
bacterium significantly influences the extract's efficacy.
Post-hoc Tukey tests provided a detailed comparison,
showing that all bacterial strains treated with the extract
had significantly larger zones of inhibition compared to the
control (all p <.001). Furthermore, comparisons between
the treated strains showed that S. aureus was significantly
more susceptible than both P. aeruginosa (mean difference
=5.667, p <.001) and S. marcescens (mean difference =
10.667, p < .001). The low standard deviations indicated
consistent effects across replicates. The superior activity
against S. aureus, a Gram-positive bacterium, can
be attributed to its cell wall structure, which is more
permeable to antimicrobial compounds like flavonoids
and tannins present in the extract, as supported by studies
from Mailoa et al. (2014) and Ito et al. (2012).

5.3 Formulation and Physical Evaluation of
Contact Lens Solution

A novel contact lens solution was formulated by
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incorporating different concentrations (0.10%, 0.25%,
0.35%) of the guava leaf extract. The objective was
to identify the optimal concentration that balances
antimicrobial efficacy with desirable physical and sensory
properties, in accordance with the key components of
standard lens care systems.

The physical evaluation of the formulations showed
that as the extract concentration increased, subtle changes
in appearance occurred. The 0.10% solution remained
clear, while the 0.25% solution developed a slight
champagne hue, and the 0.35% solution turned slightly
yellow. Despite these color changes, all formulations
maintained a good, consistent texture suitable for lens care
and exhibited a neutral odor, which is preferable for user
comfort.

The pH values for the three concentrations were
measured at 7.3, 7.5, and 7.7, respectively. These values
are all within or very close to the natural pH range of
the human tear film (typically 7.0 to 7.4), indicating a
low potential for ocular irritation and good compatibility
with the eye. This is crucial, as deviations from this
physiological range can cause discomfort and trigger
reflex tearing, which reduces the bioavailability of the
product. The stability of the pH across concentrations is
advantageous.

Viscosity measurements showed a slight increase with
higher extract concentrations: 0.97 for 0.10%, 0.99 for
0.25%, and 1.0 for 0.35%. All values are relatively low
and within the desirable range for contact lens solutions
(comparable to water's viscosity of ~1 mPa-s), ensuring
adequate wetting, lubrication, and user comfort during
lens application and wear.

5.4. Antimicrobial Efficacy Testing of the Novel
Contact Lens Solution

The disinfecting capability of the novel solution was
rigorously tested against high initial loads (>> 3.0x10°
CFU, often Too Numerous To Count - TNTC) of S.
aureus, P. aeruginosa, and S. marcescens, in line with ISO
14729 standards.

For Staphylococcus aureus, a 2-hour exposure to
the solution resulted in TNTC counts across all lots,
indicating no significant reduction within this short
timeframe. However, after 8 hours of exposure, the results
were variable but promising. Lot 1 and Lot 3 showed no
bacterial growth on most or all plates, while Lot 2 showed
reduced but still present counts (0.7-1.5 x 105> CFU).
This demonstrates that with sufficient exposure time,
the solution can achieve effective disinfection against S.
aureus. This aligns with the findings of Yahaya et al. (2019)
and the biological explanation that Gram-positive bacteria
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like S. aureus are more susceptible due to their thick,
absorbent peptidoglycan layer.

For Pseudomonas aeruginosa, the 2-hour exposure also
yielded TNTC results and a 0% log reduction, failing the
ISO stand-alone criterion (which requires a minimum
1-log reduction). After 8 hours, the results were mixed:
Lot 1 showed complete inhibition (no growth), Lot 2
showed partial inhibition, and Lot 3 still showed TNTC.
The average log reduction across lots was 0.48 (66.67%),
which, while demonstrating a clear improvement over the
2-hour mark, still fell short of the ISO standard. Studies
by Iguban et al. (2013) suggest that maximal effects
against P. aeruginosa may require even longer exposure
times (up to 12 hours). The antimicrobial action is linked
to phytochemicals like flavonoids, which can disrupt the
outer membrane of Gram-negative bacteria.

For Serratia marcescens, the solution showed the
weakest performance. Both 2-hour and 8-hour exposures
resulted in largely TNTC counts or very high quantifiable
counts. The average log reduction after 8 hours was only
0.03 (6.67%), far below the required standard. This is
consistent with the known multi-drug resistant nature
of S. marcescens, which is resistant to many conventional
antibiotics. The complex cell envelope structure of Gram-
negative bacteria like S. marcescens presents a significant
barrier to the antimicrobial compounds in the extract.
Research by Gorniak et al. (2019) suggests that flavonoids
have a mode of action similar to B-lactam antibiotics, but
higher concentrations or different extraction parts (e.g.,
bark) might be needed for effective action against this
resilient strain.

5.5. Efficacy Testing on Lenses and Lens Cases

Further testing was conducted to simulate real-world
conditions by inoculating silicone hydrogel lenses and
lens case wells with S. aureus and P. aeruginosa, then
soaking them in the novel solution for 10 minutes, 3
hours, and 24 hours.

For both S. aureus and P. aeruginosa, the shorter
soaking times (10 min and 3 hrs) consistently resulted
in TNTC counts on both lenses and in empty cases,
confirming the solution's lack of immediate disinfection
power. However, after a 24-hour soaking period, a
significant and quantifiable reduction in bacterial load was
observed.

For S. aureus, the average log reduction was 0.83
(85.33%) for tests with lenses and 0.89 (87.00%) for
tests in empty cases. For P. aeruginosa, the average
log reduction was 0.81 (84.67%) with lenses and 0.72
(81.00%) in empty cases. The slightly higher log reduction
in the presence of lenses for P. aeruginosa was an
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unexpected result that may warrant further investigation,
though the overall trend confirms that prolonged exposure
is necessary.

Testing against S. marcescens on lenses and in cases
confirmed its high resistance. Even after 24 hours, most
plates still showed TNTC results, with an average log
reduction of only 0.03 (6.67%) for tests with lenses and
0.22 (40.00%) for tests in empty cases. This consistently
poor performance underscores the extreme challenge this
bacterium poses.

Across all tests, a key observation was that the tests
without lenses generally exhibited lower average log
reductions compared to those with unused lenses. This
correlates with the expected outcome, as contact lenses
increase the surface area within the case, providing an
environment that harbors microorganism growth and
adherence, making disinfection more challenging.

6. CONCLUSION

Based on the objectives, results, and findings of the
study, the following conclusions were drawn:

6.1A functional and effective novel contact lens solution
infused with guava leaves extract was formulated using
the biologically active guava extract and other necessary
contact lens components, such as sodium chloride, sodium
citrate, hyaluronic acid, boric acid and sorbitol. In line
with this, the resulting novel contact lens solution was in
par with the standard physical properties for commercially
sold contact lens solutions, which include having a color
of clear to pale yellow, good consistency, neutral odor, pH
level of about 7.7, and viscosity of 1.0 mPa-s.

6.2The novel contact lens solution infused with
guava leaves extract exhibited remarkable antibacterial
activity against the strains of Pseudomonas aeruginosa,
Staphylococcus aureus, and Serratia marcescens, however
it fell short as a stand-alone and regimen disinfecting
solution, with respect to the required log reduction in
the bacterial category of the ISO 14729. Additionally,
among the three test organisms, the solution of regard had
the lowest antibacterial efficacy percentage against the
Serratia marcescens strand due to its multidrug resistant
categorization, and its ability to release beta-lactamase, as
a potent gram-negative bacterium.

6.3In the practical setting, specifically with the actual
involvement of contact lenses and contact lens cases, the
novel contact lens solution infused with guava extract
was proven to have a significant antibacterial capacity,
specifically it was able to prove its strong antibacterial
activity against the strains of Staphylococcus aureus
and Pseudomonas aeruginosa, and minimal antibacterial
capacity when subjected to Serratia marcescens.
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Furthermore, the novel contact lens solution was evaluated
to be more active in the lens case environment without the
contact lenses, in comparison to that with the presence of
the lenses, which was the recommended outcome of the
testing guidelines posed by ISO 18259.

7. RECOMMENDATIONS

In light of the study's findings and conclusions, these
recommendations are formulated to enhance the quality
and scope of the research study, offering avenues for
improvement and exploration to ensure its robustness and
relevance in the scientific community:

(1) Optometrists. The optometrists would have an
option to prescribe alternative contact lens solution to
patients with hypersensitivities towards the chemical
antimicrobial agents in contact lens solutions, as a plant-
based option is proven to protect the lenses, as well as
the ocular surface, from unwanted bacterial pathogens.
Moreover, they could gear towards plant-based and
organic ophthalmic products, in general, in order to serve
a wider range of people, and to reduce the toxic and
allergic responses brought about by chemicals.

(2) Contact Lens Wearers. The contact lens wearers
would have an alternative contact lens solution that
they could try out, hence broadening their options and
providing them with a safe and cost-effective choice.

(3) Department of Health (DOH). The Department of
Health would be able to promote holistic contact lens care
to a wider range of patients, with hypersensitivities or
none, which would subsequently lessen the prevalence of
unwanted ocular infections and inflammations. In line with
this, overall hygiene and reliance on plant-based options
could be commercialized through the novel contact
lens solution infused with guava leaves extract, thus
motivating a healthier population. Further, the presence of
the said product strengthens the commitment of the DOH
to nurture Filipinos to be part of the healthiest people in
Asia by 2040, as the contact lens solution is equitable,
health-centered and accessible in the Philippines.

(4) Contact Lens Solution Manufacturers. The contact
lens manufacturers could expand their businesses to reach
out to more patients by exploring the organic and plant-
based world. With this, innovations could arise based on
the different valuable components and phytochemicals
within the various plant species. These companies can also
offer collaborative opportunities to researchers and extend
their expertise in evaluating, producing and enhancing
contact lens solutions.

(5) Guava Farmers. The guava farmers can be able
to contribute to the economic well-being of the guava
farming community by providing access to plantations
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and serving as resources to manufacturing companies.
These farmers can also share their knowledge and
expertise about guava cultivation to advise researchers
about potential solutions.

(6) Future Researchers. Based on the analysis of the
entire methodology and results of the study, the following
recommendations are suggested by the researchers:

The current antibacterial testing could be performed
with a more extensive time frame, as certain contact
lenses are being left on their cases for a significantly short
or possibly long period of time.

A clinical assessment of the antibacterial capacity of
the novel contact lens solution must be performed. With
this, the solution must be utilized by subjects, who are
actual contact lens users, and the involved contact lenses
and contact lens cases should be analyzed, with respect to
the ISO 14729 and ISO 18259. This would necessitate a
longer time frame; however, it is required to eliminate any
toxic suspicions and to be approved as a safe solution for
public usage.

Contact lenses are not only being infected by bacteria,
but also by fungi and yeast, such as Candida albicans and
Fusarium solani, thus intricate in-vitro and clinical trials
must be conducted with the aforementioned microbes as
challenge organisms. This would ameliorate the current
contact lens solution from its antibacterial label to a total
antimicrobial one. In addition, this step would be essential
in acquiring an approval from the Philippine’s Food and
Drug Administration.

Insufficient research exists regarding the safety of
utilizing methods to remove pigment or decolorize
the green hue from guava leaf extract for application
around the eye area, as well as its effect on the turbidity
of the solution. Consequently, it is crucial to develop
an environmentally friendly technique for eliminating
chlorophyll from plant extracts. This will yield a colorless
extract that maintains its antibacterial properties.

It is essential to ensure accurate colony counts during
microbial testing. Researchers should employ serial
dilution techniques to determine the countable plate,
ensuring that each plate contains between 30 and 300
colonies for accurate assessment. This approach helps to
avoid plates with colonies that are too numerous to count
(TNTC) or too few for statistical significance.

The current study focused on Psidium guajava L.
leaf hydroethanolic extract, future researchers could
investigate other parts of the guava plant, such as the
bark. Phytochemical screening has revealed that bioactive
compounds were present like flavonoids, saponins,
tannins, and phenols in the bark. Considering that the bark
contains high levels of tannins, which are known for their
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antimicrobial properties, exploring bark extracts may lead
to higher bioactivity against microbial growth.

Further optimize the concentration of guava leaf
extract within the contact lens solution to enhance its
effectiveness. Achieving a balance between immediate and
sustained antibacterial action is crucial to guarantee the
safeness and effectiveness of the solution for disinfecting
contact lenses and their storage cases. Moreover,
conducting research on the compatibility of ingredients
to achieve synergistic effects is advised to improve the
formulation.

It is essential to assess how different contact lens
materials interact and the disinfection solution as the
solution may alter the inherent wettability of the lenses,
impacting the patient’s comfort and performance.
Furthermore, also consider the biocompatibility of contact
lenses, which ensures they are non-toxic and generally
well-tolerated, underscores the importance of these
evaluations in ensuring the safety and efficacy of the
solution in clinical settings.

Some studies have highlighted the antioxidant activity
of guava leaf extract. The main phenolic compounds
found in the extract pose a critical part in donating
hydrogen or electrons, as well as forming stable
intermediate radicals that prevent oxidation. While other
researchers have explored antioxidant defense systems in
the ocular surface to protect eye tissues from oxidative
damage, there are inadequate studies about the possible
benefits of guava leaf extract for promoting eye health
and for utilizing ophthalmic solutions with an antioxidant.
Further investigation into the use of the extract of guava
leaves in supporting eye health is warranted to better
understand its potential benefits in this area.

An alternative method for analyzing data to evaluate the
antimicrobial efficacy of contact lens solutions is through
the use of the Kruskal-Wallis H-test. This statistical test
is particularly useful when dealing with small sample
sizes or when the normality of the data is uncertain. The
Kruskal-Wallis test is designed for comparing multiple
independent samples, serving as a valuable way when the
assumptions of a one-factor analysis of variance cannot be
met. Unlike analysis of variance, the Kruskal-Wallis test
is non-parametric, meaning it does not rely on the data
being normally distributed. This makes it a versatile tool
for researchers working with a variety of data sets.
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